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ABSTRACT 
 

This thesis emerged as a way to describe and reflect on the learning acquired 

throughout the process of designing and implementing two Computer-Supported 

Collaborative Learning (CSCL) projects in the field of Mathematical Problem-

Solving (MPS) in education. This included reflections about how to improve 

mathematics students‘ skills and how to overcome CSCL-MPS challenges within 

the projects‘ perspective and according to the interests of the Colombian 

educational system. In doing so, the thesis takes into account, on one hand, the 

challenges to effective use of information and communication technologies (ICTs) 

in education in Colombia, and, on the other hand, the improvement of mathematics 

learning.   

 

This research is aimed at understanding how Critical Systems Thinking (CST) can 

contribute to improving a CSCL-MPS process in education. In general terms, this 

aim is achieved by analysing a collaborative learning process from a systemic 

intervention perspective that allowed us to take advantage of the theoretical and 

methodological pluralism, to pursue learning while improving the problem situation, 

and to use the theory of boundary critique to improve that process and to 

overcome the methodological challenges of CSCL-MPS research. Consequently, 

different theories and methodologies support this research. First, the learning 

process is analysed from a constructivist perspective on learning, taking into 

account diverse approaches (i.e. socio-constructivism, socio-culturalism, group 

cognition, knowledge building, situated learning, distributed cognition) and 

dimensions of the process (i.e. cognition, metacognition, collaboration, attitudes, 

etc.). Second, theories about the use of technology in education add elements to 

the learning process (ICT literacy, Virtual Learning Environments [VLEs]). Third, 

different approaches in mathematics learning, including ―mathematical problem-

solving‖ and ―drill-and-practice‖, are used to explore the complexity of the 

mathematics learning-teaching process. Fourth, some traditional methods in the 
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CSCL-MPS field (i.e. Social Network Analysis [SNA], Content Analysis [CA], and 

mathematical tests) are supported by methods from the systems thinking field (i.e. 

Critical Systems Heuristics [CSH] and Soft Systems Methodology [SSM]) to 

analyse the CSCL-MPS process, including learning purposes, participants‘ 

identities, cultural perspectives on the learning process, and the context of 

application. Finally, in addition to the main objective, the results of this research 

help to put together a proposal taking advantage of the Community of Practice 

(CoP) framework to support systemic intervention in analysing participants‘ 

identities. Hence, the CoP framework puts into consideration learning as a social, 

active, contextual process with different ways of building identities as trajectories of 

learning and different modes of identification and accountability. The CST field also 

supports the CoP framework by taking into account the concepts of boundary and 

rituals within the dimensions of design for learning in CoPs. Consequently, the 

research provides feedback to the fields of CSCL-MPS, CST, and CoP, as well as 

to the practical projects onto which the conceptual framework was applied.  
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INTRODUCTION 

 

This chapter presents a general overview of the thesis. First, I present the 

motivation for writing this thesis and the problem definition in terms of the practical 

necessity to improve technology use and promote a deeper understanding of 

mathematics in the Colombian education system. In addition, I present the 

theoretical needs in the field of Computer-Supported Collaborative Learning 

(CSCL) and Mathematical Problem-Solving (MPS) in terms of overcoming the lack 

of methodological discussions to approach different dimensions of the learning 

process, which are required to meet the practical needs identified. Second, I 

present the research aims and the scope of the thesis. Third, I present the 

structure of the thesis and the research process. Fourth, I present a short 

description of a methodological proposal to overcome the challenges introduced 

briefly in this chapter. In doing so, I present the main features of Critical Systems 

Thinking (CST)—the proposed approach—and a synergy between CST and the 

Communities of Practice (CoP) perspective on learning. Finally, I present a 

summary of the conceptual framework of the thesis. 

 

1. MOTIVATION FOR WRITING THE THESIS AND PROBLEM DEFINITION 

 

This section presents the motivation for writing this thesis and the problem 

definition based on a practical concern in the Colombian education system and a 

theoretical concern surrounding CSCL and MPS. 

 

1.1 Practical Concern: Colombian Education 

The Colombian government has two main concerns regarding the country‘s 

education system. First, the Colombian Ministry of Education (MEN, for its acronym 

in Spanish) has declared a need to generate evidence about the use of information 

and communication technologies (ICTs) in education and to document effective 
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experiences with them within educative communities, taking into account the use, 

access, and integration of ICTs (MEN, 2010).  

 

Second, the last Colombian presidential administration (2006-2010) promoted the 

deepening and improvement of students‘ mathematical skills in order to improve 

Colombian students‘ poor performance on international mathematics tests such as 

the Trends in International Mathematical and Science Studies (TIMSS) and 

Programme for International Student Assessment (PISA) tests (ICFES, 2009; 

OECD, 2010), which evaluate MPS skills at several levels of complexity. Although 

it is important to analyse the way these tests are put together and evaluated before 

using them to make decisions regarding the educational system, it is interesting to 

consider that Colombia participated in the TIMSS test (1995 and 2007). Results 

showed that 69% of fourth grade students got a ―below low-level‖ grade and 22% 

got a ―low-level‖ (of 4 levels) grade. In eighth grade, 61% placed ―below low-level‖ 

and 28% in the ―low-level‖ range (ICFES, 2009). 

 

Colombia has also participated in the PISA test, which evaluates the mathematical 

knowledge of 15-year-old students (regardless of their grades). Seventy-two 

percent of Colombian students ranked in level 1 or below level 1 (of 6 levels) in 

2006, and 70.4% ranked at the same levels in 2009. These tests suggest that the 

country needs to approach MPS in order to improve MPS skills.  

 

To address this concern, and taking previous national interests into account, the 

Colombian Institute for the Development of Science and Technology 

(COLCIENCIAS) approved a research project meant to enhance the networks of 

mathematics learning in six Bogotá high schools by using ICTs, beginning in 2006. 

 

The approved project had been proposed by the mathematics education centre at 

Universidad de los Andes, which requested the help of the university‘s Theory of 

Systems in Organisations Research Group to undertake the task. Within this new 
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framework, a new project director and I, working as his assistant, joined the 

project, taking on the challenge of understanding how to learn from the project 

while improving mathematics students‘ skills and documenting the use of ICT.  

 

1.2 Theoretical Concerns: CSCL 

The practical concern presented above is related to the need to explore the 

theoretical background in terms of ICTs and mathematics education. In terms of 

CSCL, researchers have come to consider that the use of ICTs to assist learning 

processes is an interesting, revealing, and effective way to promote learning 

(Harasim et al., 1995; Galvis, 1998; Graham, 2002; Hiltz & Turoff, 2002; 

Dillenbourg, 2009). This idea stems from the notion of ICT use as a way to 

facilitate collaboration and, thus, improve learning by means of sharing and 

distributing knowledge. This has generated a new educational paradigm called 

―Computer-Supported Collaborative Learning‖ (CSCL) (Lipponen, 2002; Lehtinen, 

2003; Roberts, 2005; Stahl et al., 2006; Stahl, 2010), which refers to the inclusion 

of technical artefacts to mediate and support peer interactions with the purpose of 

enhancing collaborative learning (Stahl et al., 2006).  

 

In using ICTs to support learning, researchers want to take advantage of some of 

the features that ICTs allow. These features include, for example, a continuous 

availability of information; participation equity (Graham, 2002); and an open, safe 

and reliable learning environment that allows for equal opportunities to participate 

regardless of knowledge level (Dewiyanti et al., 2007). However, ICT use in 

learning also brings a number of disadvantages, such as increased anxiety 

because of the task at hand, low frequency of other members‘ participation, 

delayed replies, and the possibility of free riding (Benbunan-Fich & Hiltz, 1999). 

 

Additionally, the use of computers to support collaborative learning has been 

analysed within pedagogical theoretical approaches such as socio-constructivism, 

socio-culturalism, and their related theories (i.e. shared cognition and situated 
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learning). All of them regard learning as an active, social, and situated process in 

which learners engage (Roschelle & Teasly, 1995; Dillenbourg et al., 1996; Lave, 

1988; Dillenbourg, 1999; Lave & Wenger, 1999; Stahl, 2009). These theoretical 

approaches include the view that learning is a complex and interwoven process of 

cognition, motivation, and social factors (Illeris, 2003; Jarvela et al., 2004; Reeves 

et al., 2004; Strijbos et al., 2004; Strijbos, 2011). The inclusion of ICTs also adds a 

technological dimension to the analysis, whereby technology-related theories (i.e. 

social presence and media richness) (Kreijns et al., 2003: Kreijns et al., 2004: 

Sharda et al., 2004; Markauskaite, 2006) can be used to analyse the ways by 

which technology can promote effective interactions.  

 

These interesting theoretical approaches about CSCL and its goal of promoting 

learning through collaboration mediated by computers do not, however, make 

putting CSCL into practice easy. Implementation of CSCL presents its own 

challenges:  

 Critical reflection on CSCL‘s purposes, process, and outcomes is required.  

So far, there is no clear, effective method to promote learning through 

collaboration supported by computers, and there are cases reported in the 

literature in which learning purposes were not achieved (Dillenbourg et al., 

1996; Strijbos et al, 2004a; Strijbos, 2011). Studying the factors that can 

promote learning is still on the research agenda (Haythornthwaite, 2001; 

Lipponen et al., 2003; Kreijns et al., 2004; Strijbos et al., 2004a; Hurme and 

Järvelä, 2005; Daradoumis et al., 2006; Hurme et al., 2006; Cho et al., 

2007; Dillenbourg, 2009; Stahl, 2011; Strijbos, 2011), implying a future 

discussion, with a broad perspective, about learning purposes (Levy, 2004; 

Strijbos & Fischer, 2007).  

 Little attention has been paid to the context of application and participants‘ 

identities. In this respect, computer and Internet access, a school‘s 

philosophical orientation, and different stakeholders in the process (e.g. 

parents, teachers, administrative staff, and learners) should be considered, 
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taking into account local and temporal learning purposes and tasks 

(Lehtinen, 2003; Levy, 2004; Arjava, 2011; Lund, 2011).  

 Little attention has been paid to the methodology required to analyse the 

different dimensions in a coherent and reflective manner (Dillenbourg, 1996; 

Dillenbourg et al., 1999; Lipponen, 2002; Lehtinen, 2003; Jarvela et al., 

2004; Kreijns et al., 2004; Reeves et al., 2004; Roberts, 2005; Daradoumis 

et al., 2006; De Laat et al., 2006; Gallivan & Benbunan-Fich, 2006; Stahl et 

al., 2006; Suthers, 2006; Arbaugh et al., 2009; Arbaugh et al., 2010), 

including the need to design measuring tools to assess learning processes 

and performance (Kreijns et al., 2003; Lethinen, 2003; Jarvela et al., 2004; 

Strijbos et al., 2004; Roberts, 2005; Stahl et al., 2005; Bliuc et al., 2007; 

Pozzi et al., 2007; Strijbos & Fischer, 2007; Arbaugh et al., 2009). 

Discussions about quantitative and qualitative research, control groups, and 

the analysis of interactions in some methodologies, such as social network 

analysis (SNA) and content analysis (CA), are important in this debate.  

 

1.3 Theoretical Concerns: MPS 

Generally speaking, MPS refers to ―… an individual‘s capacity to use cognitive 

processes to confront and resolve real, cross-disciplinary situations where the 

solution path is not immediately obvious and where the literacy domains or 

curricular areas that might be applicable are not within a single domain of 

mathematics, science or reading‖ (OECD, 2004, p. 26). MPS activities can be 

implied in word problems, which comprise a problem situation, data (quantities and 

quantitative relationships), and a question. Solving the problem requires finding an 

answer to the question, and finding the answer requires students to understand the 

problem situation, as well as the relationships between the known and unknown 

quantities (the problem comprehension process) before they work out the answer 

to the question (Mayer, 1992; Ministry of Education, Singapore, 2009).   
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Learning MPS skills has been considered important in understanding patterns in 

everyday life and success in the domains of science and technology (i.e. Mayer, 

1992; Schoenfeld, 1992). Therefore, MPS is a pedagogical strategy to generate 

deeper mathematical understanding in contrast to the ―drill-and-practice‖ method 

that seeks mastery in algorithms and computation (Resnick & Ford, 1981). This is 

why, over the last decades, researchers have come to study different learning-

teaching strategies to improve students‘ MPS skills. There have been several 

proposals from different theoretical backgrounds (e.g. Mayer, 1992; Schoenfeld, 

1992; Coob & Yackel, 1996; Artzt & Newman, 1997; Helme & Clarke, 2001; Holton 

& Thomas, 2001; Forman, 2003; Sfard, 2003; Ministry of Education, Singapore, 

2009), which have discussed different dimensions (e.g. cognition, metacognition, 

attitudinal and social dimensions). The main discussions regarding theories of 

learning to approach CSCL are also applicable here to approach MPS. 

Additionally, the methodology shows concern with analysing and assessing the 

process and progress of MPS, considering cultural aspects of the process and 

seeing the process as a community of mathematicians (Kilpatrick, 1978; Charles et 

al., 1987; Artzt & Newman, 1997; Schoenfeld, 1992; Forman, 2003).  

 

1.4 CSCL and MPS: Theory, Methodology and Practice 

The previous sections mentioned the main challenges of CSCL and MPS fields in 

terms of theory, methodology, and practice (particularly in the Colombian context). 

There are some similarities among the discussions about those challenges. Thus, 

if any organisation, group, institution, or system wanted to promote MPS skills, one 

way to do so would be through CSCL, searching for an approach that helps to 

overcome the weaknesses and challenges and maintain the strengths of the 

learning theories that they embrace.  

 

Within this context, this thesis emerges as a way to describe and reflect about the 

learning acquired throughout the process, the means to improve mathematical 
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students‘ skills, and the ways to overcome CSCL-MPS challenges within the 

project perspective and Colombian educational interests.  

 

2. RESEARCH AIMS AND SCOPE OF THE THESIS 

 

2.1 General Objective 

The purpose of this research is to understand how CST can contribute to improving 

a collaborative learning process in the field of mathematical problem solving with 

the support of computers to mediate communication. 

 

2.2 Objectives 

1. Uncover the theoretical underpinnings that supported the theories and 

practices used to foster a collaborative learning process about mathematical 

problem-solving strategies among primary school students with the support of 

computers to mediate communication.   

2. Uncover the methodological challenges in approaching a collaborative learning 

process about mathematical problem-solving strategies among primary school 

students with the support of computers to mediate communication.   

3. Explore how a CST approach can contribute to overcoming methodological 

challenges in approaching CSCL-MPS processes and how CST can contribute 

to improving these processes in general. 

4. Explore how a CoP approach can contribute to analysing participants‘ identities 

within a CST perspective. 

5. Describe and analyse the use of CST in the design of a methodological 

framework for analysing a CSCL-MPS process. 

6. Find new alternatives to improve a CSCL-MPS process by using a pluralistic 

and critical perspective. 

7. Find new alternatives to contribute to the CoP approach used in the analysis. 
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2.3 Scope 

This thesis aims to analyse a CSCL-MPS learning process using a CST 

perspective. In doing so, it intends to contribute to the CSCL-MPS research field‘s 

debate regarding its methodological challenges and to provide some reflection 

about the CST and CoP fields. In the same way, this thesis does not seek to 

establish a new theory of learning. As a result of this thesis, new knowledge on 

how to improve computer-supported collaborative learning will be developed; 

however, the use of this knowledge in other contexts requires a critical reflection, 

taking into account the particularities of the new context. 

 

3. STRUCTURE OF THE THESIS AND RESEARCH PROCESS 

 

Taking into account the research aims and the problem definition, this thesis is 

developed over nine chapters (see Table 1): 

 Chapters 1 and 2 present the main discussions regarding theories of 

learning, theories of collaborative learning, the use of ICTs in education, and 

mathematical problem-solving theories. The general purpose of those 

chapters is to address objectives #1 and #2 of the research aims. For this 

reason, it is necessary to describe the assumptions, methodological 

designs, and evaluation methods of the theories involved in CSCL and 

MPS. In doing so, I will develop a detailed list of dimensions to take into 

account in CSCL-MPS processes and the challenges of the CSCL-MPS 

research field. 

 Chapters 3 and 4 present the construction of the methodological design by 

proposing, first, a CST approach (systemic intervention) to overcome 

challenges identified in previous chapters, and second, the CoP framework 

to support the systemic intervention approach. In doing so, these chapters 

aim to achieve objectives #3 and #4. To achieve this, Chapter 3 presents 

the main discussions around the research perspective called ―Critical 

Systems Thinking‖. The evolution of CST and its major contributions in 
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terms of the three commitments will be explored, resulting in the choice of a 

CST approach. Chapter 4 presents the main discussions about CoP. A 

conceptual framework to support systemic intervention will be developed.  

 

STRUCTURE 
(PART/CHAPTER) 

OVERALL CONTENT RELATED 
OBJECTIVE  

INTRODUCTION The motivation for writing the thesis, the 
problem situation, aims, scopes, 
structure, and research process.  

 

PART I: THEORETICAL UNDERPINNINGS  

CHAPTER 1: CSCL The main theories of learning and 
collaborative learning, the use of ICTs in 
education and CSCL challenges.  

Objectives #1 and #2 

CHAPTER 2: MPS The main theories about mathematics 
learning and MPS strategies, MPS 
challenges.  

Objectives #1 and #2 

PART II: METHODOLOGICAL DESIGN 

CHAPTER 3:                        
SYSTEMIC 
INTERVENTION 

The main discussions and perspectives 
about CST, and the reasons for choosing 
systemic intervention to approach CSCL-
MPS processes.  

Objective #3 

CHAPTER 4: CoP The main arguments that build the CoP 
framework in order to support systemic 
intervention.   

Objective #4 

CHAPTER 5: 
METHODOLOGICAL 
DESIGN 

The creative design of methods (based on 
systemic intervention) to approach CSCL-
MPS processes.  

Objective #5 

PART III: PRACTICAL CASES 

CHAPTER 6: 
ANALYSIS OF 
ATARRAYA 

The analysis of a first CSCL-MPS project 
with the proposed methodology.  

Objective #6 

CHAPTER 7: 
ANALYSIS OF 
WENAJI 

The analysis of a second CSCL-MPS 
project with the proposed methodology.  

Objective #6 

CHAPTER 8: FINAL 
REFLECTIONS 

The reflections made in regards to the 
practice, the methodology and the CSCL-
MPS processes.  

Objectives #6 and #7 

CHAPTER 9: 
CONCLUSIONS 

The conclusions of the thesis, the 
accomplishment of each objective, and 
the achieved contributions to knowledge.  

 

Table 1: General structure of the thesis 

 



10 
 

 Chapter 5 presents a creative design of methods to analyse CSCL-MPS 

processes. In doing so, this chapter aims to achieve objective #5.  

 Chapters 6 and 7 present the analysis of two CSCL-MPS case studies 

(called ―Atarraya‖ and ―Wenaji‖) and, thus, address objective #6 of the 

thesis. 

 Chapter 8 presents reflections about the methodology, the practice, and the 

field of CSCL-MPS. In doing so, this chapter addresses objectives #6 and 

#7 of the thesis.  

 Chapter 9 presents the general conclusions of the thesis in terms of 

objectives and the achieved contributions to knowledge.  

 

The research process consisted of three main activities:  

 First, a literature review of the state of the art in terms of CSCL, MPS, CST 

and CoP. 

 Second, the design of a methodology based on CST and CoP to analyse 

and evaluate the CSCL-MPS process.  

 Third, the application of the methodological design in the analysis of two 

projects to learn about and reflect upon the projects and to improve learning.  

 

Figure 1 presents a summary of the research process with the motivation of the 

thesis.  
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Background ĞMotivation

Problem situation :

- A learning network project had

been approved for implementation

- The need to understand

incorporation of ICT in Colombian

education

- The need for better instruction

methods for Mathematics

education in Colombia

- The need to improve the situation

in the projects and to learn from

them .

1. Literature Review :

- Mathematics Learning

- Learning supported by computers

- Collaborative learning

-Critical Systems Thinking

-Communities of Practice

2. Methodological design :

- CSCL-MPS

- Systemic Intervention with CoP

3. Application of the framework

on practical cases and

reflections about about theory,

methodology and practice :

- Atarraya

- Wenaji
 

Figure 1: Summary of the research process of this thesis 

 

The next section presents a proposal for an approach that can help overcome 

CSCL-MPS challenges aligned with the general aim of this thesis and taking into 

account the need to improve CSCL-MPS processes in Colombia. 

 

4. METHODOLOGICAL PROPOSAL: CST 

 

A review of the CSCL- and MPS-related literature reveals a lack of critical 

reflection, including a pluralistic approach (see: Kreijns et al., 2004; Arnseth & 
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Ludvigsen, 2006; Daradoumis et al., 2006; De Laat et al., 2006; Gallivan & 

Benbunan-Fich, 2006; Strijbos & Fischer, 2007; Arbaugh et al., 2009; Arbaugh et 

al., 2010). Moreover, a systems approach that takes into account different 

purposes, activities, and stakeholders in learning process is needed (Brown & 

Campione, 1996, cited by Bransford et al., eds., 1999). Regarding this claim, a 

CST perspective might be proposed to overcome those challenges.  

 

CST is a research perspective that emerged from the discussions about ―hard‖ and 

―soft‖ systems methodologies to approach the different problem situations that take 

place in organisations. It is based on a holistic (non-reductionist) perspective on 

the world and takes into account the inclusion of people‘s concerns. CST has 

centred its contributions on three commitments (Midgley, 1996, p. 11): 

 Critical awareness: examining and reexaminining taken-for-granted 

assumptions, along with the conditions that give rise to them. 

 Emancipation: ensuring that research is focused on ―improvement‖, 

defined temporarily and locally, taking issues of power (which may affect 

the definition) into account. 

 Methodological pluralism: using a variety of research methods in a 

theoretically coherent manner, becoming aware of their strengths and 

weaknesses, to address a corresponding variety of issues.  

 

Several approaches have been applied within the CST research perspective, 

taking into account different meanings and emphasis on what constitutes those 

commitments or ways to address them (Córdoba, 2009). In this research I use the 

three commitments proposed by Midgley (1996) and his approach called ―systemic 

intervention‖ (Midgley, 1997; 2000) (which includes the theory of boundary critique) 

in order to overcome the challenges presented in the CSCL and MPS research 

fields.  

 



13 
 

Reflection upon systemic boundaries; the view of improvement as local and 

temporal; consideration of issues of power; the creative design of methods, 

involving the development of a dynamic set of interrelated questions addressed 

using different methods or parts of one method; the learning process through the 

intervention; the study of participants‘ identities; and the intervention issues 

(Midgley, 1997; 2000) constitute the basis on which to tackle the issues of this 

research.  

 

4.1 Synergy between CST and CoP 

More research much be conducted on possible boundaries in terms of 

understanding participants‘ identities (Midgley, 2007; 2011; Ulrich, 2012b). 

Moreover, based on the systemic intervention principle of generating learning 

about the process and the outcomes of the situation intervened (Midgley, 2011), 

identity issues can be analysed from a social perspective on learning. In doing so, 

the methodology can be enriched from other research perspectives that focus 

attention on the interactive aspect of negotiating meaning (Harwood, 2012).  

 

In addition, taking into account the need to generate communities of practice in 

MPS learning-teaching environments, a synergy between the systemic intervention 

research approach and the CoP framework (Wenger, 1998; 2000; 2010) is used in 

this research to explore the conflicting nature of participants‘ identities (Midgley & 

Ochoa-Arias, 2001). The CoP framework is a proposal for analysing social aspects 

of the learning process, taking into account the competence and experience of 

people within a group, where they develop practices and meaning regarding a 

specific domain (Wenger, 1998). This framework includes analysis of people‘s 

identities within and between communities, as learning trajectories and different 

types of participation, identification and accountability, which can be considered a 

suitable way to analyse identities in the context of systemic intervention to tackle 

CSCL-MPS issues.  
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In proposing the CoP framework, this approach can also be enriched by the notion 

of boundary and ritual presented in systemic intervention. This synergy might lead 

to a broader perspective on the different dimensions to be considered when 

designing environments for learning. In this case, it is also appropriate in the 

context of analysing CSCL-MPS issues. 

 

4.2 Summary of the Conceptual Framework of the Thesis 

Figure 2 presents the summary of the conceptual framework of the thesis in terms 

of collaborative learning (CL), the use of ICT in education (computer-supported 

[CS]), MPS, CST (and the systemic intervention approach), and the CoP approach.  
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Collaborative Learning (CL):

- Constructivism
- Active and social learning
- Engagement and deep learning

- Group and individual processes
- Different learning dimensions

(learning purpose, interactions,
motivation, cognition, and
metacognition)

Use of ICT in education

(Computer-Supported– CS):
-Computer Mediated
Communication (CMC)

- Technology use: ICT literacy
and the design of Virtual

LearningEnvironments (VLEs)

Mathematical Problem-Solving

(MPS):
- ―Drill and practice‖ and
―conceptual understanding‖

approaches in mathematics
education

-Models of MPS: different
learning dimensions

MPS Challenges:

- Different methods to analyze
MPS
- Analysis of cultural changes

and design of new strategies of
mathematical instruction

(Communities of Practice – CoP
approach; CSCLapproach)

CSCL Challenges:

-Critical reflection about learning
purpose, process, and outcomes
-Analysis of agent identity

-Integrated analysis (of the
different dimensions)

-Analysis of the context of
application

Critical Systems Thinking (CST):

- Research approach for systems
practice
- Three themes (critical awareness,

methodological pluralism, and
improvement)

- Different approaches
- Systemic Intervention as the
chosenapproach that focuseson:

- Methodological pluralism
- Boundary critique

- Learning and improvement
- Agents and Issues

CommunitiesofPractice (CoP):

- Active and social learning
- Contextual
- Analysis of identity, boundary and

communities
- Trajectory of learning and

participation
- Modes of identification and
accountability

- Dimensions of design for learning

Systemic Intervention

Challenge:
- Framework for analysing agent
identity

CoP Challenge:

- Concepts of boundary and ritual
and their implications on
dimensions of design for learning

Application of the conceptual and methodological framework to 

analyze two projects
- Needs to generate learning from the projects and improvement in those 
projects

 

Figure 2: Map of the conceptual frameworks developed in the thesis 
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5. SUMMARY 

 

This chapter presented the problem definition (regarding theoretical, 

methodological, and practice challenges in CSCL and MPS research). Then I 

presented a research perspective called ―Critical Systems Thinking‖, and, in 

particular, systemic intervention (Midgley, 1997, 2000), which could help us 

overcome the aforementioned challenges. The chapter presented the research aim 

of understanding how CST can contribute to improving a computer-supported 

collaborative learning process in the field of mathematical problem-solving 

education. Finally, it described the structure of the thesis and the research process 

that addresses the problem definition and the research aim. The next chapter 

begins to address the theoretical background of CSCL and MPS to uncover the 

theoretical underpinnings that supported the theories and practices used in a 

particular case to foster a collaborative learning process and methodological issues 

in approaching collaborative learning processes. 
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1. COMPUTER-SUPPORTED COLLABORATIVE LEARNING – CSCL 

 

In this chapter I present the theoretical and methodological background of 

Computer-Supported Collaborative Learning (CSCL). First, I present the main 

theories of learning. In doing so, a twofold purpose is pursued: to set the context in 

which collaborative learning emerged and to introduce these main theories for the 

next chapter, in which I present theories regarding mathematics learning. Second, I 

present the field of collaborative learning, its definition, central debates and 

theories that support it. Third, I present the main aspects of the inclusion of ICT in 

the collaborative learning field. In doing so, I also present a discussion about the 

core dimensions to take into account in a CSCL process. As a result of this 

discussion, a learning model is proposed. Fourth, I exhibit the main methodological 

challenges in the field of CSCL. Finally, I provide some reflections about the 

challenges of this field. 

 

1.1 THEORIES OF LEARNING 

 

There are several definitions of what learning means. These definitions are 

founded in different theoretical backgrounds. There are three basic theories of 

learning: behaviourism, cognitivism, and constructivism. As explained below, these 

perspectives can be described as a continuum instead of discrete sides of learning. 

These perspectives are presented with a review of their more important exponents 

and their main contributions to the educational field.  

 

1.1.1 Behaviourism 

Behaviourism is a theory that assumes that the learner is essentially passive, 

responding to environmental stimuli. The learner starts off as a clean slate (i.e. 

tabula rasa), and behaviour is shaped through positive or negative reinforcement. 

Behaviourism argues that development is the result of different types of learning 

(respondent and operant) as well as imitation and modeling. The environment has 



18 
 

important influences on growth and development. Behaviourists assume that a 

person will change his or her behaviour in response to systematic changes in the 

environment. When environments remain the same, habits formed will continue to 

be expressed across settings (Ertmer et al., 1993; Salkind, 2004; Newman & 

Newman, 2007). Among the principal proponents of behavioural models are I. 

Pavlov, E. L. Thorndike, B. F. Skinner, E. R. Guthrie, J. Watson, and C. Hull.   

 

Thorndike (1911, cited by Salkind, 2004), one of the first proponents, argued that 

improvement in problem solving is not the result of learning an idea or an insight, 

but instead the gradual association between a stimulus and a response. This 

learning is called trial-and-error learning or operant conditioning. Here, the 

response is controlled by what follows it. If learning is seen as ―operant learning‖, 

that means that its bases are the consequences of a behaviour. In other words, the 

qualities and characteristics of the stimuli that follow behaviour, not the qualities 

and characteristics of the stimuli that precede behaviour, are of primary 

importance, (Hergenhahn & Olson, 1997; Salkind, 2004). 

 

Skinner‘s work developed Thorndike‘s ideas, mainly in the modification of voluntary 

behaviours as a result of the consequences of those behaviours. Positive and 

negative reinforcers, extinction, punishment, and schedule of reinforcement are all 

examples of mechanisms of developing new complex responses (Salkind, 2004; 

Newman & Newman, 2007). Other contributions of behaviourism presented by 

Guthrie, Hull, and Watson include the use of incentives to produce good 

performance, recency, and frequency to cause more stimuli to elicit desired 

behaviours (Hergenhahn & Olson, 1997; Salkind, 2004).  

 

To behaviourists in general, motivation is not important. External reinforcers are 

important to bring about the correct responses to certain stimuli. Incorrect 

responses are to be corrected rapidly, so that they are not put into practice. The 

learning situation must be made to resemble the real world as much as possible. It 
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is preferable to interact with students one on one (Hergenhahn & Olson, 1997). 

Behaviourism in the educational field might also be used in the modification of 

attitudes and emotions involved in learning. For example, learning mathematics in 

a rigid, authoritarian atmosphere may create a negative attitude toward the subject 

(Hergenhahn & Olson, 1997).  

 

A critique of all the behaviourist theories is that they present a simplistic, 

mechanistic view of learning: they avoid explanations of learning that involve 

complex mental processes and assume that a learner‘s awareness of stimuli 

(conditional or unconditional) is not needed for learning to occur (Hergenhahn & 

Olson, 1997; Newman & Newman, 2007).   

 

1.1.2 Cognitivism 

The cognitive perspective on learning replaced behaviourism in the 1960s as the 

dominant paradigm. The perspective changed from a focus on the stimuli-response 

viewpoint to a focus on cognition and mental activities. Cognitivism focuses on the 

inner mental activities. Opening the ―black box‖ of the human mind is perceived as 

valuable and necessary for understanding learning. In cognitivism, mental 

processes such as thinking, memory, knowing, and problem solving need to be 

explored. Knowledge can be seen as schemas or symbolic mental constructions. 

That is to say, a schema is an internal knowledge structure. Learning is defined as 

change in a learner‘s schemata (Mayer, 1992). New information is compared to 

existing schemas. Schemas may be combined, extended or altered to 

accommodate new information.  

 

In general, cognitivist researchers focus their attention on the development of a 

path through a problem space (Hunt, 1994) (different alternatives for a solution), 

that requires internal processes: the use of language (as a means to generate 

different schemas); the generation of different representations (maps, models, 

mental models); memory processes to organise, access, and manage the 
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information; deducing arguments‘ logic; and finding and adapting analogies 

between problems to solve the problem at hand based on past experiences with 

similar problems. In other words, cognitivism deals with the idea of understanding a 

problem situation, representing it, and searching for the solution by using memory 

processes (Mayer, 1992; Robertson, 2001).  

 

One of the groups that studied learning from a cogntivist perspective was the 

Gestalt group. According to Gestalt psychologists, cognitivism also proposes 

learning based on understanding and meaning of the problem basis, instead of 

based on memorisation. This type of learning is called productive learning. Other 

gestalts authors present the term ―insightful learning‖. Here, the learner has to 

solve a problem. He or she performs based on a solution gained by insight. The 

problem to be solved generates a cognitive disequilibrium, which is re-established 

when the problem is solved via insight (Mayer, 1992; Hergenhahn & Olson, 1997). 

 

Cognitive theorists recognise that much learning involves associations established 

through contiguity and repetition. They also acknowledge the importance of 

reinforcement, although they stress its role in providing feedback about the 

correctness of responses over its role as a motivator. However, even while 

accepting such behaviourist concepts, cognitive theorists view learning as involving 

the acquisition or reorganisation of the cognitive structures through which humans 

process and store information (Good & Brophy, 1990, pp. 187).  

 

Cognitive theory focuses on the conceptualisation of students‘ learning processes 

and addresses the issues of how information is received, organised, stored, and 

retrieved by the mind (Ertmer & Newby, 1993). One of the proponents of 

cognitivism is D. A. Norman. For Norman (Mayer, 1992), the concepts of learning 

and understanding are closely linked. To learn is to understand, and then to 

perform well.  
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Norman, like other cognitivist authors (Bandura and Gestalists like Tolman and 

Koffka), proposes that cognition analysis should take into account belief systems 

and the influence of emotions on human information processing (Mayer, 1992; 

Hergenhahn & Olson, 1997).  

 

A critique of cognitivist theories such as the information processing theory is the 

limited analogy of humans as computers, and the need to model cognitive 

processes more deeply (Mayer, 1992; Hergenhahn & Olson, 1997).  

 

1.1.3 Cognitive Behaviourism – Social Learning 

All learning cannot be explained by the principles of trial-and-error learning. There 

are situations in which the learner learns through observation and imitation. These 

cases have amplified the behaviourist theories toward social learning and cognitive 

behaviourism. Social learning and cognitive behaviourism have also been 

considered related to cognitivism. In cognitive behaviourism, the process of 

learning is seen as one in which cognition intervenes between stimulus and 

response. Proponents of this theory include E. Tolman, W. Mischel, and A. 

Bandura.  

 

Hergenhahn and Olson (1997) and Newman and Newman (2007) point out that 

Tolman said that the learner develops a cognitive map, which is an internal mental 

representation of the learning environment. Once the learner has developed a 

cognitive map, he or she can reach a particular goal from any number of directions.  

 

Social learning theory, proposed by Albert Bandura (1977), sees learning as the 

acquisition of information as a result of observation. Bandura also points out the 

distinction between learning and performance. He argues that the behaviourist 

concepts represent a theory of performance rather than a theory of learning. 

According to this theory, child‘s learning is cognitive, occurring without 

reinforcement of any overt behaviour, but through observation of models that he or 
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she can follow. (Modeling is the process of learning.) Bandura believes that 

anything that can be learned by direct experience can also be learned from 

observation and that intrinsic reinforcement is far more important that extrinsic 

reinforcement.  

 

According to W. Mischel (Newman and Newman, 2007), six cognitive factors 

should be considered in analysing the learning process: cognitive competencies 

(knowledge, skills); self-encoding (evaluation of information about the self); 

expectancies (expectations about the performance); values (relative importance of 

the outcomes); goals and plans (personal standards and strategies); and self-

control strategies (techniques an individual develops for regulating his own 

behaviour). Regarding expectancies, self-efficacy (the sense of confidence) is very 

important. It is influenced by four sources of information: 1) enactive attainment 

(prior experiences of mastery); 2) vicarious information (to compare to a similar 

person‘s performance); 3) verbal persuasion (to encourage a person to believe in 

herself and try a new task); 4) physical state (anxiety or frightened vs. excited and 

interested).   

 

1.1.4  Constructivism 

The philosophical assumptions underlying both the behavioural and cognitive 

theories are primarily objectivistic; that is, the world is real and external to the 

learner (Ertmer & Newby, 1993). As a reaction to this assumption, constructivism 

states that knowledge is a function of how the individual creates meaning from his 

or her own experiences. For constructivist theories, learning is an active, 

contextualised process of constructing knowledge, rather than acquiring it. 

Learners construct knowledge through social negotiation, that is, through 

collaborative discussions (Newman & Newman, 2007).  

 

Constructivism is not a totally new approach to learning. It is considered to be a 

branch of cognitivism (both conceive of learning as a mental activity). However, it 
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distinguishes itself from cognitivism with the conception of creation, interpretation, 

or construction of knowledge, not the acquisition of it. Moreover, knowledge is 

related to a particular context and involves interaction between the learner and the 

environment (Ertmer & Newby, 1993). 

 

Important originators and contributors to constructivist theories are J. Piaget and L. 

S. Vygotsky. After them, other contributors appeared. Their new approaches also 

emphasise the need for a domain (context, culture), a group (community), activities 

(practice), and concepts (knowledge) (Lave, 1988; Slavin, 1995; Lave & Wenger, 

1991, Webb & Mastergeorge, 2003).  

 

Piaget‘s perspective presents two basic functions common to all biological 

systems: the need to stay alive and survive in our environment (adaptation) and 

the need to have a well-organised and orderly internal structure (organisation). The 

mechanisms for balancing organisation and adaptation needs are: equilibration, 

assimilation, and accommodation. Assimilation occurs whenever something from 

outside the system is taken in and incorporated. It is the tendency to interpret new 

experiences in terms of an existing scheme. Accommodation is the complementary 

process that must always accompany assimilation, the changing of the existing 

internal structure to fit the newly assimilated input. It is the tendency to modify 

familiar schemes in order to account for new dimensions of the object or event that 

are revealed. The process whereby the balance between accommodation and 

assimilation is achieved is called equilibration. It is responsible for cognitive growth 

(Hergenhahn & Olson, 1997; Salkind, 2004; Newman & Newman, 2007). 

 

For Piaget, optimal education involves slightly challenging experiences for the 

learner so that the dual processes of assimilation and accommodation can provide 

for intellectual growth. Teachers have to know each student‘s cognitive structure 

(individualised). It is important to put the children into a context that permits them to 

explore different structures of the physical world so they can construct abstractly. 
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Some strategies, such as carrying or borrowing to solve arithmetic problems, rely 

on a type of social conventional knowledge. Children must also be able to 

appreciate multiple views of a problem and its solution when working in groups 

(Hergenhahn & Olson, 1997).  

 

Vygotsky‘s (1978) perspective (called social-historical or socio-cultural) points out 

that cognition emerges from social interactions and the use of cultural tools that are 

gradually internalised. Cognition is in the specific meaning of a child‘s action in 

context. Activities are socially constructed and have cultural meaning and value. 

The major themes in this theory are:  

 Culture—with its elements such as tools, technologies, language, beliefs, 

social relationships, patterned system of customs, values, etc.—is seen as a 

mediator of cognitive structuring or shaping.  

 Social interaction plays a fundamental role in the process of cognitive 

development. Vygostky states: ―Every function in the child‘s cultural 

development appears twice: first, on the social level, and later, on the 

individual level; first, between people (interpsychological) and then inside 

the child (intrapsychological)‖ (Vygotsky, 1978, p. 57). Here, high-level 

mental functions begin in external activity that is gradually reconstructed and 

internalised. This movement between external and internal activity is called 

movement from intermental to intramental. 

 The concept of the zone of proximal development (ZPD), which is the 

distance between the child‘s potential level of development and what the 

child can currently do. The actual developmental level is determined through 

independent problem solving and the potential level is determined through 

problem solving under adult guidance or in collaboration with more capable 

peers (Vygotsky, 1978).  

 The more knowledgeable other (MKO) refers to anyone who has a better 

understanding or a higher ability level than the learner, with respect to a 
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particular task, process, or concept. The MKO could be a teacher, coach, 

older adult, or peer. 

 

In the socio-cultural approach, researchers began to find new and varied ways of 

conceptualising a process through which a child‘s cognitive development is 

intricately intertwined with the activities in which the child participates, the other 

people who engage in activities with the child, and the cultural practices and 

institutional structures that provide context for the activities.  

 

Critiques of constructivism refer to the focus on Piaget‘s views of stages of 

development, because the cognition is more flexible in the process, and the focus 

on Vygotsky‘s ZPD, which results in lack of agreement about ways to 

operationalise this area. Another critique of constructivism relates to the relevance 

it puts on the environment. For some authors (e.g. Perkinson, 1984), 

constructivism bases the learning process on the environment, which makes the 

learner a passive subject. Additionally, a common misunderstanding regarding 

constructivist theories is that teachers should never tell students anything directly, 

but instead should always allow them to construct knowledge for themselves. This 

actually confuses a theory of pedagogy (teaching) with a theory of learning. 

Constructivism assumes that all knowledge is constructed from the learner‘s 

previous knowledge, regardless of how one is taught (National Research Council, 

2000). 

 

1.1.5 Comparison of Learning Theories 

Having outlined three principal perspectives on learning, Table 1.1 presents a 

summary of main aspects of the behaviourist, cognitivist, and constructivist 

approaches.  
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Aspects Behaviourism Cognitivism Constructivism 

What is 
learned? 

S-R associations, 
habits, 
contingencies 

Information, 
expectancies, 
schemas, principles, 
insights 

Knowledge that is 
relevant for the context in 
which the learner 
interacts. Learners build 
personal interpretations 
through experiences.  

How are 
problems 
solved? 

By trial and error, if 
the problem is not 
solved with previous 
associations by 
reinforcements. 

By thinking until they 
gain an insight into its 
solution.  
By using appropriate 
learning strategies 
based on information, 
schemas.  

By engaging the learner 
in the actual use of the 
tools in real-world 
situations, the learner 
builds his or her 
knowledge structure.  

Assumptions The mind is passive 
and we can structure 
it to determined 
behaviours. The 
arrangement of 
stimuli and 
consequences within 
the environment is 
crucial to learning. 

The mind is active, 
related to the learner-
teacher relationship. 
Knowledge is gained 
by ambiguity. 
Environmental cues 
help but cannot alone 
account for learning.  

An individual‘s direct 
experiences with the 
environment are 
considered critical.  
There is a crucial 
interaction between 
learning and 
environment.  
Humans create meaning. 

Transfer to 
the 
environment 

Possible if situations 
are similar. 

Possible because we 
transfer principles and 
thoughts, which are 
stored in memory.  

By engaging the learner 
in actual use of the tools 
in real-world situations, 
the learner builds his or 
her knowledge structure. 

Table 1.1: Summary of the principal learning theories 

 

1.2 COLLABORATIVE LEARNING 

 

This section presents the theoretical perspectives that support the collaborative 

learning field and the discussion about collaboration and learning.   

 

1.2.1 Theoretical Perspectives on Collaborative Learning 
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Researchers have proposed two main theoretical perspectives to support CL 

process within CSCL: Piaget‘s socio-cognitive and socio-constructivist perspective 

and Vygotsky‘ socio-cultural approach (Dillenbourg et al., 1996). 

 

Although Piaget acknowledged the relevance of social factors, he emphasised the 

child‘s contribution to thinking and cognition (Salkind, 2004). That is, Piaget 

focused on what the child does (explore, discover, rediscover) while he or she 

interacts with the environment and how the child exports his or her cognition to the 

environment. From Piaget‘s point of view, it is important to put children into a 

context that permits them to explore different structures of the physical world; then 

they can construct abstractly. Thus, the focus is on children‘s construction of reality 

(Hergenhahn & Olson, 1997). For example, children playing with marbles can 

construct abstractions about how to add ―carrying‖. After that process, children can 

construct more abstractions based on their previous knowledge (Newman & 

Newman, 2007). 

 

In contrast to Piaget and from a socio-cultural perspective, Vygotsky (1978) argues 

that development can only be understood within a social-historical framework. 

Vygotsky emphasised the contribution of the child‘s culture. Therefore, Vygotsky‘s 

perspective points out that cognition emerges from social interactions and the use 

of cultural tools (technologies, language, beliefs, social relationships, patterns of 

customs, values, etc.), which are gradually internalised. Activities are socially 

constructed and have cultural meaning and value. So culture is seen as a promoter 

of cognitive structuring or shaping. For example, Vygotsky believes it is important 

that children interact with peers and adults so they can generate knowledge 

(Salkind, 2004).   

 

Both Piaget and Vygotsky argue that language and thought play an important role 

in cognition, and thus, as well, how a child apprehends and assimilates 

information, prepares him or herself to face future events (Ertmer & Newby, 1993; 
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Hergenhahn & Olson, 1997; Webb & Mastergeorge, 2003; Salkind, 2004; Newman 

& Newman, 2007).  

 

Both the Piagetian and Vygotskian perspectives embody constructivist and social 

views of learning. First, learners play an active role in constructing their knowledge. 

Second, learning is considered a social process, in which interaction helps 

individuals generate a common language to performance a task as well as 

understandings between them (Dillenbourg et al., 1996; Webb & Mastergeorge, 

2003). For example, in Piaget‘s constructivism, children interact with each other 

while seeking to construct their individual knowledge. This interaction can generate 

conflicts between different approaches, among members of a group, to construct 

knowledge. Nevertheless, interaction helps children understand each other, solve 

their cognitive conflicts, and actively construct their knowledge (Salkind, 2004). 

Vygotsky presents the ―zone of proximal development‖, the zone that shows the 

difference between what a child can achieve independently and what he or she can 

achieve with help of a more capable peer. With the help of a more skilled person, a 

process of negotiation and transformation enables the less competent person to 

carry out a task or solve a problem (Webb & Mastergeorge, 2003). 

 

Although Piaget´s theory focused mainly on individual aspects in cognitive 

development, it inspired the formulation of a new approach, which seeks an 

understanding of how social interaction affects individual cognitive development. 

This approach is called ―socio-constructivist‖, and it is characterised by enhancing 

the role of interactions with others, rather than in individual actions themselves 

(Dillenbourg et al., 1996; Dillenbourg, 1999). While the socio-cognitive and socio-

constructivist approaches focus on the child (and his or her interactions with 

others) as the main source of cognition, the socio-cultural approach focuses on the 

socio-historical-cultural environment (Salkind, 2004; Dillenbourg, 1999). These two 

perspectives are the baseline for understanding collaborative learning. Although 

these two perspectives differ, they are both necessary for an understanding of the 
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social dimension of learning (Lipponen et al., 2003; De Laat & Lally, 2003; De Laat 

& Lally, 2005). 

 

1.2.2 Other Approaches that Support Collaborative Learning 

In addition to Piaget and Vygotsky‘s approaches to learning, other perspectives 

related to the socio-cognitive and socio-cultural theories of learning are also 

important to the establishment of the collaborative learning field: shared cognition, 

situated learning, distributed cognition, group cognition, knowledge building, and 

social learning. Shared cognition states that the environment is an integral part of 

cognitive activity and not merely a set of circumstances in which context-

independent cognitive process are performed. Here, the focus is on the social 

context. There are no clear distinctions between what is social and what is 

cognitive. Collaboration is seen as the process of building and maintaining a 

shared conception of a problem (Roschelle & Teasly, 1995).  

 

Situated learning is intertwined with shared cognition and refers to learning as 

embedded within an activity and a specific context. Here, collaboration, social 

interaction, use of tools, and cultural rules are important to learning (Lave, 1988; 

Lave & Wenger, 1991). For example, the influence of explanation in collaborative 

learning from a situated learning perspective is viewed as a joint construction by 

partners trying to understand each other, immersed and learning in a practical and 

contextualised situation. 

 

Group cognition and distributed cognition focus their attention on the location of the 

cognitive processes. To group cognition (Stahl, 2000; 2002; 2004), the cognitive 

process occurs at the group level, not at the individual level. The group knowledge-

construction process synthesises resources, relevant contexts, and discourse. 

Therefore, individual cognition is essentially situated in the group process (Stahl, 

2004; 2011). Instead of focusing on the group, distributed cognition situates 
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cognitive process in the dynamic of interactions between the group and artefacts 

such as computers (Hutchins, 1995).  

 

Knowledge building states that the learning process should be considered from a 

perspective on knowledge creation in which procedural and declarative knowledge 

is acquired, shared, and improved within the context of a community through 

reflective discussions (Scardamalia & Bereiter, 2006).  

 

Finally, Bandura‘s (1977) social learning (see the previous section, 1.1.3) proposes 

that motivators and expectancies for learning, as well as the modeling process in 

social interactions, are important aspects of collaborative learning theories (Jarvela 

et al., 2008).  

 

Piaget, Vygotsky, and researchers about situated and shared cognition, distributed 

and group cognition, and social learning present the foundation for discussing 

collaborative learning (CL) and CSCL. As presented in this section, these 

approaches focus their attention on particular aspects of the whole learning 

process: cognition, expectancies, artefacts, the context, the culture, the group, the 

person, etc. Nevertheless, they share the vision of a learning process in which 

social interactions and the intertwined features of active individual decisions with 

the activity and the environment are essential.  

 

1.2.3 Meaning and Debates of Collaborative Learning – CL 

The previous section highlights that the theoretical perspectives that support 

collaborative learning consider learning to be an active and social process in which 

knowledge, skills, abilities are built while learners interact within a specific context 

and through personal experiences (Dillenbourg, 1999; 2009): the learners play an 

active role in constructing their knowledge, and interaction is important for 

understanding each other and generating a common language to perform a task 
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(Dillenbourg et al., 1996; Webb & Mastergeorge, 2003; Salkind, 2004; Dillenbourg, 

2009; Laurillard, 2009).  

 

Nevertheless, there have been several debates in the CL field: the meaning of 

collaboration, its differences from cooperation, group composition for collaboration, 

and the dichotomy between the individual and group levels of the collaborative 

learning process. These debates are explained below:  

 

1. The meaning of collaboration. Collaboration can describe a situation in which 

particular forms of interaction among people are expected to occur, which 

would trigger learning mechanisms, but there is no guarantee that the expected 

interactions will actually occur. Here, the main purpose of collaboration is the 

generation of explanations (building and delivering an explanation) (Dillenbourg 

et al., 1996; Dillenbourg, 1999; Roberts, 2005).  

 

Other authors state that collaboration is a process by which individuals build 

knowledge, skills or attitudes that occur as the result of group interaction while 

members are solving a shared task or problem. This process of knowledge 

construction can be obtained via interactions, regardless of whether their main 

focus is learning (Haythornthwaite, 2001; Kreijns et al., 2003). The interactions 

are expected to generate equal contributions and participations (De Laat et al., 

2006a) and should include active searching for information, engaging in critical 

discussion, asking questions, discussing answers, making proposals, and 

replying to other proposals (Alexander, 2006).   

 

Therefore, collaboration can be seen as triggering mechanisms for learning or 

as a process of knowledge construction. Whether the purpose of collaboration 

is to enhance interactions or to build knowledge cause us to ask what the 

purpose of collaboration is and how appropriate interactions can be promoted 

(in nature and evolution) (Dillenbourg, 2009; Hmelo-Silver et al., 2011).  
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2. Collaboration vs. cooperation. For some authors, cooperation involves a 

structure of interaction for well-structured knowledge domains. In other words, it 

implies division of tasks and roles, solving sub-tasks individually, and then 

assembly together (Slavin, 1995; Johnson & Johnson, 1999; Strijbos et al., 

2004b; Alexander, 2006; Stahl et al., 2006). Collaboration implies a philosophy 

of guiding interaction in ill-structured knowledge domains. This means that 

collaboration focuses on the negotiation process of sharing meaning in group 

activities (there are no division of tasks and roles, sub-tasks, or individual 

activities) (Slavin, 1995; Stahl et al., 2006). Although previous descriptions 

show some differences, the main idea is that both terms imply people working 

together on some tasks to achieve a learning purpose while they share 

meaning. Therefore, research should consider the similarities and differences in 

the process of designing and analysing collaborative learning environments 

(Dillenbourg, 2009; Stahl, 2011).  

 

3. Individual vs. group influences on learning process. The relationship 

between individual and group behaviours in CSCL processes (Gallivan & 

Benbunan-Fich, 2005; Dimitracopoulou, 2005; Strijbos & Fischer, 2007; 

Strijbos, 2011) is an issue of debate. Chan and Van Aalst (2004) state that 

individuals, and not groups, are those who learn, but we need to consider the 

influence of the group on individual learning, as well as the influence of the 

individual on the group dynamic. Stahl (2011) points out that learning process in 

collaboration occurs in the group, not in the individual. Therefore, it is important 

to take the relationship between the individual and the group into account as an 

important aspect of collaborative learning. 

 

4. Groups factors. Previous studies (Harasim et al., 1995; Bordogna & Albano, 

2001) have found that group size should be small in order to better guarantee 

that all members work, but it should be large to improve the diversity and 
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creativity of ideas and skills. Groups of three to six members have been 

recommended. 

 

In addition, group composition should consider diversity and homophily (Chiu & 

Hsiao, 2010; Stahl, 2010; Strijbos, 2011). Heterogeneous groups rely on the 

learners‘ socio-cultural characteristics, their skills, beliefs, and more. This kind 

of group promotes more stimulating thinking due to its diversity. Some 

advocates of group diversity point out that people have different ways to 

represent and to approach a given problem, and this diversity (affected by 

training, experience, and socio-cultural characteristics) can produce good 

results in groups (Page, 2007).  

 

In contrast to diverse groups, homogenous ones are said to promote more 

cohesion and satisfaction (Slavin, 1995; Graham, 2002; Sharda et al., 2004).  

Homophily theory predicts that people are more likely to interact with individuals 

similar to themselves in respect to a variety of qualities and characteristics, 

such as age, gender, education level, and values, among others (Yuan & Gay, 

2006).   

 

Social network theory (Wasserman & Faust, 1994) identifies some additional 

factors that could be included in understanding the influence of groups in 

collaborative learning. This theory focuses on studying emergent social 

structures that are generated through the relationships between people (Sanz, 

2003). Social network analysis has its focus on social network positions. It 

refers to the relationship between learning performance, knowledge building, 

and the position occupied by the learner in the network (Wasserman & Faust, 

1994). Previous studies have found that network positions have significant 

impacts on individual and group outcomes because the structure of social 

interactions promotes or restricts access to information, feedback, strategic 

information, social support, and more (Haythornthwaite, 2001; Lipponen et al., 
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2003; Hurme & Järvelä, 2005; Contractor et al., 2006; Daradoumis et al., 2006; 

Hurme et al., 2006; Cho et al., 2007; Rienties et al., 2009). Thus, network 

structures should be aligned with the purpose of the learning.  

 

Therefore, CSCL activity designs should pay attention to group composition, 

influences within and outside the group, and their impact on the learning 

purpose and outcomes. 

 

Previous debates show that the collaborative learning field is one with several 

interpretations and challenges to overcome. I will now present the inclusion of ICTs 

in this field to generate the CSCL pedagogical approach.  

 

1.3 CSCL: DEFINITIONS, THEORIES, AND DEBATES 

 

This section presents a contextualisation of the inclusion of ICTs in education, a 

definition of CSCL, and the main topics to take into account in the CSCL field.  

 

1.3.1 The Inclusion of ICTs in Education 

ICTs can be described as the application in society of information processing and 

transmission systems, including hardware, software, communication tools and 

networks, organisational and human aspects, and their industrial, commercial, 

governmental, political, social, and cultural implications (Markauskaite, 2006).  

 

Bearing this in mind, the inclusion of ICTs in education requires that both students 

and teachers improve their understanding of these technologies, what the 

UNESCO programme on ICT competence among teachers calls ―technology 

literacy‖ (UNESCO, 2008). While UNESCO has proposed a definition for the term 

―technology literacy‖, or ―ICT literacy‖, others have been discussed from different 

perspectives. According to Leu et al. (2004), ICT literacy includes two aspects: ICT 

tools and strategic knowledge (cognitive and technical capabilities). This strategic 
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knowledge is related to the use of particular digital devices, software, and 

infrastructure (ETS, 2002).  

 

A generic definition proposed by Lonsdale and McCurry (2004) is that ICT literacy 

is a transferable set of capacities related to ICT use. Here, there are two important 

aspects to note:  

1. ICT literacy is a mean, not a goal: it may be transferable to different 

domains. 

2. ICT literacy is a set of capacities (knowledge, instrumental abilities, 

personal, and interpersonal attributes, among others).  

 

Taking into account the previous definitions, the core aspects of ICT literacy 

include (National Research Council, 2000; Anderson & Weert, 2002; ETS, 2002; 

Markauskaite, 2006; National Research Council, 2006; Department of Education, 

2009; Stahl, 2009): 

 ICT tools and access: hardware, software, connectivity, and technological 

support (maintenance).  

 Technology-related teacher professional development, so teachers can 

learn ICT skills within their field. 

 Technology integration into teaching and learning, which includes structuring 

virtual learning environments and new teaching strategies. 

 Student technology literacy, which is the strategic knowledge students learn 

as a result of the implementation of the three previous aspects.  

 

1.3.2 Technology Integration into Teaching and Learning –VLE 

ICT use in the education field is vast. Different forms of ICTs have been designed 

to support education. Table 1.2 identifies different types of learning-oriented uses 

for ICTs in education, including CSCL. This table is based on previous descriptions 

of VLEs presented by Harasim et al. (1995), Allan (2002), Sharda et al. (2004), 

UNESCO (2004), and Alexander (2006). As the table shows, CSCL shares some 



36 
 

common features with those other forms of VLEs, including asynchronic learning 

networks (ALN), virtual reality (VR) environments, and virtual or distance learning 

(VL-DL). All of these educational-technological models also share some research 

items with human-computer interaction (learning ―with‖, ―at‖, ―around‖, or ―through‖ 

computers) (Strijbos et al., 2004a). Specifically, CSCL shares common discussions 

with computer-supported collaborative work (CSCW), in particular, a quest to 

improve collaboration in the workplace (Newman et al., 1997). As can be seen, 

there are potential areas of overlap and differences between all these VLE models. 

The following table shows characteristics of some of these models. 

 

 Different aspects to compare learning environments 

Learning 

environments 

Place Time Collaboration? Type of “learning 

content” 

Traditional Same Same Almost never Curriculum-based 

VL-DL Different Different No Curriculum-based 

VR Same or 

different 

Same or 

different 

No Learning by playing 

ALN Different Different Yes Curriculum based or 

other topics or 

interests) 

CSCL Different Same or 

different 

Yes Curriculum-based 

Table 1.2: Comparison between CSCL, LN, VL, VR, and traditional learning 

according to different aspects 

 

Traditional learning refers to practices focused on the classroom in content, place, 

time, and which use collaboration and computers only occasionally (UNESCO, 

2004). The table also reflects the insight that different forms of learning using 

computers have originated a new version of e-learning called ―blended learning‖, 

which refers to learning using mixed media, time and space of interactions, and the 

activities designed to enhance learning (Allan, 2002; Arbaugh et al., 2010). This 

new approach to learning and teaching processes shares the main factors, 

discussions and challenges of its relative‘s forms of learning, including CSCL. 
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Despite similarities of the above approaches, some differences can be found 

between them. CSCL is centred on computer-mediated collaboration, with the 

purpose of supporting classroom content while people are in different places, 

though usually acting at the same time (Lipponen, 2002; Alexander, 2006; Stahl et 

al., 2006; Stahl, 2010). ALN allows groups of people to learn together, at their own 

paces, places, and times, using computers to mediate their interactions (Harasim 

et al., 1995; Hiltz & Turoff, 2002; Sharda et al., 2004; Alexander, 2006). VL-DL is 

based on all the media resources created to support distance learning that can 

promote classroom content but without interactions (Sharda et al., 2004; UNESCO, 

2004). VR is based on all the media resources created to generate immersive 

presence (videogames, online games, simulations, etc.). VR can support learning 

by playing (Sharda et al., 2004).  

 

Having explored the core similarities and differences between VLE and the support 

they can give for educational purposes, the next section describes CSCL in greater 

detail.  

 

1.3.3 CSCL Meaning 

The term ―Computer-Supported Collaborative Learning (CSCL)‖ was proposed to 

refer to a new educational paradigm in which the use of ICTs to support 

collaborative learning was fundamental (Roberts, 2005). CSCL refers to the 

inclusion of technical artefacts to mediate and support peer interactions with the 

purpose of enhancing collaborative learning (Stahl et al., 2006).  

 

CSCL is focused on how collaborative learning supported by technology can 

enhance peer interaction and work in groups, and how collaboration and 

technology facilitate sharing and distributing of knowledge and expertise among 

community members (Lipponen, 2002; Kreijns et al., 2003; Dillenbourg, 2009; 

Laurillard, 2009; Stahl, 2010; Strijbos, 2011). To achieve this, CSCL can be built 
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through three levels of social infrastructure. According to Bielaczyc (2001) these 

layers are composed of (1) a cultural level (philosophy and norms); (2) an activity 

level (practices); and (3) a tool level (technology). Lipponen (2002) proposes layers 

with similar meaning but named organisational, pedagogical, and technical 

challenges.   

 

The synergies between these levels aim to meet the purpose of enhancing 

collaborative learning through the use of ICTs. It follows that the pedagogical base 

of CSCL is collaborative learning (described in the previous section). The 

technological base of CSCL is the design of VLEs to support collaborative learning 

activities. Those VLEs have a structure that includes (Kirschner & Paas, 2001; 

Kreijns et al. 2003; Stahl, 2009):  

 Knowledge: all the necessary information to learn;  

 Collaboration: real and virtual groups; 

 Consulting: the teachers or tutors who effectively direct learning; 

 Experimentation: the practical work of the students in VLEs; and 

 Personal space: all user-related information. 

 

This structure is supported by several technological tools, such as, e-mail, 

discussion forums, chat, personal profiles, notes, etc. (Sheremetov & Guzmán, 

2002).  

 

1.3.4 ICT Theories to Support Collaboration 

The inclusion of technology in education has presented new challenges to the 

collaborative learning field. Aspects such as the design and analysis of VLEs that 

can change pedagogy need to be better understood and managed to effectively 

support collaborative learning. This implies: 

 VLEs should be designed with different purposes, pedagogical strategies, and 

activities in mind (Galvis, 1998; Strijbos et al., 2004b; Strijbos, 2011).  
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 According to theories of technology design, such as social presence and media 

richness (Kreijns et al., 2003: Kreijns et al., 2004: Sharda et al., 2004), the VLE 

should guarantee a ―social space to interact‖ as real as face-to-face interactions 

(Hiltz & Turoff, 2002; Kreijns et al., 2003; Kreijns et al., 2004; Strijbos et al., 

2004a; b). This social space can be a set of virtual interactions or a combination 

of face-to-face and virtual communication (Benbunan-Fich & Hiltz, 1999; 

Sharda et al., 2004; Strijbos et al., 2004a; b; Alexander, 2006; Strijbos, 2011).  

 VLE design must be simple, not overloaded with visual images. The VLE 

should be easy to use and useful, accomplishing the purpose of the design 

(Sharda et al., 2004). Ensure this requirement is met is a challenge for 

researchers and practitioners.  

 There may be asynchronous or synchronous interactions. Asynchronous 

interactions promote deeper reflections and creative analysis, while 

synchronous interactions generate more consensus (Harasim et al., 1995; 

Benbunan-Fich & Hiltz, 1999; Alexander, 2006). Both need to be supported by 

technology.  

 In order to promote VLEs‘ objectives, technology literacy, including a culture of 

Internet use and collaborative work, is needed. This includes students and 

teachers acting as facilitators and monitors (Galvis, 1998). Teachers should 

have an understanding of the online process, technical skills, online 

communication skills, and content expertise.  

 A process of different stages, from motivation to access to the construction of 

knowledge, should be promoted and tracked (Jaques & Salmon, 2007; London 

& Sessa, 2007).  

 

1.4 CSCL INTERACTIVE MODEL 

 

Having presented the theoretical approaches of the CSCL field, this section 

presents a CSCL interactive model in which diverse dimensions of the learning 

process are taken into account. This model takes into account previous systemic 
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discussions (Banathy, 1992) and proposed models to approach interactions and 

technology artefacts in CSCL (Illeris, 2003; Sharda et al., 2004; Strijbos et al., 

2004b; Jarvenoja, 2005; Jarvela et al., 2008; Dillenbourg et al., 2009; Stahl, 2009).  

 

More specifically, the model (see Figure 1.1) takes into consideration different 

aspects of CSCL: learning purpose(s), collaborative interactions (with factors such 

as group composition and nature, frequency, and evolution of interactions), 

students‘ attitudes towards the CSCL process, and technological aspects of 

design. This model allows for discussion of learning aspects with students, 

teachers, researchers, and designers. 

  

The model can serve a threefold purpose.  First, it can be a framework to guide the 

design of CSCL processes (teaching and learning) that integrates several theories 

of learning. Second, it can also help those responsible for CSCL management and 

improvement to analyse, monitor, and modify CSCL activities. Third, it can facilitate 

assessment of how CSCL contributes to students‘ engagement, increasing the 

possibility of deep learning. This threefold purpose is supported by the need to not 

only describe, but also motivate the design and evaluation of CSCL processes that 

challenge the different aspects (dimensions) of the learning process (Laurillard, 

2009). The dimensions are described as follows: 
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Figure 1.1: CSCL interactive model 

 

1. Learning purpose: Taking into account the theoretical background of CSCL, 

seing the CSCL as active and social learning supported by ICT, and with 

knowledge and the skill-building process, the first dimension of the model is the 

formulation of learning purposes. This would require, among other things, 

making explicit educators‘ and students‘ learning purpose(s) and the specific 

knowledge and skills they want to acquire. Here, questions regarding the type 

of knowledge and skills to be developed are the key in CSCL. Additionally, the 

selection of different tasks to promote those purposes should be included in 

discussions about learning purposes as a way to generate coherence between 

purpose and activities (Kreijns et al., 2003; Strijbos et al., 2004b; Arbaugh et al., 

2009; Strijbos, 2011). This last aspect is also associated with the other 

dimensions that account for different processes and means of the CSCL 

process.  
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2. Cognition and metacognition: as the CSCL process is essentially a learning 

one, cognitive and metacognitive processes should be included in the design 

and evaluation of the activities (Flavell, 1979; Dillenbourg et al., 1996; Lehtinen, 

2003; Chan & Van Aalst, 2004; Strijbos et al., 2004a; Stahl et al., 2006; Jaques 

& Salmon, 2007; Stahl, 2010). This includes questioning existing knowledge 

and the promotion of specific cognitive and metacognitive processes according 

to the knowledge and skills pursued (learning purposes).  

 

3. Collaborative interactions: as presented in the theoretical debates on CL, the 

nature and evolution of interactions, the group composition, and the unit of 

analysis are the main aspects of the collaboration process. It is important to 

question how interactions can be described and how can they be measured, 

how the evolution of interactions can be described and assessed in terms of the 

nature, frequency, and differences in the dynamics of the networks of 

interactions over time, how to compose groups, and how to account for both 

individual and groups dynamics (Slavin, 1995; Haythornthwaite, 2001; Graham, 

2002; Lipponen et al., 2003; Sharda et al., 2004; Strijbos et al., 2004b; c; 

Dimitracopoulou, 2005; Gallivan & Benbunan-Fich, 2005; Hurme & Järvelä, 

2005; Alexander, 2006; Daradoumis et al., 2006; De Laat et al., 2006a; Hurme 

et al., 2006; Cho et al., 2005; 2007; Strijbos & Fischer, 2007; Jahng et al., 2010; 

Hmelo-Silver et al., 2011; Stahl, 2011).  

 

4. Attitudes, beliefs, and incentives: Students and teachers‘ beliefs and 

attitudes affect the learning process (Wigfield et al., 1998; Strijbos et al., 2004a; 

Markauskaite, 2007; Arbaugh et al., 2009; Dillenbourg, 2009; Rienties et al., 

2009). Students build their beliefs about learning content, learning activities, 

and technical support through their experiences. Attitudes shape students‘ 

behaviours in ways that have extraordinarily powerful (and often negative) 

consequences (Schoenfeld, 1992; Strijbos et al., 2004c). They contribute 

greatly to the amount of time that people are willing to devote to learning. For 
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example, students can have negative attitudes towards CSCL activities if they 

perceive no group cohesion. Students also can develop positive attitudes as a 

result of a good interaction with a teacher or the ease of use and usefulness of 

a VLE (Sharda et al., 2004; Joiner et al., 2005; Arbaugh & Benbunan-Fich, 

2006; Finegold & Cooke, 2006; Dewiyanti et al., 2007; Imhof et al., 2007). The 

challenge for educators in CSCL is to be able to identify and address changes 

in students‘ attitudes in order to make appropriate decisions about the learning 

being promoted.   

 

5. Technological aspects: As pointed out in the theoretical background to CSCL, 

the design of VLEs should be driven by the question of how to create a simple, 

useful, and blended social space in which to interact (Kreijns et al., 2003: 

Kreijns et al., 2004: Sharda et al., 2004; Strijbos, 2011). 

 

6. Engagement: In the model, the emergent product of CSCL for MPS is a form 

of deep learning because it can promote better sharing and knowledge 

construction through discussions within groups, where people have to reflect 

about new information and existing knowledge (Newman et al., 1997; Suthers, 

2006; Dillenbourg, 2009). To achieve deep learning, CSCL should effectively 

contribute to engaging learners and teachers in this process (Stahl et al., 2006; 

Stahl, 2010). ―Engagement‖ is ―active involvement‖. It refers to encompassing 

attitudinal and cognitive aspects of the learning process. It can affect and be 

affected by factors like those mentioned previously (Helme & Clarke, 2001). 

From the students‘ perspective, engagement in CSCL requires abilities to 

develop the task, acquiring and maintaining, if not further developing, ICT skills 

(e.g. computer and Internet use, analysis of information and communication), 

using and improving on communication skills, and having extra time for 

discussions with peers. From the educators‘ perspective, the design of CSCL 

tasks, as well as the control, monitoring, and feedback processes, demand 

more time and new ICT skills in comparison to a class designed to be 
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―executed‖ only in the classroom (Lipponen, 2002; Lehtinen, 2003; 

Markauskaite, 2006; Arbaugh et al., 2010). 

 

The model also shows that there are interdependencies between these aspects, so 

that any action on one aspect has (or will have) impacts on others. Embedded in 

the model is an assumption that a whole picture of CSCL helps align and monitor 

each of its relevant aspects and their connections to the others. The feedback 

process between dimensions helps people responsible for CSCL to assess what 

happens in one dimension and make appropriate changes. Some important 

interdependencies that we see from the model are:  

 A first consideration for CSCL should be related to its learning purposes, 

since questions and reflections about this dimension affect the other 

dimensions. To guarantee learning purposes, collaborative interactions, 

attitudes, technological aspects, and the context of application should be 

considered in parallel when designing learning experiences or when 

monitoring students‘ progress.  

 Collaborative interactions can affect and be affected by changes in attitudes 

(Jarvenoja & Jarvela, 2005). This interdependence can also affect the 

degree of engagement in a given moment (Dillenbourg et al., 2009).  

 Collaborative interactions can affect and be affected by changes in cognition 

(Slavin, 1995; Strijbos, 2009) in an intertwined process with engagement 

and metacognition (Dillenbourg et al., 2009). 

 Group composition can affect and be affected by attitudes toward CSCL 

activities. This can also affect the nature or evolution of the interactions. 

 Technological aspects can affect and be affected by social and motivational 

factors. For example: F2F interactions can generate more social presence 

and engagement than only virtual interactions (Jarvenoja & Jarvela, 2005), 

and different Computer Mediate Communication – CMC (forums, chats) can 

more effectively promote social or mathematical interactions.  
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 Contextual factors (socio-economical level, different cultural backgrounds) 

can affect the evolution of interactions, attitudes, decisions about group 

composition, decisions about technological aspects, and the learning 

purposes because they entail constraints to the CSCL design.  

 Engagement is affected by decisions made on all the dimensions and 

generates an effect on deep learning (according to the learning purposes 

pursued regarding content, collaboration, ICT skills, and the promotion of 

positive attitudes) and on the dimensions previously described. In analysing 

this interdependence, engagement is the bridge between the purposes and 

dimensions designed and deep learning, because it is conceived as the 

active involvement in understanding the CSCL activities (Stahl, 2004) to 

pursue deep learning.  

 

1.5 CSCL METHODOLOGY: APPROACHES AND CHALLENGES  

 

Having seen the base of CSCL theory, this section presents a summary of 

methodological approaches used in CSCL research, the focus of CSCL research, 

and the main challenges that CSCL researchers face.  

 

1.5.1 Focus of CSCL Research 

The CSCL research focus has been on two kinds of effects: the effects of CSCL 

and effects with CSCL. The former refers to the analysis of certain variables 

(perceived learning: what students believe they have learned, learning outcomes) 

before and after a CSCL activity. This focus is on the individual level and is 

supported by experimental research design. Here, the objective is to determine 

evidence of knowledge creation and motivational aspects of CSCL processes. In 

this regard, perceptions concerning CSCL activities, attitudes towards teamwork, 

technology use, and learning activities and engagement have been the variables 

taken into account to evaluate these variables‘ effects on CSCL processes. Effects 

with CSCL refer to the analysis of the classroom and social conditions of learning. 
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This focus is on participation and is supported by ―real-world contexts‖, so 

ecological research is the basis of this approach. Here, the main focus is on the 

analysis of interactions to see patterns and the evolution of interactions 

(Dillenbourg, 1999; Chan & Van Aalst, 2004; Strijbos et al., 2004a; b; c; Strijbos & 

Fischer, 2007; Strijbos, 2011). 

 

1.5.2 Methodological Approaches, Methods and Challenges 

1. The tension between qualitative and quantitative approaches is the first 

challenge: In the field of CSCL1 some researchers have presented their vision 

of the current methodological practices (Lipponen, 2002; Kreijns et al., 2003; 

Strijbos et al., 2004a; Arnseth & Ludvigsen, 2006; De Laat et al., 2006b; Arjava, 

2011; Lund, 2011). They describe three general methodological approaches 

and their respective chosen methods: quantitative, qualitative, and mixed 

method approaches. 

 

Quantitative research: With this focus of attention on CSCL research, 

researchers in the CSCL field have chosen different methodological designs to 

analyse CSCL processes. Some researchers carry out quantitative research. 

Experimental design is required in this kind of research. This experimental 

design is supported by the use of statistical techniques. Surveys 

(questionnaires) with different sets of questions regarding learning perception, 

attitudes toward learning activities, teamwork, or technology use are the main 

data-collection method used in this type of research (Finegold & Cooke, 2006; 

Dewiyanti et al., 2007). Another method used in quantitative research is content 

analysis (CA), which is applied to obtain descriptive statistics. CA refers to 

analysis of the content of the students‘ messages posted in the VLE, using 

                                                           
1 CSCL, ALN, and blended learning have similarities not only in the ways that they use ICT 
to support learning activities, but also in their methodological approaches and challenges. 
For example, Bliuc et al. (2007) point out that the majority of studies in blended learning 
research use survey and comparative studies or descriptive case studies. A few of those 
studies take a holistic perspective. 
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different coding schemas to organise messages (Hara et al., 2000; Lipponen et 

al., 2003; Hurme & Jarvela, 2005; Strijbos et al., 2006; Strijbos, 2009). Social 

network analysis(SNA) has also been used in quantitative studies to describe 

patterns of interaction during CSCL processes with different measures for 

relational data (who is talking to whom) (Cho et al., 2005; 2007; Daradoumis et 

al., 2006; De Laat & Lally, 2003; De Laat et al., 2006a; Rienties et al., 2009). In 

minor proportion, all of these methods are sometimes complemented with tests 

and final course grades to evaluate the impact of certain variables on learning 

performance (Suthers et al., 2003; Yuan & Gay, 2006).  

 

Qualitative research: Although quantitative research can give information 

regarding some dimensions of CSCL processes, other researchers point out 

the need for qualitative research to give more information from a situated 

perspective on the collaboration process, using as few as possible a priori 

expectations. Here, the objective is to describe and interpret CSCL processes, 

taking situational factors into account. Ethnographical and discourse analysis 

methods are typical for analysing participation and situated activities 

(Dillenbourg, 1999; Chan & Van Aalst, 2004; Strijbos et al., 2004a; Strijbos & 

Fischer, 2007; Arjava, 2011).  

 

CA also is used in this kind of research approach, taking advantage of the 

coding schemas and the students‘ contributions. Interviews (both closed and 

open) are also used in this type of research to depict attitudes and perceptions 

about CSCL processes and to determine a specific vision of the participants on 

some phenomena regarding contextual factors (De Laat & Lally, 2003; 2005; 

De Laat et al., 2006a; Pozzi et al., 2007; Strijbos, 2009). 

 

The previous description regarding qualitative and quantitative research brings 

the first challenge in CSCL research: the dichotomy between qualitative and 

quantitative. Qualitative research is focused on situational descriptions of 
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factors with as few a priori expectations as possible, while quantitative research 

is focused on statistical measurements of the impact of systematic variations of 

instruction on different kinds of processes (cognitive, metacognitive, social, and 

motivational). In the same vein, a related challenge is that of the conflict 

between retrospective and prospective analysis (Strijbos et al., 2004a). 

Retrospective analysis is descriptive in nature and can be seen as a series of 

anecdotes that document a learning situation. Prospective analysis is predictive 

in nature, based on a series of hypotheses to be tested. Neither analysis, 

however, is considered the most appropriate for CSCL research, because 

CSCL research requires long-term study, with conceptual (rather than 

technological) questions that allow theory to be linked with practice and which 

take results into consideration (Reeves et al., 2004). 

 

2. Mixed and hybrid methods and the second challenge: From these two 

perspectives emerges the second challenge: CSCL research needs to focus on 

mixing methods to enable deeper understanding. It is also needed to document 

the creation of this fusion, allowing researchers to learn from documented 

experiences (Strijbos & Fischer, 2007). Along the same lines, Dillenbourg 

(1999), Lipponen (2002), Lehtinen (2003), Chan and Van Aalst (2004), Levy 

(2004), Roberts (2005), Suthers (2006), De Laat et al. (2006a; b), and Gress et 

al. (2010) state that CSCL research lacks integrated analysis (that resulting 

from a combination of methods that can capture several dimensions of the 

processes). In addition to previous needs, Midgley (1998) points out that 

research needs to focus not just on objective knowledge of the physical world 

and experimental methods that assume value-neutrality2, but also on methods 

of intervention that assume value-explicitly, where the researchers are not just 

                                                           
2 According to Midgley (1998), value-neutrality and value-explicitly are terms related to the 
study of the nature of knowledge (epistemology). The former tends to favour 
methodologies that are truth-seeking and considers knowledge to be independent from 
normative, ideological, or subjective positions. The latter tends to favour methodologies 
that explore normative and subjective judgements, pursuing intervention because it 
assumes that neutrality is impossible.  
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observers but agents of change, recognising their subjective, normative, and 

ideological meaning of intervention. This challenge has brought a new 

perspective to the analysis of CSCL processes: mixed and hybrid methods.  

 

Mixed methods: In addition to traditional quantitative and qualitative analyses, 

some CSCL researchers have found the need to generate mixed methods to 

capture more elements of the CSCL process that they want to analyse. In 

general terms, mixed methods refer to the use of two or more methods and a 

triangulation procedure (the process of comparing the same type of information 

from different sources or methods) to integrate the results (Lipponen, 2002; 

Strijbos & Fischer, 2007). In CSCL research, content analysis or SNA with 

surveys (Lee et al., 2003; Daradoumis et al., 2006), or SNA with CA (Lipponen, 

2000; Aviv et al., 2003; Hakkarainen & Palonen, 2003; Jeong, 2003; Shea et 

al., 2010) have typically been used within the mixed-methods strategies. Other 

possible strategies found in CSCL literature include SNA, tests and surveys 

(Martínez et al., 2003; Cho et al., 2005; 2007) or SNA, CA, and interviews (De 

Laat et al., 2006a), or SNA, CA, and surveys (Rienties et al., 2009).  

 

Hybrid methodology: Mixed methods shows that some researchers maintain a 

quantitative or qualitative approach by combining methods typically used in 

those approaches, for example, the use of SNA and surveys to generate 

statistics testing that shows a quantitative approach, or the use of CA and 

interviews to analyse some situational factors from the messages, showing a 

qualitative approach. However, other CSCL researchers have combined 

methods from different research approaches, which is called hybrid 

methodology (Lipponen, 2002; Strijbos & Fischer, 2007). The use of interviews 

with surveys and SNA, for example, is a sample of hybrid methodology with 

qualitative and quantitative perspectives together in the analysis of a CSCL 

process (Boyle, 2005; Zemel et al., 2007; 2009). 
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Although these new approaches have tried to overcome the current challenge, 

researchers recognise the need to develop integrated analysis to generate a 

deeper understanding of the CSCL process within a coherent and reflective 

theoretical perspective (Chan & Van Aalst, 2004; Strijbos & Fischer, 2007; 

Gress et al., 2010; Strijbos, 2011). 

 

3. Other approaches in CSCL methodology, and the third and fourth 

challenges: Despite the fact that qualitative research has paid attention to 

describing and interpreting CSCL processes, whilst taking into account 

situational factors, in recent years researchers have been discussing the need 

to include some methods for the analysis of context, learning objectives and 

conditions as the main focus of their research (Arnseth & Ludvigsen, 2006; 

Daradoumis et al., 2006; De Laat et al., 2006a; b; Nel & Wilkinson, 2006; Zhu, 

2006; Arjava et al., 2007; Pozzi et al., 2007; Arjava, 2011). These discussions 

are based on two more challenges in CSCL research. These challenges refer to 

the lack of clarity about: 

 Context and how to measure it (Strijbos & Fischer, 2007) 

 The relationship between individual and group behaviours in CSCL 

processes (Gallivan & Benbunan-Fich, 2005; Dimitracopoulou, 2005; 

Strijbos & Fischer, 2007; Stahl, 2010). Chan and Van Aalst (2004) state that 

individuals, and not groups, are those who learn, but we need to consider 

the influence of the group on individual leaning, and the influence of the 

individual on the group dynamic. Stahl (2010) points out that ―group‖ is the 

unit of cognition in CSCL.  

 

Some researchers have proposed a number of methods to approach these 

issues. Arjava et al. (2007) and Arjava (2011) have included analysis of CA and 

surveys, taking into account messages concerning particular aspects of the 

task, group work, or technology use that allow the evaluation of contextual 

factors between individual and group levels in terms of perceptions toward 
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CSCL activities. In doing so, researchers present a contextual analysis based 

on tasks, teamwork, and perceptions of technology.  

 

Lipponen et al. (2004) propose another attempt to approach those challenges. 

They present the idea of taking into account several dimensions of the CSCL 

process (cognition, metacognition—the self-control and self-monitoring of the 

learning process—participation, and motivation), questioning the purpose of the 

learning activities, analysing social practices from individual and group 

perspectives, and working in collaboration with practitioners. However, they do 

not make explicit the manner in which to approach these methodologically. 

They propose the idea of developmental research, besides traditional 

approaches, but without considering the guidelines or methods to approach it.   

 

In the same way, Strijbos et al. (2004b) and Strijbos (2011) present the need for 

a systematic approach. They present a framework that takes into account 

critical elements that affect interactions: establishing expected interactions, 

learning objectives, and learning activities. A similar view is presented by 

Kirschner et al. (2004).  

 

Gress et al. (2010) also highlight the need for developing methods to evaluate 

individual and group products. They propose trace data to capture the 

information about the process without interruptions. However, they point out the 

need for a methodological approach to the analysis of data for research 

purposes.   

 

De Laat et al. (2006a) include a type of interview model called critical event 

recall (CER), which is an interview in which the interviewer presents some 

events (in this case a summary of content analysis) to allow a participant to 

recall those events and talk about them. The purpose of using this method in 
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their research was to answer the question, ―Why they are talking as they do?‖ 

CER helps discussion of contextual factors. 

 

Arnseth & Ludvigsen (2006) present a study of what they call a ―dialogic 

approach‖. They point out that what they call the ―systemic approach‖ 

generates models of how specific features of technological systems affect the 

collaboration, reasoning, functions, contents, and structures of discourse (with 

interdependences between those variables). Instead, they prefer to focus on 

how the meaning and functions of discourse, tools, and knowledge are 

constituted in social practices. Social interaction is the centre of analytical 

attention and not only an intermediary between cognitive and external 

contextual variables. Therefore, the idea is to analyse everyday practices and 

the discourse within those practices (institutional practices or context). The way 

to apply the analysis is by examining the sequential unfolding of activities along 

different time scales.  

 

Previous proposals have been considered attempts to overcome the contextual 

and individual-group challenges. However, researchers still expect to solve the 

need for generating a vision of what is wanted in the case of CSCL design 

activities (Nel & Wilkinson, 2006), of developing methods that take into account 

not only what is said in both cognitive and social terms (Kreijns et al., 2004), but 

also what happens (Pozzi et al., 2007) and what happened before the CSCL 

project (Gress et al., 2010), as well as designing methodologies to take into 

account ―the context‖ (Strijbos & Fischer, 2007; Lund, 2011). 

 

4. Assessment of learning and the fifth and sixth challenges: The previous 

proposals of Lipponen et al. (2004) and Arnseth & Ludvigsen (2006) take into 

consideration the need to link research and practice. However, Dillenbourg et 

al. (1996), Lehtinen (2003), Chan and Van Aalst (2004), Strijbos et al. (2004a), 

Stahl et al. (2006), Laurillard (2009), and Strijbos (2011) have described 
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another challenge related to this gap between research and practice: the lack of 

attention placed on CSCL‘s learning perspective, in other words, the gap 

between the instruction and learning goal on the one hand, and methods to 

approach the CSCL processes on the other hand. CSCL research has focused 

on perceived learning—asking students questions about their perceptions of 

whether they have learned—analyses of social interactions, and design of 

virtual learning environments (Strijbos et al., 2004a; Jacques & Salmon, 2007).  

 

A related challenge is the need to create different approaches to assess 

processes and products in relation to learning processes, taking different 

theories of collaborative learning into account. (Coherence between learning, 

collaboration, and assessment should be promoted) (Chan & Van Aalst, 2004; 

Gress et al., 2010; Gweon, 2011; Strijbos, 2011).  

 

There is thus a need to examine both advances in knowledge and social 

interactions in CSCL research (Chan & Van Aalst, 2004). Here, the conflict 

between analysing how learners collaborate and how much they have learned 

is highlighted. However, there is no complete description of how learning 

outcomes are related to different strategies of instruction or computer use 

(Strijbos et al., 2004a; Strijbos, 2011).  

 

Regarding this issue, Chan and Van Aalst (2004) present a proposal to 

overcome these challenges with the idea of generating new assessment tasks 

such as self-questioning (cognition and metacognition) and learning diary or 

portfolio assessment (progress of own learning) to evaluate the process and 

content of the CSCL activities. Thus, records of instruction, process and 

outcome can be obtained. However, Gress et al. (2010) point out the over-

reliance on self-reported measures assessing the individual with reference to 

the individual, and the individual with reference to the group.    

 



54 
 

We must also look at the link between research and practice. Levy (2004) 

highlights the need for critical reflection and a vision of experiential learning in 

the process of investigating CSCL. Here, we should consider the roles of 

researchers, teachers, and other possible participants in the CSCL, not only the 

role of the students (Strijbos et al., 2004a; Sarmiento & Shumar, 2010; Strijbos 

& De Laat, 2010; Chang et al., 2011). This reflection implies a broad discussion 

about learning purposes, and one that also considers the relevant participants 

(Levy, 2004; Dimitracopoulou, 2005; Strijbos & Fischer, 2007). This aspect 

should be considered because support, attitudes, worldviews of different actors 

(teachers, parents, students, school administrators, etc.) can affect the learning 

process. As far as I know, previous literature about CSCL does not explicitly 

consider this aspect.  

 

Taking into account previous descriptions of methodological approaches and 

challenges in CSCL research, Table 1.3 presents a summary of the current 

challenges in CSCL research. It is important to state that, although some of the 

approaches help us understand the ways CSCL researchers have worked on these 

challenges, there is still a need for new alternatives. Specifically, there is a need to 

approach CSCL with critical reflection about the learning purpose, vision of what is 

desired, notions of the context, and a development of integrated analysis to 

generate a deep understanding of the process and outcomes.   
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Challenge discussed and worked on in 
CSCL research 

Current challenge 

1. Qualitative vs. quantitative 
perspective. 
Prospective vs. retrospective 
perspectives 

Development of integrated analysis to 
generate a deep understanding of CSCL 
process 

2. Mixed and hybrid methods 

3. Context Analysis of the context, with the inclusion 
of a vision and a historic perspective 
(what happened before CSCL) 

4. Individual vs. group levels 

5. Learning perspective vs. social or 
technological perspectives 

Critical reflection about the roles, process 
and outcomes, and learning purposes.  

6. Assessment of product and process 

Table 1.3: Summary of current challenges in CSCL research 

 

1.6 REFLECTIONS ABOUT CSCL 

 

Section 1.4 proposed an interactive model to guide the design and evaluation of 

CSCL processes taking into account different dimensions of the learning process. 

However, the theoretical and methodological challenges presented in Sections 1.3 

and 1.5 raise the need for a theoretical and methodological framework to overcome 

them. This framework will be presented in Chapters 3 and 4. Chapter 2 will present 

the mathematics-learning theories to complete the theoretical framework of CSCL-

MPS processes.  
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2. MATHEMATICS LEARNING 

 

In this chapter I present the theoretical and methodological background of 

mathematics learning and instruction (teaching). First, I present the foundations of 

theories about mathematics learning. I also present a discussion about different 

approaches of mathematics education, in particular those focused on mathematics 

as computation and mathematics as conceptual understanding (Resnick & Ford, 

1981). Second, I present mathematical problem-solving (MPS) as a means to 

achieve conceptual understanding in mathematics learning. Some theories, 

models, and studies about mathematical problem solving are also explored. 

Additionally, the principles and standards of the National Council of Teachers of 

Mathematics (NCTM) in relation to MPS are explained, and some instructional-

design factors are presented. As a result, I show a CoP perspective, which, 

according to researchers, can help in the MPS teaching and learning processes.  

Finally, some reflections about the challenges of this field are put into 

consideration. 

 

2.1 MATHEMATICS LEARNING 

 

Theories of mathematics learning have been based on the main discussions about 

learning presented in the previous chapter. Behaviourism, cognitivism, and 

constructivism have different ways of approaching mathematics. In general, each 

theoretical approach has proposed different definitions about mathematics learning 

and teaching in a continuum between mathematics as computation and 

mathematics as conceptual understanding (Resnick & Ford, 1981). This section 

presents the different approaches of mathematics learning according to the main 

theories of learning.  

 

2.1.1 Mathematics Learning in Behaviourism 
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According to behaviourism, learning is based on trial and error, and the association 

between stimulus and response is needed to generate learning (Thorndike, 1911; 

Skinner, 1953; cited by Salkind, 2004). Based on this perspective, mathematics 

learning and teaching can be described as drill and practice (Resnick & Ford, 

1981; Swan, 2006). In this perspective, mathematics is seen as computation, and 

the need to generate confidence and efficacy in doing arithmetic operations 

(addition, subtraction, multiplication, and division) is the motivating factor behind 

learning (Klein, 2003). Drill and practice is then conceived as the way to teach 

mathematics; this way, learners can generate bonds (associations), which allows 

learning to take place (Resnick & Ford, 1981; Mayer, 1992). 

 

Despite the advantage of efficacy and confidence in computation drill methods, 

there have been some critiques about the lack of meaningful instruction. As 

Resnick and Ford (1981) state: 

 

Although increases in computational speed and accuracy appear to 
accompany most drill, various arguments have been advanced against using it 
as a principal method of instruction. The main objection is that drill cannot 
develop quantitative thinking because it treats mathematics as a collection of 
isolated bonds rather than an integrated set of patterns and principles. In 
contrast to drill methods, ―meaningful‖ instruction in the number concepts 
underlying computations has the virtue of acknowledging differences in the 
level of understanding possessed by children and adults. (p. 35)  

 

2.1.2 Mathematics Learning in Cognitivism 

As one way to overcome these critiques, cognitivism presents the idea of 

mathematics as acquisition or reorganisation of the cognitive structures through 

which humans process and store information (Good & Brophy, 1990). The base of 

this is the acquisition of the concepts that underlie computations by means of 

generating structures and hierarchy in mathematics concepts (Resnick & Ford, 

1981; Mayer, 1992; Sfard, 2003). Thus, the structure is conceived of as a series of 

interrelated and internalised organised concepts that constitute the mathematics 
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body of knowledge (Resnick & Ford, 1981). The use of concrete, iconic, and 

symbolic representations of concepts is needed in that order to generate learning.  

 

2.1.3 Mathematics Learning in Constructivism 

Another perspective to overcome critiques of mathematics as computation 

emerges from constructivism. In constructivism, learning is an active, 

contextualised process of building knowledge, rather than acquiring it (Newman & 

Newman, 2007). Constructivism shares the same view of conceptual structure 

building, but it differs from cognitivism in the way it approaches knowledge 

construction: not as acquisition, but as an individual‘s creation of meaning. 

Constructivism promotes the making of meaning through effort and reflective 

practice (Sfard, 2003). Here, conflict is seen as a healthy imbalance to generate 

discussions within groups in order to create appropriate conceptual frameworks but 

not predetermine them. In this perspective on mathematics learning, it is important 

to take into account individual contributions and the role of culture in the learning 

process (as we saw in the previous chapter) (Mayer, 1992; Schoenfeld, 1992; 

Klein, 2003; Swan, 2006).  

 

As just explained, mathematics learning and teaching have been considered as, 

one one hand, computation and, on the other hand, conceptual understanding. As 

we have seen, the conceptual understanding approach has been proposed as a 

way to ensure deep mathematics learning (Resnick & Ford, 1981; Sfard, 2003). 

Both theoretical approaches to mathematics learning claim that procedural skills 

and conceptual understanding are usually highly correlated. Much less agreement 

is found, however, on issues such as the balance that should be pursued between 

the two or about how to design instruction that generates both types of knowledge.  

 

One of the most influential proposals to support understanding in mathematics is 

via problem solving. The next section discusses the main ideas regarding MPS and 

its use in mathematics learning and teaching. 
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2.2 MATHEMATICAL PROBLEM-SOLVING (MPS) 

 

According to Hiebert and Wearne (2003), to understand mathematics, it is not 

enough to memorise procedures and execute them very well. To understand, 

learners must go deeper, to the meaning of concepts, looking for similarities and 

differences between topics. This deep learning can be supported by a ―balance 

among engaging students in solving challenging problems, examining increasingly 

better solution methods, and providing information for students at just the right 

times‖ (Hiebert & Wearne, 2003, p. 5). In the same line of argument, Schoenfeld 

(1985; 1992) states that learning to think mathematically means valuing the 

process of mathematisation and abstraction, developing competence with the tools 

of the trade, and using those tools in the service of the goal of understanding 

structure. The base of thinking mathematically then, is on seeking solutions, not 

just memorising procedures; exploring patterns, not just memorising formulas; 

formulating conjectures, not just doing exercises.  

 

Taking into account the need to understand in mathematics learning and the use of 

problem solving as a way to generate deep mathematics meaning, this section 

presents different approaches regarding definitions and models of MPS. 

 

2.2.1 Theories of MPS 

Research on MPS has its origin in the cognitivist perspective on learning discussed 

in Chapter 1: the idea that understanding the problem situation and searching for a 

solution based on cognitive processes is the base of MPS theories. However, the 

inclusion of the social perspective on learning (i.e. socio-constructivism or socio-

cultural) has added more dimensions to the field (Mayer, 1992; Robertson, 2001). 

Taking into account those cognitivist and socio-constructivist proposals, this 

section present what some researchers have proposed in the study of MPS. In this 
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regard, several researchers have proposed different mathematical problem-solving 

approaches. They have studied: 

 The meaning of ―problem‖; 

 The different stages, processes, aspects and types of knowledge involved in 

problem solving; and 

 The ways to assess problem solving. 

 

2.2.1.1 Meaning of Problem 

Mayer (1992) states that any definition of problem should involve three ideas: (1) 

the problem is currently in some state, but (2) it is desired that it be in another 

state, and (3) there is no direct, obvious way to accomplish the change. Dossey et 

al. (2006) add to this characterisation the idea that, in problems, learners should be 

engaged in trying to resolve situations and should develop or apply strategies to 

solve them. If a strategy is easily found, the situation is not a problem, but rather an 

exercise. Hence, what may be a problem for one person may not be a problem for 

another. Regarding presentation, a problem comprises a problematic situation, 

data (quantities and quantitative relationships), and a question (or questions). 

Solving the problem involves finding an answer to its questions (Ministry of 

Education, 2009). The 2003 PISA test presents its definition of problem solving: 

 

Problem solving is an individual‘s capacity to use cognitive processes to 
confront and resolve real, cross-disciplinary situations where the solution path 
is not immediately obvious and where the literacy domains or curricular areas 
that might be applicable are not within a single domain of mathematics, 
science or reading. (OECD, 2004, p. 26) 

 

2.2.1.2 Aspects of Problem-Solving 

The ―cognitive processes‖ that are mentioned in the PISA definition have been 

discussed by different researchers. Researchers such as Polya (1945), Mayer 

(1992), and Schoenfeld (1985, 1992), and some institutions like Singapore‘s 
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Ministry of Education (2009), the PISA test (OECD, 2003), the NCTM (2000), and 

the TIMSS test3 have explained the processes and stages that MPS involves. 

 

To Polya (1945), problem solving has four stages: understanding the problem, 

devising a plan to find the solution, carrying out the plan, and looking back to verify 

the procedure and check the result. Each stage has questions to answer to solve 

the problem. In the first stage, the purpose is to understand the problem, so 

questions regarding the data, the conditions, the known, and the unknown should 

be asked. In the second stage, the idea is to find connections between the data 

and the unknown and to plan the solution. To do that, questions about similarities 

and differences of the problem with other problems, and possible strategies to 

solve it, should be considered. In the third stage, the goal is to carry out the plan 

made in the previous stage. In this stage, different algorithmic procedures are 

used. Finally, the fourth stage consists of examining the solution obtained in terms 

of process, arguments, and results. 

 

Schoenfeld (1992) adds to the discussions about the process and aspects of MPS 

the need to consider several aspects, not only the stages but also the following: 

 

1. The knowledge base: informal and intuitive knowledge about the domains, 

facts, definitions, algorithmic procedures, routine procedures, and types of 

categorisations that people can have concerning problem types, all of which 

are needed to solve problems. 

                                                           
3 TIMSS and PISA are two major international assessments of student learning. PISA is 
administrated by the Organisation for Economic Cooperation and Development (OECD) to 
15-year-old students around the world. TIMSS is administrated by the International 
Association for the Evaluation of Educational Achievement (IEA) to fourth grade and eighth 
grade students. NCTM is an organisation that works to improve the quality of mathematics 
education in United States, supporting teachers and researchers. The Ministry of 
Education of Singapore is the governmental organisation in charge of the education in that 
country (Singapore is one of the countries with the highest scores on international 
mathematics tests).  
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2. Problem solving strategies: There is a need to make explicit the problem-

solving process.  

3. Monitoring and control: self-regulation or monitoring and control are among 

the main aspects of metacognition. The idea of monitoring and control is to 

consider the role of metacognition in solving problems. 

4. Beliefs and affects: Students abstract their beliefs about formal mathematics 

– their sense of their discipline – in large part from their experiences in the 

classroom and from their culture4. Those beliefs shape their behaviour.   

5. Practices: The previous aspects need, according to Schoenfeld, inquiry 

practices about research methods on the one hand, and practical lessons 

taking into account the socio-cultural perspective on learning on the other 

hand. 

 

For Mayer (1992) analysing mathematical problem solving process is necessary to 

recognise the types of knowledge and the steps involved. Mayer (1992) points out 

five types of knowledge: 

 

1. Linguistic knowledge: recognition of the words within the problem 

2. Semantic knowledge: knowledge of facts of the world (for example, that 1 

metre equals 100 centimetres) 

3. Schematic knowledge: knowledge concerning different categories of 

problems that people can have to relate to the current problem 

4. Strategic knowledge: techniques for using the various types of available 

knowledge in planning and monitoring problems‘ solutions  

5. Procedural knowledge: knowledge of how to perform a sequence of 

operations 

 

                                                           
4 For example, the importance of effort or innate ability as variables for success in 
mathematics. In some western cultures, ability is considered the base of success, while in 
Eastern cultures effort is considered the main key for success (Mayer, 1992; Schoenfeld, 
1992; Merseth, 1993; Swan, 2006).  
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Mayer says that the types of knowledge help to go through the different steps of 

the problem-solving process. This process comprises two main steps: 

 

a. Problem representation: converting the words and pictures of the 

problem into an internal mental representation. This step includes, first, a 

problem translation that uses linguistic and semantic knowledge to 

convert each sentence into an internal mental representation, and, 

second, a problem integration that uses schematic knowledge to 

combine the information into a coherent structure to help recognise 

problem type. This step can be seen as stages one and two: 

―understanding the problem‖ and ―devising a plan for finding the 

solution‖, in Polya‘s terms.   

b. Problem solution: going from a mental representation of the problem to a 

final answer. This step includes, first, the solution planning and 

monitoring that uses strategic knowledge to develop and keep track of a 

plan to solve the problem, and, second, the solution execution that uses 

procedural knowledge to carry out the plan (compute). In Polya‘s stages, 

this step corresponds to stages three and four: ―carrying out the plan‖ 

and ―looking back to verify the procedure and check the result‖. 

 

2.2.2 Models of MPS 

So far, the researchers presented have shown the MPS field as one with several 

stages and languages. Those steps have been included and discussed by 

educational organisations of student learning in their mathematics education 

models. Two of the most important educational institutions regarding mathematics 

learning are the National Council of Teachers of Mathematics, based in the United 

States, and Singapore‘s Ministry of Education.  

 

Singapore‘s Ministry of Education is the institution in charge of that country‘s 

education system. It has made decisions to establish a framework to emphasise 
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conceptual understanding, skills proficiency, learning of process skills, 

metacognition, and the development of a positive attitude toward mathematics. 

This decision was made in the 1980s and reviewed in the 2000s. The key features 

of its educational framework have received increasing attention recently, since 

Singapore ranked first in the world on the TIMSS tests in 1995, 1999, and 2003.  

 

The Singapore model for learning mathematics (see Figure 2.1) is based on MPS 

as the heart of mathematics learning and teaching (Ministry of Education, 2009). 

Singapore‘s mathematics curriculum promotes different skills, such as data 

analysis, use of mathematical tools, and numerical calculation. It also promotes 

different processes, such as reasoning, communication, and connections, as well 

as thinking skills and heuristics, such as to classify, to compare, to analyse parts 

and whole, to identify patterns and relationships, to verify, and to generalise. It 

includes the self-regulation of learning (metacognition) and the promotion of 

positive attitudes, such as self-confidence. It considers mathematics concepts such 

as algebra, geometry, probability, statistic, and numbers. It takes into account 

heuristics including the following specific strategies to solve problems (Ministry of 

Education, 2009): 

 Act it out 

 Use a diagram/model 

 Make a systematic list 

 Look for patterns 

 Work backwards 

 Use guess and check 

 Simplify the problem 

 Think of a related problem 

 

Likewise, the NCTM is an international organisation committed to excellence in 

mathematics teaching and learning for all students (NCTM, 2000). It was the first 

professional organisation attempting to develop and articulate explicit and 
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extensive goals for teachers and policymakers to improve mathematics education. 

The NCTM has developed standards for curriculum, teaching, and assessment. 

Since 1980, the NCTM has published a series of documents that recognise the 

importance of problem-solving skills in mathematics, and it has recommended 

MPS for school mathematics.  

 

 

Figure 2.1: Singapore Mathematics Framework (Ministry of Education, 2009) 

 

The NCTM lists problem solving as one of the process standards5 for mathematics 

education, along with four other process standards—reasoning and proof, 

communication, connections, and representation—and five content standards—

number and operations, algebra, geometry, measurement, and data analysis and 

probability. The underlying principle of problem solving is that of being a 

                                                           
5 A standard is a description of what mathematics instruction should enable students to 
know and do (NCTM, 2000). 
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transversal process to all the content of the mathematics curriculum, as well as a 

goal and a mean of learning mathematics (NCTM, 2000):  

 

Problem solving means engaging in a task for which the solution method is not 
known in advance. In order to find a solution, students must draw on their 
knowledge, and through this process, they will often develop new 
mathematical understandings. Solving problems is not only a goal of learning 
mathematics but also a major means of doing so. Students should have 
frequent opportunities to formulate, grapple with, and solve complex problems 
that require a significant amount of effort and should then be encouraged to 
reflect on their thinking. (p. 52) 

 

According to the NCTM, MPS promotes ways of thinking, curiosity, persistence, 

and confidence in unfamiliar situations (inside and outside the classroom). Here, as 

Schoenfeld (1992) points out, beliefs and attitudes (willingness to engage in and 

explore problems, as well as to persist with challenging problems) are important in 

the promotion of an MPS process standard. The NCTM points out the need to 

implement MPS process standards to generate analytic reasoning and purposeful 

engagement. 

 

2.2.3 MPS Assessment and Attitudes 

In addition to the perspective of independent researchers and educational 

organisations6, international organisations that assess student learning have 

evaluated mathematical problem solving skills through the PISA and TIMSS tests. 

These tests, which are two of the most important international mathematics tests, 

include some items related to MPS. According to the Dossey et al. study (2006), 

both tests cover different parts of the MPS process previously described: 

identifying variables or relationships, evaluating information, communicating 

solutions, integrating information, representing the situation, and using and 

                                                           
6 Other countries with outstanding performance on international tests that have explored 
and analysed the use of problem solving as an important component of mathematics 
learning include Finland (Kupari, 1988) and Japan (Sawada, 2002). The main part of their 
decisions has been to put MPS at the heart of mathematics instruction, involving a 
significant amount real life in classrooms and textbooks.  
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reflecting concepts, among others. Therefore, the assessment process consists of 

the evaluation of the whole MPS process, not just of the MPS results.  

 

Supporting Schoenfeld‘s perspective (1992) about beliefs and attitudes, the PISA 

and TIMSS tests have included surveys to evaluate the influence of some 

attitudes/motivation factors and learning strategies on MPS performance. PISA 

tests have evaluated the following characteristics (OECD, 2004): 

 Self-efficacy and self-concept. Both concepts deal with students‘ 

perceptions about their own competence in mathematics. The former refers 

to a student‘s confidence in his or her ability to solve specific kinds of 

mathematics problems, which may imply willingness to face challenging 

tasks and to make an effort and persist in tackling them. The latter refers to 

a student‘s perceptions of how good he or she is at mathematics in general.  

 Interest in mathematics, which is the student‘s orientation toward 

mathematics. It affects the intensity and continuity of engagement in 

learning situations, the selection of strategies, and the depth of 

understanding.  

 Anxiety in mathematics. This is the feeling of stress or helplessness when 

dealing with mathematics.  

 Use of learning strategies in mathematics. There are cognitive and 

metacognitive strategies that students can use to achieve their learning 

goals. In the first category, the PISA test proposes the strategy of 

memorisation and rehearsal (similar to the drill-and-practice perspective on 

mathematics learning theory) and the elaboration strategy (which requires 

connecting new material to prior learning and reflecting on those 

connections). The metacognitive strategy proposed by PISA is the control 

strategy, which involves students monitoring their own learning process and 

results.  
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According to the PISA results (OECD, 2004; 2010a) and in line with the TIMSS 

results (OECD, 2007; 2010b), high levels of confidence (self-efficacy and self-

concept) and high performance are mutually reinforcing. The same is true for high 

levels of anxiety in learning mathematics and low performance. Results indicate a 

relationship between high interest in mathematics and high achievement (OECD, 

2004; 2007; 2010a; b). Memorisation is shown to be an ineffective learning 

strategy, as there is a trend of low performance by those who use this strategy. 

Nevertheless, elaboration and control strategies are positively related to 

achievement. These two learning strategies are positively related to self-efficacy 

(OECD, 2004; 2007; 2010a; b).   

 

In addition to the previous results, PISA-2003 reports that performance, interest in 

mathematics, self-efficacy and self-concept in mathematics, and elaboration 

strategies are higher in males than in females. In contrast, anxiety and control 

strategies are higher in females than in males (OECD, 2004).  

 

A highlight point in these results is the problem of bias. It is ―possible that cultural 

bias affects responses to these questions, and in particular that students in some 

countries are generally more inclined to agree with statements of this type, 

whatever their actual learning habits... In particular, the between-country 

correlations again suggest a generalised response bias under which students in 

high-achieving countries report low level of use of such strategies and those in 

many low-achieving countries hold what may be an overly optimistic view of how 

much they elaborate and control their learning‖ (OECD, 2010a, p. 126, 127). 

 

Previous results indicate the importance of attitudes, beliefs, and learning 

strategies on MPS performance in a complex sense, one that involves reflection on 

the context aspects of the learning process.  

 

2.3 MATHEMATICS INSTRUCTION WITH MPS 
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Researchers have proposed the need to organise the dynamic of mathematics 

instruction within the classroom (Schoenfeld, 1985; 1992; Charles et al., 1987; 

Kupari, 1988; Merseth, 1993; Artzt & Newman, 1997; Mevarech & Kramarski, 

1997; Wood, 1998; NCTM, 2000; Helme & Clarke, 2001; Sawada, 2002; Forman, 

2003; Greeno, 2003; Hiebert & Wearne, 2003; Klein, 2003; Sfard, 2003; Siegler, 

2003; Swan, 2006; Artzt et al., 2008). The proposal is to generate a context, taking 

the following factors into account: 

1. Problems should be relevant and practical to the children. 

2. Children should pay attention to situational variables and to differences 

among problems. 

3. Small-group work can promote discussions around sharing, analysing, and 

improving methods. 

4. Multiple representations and explanations, as well as strategies to solve the 

problems, are necessary. 

5. Teachers should promote reflection about the problem situation, the method, 

and the solution through feedback and questions. 

6. Teachers should take into consideration the social aspect of interactions and 

the promotion of enthusiasm. 

7. Instructional design in MPS should enable all students to build new 

mathematical knowledge, solve problems that arise in mathematics and in 

other contexts, apply and adapt a variety of appropriate strategies to solve 

problems, and monitor and reflect on the MPS process. 

 

2.3.1 Mathematics Learning as Community of Practice 

The previous seven points call attention to the type of context that must be 

generated in order to promote MPS skill learning. Some researchers have 

proposed seeing mathematics within the CoP framework. CoPs7 are groups of 

people who share a concern, a set of problems, or passion about a topic, and who 

                                                           
7 This conceptual framework will be described in detail in Chapter 4.  
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deepen their knowledge and expertise in this area by interacting on an ongoing 

basis (Wenger et al., 2002, p. 4). The aim of CoP in mathematics learning is to 

promote learning through meaningful interactions, encouraging students to be part 

of a mathematics community, to see mathematics learning as something done in 

communities of practice. For individuals, this means having the skills and 

behaviour of a mathematician: seeking solutions, exploring patterns, formulating 

conjectures, and reflecting on the processes and strategies proposed. It is a 

departure from thinking that mathematics learning should be based on exercises 

and computation (Schoenfeld, 1992). Teachers‘ commitment, classroom activities, 

materials (including mathematical representations and models), and the 

mathematics content are important in this framework. In a broader context, the 

school and the community also play an important role in the CoP (Greeno, 2003). 

 

The CoP ―design for learning‖ framework (see Chapter 4 in this thesis; Wenger, 

2000) helps us understand the needs to connect mathematical learning 

experiences to other experiences (other subjects, mathematics in real-world 

contexts, etc.), to minimise teaching, to maximising learning, and to allow shifts of 

focus between learning and teaching. It can also support the identity-building 

process by taking into account types of participation, different participants‘ roles, 

and different competences and experiences to negotiate meaning. In this particular 

case, this design for learning helps build a mathematics community that can 

discuss its connection to mathematics while its members build their identities as 

mathematicians. MPS helps generate that dynamic of negotiating meaning: 

participants can discuss different strategies, processes, and routes to solve 

mathematics problems and improve their MPS skills in the process.  

 

CoP takes into account the change process, not just the outcome of change. It also 

takes the individual, as well as the community (socio-cultural factors), as the unit of 

analysis. Thus, the goal-directed activities should be analysed, taking into 

consideration complex motives, beliefs, norms, goals, and values, not just within 
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the CoP, but also in the context (community, institution, etc.) (Forman, 2003). This 

kind of CoP might generate emergent goals in a group, where children can 

establish their own priorities for MPS. Focusing on CoP as the framework for 

mathematics learning might help promote the seven factors presented previously. 

However, the materialisation of this classroom‘s CoP is a challenge in the 

mathematics learning agenda.  

 

2.4 METHODS TO ANALYSE MPS WITHIN THE COP FRAMEWORK 

 

In line with these previous recommendations, researchers have studied different 

methods to analyse and assess mathematical problem solving. According to 

Dossey et al. (2006), assessment of MPS must provide evidence of students‘ prior 

knowledge and their ability to integrate concepts, representations, and processes, 

and it must require student-produced responses. The main focus is on describing 

the cognitive acts students make in addressing, solving, and reporting solutions to 

problems.  

 

In the same way, Kilpatrick (1978) proposes that the most promising 

methodologies for research into MPS are those involving intensive study of the 

same set of subjects over an extended period of time, including case studies of 

subjects selected because of notable giftedness in or notable difficulty with 

mathematics. Additionally, Kilpatrick argues that product and process, as well as 

classroom activities and the teacher‘s role, should be analysed. 

 

Some studies have followed the previous recommendations. The general idea in 

MPS research is to take an experimental group and a control group. The conditions 

that researchers want to analyse are put into practice in the experimental group. 

The analysis is then carried out, with researchers looking for similarities and 

differences between the experimental and the control group, before, during, and 

after the experiment. Here, particular descriptions about a case study could be 
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included. This kind of methodological design considers the use of mathematics 

tests, surveys, observation of classroom activities, and interviews with students 

and teachers (Charles & Lester, 1984; Charles et al., 1987; Artzt & Armour-

Thomas, 1992; Schoenfeld, 1985; 1992; Artzt & Newman, 1997; Mevarech & 

Kramarski, 1997; Wood, 1998; Helme & Clarke, 2001; Sawada, 2002; Klein, 2003; 

Sfard, 2003; Swan, 2006; Artzt et al., 2008).  

 

Although current research in mathematical problem solving has included the 

methods and objectives mentioned in the last paragraphs, there is still a lack of 

analysis on the cultural variables of the classroom (beliefs, attitudes, teacher and 

parent roles). This is related to the complexity put in the way to analyse the CoP 

framework within the context of the MPS teaching and learning process (Forman, 

2003). In this regard, the inclusion of collaboration mediated by computers can be 

considered a methodological challenge in MPS research (Cobb & Yackel, 1996; 

OECD, 2004; Ho & Hedberg, 2005).  

 

2.5 SUMMARY 

 

This chapter showed the theoretical and methodological background of 

mathematics learning and instruction (teaching). It showed that different definitions 

of mathematics learning and teaching lay on a continuum between mathematics as 

computation (drill-and-practice approach) and as conceptual understanding. 

Critiques about the drill-and-practice approach have led us to consider  MPS as a 

teaching strategy to support understanding in mathematics. Therefore, MPS was 

studied, taking into account the meaning of ―problem‖; the different stages, 

processes, and types of knowledge involved in problem solving; the ways it can be 

assessed; different educational MPS models; and the generation of a learning 

environment to cope with the complexity of MPS strategies as a vehicle to promote 

deep mathematics learning.  
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As a result of the presentation of the main theoretical and methodological 

approaches in mathematics learning, the idea of mathematics learning within the 

CoP framework was proposed. CoP might help us change the vision of 

mathematics learning, from computation to deep understanding, through the 

inclusion of MPS as the core of the mathematics learning and teaching process. 

The CoP vision of learning is that it occurs through the negotiation of meaning 

regarding particular practices, the base of which is in interaction, connections of 

experiences, discussions about mathematics concepts, and identity formation. 

However, this generates a challenge in materialising the design and analysis of 

MPS instruction: there is still a lack of analysis of the cultural variables within the 

MPS and CoP framework (Forman, 2003).  

 

This chapter closes the theoretical framework of the thesis that began with CSCL 

in the previous chapter. The common ground in these two chapters is the need to 

improve CSCL-MPS processes in a coherent and integrative manner while putting 

this integrative framework into practice. The next three chapters present an 

approach to overcoming this challenge using a Critical System Thinking (CST) 

approach involving the CoP framework.  
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3. SYSTEMIC INTERVENTION 

 

In this chapter I present Critical Systems Thinking (CST) as the approach chosen 

to overcome the challenges in the CSCL-MPS research studied in Chapters 1 and 

2. In doing so, reflection about the advantages of a methodological pluralism, a 

critical awareness, and a willingness to generate change are presented. The 

chapter is divided into four sections. First, I present a general vision of the 

emergence of CST within the context of the historical background of systems 

thinking.  Second, I describe the birth and main discussions of the CST research 

approach. Third, a description and reflection about the CST approaches widely 

discussed in the literature is presented. Fourth, a specific approach (systemic 

intervention) is justified as the chosen approach to overcome the challenges 

identified in previous chapters. Advantages of the systemic intervention approach, 

such as the emphasis on methodological pluralism and the use of the theory of 

boundary critique (Foote et al., 2007), are presented to pave the way to the 

methodological design in Chapter 5.  

 

3.1 THE ORIGINS OF SYSTEMS THINKING 

 

This section presents the origins of the systems thinking movement, taking into 

account that the term ―systems thinking‖ is commonly used as an umbrella term to 

refer to approaches that seek to be more holistic than the scientific (and other) 

methodologies that concentrate attention on a relatively narrow set of predefined 

variables (Midgley, 2006). In presenting the origins of systems thinking, three 

waves (Midgley, 2000, 2006) will explain the emergence over time of some 

systems approaches, with the continual process of development and changes. At 

the end of this section, CST will emerge.  
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The origins of systems thinking8 are related to the challenges proposed in the 20th 

century to the reductionist approach. In the first part of the 20th century, the 

reductionist, mechanistic approach to explore, describe, and explain reality was 

challenged. This approach conceives of the vision that everything can be observed 

and described as if it were a predictable, functional object seen by an independent 

subject. It seeks explanations in terms of smallest parts of the studied phenomena. 

It assumes that our knowledge of the world (and the language we use to frame this 

knowledge) reflects reality more or less accurately (Midgley, 2000). However, in 

the 20th century, some theorists began to understand that we cannot know the 

exact relationship between human knowledge, the language we use to frame this 

world, and reality (Midgley, 2000). Possible reasons for that situation are, one, 

because the world is actually unpredictable; two, because human understandings 

have inevitable limitations; and, three, that whatever we know about reality is just 

that: knowledge, not reality itself (Midgley, 2000).  

 

One of the approaches that sought to replace the reductionist approach, proposing 

a different way to perceive and take action within the world, was the systems 

approach, or systems thinking. Here, the term ―systems thinking‖ is used to refer to 

approaches that seek to be more holistic than reductionist approaches. The middle 

of the 20th century saw the appearance of different systems-thinking perspectives 

of systems thinking, such as: 

 General systems theory, with the idea of an open system exchanging matter 

and energy with its environment. The concepts of open system and 

emergence (properties of the systems that cannot be found in a 

disorganised collection of the same elements of the system) remain in the 

core of systems thinking (see von Bertanlanfy, 1968; Capra, 1996). 

                                                           
8 Systems is a vast research field with some ―principles‖ like emergence (properties that 
stem from the interactions between the parts of a system), synergy (the whole is more 
than the sum of the parts), interdependence (the relationships between the elements of the 
systems are important because they configure the emergent properties) and the idea of 
boundary, which is discussed in this chapter.  
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 Cybernetics, known as the science of control and communication. This 

science established the concept of feedback to control and monitor a 

system‘s behaviour (see Wiener, 1948; Ashby, 1968). 

 Viable system modeling, which uses principles of general systems theory 

and cybernetics to help in the diagnosis of organisations (see Beer, 1985).  

 Systems dynamics, a method for quantitatively modeling complex feedback 

processes and considering the impact of changes to system relationships 

(see Forrester, 1968).  

 

In the late 1960s and 1970s, a set of criticisms about the philosophical 

assumptions of this first movement of systems thinking appeared. Some of those 

critiques include (Jackson, 2000; Midgley, 2000; 2006): 

 The representation of reality with models instead of reality seen as a 

development of a social construction.  

 The role of the system thinker as an expert who presents his or her 

recommendation to the system intervened upon instead of acting as a 

facilitator.  

 The view of human beings as objects without subjective and inter-subjective 

goals and values.  

 As a consequence of the previous critique, the vision of individuals or 

organisations with common, clear, and unproblematic goals, instead of a 

pluralistic vision associated with individuals and organisations. 

 

A second wave of systems thinking emerged as a result of these critiques. The 

most important features of this new movement were the vision of systems as social 

constructions and the emphasis on dialogue, participative methods to generate the 

social construction of realities, and the search for accommodations between 

different perspectives (Midgley, 2000; 2006). Here, the methods created did not 

look for the objectively best way; instead, the best ways emerged from the 

dialogue. Some of the methods with these philosophical assumptions are Strategic 
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Assumption Surfacing and Testing (SAST) (see Mason & Mitroff, 1981), Soft 

Systems Methodology (SSM) (see Checkland, 1981), and Interactive Planning (IP) 

(see Ackoff, 1981).   

 

This second wave of systems thinking generated critiques that promoted a new 

wave called ―Critical Systems Thinking‖ (which will be explained in the second part 

of this chapter). CST arose as a result of certain characteristics of interventions 

developed in the 1970s. The foundation of CST was the need for methods that 

could deal with power relations and the need for pluralistic methodological 

perspectives to intervene upon systems (Midgley, 2000).  

 

The need for methods that pay attention to power relations stems from analysis of 

several 1970s interventions: participative methodologies presented in the 1970s 

would seem to reinforce visions promoted by the authorities without necessarily 

accounting for voices that might have been (wittingly or unwittingly) silenced. This 

is caused by the observation that stakeholders do not always feel themselves able 

to speak openly in front of one another for fear of the consequences (Mingers 

1980; 1984; Jackson, 1982). 

 

This critique of participative methodologies was also explored from the Marxist and 

Habermasian perspectives (Midgley, 2000). According to the Marxist agenda, ―it is 

a definite problem that managers and workers can reach collaborative agreements 

through the use of systems methods without necessarily changing the basic 

relationship of employer/employee‖ (Midgley, 2000, p. 203). According to 

Habermas‘s theory of knowledge-constitutive interests (KCI) (1972), human beings 

have three inherent interests: a technical interest in predicting and controlling our 

natural and social environments, a practical interest in achieving mutual 

understanding, and an emancipatory interest in freeing ourselves from power 

relationships and the false ideologies they give rise to. The second wave of 
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systems thinking addresses the practical interest of mutual understanding, but an 

emancipatory approach was needed.  

 

A different critique focused its attention on the competition generated between the 

first and the second waves of systems thinking, which dealt with different kinds of 

problems. Regarding this critique, Jackson and Keys (1984) proposed the need to 

see the two waves as complementary, welcoming methodological pluralism 

(Midgley, 2000, 2006).  

 

With these critiques in mind, the next section presents the relevant concepts of 

CST, in addition to the description of its birth.  

 

3.2 CRITICAL SYSTEMS THINKING – CST: CORE CONCEPTS 

 

CST emerged as a research approach to systems practice in the early 1980s. It 

emerged from the systems and management fields. In general terms, it brings 

together the systems-thinking approach and the social-critique ideas (Jackson, 

2000; Midgley, 2000).  

 

According to Munlo (1997) and Walker (2007), the evolution of the CST field can 

be summarised as follows (see Table 3.1):  

 The early phase focused on grounding systems thinking with critical social 

theory and pluralism in respect to methodologies. 

 The consolidation of CST with the core commitments and a methodology 

called TSI. 

 The critiques about TSI and new proposals to re-think and revise CST in 

terms of pluralism, postmodernism approaches and power issues. 

 The generation of ―divergent consolidations‖ typified by the differences 

between Midgley‘s (2000) theory of systemic intervention and Jackson‘s 
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(2000; 2003) reconstruction of previous consolidations under the banner of 

critical systems practice. 

 

Regarding the first stage, two foundational ideas gave rise to this approach: the 

methodological pluralism proposal (Jackson and Keys, 1984) and Ulrich‘s (1983) 

methodological proposal of Critical Systems Heuristics (CSH). 

 

CSH is not considered a critique of second-wave systems thinking. It grew 

independently, underpinned by Churchman‘s ideas of system boundaries (1970; 

1979) and Habermas‘s notion of communicative action (1976). In doing so, Ulrich 

(1983) used ideas from social theory and systems methodology. He presented the 

idea that we need to be critical of the value and boundary judgements made by 

planners (who and what is considered included and excluded within a system). 

This issue will be discussed in the next section of this chapter, when Ulrich‘s 

approach is presented.  

 

Concerning the methodological pluralism that was proposed as a critique of the 

competition between the first and second waves of systems thinking, Jackson 

(1987) proposed that there are three kinds of systems-thinking approaches for 

three kinds of problems: ―first-wave systems thinking is useful when there is 

agreement on the nature of the problem situation, second-wave thinking is useful 

when there is non-coercive disagreement between key players, and CSH is useful 

in situations characterised by coercion‖ (Midgley, 2000, p. 205). This issue will be 

discussed in the next section of this chapter, when a CST approach proposed by 

Jackson is presented.  
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Phases of CST 
evolution  

Phase 1: Emergence and 
alignment  

Phase 2: First 
formulations  

Phase 3: Revisionings  Phase 4: Divergent 
consolidations  

Timeline  1980s  1990s (first half)  1990s (second half) 2000s  

C
h

a
ra

c
te

ri
s
ti

c
s

 

 Emergence from critiques of 
hard and soft systems 
thinking 

 Independent development 
of Ulrich‘s CSH 

 Affiliation with critical social 
theory 

 Debates about 
methodological pluralism  

 Five commitments 
underpinning CST 

 Streamlining of 
commitments into 
three 

 Modeling of CST 
through TSI 

 Postmodernist influences 

 New approaches 

 Consolidation of the theory of boundary 
critique 

 Complexities of power 

 Rethinking TSI 

 Debates regarding the expert‘s roles 

 Further development of CSH and critically 
systemic discourse  

 Systemic intervention 

 Critical systems 
practice  

M
o

s
t 

in
fl

u
e
n

ti
a
l 

a
p

p
ro

a
c
h

e
s
 i
n

 t
h

e
 C

S
T

 

Jackson  Jackson and Keys (1984) 
and Jackson (1987) 
proposed SOSM 

Flood and Jackson 
(1991) proposed TSI  

 Jackson (2003) proposed 
CSP  

Flood    Flood (1995) and Flood and Romm (1996b) 
proposed TSI II  

 

Mingers   Mingers (1997b) proposed critical pluralism   

Gregory   Gregory (1996) proposed critical 
appreciation (discordant pluralism)  

 

Taket and 
White 

  Taket and White (1996; 1997; 2000) 
proposed pragmatic pluralism  

 

Ulrich Ulrich proposed CSH (1983)    Ulrich (2003) proposed 
deep complementarism  

Midgley   Midgley (1997b) 
proposed creative 
design of methods  

 Midgley (2000) proposed 
systemic intervention  

Table 3.1: Evolution of CST: Main approaches and discussions (adapted from Munlo [1997] and Walker [2007]) 
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In the second stage, CST began to question the core themes or commitments that 

underpinned it. As a result, CST was perceived as having three themes. They 

imply a dynamism and a continued development process, rather than the stasis 

associated with a final definition of those themes (Midgley, 1996b): Critical 

awareness, improvement, and methodological pluralism (Flood and Jackson, 1991; 

Midgley, 1996b; Flood & Romm, 1996b; Jackson, 2000; Midgley, 2000). According 

to Midgley (1996b, p. 11), those themes mean: 

 Critical awareness: examining and re-examinining taken-for-granted 
assumptions, along with the conditions that give rise to them. 

 Emancipation: ensuring that research is focused on ―improvement‖, 
defined temporarily and locally, taking issues of power (which may affect 
the definition) into account. 

 Methodological pluralism: using a variety of research methods in a 
theoretically coherent manner, becoming aware of their strengths and 
weaknesses, to address a corresponding variety of issues.  

 

Regarding this last point, we need to clarify the meaning of methodology and 

method, as well as four developmental strategies for approaching management 

science proposed by Jackson (2000), before describing CST approaches to 

overcome CSCL challenges. 

 

First, a methodology is the set of theoretical ideas that justifies the use of a 

particular method or methods (Midgley, 2000). Generally, methodologies are 

attached to the principles of the paradigms9 (Mingers, 1997a; Mingers & 

Brocklesby, 1997). A method is a set of techniques operated in a sequence (or 

sometimes iteratively) to achieve a given purpose (Midgley, 2000). Therefore, 

methods have activities with well-defined purposes within the context of a 

methodology (Mingers, 1997a; Mingers & Brocklesby, 1997).  
                                                           
9
 A paradigm is a very general set of philosophical assumptions that define the nature of 

possible research and intervention (Mingers, 1997a; Mingers & Brocklesby, 1997). These 

philosophical assumptions regard the ontology (types of entities assumed to exist and the 
nature of that existence), epistemology (the possibilities of, and limitations on, our 
knowledge of the world) and praxiology (how we should act in an informed and reflective 
manner).  
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Second, methodological pluralism (as defined in the previous paragraphs) is not 

the only possible strategy to methodologically approach research in management. 

There are also three other strategies (Jackson, 1987):  

 Isolationism: to see one‘s own approach as being essentially self-sufficient.  

 Imperialism: to have a fundamental commitment to one methodological 

position but a willingness to incorporate other methodologies if they seem to 

be useful and to add strength in terms of the favoured position.  

 Pragmatism: to bring together the best elements of what may appear to be 

opposing strands on the criterion of what ―works‖ in practice.  

 

Additionally, according to Mingers (1997a) and Jackson (2000), there are three 

basic forms of methodological pluralism10: 

 Methodology selection: selecting whole methodologies as appropriate to a 

particular situation. 

 Methodology combination: combining whole methodologies in an 

intervention. 

 Multimethodology: partitioning methodologies and combining parts.  

 

Taking into account these three forms of methodological pluralism, it is necessary 

to highlight that Mingers (1997a) proposed two different ways to approach what he 

called ―multimethodology‖. On the one hand, he proposed the idea of detaching 

techniques and methods from one methodology and using them in another, while 

on the other hand, he pointed out that it is possible to detach stages of 

methodologies to construct a new, ad hoc methodology. However, the second 

possible way is problematic because the stages are strongly related to their 

philosophical paradigm (Mingers & Brocklesby, 1997). This option needs to be 

                                                           
10 Special attention should be paid to the ontological and epistemological principles that 
every methodology has. This is called ―paradigm problem‖: all systems methodologies 
make different philosophical and theoretical assumptions, so if we wish to mix them, or 
bring them together in a framework, we have to justify this at the level of philosophy.  
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operationalised to avoid entering into the pragmatism or imperialism arenas 

(Jackson, 2000). Because of this reason, there is a need to consider pluralism in 

terms of mixing methods (not methodologies) in a theoretically informed way 

(Midgley, 1989).   

 

It is necessary to mention that Critical Systems Thinking and its three themes have 

been approached from different perspectives. All of them have placed a particular 

emphasis on the way they identify and work with the three themes. The following 

section presents a general review of the main CST approaches that can help to 

overcome CSCL challenges. These approaches have been widely considered in 

the literature of systems practice and have made contributions to the themes of 

debate. Within these perspectives, CST‘s evolution can be tracked, through 

debates about methodological pluralism, postmodernist influences, the 

consolidation of the theory of boundary critique, debates regarding the expert‘s 

roles, and more.  

 

3.3 CST MOST INFLUENTIAL APPROACHES 

 

This section presents the description of each of the most influential approaches in 

CST literature, along with the philosophical base and its strengths and weaknesses 

in evaluating its convenience in the methodological design for CSCL-MPS 

research. The main CST perspectives are going to be described along with their 

proponents (see Table 3.1 and its section ―Most influential approaches in CST‖). In 

presenting those approaches, I am going to cover the four phases described 

previously, but within the framework of each perspective.  

 

3.3.1 System of Systems Methodologies – SOSM 

The SOSM proposed by Jackson and Keys (1984) and then by Jackson (1987) 

was the first answer to the need for methodological pluralism within CST research.  
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In simple terms, SOSM may be represented by a grid composed of two 

dimensions: 

 Nature of the relationships between participants, which includes the 

―unitary‖, ―pluralist‖, and ―coercive‖ categories, depending on the perception 

of agreements or disagreements between participants on definitions of the 

problem situation. ―Unitary‖ is when there is a perception of full agreement; 

―pluralist‖ is when there is a perception of disagreement; and ―coercive‖ is 

when there is a perception of disagreement between the stakeholders, or 

potential disagreement, that is masked due to power relationships between 

participants.  

 Nature of the system: This can be ―simple‖ and ―complex‖, depending on the 

degree of complexity of the problem situation, ―simple‖ being easy to 

understand and ―complex‖ being difficult to understand.  

 

By crossing the two axes, six different contexts were created: simple-unitary, 

complex-unitary, simple-pluralist, complex-pluralist, simple-coercive, and complex-

coercive. The grid helps to align systems methodologies to those different 

contexts: 

 Hard and cybernetics are more appropriate for unitary contexts. 

 Soft methodologies for pluralist contexts. 

 Emancipatory methods for coercive contexts. 

 

In general terms, SOSM is based on the theory of knowledge-constitutive interests 

(Habermas, 1972). Habermas proposes that there are two fundamental interests 

underpinning the socio-cultural form of life of the human species: work and 

interaction. Work leads to a ―technical interest‖ in predicting and controlling natural 

and social events. Interaction leads to a ―practical interest‖ of mutual understanding 

among all those involved in the reproduction of social life. Also, because our 

understandings of these interests can be distorted by forces of power, there is an 
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―emancipatory interest‖ of searching for freedom from constraints imposed by 

power relations (Midgley, 1997b; Jackson, 2000). 

 

The critical purpose of SOSM was the creation of a classification of systems 

methodologies that would allow for their ―complementary and informed‖ use. The 

idea was to classify systems methodologies according to their assumptions about 

problem situations, their strengths, and their weaknesses. This ideal-type grid can 

aid critical reflection on methodology design, questioning assumptions about the 

methodologies and their uses in practice.  

 

The principal strength of SOSM is that it helps the analyst evaluate the appropriate 

methodology, its strengths and weaknesses, the nature of the context, and what 

the participants are seeking to achieve. SOSM opened up a new perspective on 

the development of systems thinking and management science (Jackson, 2000). 

 

With CSCL-MPS research‘s needs in mind, we must explore some weaknesses 

that SOSM presents. SOSM is only used to guide choice between methodologies, 

so we do not consider the use of different methodologies in the same intervention 

(Gregory, 1996; Mingers & Brocklesby, 1997; Midgley, 1989; 1997b). Additionally, 

SOSM does not pay much attention to the role of the researcher, and it can limit 

critical reflection, since it encourages only one interpretation of each methodology 

and does not take learning between methodologists into consideration (Gregory, 

1996, Mingers & Brocklesby, 1997; Midgley, 1997b).  

 

Moreover, it confines the idea of making critical boundary judgements (in terms of 

the CSH methodology11, which is focused on reflective practice and making 

boundary judgements) to only one context (simple-coercive). In doing so, SOSM 

takes into consideration critical reflection on, and discussion of, boundary 

judgements only on an occasional basis (Midgley, 1996b; 1997a; 2000).  

                                                           
11 CSH is going to be explained in more detail later on in this chapter.  
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Another critique is that SOSM views improvement as human emancipation only, 

without considering other understandings (Midgley, 1996b). Finally, Mingers 

(1997a) points out, and then Jackson (1999; 2000) acknowledges, that SOSM 

pays insufficient attention to different ways of looking at problem contexts.   

 

3.3.2 Total Systems Intervention – TSI  

After his first proposal, Jackson proposed a new form of methodological pluralism. 

This new proposal, called Total Systems Intervention (TSI), tried to overcome some 

of the weaknesses found in the SOSM approach.  

 

TSI is a meta-methodology (a methodology for choosing other methodologies) 

proposed by Flood and Jackson (1991). In this meta-methodology, Flood and 

Jackson use SOSM within the new framework that consists of three phases: 

 Creativity: participants explore and identify key metaphors of organisations 

that can help to describe organisations‘ problems. In this phase the outcome 

is a set of crucial issues and concerns, highlighted by particular metaphors 

that then become the basis for a choice of appropriate systems intervention 

methodology. 

 Choice: metaphors are mapped onto the SOSM and inform the choice of 

methodologies. In this phase the outcome is a dominant methodology 

chosen to be supported by dependent methodologies. 

 Implementation: to yield change proposals. In this phase the outcome is 

coordinated change brought about in those aspects of the organisation 

currently most vital for its functioning (Jackson, 2000). 

 

TSI has the same philosophical underpinning as SOSM (the theory of knowledge-

constitutive interests) and uses a range of Morgan‘s systems metaphors (1986) to 

encourage creative thinking about organisations and the issues and problems they 

face. These metaphors can be linked to appropriate systems methodologies to 
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guide intervention about organisational issues and problems highlighted by the 

metaphors. For example, the metaphor of culture can be related to soft 

methodologies, the metaphor of organisations as machines can be related to hard 

methods, and the metaphor of organisations as organisms or human brain can be 

related to cybernetic approaches (Flood & Jackson, 1991).  

 

Many researchers have pointed out that the strength of TSI is the inclusion of the 

use of methodologies adhering to different paradigms in the same intervention on 

the same problem situation (Mingers & Brocklesby, 1997; Jackson, 1999; Jackson, 

2000). However, some weaknesses have been reported: 

 The use of ―whole‖ methodologies, so TSI is not flexible (Midgley, 1989; 

Mingers & Brocklesby, 1997; Jackson, 2000). 

 The claims that TSI is meta-methodology, so it is ―above paradigm‖ 

(Midgley, 1996b; 1997b; Jackson, 2000). 

 The use of the theory of knowledge-constitutive interests brings the problem 

of perpetuating the myth of humanity‘s domination of nature by suggesting 

that human beings have an interest in predicting and controlling (Midgley, 

1996b). 

 The vision of the commitment of emancipation to human emancipation, 

enforcing human dominance without considering interactive relationships 

with our non-human environment (Midgley, 1996b).  

 As in SOSM, in TSI little attention is paid to the process of facilitation 

(Jackson, 2000; Taket & White, 2000). 

 Because of the chosen process and the use of more than one methodology 

in an intervention, there is need for a multi-methodology literacy (Mingers & 

Brocklesby, 1997; Ormerod, 1997; Jackson, 2000). 

 According to Ulrich (2003), the identification of critique with methodology 

choice rests on a trivial error. ―While it is correct to say that the intrinsic 

limitations of any methodology imply the need for a critical choice of 

methodologies, it does not follow that critical methodology choice is also a 
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sufficient condition for a critical approach‖ (p. 336). Critique is more than 

informed methodological choice. Thus, TSI seeks to locate critique in the 

choice of methodology. Methods are said to be complementary in the simple 

sense that different methods are suited to different purposes or problem 

situations. ―No one has the monopoly for all situations (except TSI, of 

course)‖ (Ulrich, 2003, p. 336). 

 

3.3.3 Total Systems Intervention 2 – Diversity Management 

In 1995 and 1996, Flood (1995) and Flood and Romm (1996a; b; 1997) proposed a 

new version of TSI (which can be called ―TSI 2‖), trying to make flexible the use of 

methods and methodologies in the context of TSI. In this new version, they worked 

on different ideas from TSI. First, although the same three phases are used, they 

are recursive. In other words, within each phase the structure is replicated: in each 

phase the three phases (creativity, choice, and implementation) must be 

considered (Midgley, 1997b). Besides, the phases are organised on a cycle, which 

shows problem solving to be a continuous process (Flood, 1995). Second, the first 

phase, the ―creative‖ one, allows for the generation of new metaphors (divergent 

metaphorical analysis), using different techniques (like brainstorming). Therefore, 

in one intervention people can use Morgan‘s metaphors or new ones. Third, the 

choice phase is not related to the SOSM anymore but to a new framework of four 

domains and three questions about organisational management:  

 First and second domain: organisational process and organisational 

design, related to efficiency and effectiveness in the process or design 

(how should we do it?), leading to single-loop learning. 

 Third domain: culture, related to open and meaningful debate (what 

should we do?), leading to double-loop learning. 

 Fourth domain: politics, related to the development of alternative power 

and knowledge relationships (why should we do it?), leading to triple-

loop learning. 
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Additionally, they proposed three modes of using TSI 2: problem solving 

(interventions), critical reflection (evaluation of interventions), and critical review (to 

allow new methods, methodologies, and models for incorporation into problem-

solving mode) (Flood, 1995). Each mode uses the three phases, but with a 

different centre of critique: the problem-solving mode focuses on the mess and its 

possible appreciation; the critical-reflection mode focuses on the outputs of the 

problem solving mode; and the critical review mode centres its attention on 

possible models and methodologies for incorporation into the problem-solving 

mode.  

 

The philosophical underpinning of TSI 2 is the liberating systems theory proposed 

by Flood. Flood and Romm (1996b) based their argument on the postmodern 

critique of critical systemic modernism regarding the notion of power. In general 

terms, the postmodernist approach, like Foucault‘s interpretive analysis, points out 

that power is not ―owned‖ by some people who exercise it over others (the 

modernist perspective presented in Habermas‘s interpretation of the ―emancipatory 

interest‖). Instead, power resides in the development of forms of knowledge that 

people use to order their social relationships. Thus, it is a product of knowledge-

power relationships (Midgley, 1997b). Therefore, Jackson (2000) summarises 

Flood and Romm‘s proposal in these terms:  

 

in order to achieve the maximum diversity in systems approaches, so that the 

fullest support can be provided to Habermas‘s emancipatory interest, it is 

necessary first to follow Foucault‘s methods to reveal subjugated knowledges. 

(p. 327) 

 

So, to Flood and Romm (1996b): 

 

The idea is to (liberate) release and review subjugated ideas about theory and 

action, then, (critique) manage the tensions between rationalities that they 

proffer by locating discourses that can be appealed to in order to define ways 

of pursuing interests and purposes…. The aim… is to promote diversity and 
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argument. Choices that have to be made are then locally decidable, temporally 

and spatially ephemeral, yet widely informed. (p. 50) 

 

As a way to contribute to the flexibility required in TSI, this new version also allows 

for the combination of methods, but only if that combination remains faithful to the 

principles of the methodologies. Besides, this combination can be obtained by 

keeping in mind the principles of different perspectives, and that methods can be 

used for many purposes (Flood, 1995; Flood & Romm, 1996a; b; Midgley, 1997a; 

b). These are the main strengths that TSI 2 has added to the CST approaches. 

Additionally, the idea of a local improvement instead of a universal human 

emancipation is seen as an advantage of this approach (Jackson, 2000).  

 

However, Jackson (2000) points out that the change from SOSM to the new 

framework is not an improvement of TSI. According to Jackson (2000), who cited 

Tsagdis (1996), the organisations-as-systems functionalism framework of four 

domains abandons the TSI‘s ―ability to operationalise a process whereby different 

rationalities are brought to bear on a problem situation and continually kept under 

review‖ (p. 388). Jackson also points out that the recursivity and the three modes 

make Flood and Romm‘s approach incomprehensible and unusable in practice. 

Moreover, TSI 2 tends to assume that a single principle will dominate all aspects of 

the method, whether this method is ―pure‖ (in the form its creator intended) or 

developed from parts of a collection of methods (Midgley, 1997a). Finally, Ulrich 

(2003) points out that despite a critical reflection mode, TSI 2 does not include a 

methodological framework to approach that reflection12.  

 

3.3.4 Critical Systems Practice – CSP 

                                                           
12 Ulrich (2003) make his critique regarding critical reflection mode, which is different from 

critical review mode. Critical review mode was developed by Wilby (1996), with a 

methodological framework to examine candidate methodologies for inclusion in the TSI 

framework.  
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A more recent approach proposed by Jackson is Critical Systems Practice (CSP) 

(2003). CSP tries to overcome the weaknesses presented in TSI. For example: 

 It includes generic methodologies to make a theoretical link back to 

paradigms explicit. This is a change from TSI, which included clear existing 

systems methodologies and their associated methods. 

 It includes a reflection phase to ensure that research, and the generation of 

new learning, receives the attention it deserves. 

 Like TSI, it can be used flexibly and in an iterative manner in terms of 

methodologies, methods, models, techniques, and operating as a cycle.  

 CSP recognises that the link between a methodology and the methods 

traditionally associated with it can be broken.  

 Creativity is made possible if we understand the range of systems 

approaches, their strengths and weaknesses, and how to use them 

together. Again, this phase questions the problem situation with the use of 

metaphors.  

 Four different organisational objectives are proposed as means to approach 

interventions: improving goal seeking and viability, exploring purposes, 

ensuring fairness, and promoting diversity.  

 It embraces the notion of local improvement rather than emancipation.  

 It abandons Habermas‘s theory of human interests and acknowledges that it 

is untenable to believe that the paradigm problem can be resolved by 

reference to a metatheory. In doing so, it explains CSP metamethodology in 

terms of Gregory‘s (1996) discordant pluralism (the differences between 

paradigms should be emphasised rather than ―rationalised away‖). Jackson 

points out that ―this is a useful clarification and one that points the way 

forward to the kind of pluralism that can deliver the greatest benefits for 

systems thinking‖. (p. 304).  

 

Among the advantages found in this new approach are: it offers very different ways 

of evaluating the success of an intervention in terms of efficiency and efficacy (if 
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the intervention is focused on improving goal seeking and viability), effectiveness 

and elegance (if the intervention is focused on exploring purposes), empowerment 

and emancipation (if the intervention is focused on ensuring fairness), and 

exceptions and engaging the emotions (if the intervention seeks to promote 

diversity). Furthermore, the use of methods detached from methodologies in a 

flexible but informed manner and the generic systems methodologies that allow for 

the improvement of the CSP by ensuring reflection about their use are other 

strengths of this approach.  

 

CSP also has disadvantages, however. It needs to overcome the obstacle of 

cognitive difficulties and multimethodology iliteracy among researchers (Jackson, 

2003). Moreover, the social context of the methodology user must be considered. 

Midgley (1997b) says that it must take into account the dynamic interaction that 

occurs between the subject who wishes to take action and the power-knowledge 

formations that forms the identity of the subject (Jackson, 2003). 

 

3.3.5 Critical Pluralism 

So far, we have described in general terms the evolution of the TSI perspective 

from SOSM to CSP. However, other perspectives from methodological pluralism 

have been proposed, like the critical pluralism proposed by Mingers (1997a; b). 

Mingers claims that a fully comprehensive intervention needs to be concerned with 

three different worlds13,14—material, personal and social—and four different 

                                                           
13 These three worlds are taken from Habermas‘ work. Habermas (1984a; b) presents an 
analytical framework of three worlds: the material world (outside, independent of human 
beings; we observe it), the personal world (the world of our own individual thoughts, 
emotions, experiences, and beliefs; we experience it), and the social world (the 
intersubjective world as members of particular social systems; we participate in it) 
(Mingers, 1997b).  
14 Including Habermas‘ ideas about the three worlds into the theoretical framework for 
pluralism was proposed by Midgley in 1992 (see Midgley, 1992) and it will be considered 
later in this chapter.  
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phases15—appreciation, analysis, assessment, and action. By combining these two 

factors, a grid is produced that can be used to map the characteristics of different 

methodologies to help in linking them together. Each box generates questions 

about particular aspects of the situation/intervention that need to be addressed. It 

is then possible to look at particular methodologies and see to what extent they 

address these questions and appraise their relative strength in each box. 

Furthermore, the framework allows methodologies to be linked by decomposing 

them in a systematic way to identify detachable elements and their functions or 

purposes. This is expected to be done by analysing principles, methodological 

stages, and techniques. The idea is to detach at the level of techniques. This 

systematic way to detach elements is analysed by means of a generic typology 

that covers two aspects of management science methods: their purpose—that is, 

what they aim to achieve—and their underlying philosophical assumptions—that is, 

the assumptions about what kind of things they model, what types of information 

they require, and how such information may be produced in a suitable way 

(Mingers & Brocklesby, 1997; Mingers, 1997a; b; Mingers, 2003; 2006). 

 

This proposal includes a set of questions about the design of the intervention in 

terms of the agents, the available methodologies and methods, and the problem 

situation. Besides, critical pluralism embraces questioning the role of the agents in 

interventions because it is no longer tenable to maintain the idea of a universal, 

ahistorical, rational (male) subject (Mingers, 1997b). So we need to consider the 

cognitive, social, and emotional context of the agent and to understand that any 

particular combination of methodologies is agent-dependent (Mingers, 1997b). 

 

                                                           
15 According to Mingers (1997a), the intervention is a process that has phases or different 
types of activities predominating at different times. Intervention, then, includes four 
phases: appreciation (understanding what the situation is like), analysis (explanation of 
why the situation is as it is), assessment (exploring the potential for change), and actions 
(to bring about appropriate changes).  
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The philosophical foundation of critical pluralism is Bhaskar‘s (1989) critical realism 

(CR) theory. Following Bhaskar theory, Mingers claims that structure and meaning 

coexist in a dialectical relationship. Thus, the objective and the subjective are 

necessary. CR‘s original aims were to re-establish a realist view of being in the 

ontological domain whilst accepting the relativism of knowledge as socially and 

historically conditioned in the epistemological domain, and to argue for a critical 

naturalism in social science. CR argues that the essential mistake in both 

empiricism and strong forms of idealism or conventionalism is in reducing the 

ontological domain of existence to the epistemological domain of knowledge—

statements about being are translated into ones about our (human) knowledge or 

experience of being. Critical realism recognises the existence of a whole range of 

entities that differ in our means of access to them. Thus, it accepts the validity of a 

wide range of research methods without recognising the primacy of any (Mingers & 

Brocklesby, 1997; Mingers, 1997a; b; Mingers, 2000; 2003; 2006). 

 

The advantage of Mingers‘ approach is the specific concern for the role of the 

agents in an intervention and the vision of a methodological pluralism that he calls 

―multi-methodology multi-paradigm‖ (the use of parts of different methodologies—

owing allegiance to different paradigms—together in the same intervention). 

However, some disadvantages have been discussed in the literature. According to 

Jackson (1999; 2000), under pluralism, there is no justification to characterise the 

methodologies in four stages, because there can be no justification for such a 

procedure. Jackson (2000) illustrates his point with the example of case of 

functionalists, to which the ―appreciation‖ stage, carried out according to an 

interpretive logic, is not ―richer‖; it is simply misguided. Jackson points out that 

pluralism should be considered at all stages of an intervention. Additionally, there 

is a risk in choosing a particular theoretical perspective (and its related paradigm) 

as a way to establish methodological pluralism. In doing so, critical pluralism takes 

the risk of abandoning critique and emancipation (Jackson, 2000). Moreover, 
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although learning through the process of implementation is allowed, that learning 

does not change the framework (the grid with phases and worlds) (Zhu, 2010).  

 

3.3.6 Critical Appreciation – Discordant Pluralism 

Another approach for methodological pluralism was proposed by Gregory (1996). 

Called ―discordant pluralism‖, it establishes that there are some paradigms, 

traditions, perspectives, value systems or cultures that are so antagonistic to one 

another that there is no position from which they can be reconciled. They can 

inform and communicate with each other but without being integrated into a single 

framework. Both the aversions and the attractions should be considered.  

 

Gregory bases her proposal on the metaphor of a constellation (Bernstein, 1991): a 

constellation of methodologies can be seen as a constellation of stars: from 

different locations, at various times of the year, depending on the weather, one 

view will be distinguishable from other, local, and contingent perspectives 

(Gregory, 1996, p. 49).  

 

With the metaphor of a constellation (which is appropriate due to the degree of 

dynamism and the nature of the elements displayed), she proposes discordant 

pluralism, seeing the theoretical positions as supplementing, not as competing. 

This pluralism has to have a local, contingent, and historically situated nature. It 

should promote communication with other radically different and alien 

perspectives. And it should promote ethical decision making through both 

perspectives, not an either/or manner (critical appreciation). Doing that means a 

normative level, at which intrinsic motivation is needed to participate in a critical 

appreciation process.  

 

Discordant pluralism has four dimensions of critical research practice that act as its 

philosophical foundation (Gregory, 1996; Midgley, 1997b): 

 Empirical-analytical: experiment and observation. 



96 
 

 Historical-hermeneutic: two-way communication. 

 Self-reflection: one‘s own assumptions. 

 Ideology critique: assumptions at the level of society. 

 

The empirical-analytical and historical-hermeneutic dimensions help to understand 

the two ways to develop knowledge, because observation and two-way 

communication are the two means that individual human beings use to develop 

their understanding beyond mere re-orderings of their current knowledge. Similarly, 

self-reflective activity and ideology critique are needed to appreciate the context in 

which observations and communications are understood (Gregory, 1996; Midgley, 

1997b). The self-reflection and ideology-critique dimensions can be seen as 

playing a part in an individual‘s understanding of his or her role and a society‘s 

understanding of how social processes shape consciousness, maintaining and 

transforming the other. The dynamic between these two dimensions causes us to 

consider the need for participants in a problem situation to be aware of the problem 

of ―bias‖ in approaching the problem and to recognise that at every point in the 

process one has to make decisions. This can be achieved by involving participants 

(including the ―expert‖ or ―facilitator‖) in an open dialogue to negotiate their 

differences (Gregory & Romm, 1999; Vega-Romero, 2001a).  

 

According to Gregory (1996), the idea of discordant pluralism with critical 

appreciation is to learn from different constellations of methodologies, seeing them 

not as complementary, but as supplementary. The emphasis is then on the 

differences between different constellations of methodologies, not on their 

similarities or on their alignment to a meta-level based on the searching for 

consensus and conciliation. So, in Gregory‘s terms, researchers can have different 

constellations of methodologies to approach the aforementioned four dimensions, 

dealing with dissensus and difference. Therefore, the differences between 

paradigms should be emphasised rather than ―rationalised away‖ (Gregory, 1996; 

Midgley, 1997b). 
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Gregory (1996) points out that an advantage of this type of pluralism is that it 

proposes a distinctive and dynamic basis for CST by providing discourse between 

two (or more) opposite perspectives, paying tribute to the differences, otherness of 

alien paradigms or traditions, with a critical appreciation. However, Zhu (2010) 

presents some weaknesses of this approach, According to Zhu, Gregory‘s 

approach can be called ―individual paradigm‖ because it focuses on the idea of 

listening to the viewpoints from ―alien paradigms‖, which are developed by 

individuals as personal paradigms. In doing so, discordant pluralism is based on 

learning through the appreciation of viewpoints from ―alien paradigms‖ because 

they can feed back to transform one‘s own paradigm. But it is only based on 

willingness to interact seriously when it is also needed to build meaningful 

communication. Besides, it can be understood as imperialism, since others are 

interpreted on one‘s own terms (Zhu, 2010).  

 

3.3.7 Pragmatic Pluralism 

Pragmatic pluralism is another perspective on methodological pluralism. Taket and 

White (Taket & White, 1996; Taket & White, 1997; White & Taket, 1997a; b; Taket 

& White, 2000) explain their pluralism as allowing ambiguity and ambivalence, 

including allowing new terminology to overcome familiar terminology, paying 

attention to exceptions from generalisations to undermine dichotomies or binaries, 

and seeing diverse realities and uncertainties. In this perspective, from 

appreciating the locality of the situation, methods can be chosen and mixed 

(adapted to allow participation), and deconstruction16 can also become a method 

used. In fact, deconstruction is used to examine what is left out of a text, what is 

not mentioned, what is excluded and concealed. Taket and White propose finding 

out exceptions of generalisations in the text to undermine dichotomies or binaries, 

                                                           
16 Deconstruction is a postmodernist approach that uses a series of analytical strategies to 
examine texts closely and to look for contradictions and ambivalences. The strategies are 
used to take apart the texts to reveal implicit meaning and unacknowledged biases (Taket 
& White, 2000). 
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finding ambiguity and ambivalence, and finding new terminology. Another point is 

to subject any assumptions about sources of legitimation to critical evaluation 

through considering aspects of the relevance, applicability, feasibility, and 

acceptability of the content under discussion to the local situation. 

 

Pragmatic pluralism responds to pluralism in four areas: the nature of the client, 

use of specific methods, modes of representation employed, and the facilitation 

process. The general idea is to choose methods or parts of methods that the 

participants feel comfortable with and engage with. Taket and White are not 

interested in theoretical justifications, but in pragmatic usefulness as judged in 

practice. 

 

Regarding the nature of the client, special attention is required to analyse the 

stakeholders‘ diverse viewpoints. In relation to the use of specific methods, the 

idea is to pay attention to the flexibility of mix-and-match methods. The different 

models of representation include the notion that representation should be sensitive, 

relevant, and transparent to participants. It could be visual representation, because 

visual literacy is almost universal and allows for managing conflict, collaboration, 

and giving voice to overcome hierarchy or shyness. Finally, attention should be 

paid to the role of interventionists, with an emphasis on the ethical responsibility of 

facilitators and on different roles at different times or with different people during 

the intervention. Here, the idea of the facilitator is that of a person with multiple 

experiences and different, diverse interests (Vega-Romero, 2001).  

 

Participatory appraisal of needs and the development of action (PANDA) is the 

framework that Taket and White propose to put pragmatic pluralism into practice. 

The idea behind PANDA is to use a combination of parts of methods from 

(Participatory Rural Appraisal (PRA) with parts of management methods. With this, 

the process can go beyond appraisal and toward action. PANDA has four 

phases—deliberation I, debate, decision, and deliberation II—which include 
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methods to select participants; define purposes; explore situations; identify, 

research and compare options; and decide and record actions with their 

corresponding monitor and control process (Taket & White, 1996; Taket & White, 

1997; White & Taket, 1997a; Taket & White, 2000). 

 

Taket and White base their approach on postmodernism. In doing so, they mention 

some points regarding their interpretation of Nietzsche‘s notion of ―will to power‖: 

 Will to power is an impulse toward the formation of truths, because 

Nietzsche sees no single reality beyond anyone‘s interpretations. 

 We are unable to escape the constraints of interpretation, since we can only 

interpret in and through the use of language. 

 The external world is to be interpreted through different alternative systems 

of concepts and beliefs. 

 There is no authoritative independent criterion for determining that one such 

system is more valid than another. 

 Nothing is true, but that does not mean that anything goes. 

 The term ―will‖ is used, not to refer to a transcendental will, but a will which 

provides many possibilities of different truths. 

 The emphasis should be on creativity, reflexivity, plural possibilities. 

 It is positive scepticism toward essentialism. 

 It is about freeing oneself from our constructedness and to begin to reinvent 

oneself and seeing this as endless (White & Taket, 1997b). 

 

Strengths of this approach include the flexibility in using methods so they can 

cleave closely to what is appropriate in the problem situation and to the twists and 

turns required in the intervention (Jackson, 1999), the extension of the normal 

meaning of ―pluralism‖ in management science to embrace modes of 

representation and facilitator guises, and the attention given to local improvement 

and responsibility of facilitators (Jackson, 2000). However, it has been argued that 
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pragmatic pluralism does not allow learning about the method in order to apply it in 

other interventions with the same philosophical underpinnings: 

 

The use of methods, tools and techniques, without reference to the 

methodology and paradigm supporting their use, means that we cannot learn 

about the effectiveness of these in supporting interventions conducted under 

the governance of a particular rationality. (Jackson, 1999, p. 17) 

 

3.3.8 Critical Systems Heuristics (CSH) – Deep Complementarism 

Deep complementarism is Ulrich‘s proposal (2003) regarding methodological 

pluralism. Ulrich bases his approach on the idea of a practical and discursive form 

of critique. In doing so, he builds his argument from Churchman‘s earlier ideas of 

boundary and improvement. Churchman (1970) points out that what is to be 

included or excluded is crucial to determining improvement in a problem situation: 

a change in boundaries could mean a change in the notion of improvement in a 

particular situation. He also presents the idea of boundaries as social or personal 

constructs that define the limits of the knowledge to be considered pertinent. In 

addition, boundaries also define who is considered pertinent (people who generate 

the knowledge). Thus, Churchman argues, as much information as possible should 

be ―swept in‖ to definitions of improvement, allowing the most inclusive and most 

ethical position on improvement to emerge (Midgley, 2000).  

 

Ulrich takes the ideas of Churchman, but he also presents the need to take a 

practical action to limit the sweep-in process. So he develops a methodology called 

―Critical Systems Heuristics‖ (CSH)17, which can be used to explore and justify 

boundaries through debate between stakeholders. According to Ulrich (2003), this 

process is called systemic boundary critique. He also supports his idea of 

boundary critique with Habermas‘ ideas that consider rationality to be dialogical, 

                                                           
17 Deep complementarism can be seen as the explanation of methodological pluralism 
from Ulrich‘s perspective. This perspective is based on CSH (Ulrich, 1983), one of the 
foundations of CST. Therefore, in general terms, the philosophical bases presented in this 
section are part of both CSH and deep complementarism.   
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with language as a tool and the need for an ideal speech situation (a situation 

where any assumption can be subject to critique, and all viewpoints can be heard). 

However, Ulrich points out the need to pragmatise the ideal speech situation 

because it is utopian. Consequently, he claims that systems thinking and critique 

must be linked: 

 

Systems thinking without critique is blind with respect to its underpinning 

boundary judgements and their normative implications; critique without 

systems thinking is boundless, and ultimately empty, in that its object and 

context of valid application remain arbitrary. (Ulrich, 2003, p. 327)  

 

Moreover, Ulrich (1983) points out the need to take into account not only those 

who are ―involved in‖ any decision about the concerned system but also those 

―affected but not involved‖. Additionally, he argues that the process of setting 

boundaries is intimately linked to value judgements (normative evaluations) and 

empirical observations (or judgements of facts). He proposes this as the ―systemic 

triangulation‖ (see Figure 3.1): exploring the ―eternal triangle‖ of boundary 

judgements, observations, and evaluations:  

 

The facts we observe, and the way we evaluate them, depend on how we 

bound the system of concern. Different value judgements can make us change 

boundary judgements, which in turn make the facts look different. Knowledge 

of new facts can equally make us change boundary judgements, which in turn 

makes previous evaluations look different, etc. (Ulrich, 2003, p. 334) 

 

Ulrich (1983) proposes CSH as a practical framework that can help people in the 

process of reflecting on and challenging boundary judgements. Ulrich says it is 

called ―Critical Systems Heuristics‖ because: 

 ―Critical‖ means supported by a process of reflection and debate about 

alternative assumptions, in the field of instrumental reason (what is) and 

practical reason (what ought to be). 
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 ―Heuristics‖ is to discover. CSH is about identifying and exploring 

assumptions, not in theoretical terms but in terms of method (heuristic 

procedure). 

 ―Systems‖ refers to the boundaries of the systems that we want to analyse. 

 

 

Figure 3.1: The ―eternal triangle‖ of boundary judgements, facts, and values (from: 

Ulrich, 2000, p. 252) 

 

In proposing CSH as a framework for identifying and debating boundary 

judgements systematically, Ulrich says that CSH also supports the analysis of what 

validity claims we associate with the methods we use and how critically we deal 

with these claims. So no method is complete unless it deals critically with all the 

validity claims, rather than taking the assertions for granted. While the problem 

situations we face as professionals change and may require different 

methodologies, the argumentation tasks we face remain basically the same: 

values, facts, and boundary judgements (Ulrich & Reynolds, 2010). Hence, CSH 

has no difficulties in assigning a legitimate place to conventional methods, but 

through the process of systemic boundary critique. Moreover, he acknowledges 

that boundary critique requires continuous openness toward all approaches that 

can shed new light on a problem situation (Ulrich, 2003; 2007). 
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Ulrich sees as an advantage that deep complementarism does not subordinate 

emancipatory reflection and boundary critique to methodology choice (Ulrich, 

2003). However, Mingers (2005) points out that deep complemetarism provides 

little guidance on what to actually do to either initiate questioning or to bring about 

change and does not offer any help in ensuring its use in the first place (Mingers, 

2005). In the same vein, Jackson (2003) sees that Ulrich‘s approach has little 

evidence in practice. In fact, it is an isolationist approach that does not take 

methodological pluralism properly into account (Jackson, 2000). A last critique of 

the CSH perspective is that it sees ―social roles‖ as homogeneous and it does not 

see that roles can hide different ethics (for instance: it does not see expertise as 

related to power authority or historical social positions) (Vega-Romero, 2002; 

Luckett, 2006). 

 

3.3.9 Creative Design of Methods 

Another perspective for methodological pluralism is proposed by Midgley (1990, 

1997b). This perspective is called ―creative design of methods‖. It emerged as an 

answer to the idea of simple methodology choice proposed by Jackson (1987) in 

the SOSM approach. Hence, it is needed to think in terms of design, and not only 

the choice, of methods, because the majority of the situations are complex and 

need the use of a variety of methods.   

 

Consequently, the idea of this approach is to understand the problem situation in 

terms of a series of systemically interrelated research questions, each of which 

might need to be addressed using a different method, or part of a method. An 

alternative way to see the idea of creative design of methods is to think in terms of 

―multi-layered‖ intervention, in which methods have to be responsive to different 

―levels‖ of analysis (Boyd et al., 2007). Furthermore, creative design of methods 

allows mixing methods from different paradigms to address these research 

questions. The set of questions may evolve as events unfold and understandings 

of the situation develop. The method or methods that emerge from this perspective 



104 
 

are different from the sum of their parts. Consequently, a synthesis that allows 

each individual research question to be addressed as part of a whole system of 

questions is needed; the result is a synergic use of the method (Midgley, 2000).  

 

In this process, it is important to prioritise boundary questions (for example, with 

the use of CSH) (Midgley, 1996a; Midgley, 1997b). CSH can be used to identify 

coercion and what and who should be taken into account (Midgley, 1996b). CSH 

can be used by individuals to enhance critical self-reflection, by single stakeholder 

groups for consciousness raising, or by groups embracing many different 

stakeholders to find mutually acceptable ways of transcending the differences 

between them. Hence, CSH could be up-front use to enhance critical thinking, both 

when we enter and periodically after that. Besides, the use of boundary critique 

can inform the creation of methods to understand the problem situation.  

 

Another important aspect of this perspective is the role of the intervener. To 

Midgley (1997b; 2000), the intervener has the responsibility to guide the 

development of questions and methods in dialogue with the stakeholders, taking 

care of confidentiality, tensions between stakeholders, and conflicting purposes. To 

support this task, boundary critique again can help in defining the issues, the 

methods to address those issues, and in exploring the learning process of the 

intervener and agents in general. 

 

Creative design of methods was proposed by Midgley in 1992 and is based on the 

theory of the communication acts of Habermas that established four implicit validity 

statements inherent in any sentence intended for communication: 

 What I say is intelligible. This is a precondition for effective communication. 

 What I say is true. This is related to the external natural world. 

 I am justified in saying it. This is related to our social world. 
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 I speak sincerely, without intent to deceive. This is related to my internal 

world (Midgley, 1992; 1996a; 1997b)18. 

 

Midgley (1992, 1997b) then suggests that it is possible to make and challenge truth 

statements (about the objective external world), rightness statements (about the 

normative social world), and individual‘s subjectivity statements (regarding a 

person‘s subjective individual world). He also points out that systems methods 

prioritise the analysis of one of these kinds of statements: 

 Hard and cybernetic methods: truth statements. 

 Soft systems methods: rightness statements. 

 Personal construct theory, cognitive mapping: an individual‘s subjectivity 

statements. 

 

An advantage of this approach is the synthesis that emerges in the design and 

mixing of methods, taking into account their principles, to understand and do 

purposive, flexible, and responsive intervention (Midgley, 1997b). 

 

However, some critiques have emerged regarding this perspective. One of them is 

the proposal to put boundary critique up-front in each intervention. According to 

Jackson (2000), if a methodological pluralism prioritises a paradigm (in this case 

the emancipatory paradigm), it is not pluralism. Besides, in order to protect 

paradigm diversity, pluralism cannot sell itself to any one paradigm (Jackson, 

2000). Additionally, as Midgley proposed a new paradigm (based on which we 

import ideas and methods from other paradigms, reinterpreting them in our own 

terms and detaching methods from their original methodological principles in order 

to use them in new ways), Zhu (2010) claims that this does not work because 

methods are not neutral in terms of paradigm underpinnings (Zhu, 2010). 

 

                                                           
18 This separation in three worlds is only for analytical purposes.  
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3.3.10 Systemic Intervention – SI 

Systemic intervention (SI) is another approach to methodological pluralism in CST, 

proposed by Midgley (1997b; 2000). Midgley defines systemic intervention as a 

purposeful action by an agent19 to create change in relation to reflection on 

boundaries. This definition involves, in general terms, a cycle composed of:  

 Critique: about exploring different possible boundary judgements and 

choosing between them.   

 Judgement: here, the idea is to judge which theories and methods might be 

most appropriate. So creative design of methods, with its questions, is used. 

 Action: the implementation of methods to create improvement20 (Midgley, 

1997b; 2000).   

 

This approach is based on the idea of making boundary judgements21. In doing so, 

Midgley based his proposal on Churchman (1970) and Ulrich‘s (1983) ideas about 

boundary critique. This refers to the process of exploring who and what is or should 

be included or excluded (Midgley, 2000). In addition to the categories of inclusion 

and exclusion, Midgley (2000) proposes the analysis of marginalisation. To 

Midgley, the notion of marginalisation is important. There are situations in which 

particular stakeholders and issues are marginalised (neither fully included in nor 

excluded from the system) and subject to strong labelling and ritual treatment 

(Córdoba, 2009). Regarding this issue, Foote et al., (2007) say: ―Midgley (2000) 

talks about marginalised people and issues being made ‗sacred‘ and ‗profane‘ to 

indicate the potency of the valuing or devaluing that they are subject to‖ (p. 647). 

                                                           
19 Here, ―agent‖ is defined as a single human being or an identifiable group of human 
beings in interaction (family, team, organisation) that have purposes ascribed to them.  
20 Improvement, defined by Midgley (1996a) as temporarily and locally taking issues of 

power into account. 
21 In proposing a systemic-intervention approach based on the idea of making boundary 
judgements, Midgley abandons the idea of the four implicit validity statements inherent in 
any sentence intended for communication (according to the theory of communication acts 
of Habermas). 



107 
 

Figures 3.2 and 3.3 present the models of marginalisation and conflict proposed by 

Midgley (2000) and Yolles (2001)22.  

 

 

Figure 3.2: Margins, ethics, sacredness, profanity and ritual (from Midgley, 2000, p. 

144) 

 

                                                           
22 The difference between the two figures is that in the model of Figure 3.3, two 

stakeholder groups‘ concerns are put into consideration.  
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Figure 3.3: Model of overlapping stakeholder concerns, with attribution of profanity 

(from Midgley, 2000, p. 154) 

 

The basic idea of boundary critique is to reflect on different possible boundaries to 

challenge taken-for-granted assumptions regarding issues, values relating to 

judgement on these issues, and people (including the identities and roles of agents 

such as researchers and participants) included in, marginalised by, or excluded 

from a social design. Reflection regarding the problem situation or social design 

should be considered in terms of what is, what ought to be, and how the ―ought to‖ 

might be realised (Midgley & Ochoa-Arias, 2001).  

 

Midgley (2000) proposes three types of interrelated questions to be addressed 

during systemic intervention (p. 229-230):  

 Boundary questions, leading to the design of methods for defining issues. 

 Issues-related questions, leading to the design of methods for addressing 

the issues already defined. 

 Knowledge-related questions, enabling explorations of relationships 

between agents and intellectual resources.  
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The process that leads to answers to these types of questions can be explained as 

a cycle. This cycle is presented by Midgley and Ochoa-Arias (2001) using two 

sides as main parts of the analysis: agents and process. The general view of the 

cycle is detailed as follow (see Figure 3.4): 

 Processes side: We can begin with the identification of problematic 

phenomena. Here, we can find some contrasting interpretations of the 

problematic phenomena by using boundary critique.  

 After some initial reflection on two or more contrasting interpretations, it is 

possible to move to choice between them before cycling back into the 

reflection. Here, the methods for the chosen interpretation are described. 

Choices have to be justified in dialogue with others. 

 So far, learning about the interpretation may occur, resulting in changes to it: 

new interpretations, a switch to another interpretation, and a conclusion to 

the intervention (the phenomenon has ceased or a new phenomenon has 

replaced the previous one).  

 Agents’ side: During the process of identification of problematic phenomena 

and their interpretations, the role and identity of the agents also appear as 

problematic. Hence, interpretations regarding roles and identities have to be 

discussed.  

 After some initial reflections (as in the ―process side‖), choice between 

interpretations can be made. This can lead to transformation of the role or 

identity of the agents. Justifications of the choices have to be provided.  

 The process of questioning roles and identities also helps to identify 

problematic phenomena. Thus, the main cycle can be closed. 

 

In this cycle, concerns regarding the agents‘ identities are explored. Therefore, 

systemic intervention does not just focus its attention on process, but also on the 

need for the agents to surface different interpretations of their identities, with their 

correspondent ―identities that ought to be developed or adopted, and the means 
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that could be used to make those changes‖ (Midgley & Ochoa-Arias, 2001; Midgley 

et al., 2007).  

 

Figure 3.4: Systemic intervention for the CSCL-MPS process (adapted from 

Midgley & Ochoa-Arias, 2001) 

 

The philosophical underpinnings of systemic intervention have been two, 

depending on its evolution as a CST approach. At the beginning of his formulation, 

Midgley (1997b) proposed as his philosophical perspective that of Foucault (1980): 

that knowledge (understanding), power (action upon the actions of others) and the 

identity of the agent are woven tightly together (Midgley, 2000). As a result, a 

process of identification in that dynamic of interactions between agents and power-

knowledge frames both agents‘ identities and the power-knowledge formations23. 

                                                           
23 Vega-Romero (2001a; b; 2002) presents a similar philosophical underpinning to 

systemic intervention based on the dynamic of subject and power-knowledge formation, 
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This process of identification is based on act of judgements (previously described). 

In his most recent papers (Midgley 2000; 2011) he proposes process philosophy 

as the philosophical perspective for systemic intervention. This refers to grant 

analytical primacy to the boundary concept, and viewing knowledge of agents and 

the world as secondary. Therefore, Midgley (2011) suggests that:   

We should theorize about the nature of the agent (and agency) in exactly same 

way that we theorize about the world, exploring different possible boundaries 

for understanding agency, and making a contextually meaningful decision on 

what perspective(s) on agent(s) and agency are going to be most useful. (p. 7) 

 

Midgley (2000) also points out that Foucault‘s perspective is certainly compatible 

with process philosophy, since it involves the setting of particular agent-related and 

world-related boundaries.  

 

Among the strengths of this approach is that systemic intervention brings together 

the emphasis of methodological pluralism with the theory of boundary critique, 

which makes explicit the need to explore issues of inclusion, exclusion, and 

marginalisation (Midgley et al., 1998; Foote et al., 2007). Besides, it focuses not 

only on boundary critique, but also on learning from that process through critical 

reflection on both process and outcome. Furthermore, in this approach there is no 

blind defense of a singular philosophical position, but instead a call for process 

philosophy—where primacy is granted to ―the process of bringing knowledge into 

being‖ (Midgley, 2000, p. 78). Lastly, its fundamental concern is ―for the well-being 

of people, and in particular those who, for one reason or another, are all too 

frequently marginalised within communities and societies. In this respect, values, 

ethics, aesthetics, emotions, and passions are all dimensions as crucial to the 

process of judgement about what constitutes improvement as facts and figure and 

concepts‖ (Bawden, 2003, p. 371).  

 

                                                                                                                                                                                 
taking into account the identification, promotion, challenge, and decision-making process 

of both problem situation and subjectivity.  
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However, Mingers (2006) claims that to change from ontological to analytical 

dualism does not work because ―It is impossible to theorise about anything without 

there being a ‗thing‘ to theorise about‖ (p. 93). Midgley avoids privileging one side 

or another (subject-object dualism), but his approach works if we assume that 

there is a ―real world‖ and a content called ―sentient beings‖. Therefore, according 

to Mingers, Midgley does not answer the question ―are all boundaries simply 

constructs of the observer?‖ because in doing that, if the answer is yes, he must 

accept that there is such a world, and if the answer is no, we must accept that 

there are interactions between the boundaries and the world (Mingers, 2006). 

Besides, Mingers argues that the whole process is unhelpful in practice: we can 

make infinite boundary judgements. 

 

Regarding those critiques, it is important to highlight that Midgley (2000) does not 

deny the existence of agents or a real world. His view is that it is perfectly 

legitimate to talk of these things, but our knowledge of them is constructed via the 

process of bounding. It is therefore important to switch analytical primacy from 

―content analyses‖ (analyses that focus on phenomena in the world, including the 

identities and roles of agents observing those phenomena) to the analysis of how 

those phenomena are bounded (or ―framed‖). Also, when Mingers talks about the 

―problem‖ of never-ending boundary judgements, he fails to recognise that any 

process of making boundary judgements is basically a value clarification process, 

rather than a hopeless quest for comprehensiveness, as Ulrich and Reynolds 

(2010) have explained. Hence, despite the claim that nothing should, in principle, 

be excluded from analysis, the inevitable, practical move to action limits critical 

reflection and makes choice between boundaries inevitable (Midgley & Ochoa-

Arias, 2001).  

 

A last point to highlight is that the methodology of systemic intervention includes a 

general framework to explore different boundaries in terms of knowledge and 

identities. However, other mechanisms to explore identities can be added to 
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associate identities with social learning processes. In doing so, the methodology 

can be enriched from other research perspectives that focus their attention on the 

interactive aspect of negotiating meaning (Harwood, 2012) (i.e. CoP, proposed by 

Wenger [1998, 2010a], which see identity as an interplay between modulation of 

identification and modulation of accountability, concepts to be explained in the next 

chapter).  

 

3.4 JUSTIFICATION OF SI AS THE CHOSEN APPROACH 

 

In the previous section we reviewed some of the most influential approaches in 

CST literature. They have been important because of their contributions to 

theoretical and practical discussions in the CST field. Critical awareness, 

improvement and methodological pluralism have been the base of these 

perspectives. However, they define and deal with those issues in different ways. In 

the strengths and weaknesses of each approach we can observe different 

emphasis, for instance, on choosing between methods or methodologies (as in the 

TSI perspective), or on boundary critique (as in deep complementarism), or on 

practical issues without reference to theoretical background (as in pragmatic 

pluralism), or on both boundary critique and creative design of methods (as in 

systemic intervention). Taking into account previous reflections about those CST 

approaches, this section presents the justification of SI as the chosen approach to 

overcome the CSCL research challenges, described in Chapter 1.  

 

According to Chapters 1 and 2, CSCL-MPS research has the challenge of 

analysing CSCL processes with an integrated perspective in terms of several 

methods that can help explain different dimensions of the learning process and 

critical reflection regarding the participants‘ roles, CSCL purposes, cultural 

variables, and the notion of the context. According to the previous section of this 

chapter, CST focuses its attention on critical reflection, methodological pluralism, 

and improvement, but different CST approaches have different ways of dealing 
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with those issues. In the case of systemic intervention, this perspective has the 

advantage of placing an emphasis on both methodological pluralism and boundary 

critique. Because of that, systemic intervention can help us understand how we 

can analyse a CSCL-MPS process. First, the idea of defining agents (and, in a 

wider sense, stakeholders) of the process (designers, students, researchers, and 

teachers) and the object (the process itself) can be useful in CSCL-MPS research. 

In so doing, we can ask whom and what can be considered pertinent in the 

analysis as a way to question the purpose of the inquiry and roles of the 

participants. Second, we can analyse aspects as the context of the application and 

the identity of participants (including the unit of analysis). Third, we can use the 

notion of creative design of the methods to approach the different dimensions 

(cognition, metacognition, social, motivational, and technological) of the CSCL-

MPS process. Consequently, the creation of methods that can answer different 

questions of the CSCL-MPS process is the means to overcome the lack of hybrid 

methods and integrated analysis. Besides, the need to include different types of 

research (qualitative/quantitative, retrospective/prospective, summative/formative) 

is advisable. And finally, systemic intervention also aims to generate changes in 

the situation studied, so the learning process and performance can be improved, 

according to purposes pursued. All of these reasons support the fact that CSCL-

MPS can be analysed in a reflective and coherent manner with a systemic 

intervention perspective.   

 

Having established why systemic intervention is an appropriate approach to 

overcome the CSCL research challenges, the next step is to propose a conceptual 

framework to support systemic intervention in the agents‘ side of the cycle (Figure 

3.4). In this regard, the objective is to relate participants‘ identities in a systemic 

intervention with theoretical perspectives of learning, particularly with social 

perspectives of learning such as Communities of Practice (Wenger, 1998) 

mentioned previously in Chapters 1 and 2. Therefore, the next chapter is going to 
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present a social learning approach that may be combined with the framework of 

systemic intervention.  
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4. COMMUNITIES OF PRACTICE – CoP 

 

Taking into account the need to generate communities of practice in MPS learning-

teaching environments and the support that this approach can give to systemic 

intervention in the analysis of agents‘ identities within the framework of a learning 

process, this chapter presents the theoretical and methodological background of 

Communities of Practice – CoP. First, I present a social definition of learning and 

the different forms of participation in those social learning systems based on the 

Wenger‘s proposal (1998; 2000; 2002; 2010a; b). In doing so, I outline the bases of 

the CoP conceptual framework. Second, I present the other main concepts that 

support the CoP theory, such as identity, boundary, community, and constellations, 

all of which are constitutive elements of social learning systems. Here, I present 

the definition and characteristics of CoP as the base of that social definition of 

learning and its relationship to the other elements. Third, I present the notion of 

power derived from this theory of learning. Fourth, I present the dimensions to take 

into account in designing for learning (dualities). Finally, I discuss how the CoP 

conceptual framework can help us overcome CSCL-MPS challenges within a 

systemic intervention research perspective. As a result of this discussion, I present 

a proposal for analysing CSCL-MPS processes using the CoP framework.  

 

4.1 A SOCIAL DEFINITION OF LEARNING AND CoP 

 

In this section I present Wenger‘s perspective on social learning systems (or a 

social definition of learning), the modes of belonging that describe different levels 

of associations to social learning systems, and the concept of community of 

practice as the base of this social learning approach.  

 

4.1.1 Social Learning Systems: a Social Definition of Learning 

According to Wenger (2000), a social definition of learning should take into account 

the historic and social aspect of competence and the experience of each 
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participant within the social system. Hence, learning is an interplay between social 

competence (which social systems have established over time) and personal 

experience (which each participant has as member of the specific social systems 

he or she is in). Learning so defined is a dynamic, two-way relationship between 

people and the social learning systems in which they participate. This two-way 

relationship can be seen as a convergence or a divergence between competence 

and experience. If convergence takes place, deep expertise is the type of learning 

that results; if divergence takes place, innovative learning is the type of learning 

that can occur.  

 

There are two mechanisms to generate that dynamic between competence and 

experience. The first, participation—having or taking a part, along with others, in 

some activity—suggests action and connection and is one part of the dual process 

of meaning making. The second, reification, is the process of giving form to 

experiences by producing objects that congeal these experiences into ―thingness‖, 

which reflects and shapes those experiences (Wenger, 1998). Therefore, 

participation and reification are woven to make and negotiate meaning. This 

negotiation of meaning is the nature of the practice that participants experience in 

their social systems they are in.  

 

In this interplay between participation and reification that involves meaning making, 

which consequently creates the practice, learning is seen as the meaning making 

involving competences and experiences. Hence, a social definition of learning is 

the interplay between competences and experiences that defines practices and is 

generated through mechanisms of participation and reification, where meaning is 

created and negotiated.  

 

4.1.2 Different Modes of Belonging in Social Learning Systems 

The previous definition of learning involves the idea of different ways to participate 

in the social learning systems we are in. Those different ways to participate are 
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called modes of belonging (Wenger, 1998; 2000) or modes of identification 

(Wenger, 2010a): 

 Engagement: doing things together, producing artefacts. This is active 

involvement in mutual processes of negotiation of meaning, and it generates 

direct experience in the social system we are in.  

 Imagination: creating images of the world and seeing connections through 

time and space by extrapolating from our own experience. This generates 

indirect experience to understand the social systems where we belong. 

 Alignment: coordinating our energy and activities, perspectives, 

interpretations, and contexts so that actions have the effects we expect. 

This generates experiences in which power is required to negotiate that 

alignment.  

 

These three modes of belonging are analytical aspects of the dynamic of social 

learning systems formation. They coexist, and every social learning system 

involves each to some degree and in some combination. However, they help to 

understand the differences between social systems (i.e. community, nation, 

institution), because they describe different ways of participation and identification.   

 

4.2 CONSTITUTIVE ELEMENTS OF SOCIAL LEARNING SYSTEMS 

 

In this section I present the constitutive elements of social learning systems: 

communities of practice, boundary, landscape of practices, constellations, and 

identity. At the end of this section a conceptual model is proposed in which the 

whole CoP theory is summarised.  

 

4.2.1 Communities of Practice 

According to Wenger (2000), the basic building blocks of a social learning system 

are the communities of practice, because they are the social ―containers‖ of the 

competences that make up such a system. According to Wenger (2006):  
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Communities of practice are formed by people who engage in a process of 
collective learning in a shared domain of human endeavour: a tribe learning to 
survive, a band of artists seeking new forms of expression, a group of 
engineers working on similar problems, a clique of pupils defining their identity 
in the school, a network of surgeons exploring novel techniques, a gathering of 
first-time managers helping each other cope. (p. 1) 

 

Three characteristics are crucial in defining CoP: 

 The domain: A CoP has an identity defined by a shared domain of interest. 

The domain is not necessarily something recognised as "expertise" outside 

the community. It is enough to be recognised as such within the community. 

 The community: In pursuing their interest in their domain, members engage 

in joint activities and discussions, help each other, and share information. 

They build relationships that enable them to learn from each other.  

 The practice: The members of a CoP are practitioners. They develop a 

shared repertoire of resources (experiences, stories, tools, and ways of 

addressing recurring problems). This takes time and sustained interaction. 

 

The previous list of characteristics shows that CoP defines its competence by 

combining three elements that conform to its regime of competence (Wenger, 

1998; 2000; 2010a):  

 First, community members interact with one another (mutuality). Here, to be 

competent is to be able to engage with the community and be trusted as a 

partner in these interactions.  

 Second, they develop an understanding of what their community is about 

(joint enterprise). Consequently, to be competent is to understand the 

enterprise well enough to be able to contribute to it.  

 Third, they produce communal resources—language, routines, artefacts, 

tools, etc.—(shared repertoire). Hence, to be competent is to have access to 

this repertoire and to be able to use it appropriately.  
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Other researchers have extended CoP definitions by adding some characteristics.  

Barab et al. (2003) define a CoP as ―a persistent, sustained social network of 

individuals who share and develop an overlapping knowledge base, set of beliefs, 

values, history, and experiences focused on a common practice and/or mutual 

enterprise‖ (p. 238). Kling and Courtright (2003) and Hara (2009) present a similar 

definition but also include ritual occasions (and in general, supportive culture) as a 

characteristic of CoP. These definitions help in adding some elements to the 

previous one: the overlapping of beliefs, values and knowledge, the emphasis on 

the sustained social network of individuals, and the inclusion of ritual and cultural 

aspects.  

 

4.2.2 Boundary, Landscape of Practices, and Constellations 

According to Wenger (1998, 2000, 2010a), in social learning systems, the value of 

communities and their boundaries are complementary. Here, boundaries are a 

result of different enterprises, different ways of engaging with one another, and 

different repertoires, therefore, different practices. So shared practice by its very 

nature creates boundaries24. These boundaries are places of interest for 

communities to learn. Within the community, competence and experience 

converge, so deep expertise is promoted by using a configuration of strong core 

practices. Between communities, competence and experience might diverge, so 

innovative learning is promoted by using active boundary processes. Learning 

between boundaries implies that participants are able to recognise an experience 

of meaning among each other and to develop enough of a shared sense of 

competence. These boundary processes require some intersection of interest, 

acknowledgement of differences and common ground, evaluation of those different 

competences between communities, and ways to engage and translate between 

repertoires so that experience and competence actually interact.  

                                                           
24 The interrelations between different communities of practice created by the bridges in 
the boundaries are called ―the landscape of the practice‖. This landscape allows learning 
because of the active boundary processes on the periphery of the community (Wenger, 
1998).  
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As CoP defines its competence by combining three elements, boundaries also 

have three elements that define the depth of the connections between practices 

(Wenger, 2000; 2010a; Akkermand & Bakker, 2011):  

 Transparency: defines whether the boundary processes give access to the 

meanings they have in various practices. In other words, whether the bridge 

created helps us understand the logic of the practice.  

 Coordination: defines whether the boundary processes can be interpreted in 

different practices in a way that enables coordinated action. In other words, 

whether the bridge created helps us deal with the practice locally, 

regardless of the differences in meaning of the practice.  

 Negotiability: defines whether the boundary processes provide a one-way or 

a two-way connection. In other words, whether the bridge created helps to 

make room for multiple voices about the practices.  

 

In addition to the concept of boundary and community as constitutive elements of 

social learning systems, constellations of practices are also considered. 

Constellations of practice are larger configurations of social learning systems that 

interconnect practices. Therefore, CoPs are subsets of those constellations. A 

constellation of practices consists of communities and boundaries that define 

diversity in the way people engage with the practice and in the way bridges are 

constructed to enhance the ongoing production of local meanings as part of the 

constellations (Wenger, 1998).  

 

4.2.3 Identity 

So far in this chapter, I have presented the social aspect of learning, including the 

participants or members of communities without considering how this aspect of 

learning affects them. The social aspect of learning does not mean a displacement 

of the person. On the contrary, it is an emphasis on the person as a social 

participant. This person is a meaning-making entity for whom the social world is a 
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resource for constituting an identity. Here, learning is becoming a certain person; it 

is to negotiate knowledge with respect to the regime of competence of a 

community (Wenger, 2010a).   

 

Identity is crucial to social learning systems for three reasons. First, identities 

combine competence and experience, so they are the base of the social dimension 

of learning. Second, identities play an essential role in dealing with boundaries (the 

way we manage our identities, opening, closing or suspending some of them, 

determines the way we deal with the boundaries). Third, identities are the container 

in which the rest of the social structure of learning systems can be realised 

(Wenger, 2000).  

 

In talking about identity from a social perspective, Wenger (1998) points out that 

the concept of identity serves as a pivot between the social and the individual. It is 

built through the negotiation of meanings of experiences of membership in 

communities. Therefore, Wenger‘s approach is neither individualistic nor abstractly 

institutional.  

 

Similarly to CoP and boundaries, identity also has three elements that define the 

qualities that constitute its competence to face the communities and boundaries 

where it plays (Wenger, 2000): 

 Connectedness: A strong identity involves deep connections with others 

through shared histories, experiences, reciprocity, mutual commitments, 

and more.  

 Expansiveness: Identity involves a wide range of experiences, therefore 

multimembership.  

 Effectiveness: Identity involves being able to participate and act in the social 

world. To what extent identity enables those aspects is a matter of 

effectiveness.  
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Previous qualities determine how much participation, multimembership, and 

connections play in the construction of identity. In this regard, Wenger (1998; 

2010b) makes another contribution when he explains identities as:  

 Negotiated experience. An identity is a layering of events of participation 

and reification by which we construct who we are through the negotiation of 

meaning. This interplay of participation and reification takes place in our 

experience in the world.  

 Community membership. An identity is a display of the different regimes of 

competence of the community to which we belong. Therefore, we are able 

to play a part in the relationships of engagement, we develop a perspective 

regarding what the enterprise is, and we create a personal set of repertoires 

within the context of the community to negotiate meaning. In summary, 

identity is a form of competence and defines what is familiar and what is 

unfamiliar.  

 Nexus of multimembership. Identity can be seen as all the various forms of 

participation that we have in different CoPs. This implies a process of 

reconciliation between the different aspects of competences among the 

communities in which we participate, which involves finding ways to make 

our various forms of membership coexist.  

 A local-global interplay. Identity can be seen as the process of connecting 

local community enterprise to broader constellations enterprises.  

 Learning trajectory. Identity can be seen as a learning trajectory because 

―learning trajectory‖ shows the temporal, ongoing, non-linear, and historical 

notion of the identity. In the context of CoP, several types of trajectories can 

be described. First, peripheral trajectories (some trajectories never lead to 

full participation, but instead have enough access to be significant to the 

identity-building process). Second, inbound trajectories (initially they are 

peripheral, but they have the intention of becoming insider trajectories in a 

future, so they are an investment in the identity-building process). Third, 

insider trajectories (once a member becomes a full participant, his or her 
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identity keeps being negotiated). Fourth, boundary trajectories (some 

trajectories find their values in the boundaries to link communities). Fifth, 

outbound trajectories (some trajectories lead out of a community). In 

summary, identities as learning trajectory are defined by where we have 

been and where we are going (see Figure 4.1).   

 

 

Figure 4.1: Relationships of prarticipation-non-participation and types of learning 

trajectories (adapted from Wenger, 1998) 

 

 Participation-non-participation interplay. Identity can be seen as the 

significant forms of participation understood in the context of trajectories. 

Here, two cases of interaction between participation and non-participation 

are distinguished. Peripherality refers to when a degree of non-participation 

is necessary to enable a kind of participation that is less than full. 

Consequently, the participation aspect dominates and defines non-

participation as an enabling factor of participation. This aspect of the 

participation-non-participation interplay helps to characterise a process 

called ―legitimate peripheral participation‖ (Lave & Wenger, 1991), whereby 
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being peripheral can help someone take part in the initial activities of the 

community without engaging fully, whereby this kind of participation is 

legitimised by the community. Marginality refers to when a form of non-

participation prevents full participation. Consequently, the non-participation 

aspect dominates and defines a restricted form of participation. In other 

words, full participation is not possible because participants are repressed, 

ignored or blocked. These forms of participation-non-participation can be 

described in terms of the trajectories presented above (see Figure 4.1).  

 

4.3 THE NOTION OF POWER IN CoP THEORY OF LEARNING 

 

Taking the basic constitutive elements of the social learning systems (identity, 

boundary, community, constellations) into account within a landscape of multiple 

practices pursued toward learning, power should be studied. In this respect, 

Wenger (2010a) points out that CoP is a learning theory, not a political theory. 

However, issues of power are inherent in a social perspective on learning. To 

Wenger (2010a), learning and power imply each other. He argued that CoP is 

based on the creation of practices, and this creation takes place in response to 

power, not as an outcome of it. Therefore, he describes power as constituted by 

two intertwined processes: the modulation of identification and the modulation of 

accountability.  

 

Modulation of identification refers to the different degrees of identification that we 

can have to different communities and their practices. This modulation makes one 

accountable to the communities‘ regimes of competence. This process implies that 

identity is shaped both inside-out and outside-in. As presented in the previous 

section, the modulation of identification can be a result of experiences of 

participation or non-participation, or a result of an exchange between individual 

processes of engagement to identify and collective processes in which others 

identify the individual. This modulation process includes the modes of belonging 
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described previously (engagement, imagination, and alignment) as people shape 

their identities through direct experience, images of the world that locate them in 

various contexts, and following directions or negotiating plans to pursue effective 

practices.  

 

Modulation of accountability is the complement process of identification. Because 

there are three aspects of the regime of competence in the CoP (according to the 

three characteristics: mutuality, joint enterprise, and shared repertoire), this regime 

is translated into a regime of accountability. Therefore, it implies being accountable 

about engagement with the community and the degree of trust generated as a 

partner, understanding of the enterprise and the contribution to it, and the access 

acquired by this repertoire and the ability to use it appropriately. The modulation of 

accountability includes the responsibility to shape the meanings that matters within 

the CoP25.  

 

The basic mechanism by which these two types of modulations co-exist is the 

interplay of participation and reification; in other words, by acting with others in the 

community and producing the practice. Here, the negotiation of meaning can be 

seen as the interdependent nature of modulation, whereby identification (the 

identity part) and accountability (the regime of competence of the CoP counterpart) 

define each other (Handley et al., 2006). For instance, to identify ourselves (or not) 

to a practice (neurosurgery) translates to a regime of accountability (being 

competent or not competent as a neurosurgeon). Across the landscape of 

practices and constellations, this process is repeated to negotiate the proper 

meaning for our identities and our communities.   

 

Other researchers have pointed out that Wenger‘s view of power can be extended. 

Fox (2000) critiques the focus on power attached to identity formation given by 

                                                           
25 The modulation of identification and accountability processes work at the level of CoP as 
well as other broader social learning systems as constellations.  
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Wenger and presents an approach of power as emergent and historical from the 

network of actions. Contu and Will (2003) suggest that power is a motivator for 

community members, but only if this power is perceived as a construction from 

outside the community (i.e. from other levels of social structures). Schwen and 

Hara (2003) and Keating (2005) propose the inclusion of motivation in the interplay 

of identification and accountability as an essential part of power from a CoP 

perspective. Thompson (2005) complements the motivation-power interplay by 

establishing that if a power differential is created among the members of the CoPs, 

then power is not a motivator, but instead an obstacle. Hong and O (2009) point 

out that power is a by-product of identity; therefore, if there are differences in 

perceptions about the identities and perceptions of power within CoPs and 

between them, learning cannot be achieved. All of these extensions of the vision of 

power have a common ground: motivation and values as aspects that should be 

considered within the interplay of identification and accountability.  

 

4.4 DIMENSIONS OF DESIGN FOR LEARNING 

 

This section presents the central issues to understanding CoP evolution in the 

context of learning and design, taking into account previous sections and 

generating a series of dimensions to focus on when talking about design for 

learning. Here, the CoP framework helps us understand that learning by 

intervening in a social system is the same as working within a CoP context 

(Schlanger & Fusco, 2003): ―We must recognise the reciprocal and sometimes 

dialectical relationship between the norms and practices of the extant community 

and those of a particular intervention‖.  

 

According to Wenger (1998), learning is a process of negotiating meaning and 

transforming identities in which competences and experiences play an important 

role. He points out that, given that learning is an emergent structure from these 

aspects, learning cannot be designed. What can be designed are social 
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infrastructures that foster learning. These social infrastructures are called dualities 

(or dimensions). To Wenger (1998), a duality is ―a single conceptual unit that is 

formed by two inseparable and mutually constitutive elements whose inherent 

tension and complementarity give the concept richness and dynamism‖ (p. 66). In 

this sense, it is not a synonym of dichotomy, because the latter is associated with 

division, choice, and opposition.  

 

Wenger (1998) describes four dualities as being central to understanding 

community evolution:  

 Participation/reification: the process of design involves decisions about 

forms of participation and reification, making sure that the right people are in 

the right place in the right kind of interaction and that some artefacts (tools, 

plans, procedures, curricula, etc.) are in place.  

 Designed/emergent: the process of design consists of including the 

emergent nature of the learning process and making it an opportunity, 

because there is an uncertainty between design and its realisation.  

 Local/global: the process of design should include access to other 

communities and the negotiation of learning, taking those constellations into 

account.   

 Identification/negotiation: the process of design should create a focus on 

identification and accountability (or negotiation of regime of competence).  

 

In addition to those 4 dimensions for learning, Barab et al. (2003) add two dualities 

to this framework:  

 Online/face-to-face: given that some CoPs are online, this adds a tension 

about the influence of online settings on CoPs and the need for face-to-face 

interactions. The process of design involves questioning the social spaces 

required in CoPs. 

 Coherence/diversity: given that some CoPs are committed to empowering 

their participants, the process of design should include the tension between 
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giving voice to multiple perspectives and advancing a particular agenda or 

framework.  

 

Schwen and Hara (2003) point out the need to consider both learning in practice 

(action and participation) and traditional learning (acquisition) in the design of 

CoPs, even though this tension is not presented as a duality. Here, they propose 

that the process of design should take into account a balance between learning as 

knowledge and learning as knowing immersed in those two perspectives 

(acquisition and participation).  

 

Wenger (2000) presents, in addition to the previous dualities,, a series of 

dimensions regarding the different constitutive elements of the social learning 

systems:  

 Regarding communities, he points out that a process of design should 

involve questioning how deep the sense of community is over time, how 

much initiative the community has to keep learning at the centre, and how 

self-conscious the community is about the repertoire and its effects.  

 Regarding boundaries, he develops other three aspects for a process of 

design: whether the boundary processes give access to the different 

meanings between practices, whether the boundary processes enable 

coordinated action, and whether the boundary processes provide two-way 

connections.  

 Regarding identities, Wenger (2000) proposes questioning the depth of 

connections, the scope of an identity, and its effectiveness (in terms of 

enabling actions and participation).  

 

Taking these previous dimensions into account in a specific domain (education 

settings), Wenger (1998; 2002) calls on us to:  

 Reflect on the proportion of the learning process that should be reified and 

on the forms of participation that can give meaning to the learning process.  
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 Develop different social spaces to interact in and generate different activities 

to create a rhythm for the community. 

 Minimise teaching so learning can be maximised. 

 Connect educational experiences to other experiences. 

 Put into consideration different identities of participation with multiple 

perspectives on the learning process. 

 Track the different stages of community development (also presented by 

Lewis and Allan, 2005): defining the domain and purposes, generating 

ground rules (foundation/potential), generating interactions and trust 

(incubation/coalescing), working in activities (improvement/maturing), 

putting the ideas into practice to generate learning measured in process and 

performance (implementation/stewardship), and defining a closure or 

transformation process (transformation).  

 

Finally, Eckert et al. (1997) add the following aspects to this discussion about the 

dimensions of learning design in educational settings: 

 Teachers should be model learners and model participants. Therefore, 

everything that applies to students also applies to teachers.  

 Schools work with parents. 

 Curricula should promote diversity. 

 Assessment should be related to personal responsibility and direct 

engagement with the outside. 

 Grouping of students should be flexible and appropriate to the task. 

 

4.5 A CoP CONCEPTUAL FRAMEWORK FOR CSCL-MPS PROCESSES 

 

Figure 4.2 presents a summary of the CoP conceptual framework that shows three 

different aspects of the social learning theory in CoP: (a) learning from a social 

dimension with the negotiation of meaning in practices, (b) power with the 
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modulation of identification and accountability, and (c) the constitutive elements of 

the social learning systems. This conceptual framework can support a systemic 

intervention approach in overcoming the challenges presented in Chapters 1 and 2 

regarding CSCL-MPS processes: the need for a historic perspective on the 

learning process in CSCL-MPS processes, taking into account the participants‘ 

roles and identities and the context of application. Relating identities as negotiated 

experience, learning trajectory, (multi)membership, and different forms of 

participation to the social aspects of learning helps us analyse CSCL-MPS in line 

with the proposals presented in previous chapters.  

 

The CoP framework that helps us deal with identities from a social learning 

perspective also benefits from the systemic intervention approach because the 

latter can deal with different dimensions of the CSCL-MPS processes and can 

support informed reflection about the people and issues to be considered. 

Therefore, a synergy between systemic intervention and CoP framework has the 

potential to overcome CSCL-MPS challenges. 
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•Engagement

•Imagination

•Alignment

-Modulation of Accountability: 

•Regime of competence –

mutuality, joint enterprise, shared 
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•Tension between and within 

communities

•Motivational aspects

 

Figure 4.2: Social aspects of learning processes according to the CoP perspective  

 

Having described the two bare bones of the methodological design for overcoming 

CSCL-MPS challenges, the next chapter focuses its attention on explaining this 

methodological design to analyse CSCL-MPS processes.  
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5. METHODOLOGICAL DESIGN 

 

In this chapter I present the methodological design to analyse and improve on a 

CSCL-MPS process, taking advantage of a systemic intervention research 

approach and a CoP perspective on learning. On the one hand, as presented in 

Chapter 3, systemic intervention can help us overcome the need for an integrated 

analysis while making explicit the analysis of the participants‘ identities because of 

its emphasis on methodological pluralism and boundary critique. On the other 

hand, as presented in Chapter 4, the CoP framework can help in that analysis of 

identities, making use of the idea of identity being related to social aspects of 

learning, such as negotiated experience, learning trajectory, (multi)membership, 

and different forms of participation within and between CoP. Therefore, the 

methodological design presented in this chapter aims to overcome those CSCL-

MPS challenges presented in Chapters 1 and 2 by a creative design of methods. In 

doing so, this chapter presents two different and interrelated parts of this design. 

First, it presents the boundary questions that lead to the design of methods for 

defining issues. In that part, I present the Critical Systems Heuristics framework 

combined with Soft Systems Methodology methods in Mode 2 to explore boundary 

critique reflections. In addition, I also discuss the use of the CoP framework to 

support these boundary critique reflections, especially to analyse participants‘ 

identities. Second, I present some theoretical issue-related questions that lead to 

the design of methods to address the issues. Here, conventional methods from 

CSCL-MPS fields to analyse CSCL-MPS processes are proposed. Additionally, I 

present discussions about some traditional methods. Finally, I present a summary 

of the creative design of method, which will be used in analysing two projects 

(which are presented in Chapters 6 and 7).  

 

5.1 USING CSH, SSM – MODE 2 AND CoP FOR REFLECTION ON THE 

BOUNDARY QUESTIONS 
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This section presents the use of CSH and SSM – Mode 2 to support reflection on 

the boundaries (issues and people included, excluded, or marginalised). To take 

advantage of this part of the systemic intervention, a creative design of methods, 

with its questions to be answered, is required. Table 5.1 presents the summary 

regarding the boundary questions concerning the agents, stakeholders, and issues 

to be considered in a CSCL-MPS research process within the systemic intervention 

framework.  

 

Regarding the questions and methods presented in the table, there are several 

aspects that must be explained to identify the creative design of methods in this 

proposal. First, the CSCL-MPS process analysis can be focused on both issues to 

be considered and the identities and roles of the people who frame those issues. 

There are questions related to each of those aspects, and it is important to 

recognise that the process of making boundary judgements about issues and 

identities and roles of the agents can be seen as an ongoing reflection throughout 

the change process.  

 

Second, there are several dimensions for considering the process of CSCL-MPS: 

Learning purpose, cognitive and metacognitive aspects, collaborative interactions, 

attitudes, beliefs and incentives, and technological aspects. These dimensions 

refer to the main theoretical discussions presented in Chapters 1 and 2.  

 

Third, I present the questions in generic forms. In other words, they are questions 

about CSCL-MPS processes in terms of the systemic intervention approach, 

although in practice there is need to consider specific questions according to the 

situation analysed. Besides, as a result of answering the questions in Table 5.1, a 

further set of questions can be generated about the issue-related questions, 
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regarding the details and implementation of a CSCL process26. Thus, Table 5.1 

and its new set of questions can together help us develop a deeper understanding 

of CSCL processes. 

 

The generic boundary questions and knowledge-related questions proposed in 

Table 5.1 are based on the proposals made by: 

 Checkland and Scholes (1990), in proposing questions to evaluate decision 

and implementation processes in social projects.  

 Mingers (1997b), in proposing questions regarding relationships between (a) 

practitioner(s)—agents undertaking the intervention—and intellectual 

resources—available theories and methodologies—(b) practitioner(s) and 

problem situations—real-world situation of concern—and (c) the problem 

situation and intellectual resources. At this point, special attention is given to 

the (a) and (b) categories of Mingers‘ proposal, questioning the practitioners‘ 

identities, their knowledge, their motivations, and more. 

 Wenger (1998; 2000), in proposing dimensions and questions to guide a 

design for learning in CoP.  

 Midgley (2000), in proposing the type of questions to guide a systemic 

intervention (boundary, issues, and knowledge-related questions).   

 Reynolds (2001), in proposing questions to evaluate expert support in 

systemic improvements, considering practitioners‘ skills regarding 

objectivity, participation, and reflection.  

 Córdoba and Midgley (2008), in proposing questions about how to make 

information systems research more critical.  

 

Table 5.1 presents generic questions and methods regarding reflections about the 

boundaries in CSCL processes. The first set of questions concerns the basis of the 

                                                           
26 However, some generic questions concerning the particular set of questions generated 
from Table 5.1 can be formulated, taking a theoretical perspective of CSCL-MPS into 
account. Section 5.2 presents these generic questions.  
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learning process in terms of purposes, agents, stakeholders, values, and agents‘ 

notions for improvement. There are also questions regarding those issues to be 

considered (dimensions of learning, knowledge to be promoted). The type of 

knowledge that the agents have is also questioned. These refer to boundary 

questions, so we can identify issues and people to be included in the discussion 

about the learning process and organise a vision of the CSCL process itself. 

Furthermore, the context takes into account the question about what issues are out 

of the scope of the CSCL process or activities.  

 

 Boundary questions to be considered in CSCL-MPS 

(the questions also can be made in the ―is‖ form to account for the current 

situation) 

Agents – 

Stakeholders: 

Participants’ 

identities   

 Who should the agents and stakeholders be? 

 What should their roles, purposes, values, and interests in this 
intervention be? 

 What kinds of knowledge should the agents and stakeholders have? 

 What attitudes (in a broader perspective) should the stakeholders have? 

 How should we monitor and challenge those attitudes/perceptions? 

 Should they be accountable for their decisions? 

 Should they participate in an open dialogue about the intervention? 

 How should the identity of the agents and stakeholders be analysed? 

 Should they participate in an environment that enables understanding, 
coordination, and reflection between stakeholders? How can we 
generate that environment? 

General 

issues:  

Learning 

purposes, 

process, 

outcomes 

and context 

of application 

 What should the purposes of this intervention be? 

 What should the dimensions of this CSCL process be? 

 How should these dimensions and the relationships between learning 
purpose, process, and outcomes be analysed? 

 What should the notion of improvement for this intervention be?  

 Who should decide the inclusion of the types of knowledge to be 
promoted? 

 What should be the trigger for the CSCL process proposed? 

 What kind of rhythm and shifts of focus should be promoted to allow 
learning and teaching to inform each other? 

 Which mechanisms should be used to perceive emergent patterns and 
add them to the learning process? 

 What kind of considerations should be made regarding the context of the 
application of CSCL activities (e.g. technological access, different socio-
economical levels of participants, class dynamics)? 

Table 5.1: Boundary questions for a CSCL-MPS process 
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The methods of CSH (Ulrich, 1983) and SSM can be useful in addressing this set 

of questions. The following section explains how these methods work in the 

framework of this systemic intervention.  

 

5.1.1 Critical Systems Heuristics – CSH 

CSH is one framework that suits the purpose of answering boundary questions 

concerning CSCL-MPS process and agents (Midgley et al., 1998). CSH is a 

framework to support the process of making boundary judgements (Ulrich, 1983).  

Taking into account the general description presented in the previous chapter 

regarding CSH and deep complementarism, this section presents the basic ideas 

of the CSH framework, especially the twelve boundary categories (Ulrich, 1983).   

 

Ulrich (1983) proposes CSH as a practical framework that can help people in the 

process of reflecting on and challenging boundary judgements. The basic idea 

behind CSH is to support people in the process of identifying and examining 

boundary judgements, finding options for those judgements, and reflecting on, 

debating, and challenging those boundary judgements (Ulrich, 2005). In order to do 

that, CSH has developed a systemic categorisation of boundary issues. There are 

four basic boundary issues, each of which leads to three types of boundary 

problems. Accordingly, CSH proposes a conceptual framework of twelve boundary 

categories – twelve questions (Ulrich, 2005). Figure 5.1 and Table 5.2 present a 

summary of the CSH categories and questions.  
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Figure 5.1: Boundary categories (Ulrich, 1983, p. 258; 2005, p. 10) 

 

The four boundary issues are (Ulrich & Reynolds, 2010): 

 Sources of motivation: where a sense of purposefulness and principle 

values comes from. 

 Sources of power/control: where the necessary resources and power are 

located. 

 Sources of knowledge: where sufficient expertise and experience is 

assumed to be available. 

 Sources of legitimacy: where social and legal approval is assumed to reside. 

 

The three boundary problems are (Ulrich & Reynolds, 2010): 

 Social group or role (stakeholder). 

 Role-specific concern (what is at stake). 

 Key problem (a stakeholding issue). 
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SOURCES OF MOTIVATION 

(1) Who is (ought to be) the client? That is, whose interests are (should be) served? 

(2) What is (ought to be) the purpose? That is, what are (should be) the consequences? 

(3) What is (ought to be) the measure of improvement? That is, how can (should) we 

determine that the consequences, taken together, constitute an improvement? 

SOURCES OF POWER 

(4) Who is (ought to be) the decision-maker? That is, who is (should be) in a position to 

change the measure of improvement? 

(5) What resources are (ought to be) controlled by the decision-maker? That is, what 

conditions of success can (should) those involved control? 

(6) What conditions are (ought to be) part of the decision environment? That is, what 

conditions can (should) the decision-maker not control (e.g. from the viewpoint of those not 

involved)? 

SOURCES OF KNOWLEDGE 

(7) Who is (ought to be) considered a professional? That is, who is (should be) involved 

as an expert, e.g. as a researcher, planner or consultant? 

(8) What expertise is (ought to be) consulted? That is, what counts (should count) as 

relevant knowledge? 

(9) What or who is (ought to be) assumed to be the guarantor of success? That is, where 

do (should) those involved seek some guarantee that improvement will be achieved – for 

example, consensus among experts, the involvement of stakeholders, the experience and 

intuition of those involved, political support? 

SOURCES OF LEGITIMATION 

(10) Who is (ought to be) witness to the interests of those affected but not involved? That 

is, who is (should be) treated as a legitimate stakeholder, and who argues (should argue) 

the case of those stakeholders who cannot speak for themselves, including future 

generations and nonhuman nature? 

(11) What secures (ought to secure) the emancipation of those affected from the 

premises and promises of those involved? That is, where does (should) legitimacy lie? 

(12) What worldview is (ought to be) determining? That is, what different visions of 

―improvement‖ are (should be) considered, and how are they (should they be) reconciled? 

Box 5.1: Checklist of boundary questions. The second part of each question, 

beginning with ―That is…‖ defines the boundary category in question (from Ulrich, 

2000, p. 258) 

 

CSH has two main purposes: to analyse situations (for personal understanding and 

by engaging people to discuss different perspectives) and to allow people to 
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challenge the others‘ boundaries (Midgley, 2000; Ulrich & Reynolds, 2010). They 

help in making an assessment of a situation:  

By answering the boundary questions in the ―is‖ mode and then contrasting the 
answers with the previously determined ―ought‖ answers, we can evaluate the 
merits of a claim without any illusion of objectivity. That is, we make it clear to 
ourselves and to everyone else in what way our evaluation depends on a 
specific reference system that others need not share. (Ulrich, 2005, p. 12) 
 

Or they can help to make critique of a situation, from a different perspective:  

By unfolding a claim‘s assumptions and implications in the light of alternative 
reference systems, we can develop a better understanding of its selectivity and 
of possible ways to do more justice to the concerns of all stakeholders, if not to 
reach a shared understanding with them. (Ulrich, 2005, p. 12) 

 

This conceptual framework helps to uncover the purposes, values, and interests of 

the participants, to question the issues being considered, and to identify those that 

ought to be considered. Thus, it is a framework that can be helpful in the 

methodological design of CSCL-MPS inquiries.  

 

5.1.2 Soft Systems Methodology – SSM 

A synergy between CSH and other methods can be useful in the exploration of 

boundary questions. In this regard, SSM (Checkland, 1981; Checkland & Scholes, 

1990; Checkland, 1999) is useful to exploring the cultural features that undermine 

the situation being studied. SSM pursues learning and improvement of the 

situation, taking into account that there are different actors with diverse viewpoints. 

Therefore, it considers a pluralistic context with an ill-defined situation. Additionally, 

it can help in dealing with the identification of specific activities that need to be 

undertaken in the course of an intervention (Midgley, 2000), and it can help us 

make sense of or reflect upon the flux of events and ideas developed in a problem 

situation (Checkland & Scholes, 1990). In the case of CSCL-MPS processes, the 

challenge of reflecting about learning purposes, process, and outcomes can be 

supported with some SSM methods. Moreover, previous uses of SSM have shown 

its relevance in dealing with these kinds of issues within the context of a systemic 

intervention (Gregory & Midgley, 1999; 2000; Midgley, 2000).  
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According to von Bulow (1989), cited in Checkland and Scholes (1990):  

SSM is a methodology that aims to bring about improvement in areas of social 
concern by activating in the people involved in the situation a learning cycle 
which is ideally never-ending. The learning takes place through the iterative 
process of using systems concepts to reflect upon and debate perceptions of 
the real world, taking action in the real world, and again reflecting on the 
happenings using systems concepts. These are conceived as holistic ideal 
types of certain aspects of the problem situation rather than as accounts of it. It 
is taken as given that no objective and complete account of a problem situation 
can be provided. (Checkland & Scholes, 1990, p. 28)  

 

The basic idea behind SSM is to generate learning about the situation and the 

participants‘ worldviews, comparing models of human activity with perceptions of 

the current situation. Figure 5.2 presents the process of SSM. According to 

Checkland and Scholes (1990), the figure can be explained by the following 

dynamic:  

 There is a situation in everyday life that is regarded as problematical and 

should be managed. 

 The situation can be seen as a product of a particular history, which should 

be taken into account in the analysis.  

 Two interacting streams of structured enquiry lead the implementation of 

changes to improve the situation. Both streams have their bases on tasks 

(perception of purposeful actions in the situation) and issues (items on 

which there are disagreements).  

 The right-hand-side stream is the logic-driven one. Here, relevant systems 

are named, modelled, and used to illuminate the problem situation. This is 

done by comparing the models with perceptions of the part of the real world 

being examined.  

 Relevant systems are named with root definitions. These express the core 

purpose of a purposeful activity system. That core purpose is expressed as 

a transformation process in which some entity, the ―input‖, is changed, or 

transformed, into some new form of that same entity, the ―output‖.  
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 Root definitions can be formulated by remembering the CATWOE 

mnemonic:  

o Customers: the victims or beneficiaries of T; 

o Actors: those who would do T; 

o Transformation process: the conversion of input to output; 

o Weltanschauung: the worldview which makes this T meaningful in 

context; 

o Owners: those who can stop T; and  

o Environmental constraints: elements outside the system that are taken 

as given.  

 Named relevant systems are then modelled as a map of the human 

activities that would need to be undertaken if the system were to become 

operational.  

 A comparison between those conceptual models and the different 

perceptions of the situation is promoted to generate changes and 

improvement in the situation.  

 The left-hand-side stream is the cultural analysis one. Here, the problem 

situation is expressed taking into account cultural aspects. Three analyses 

are developed: intervention, ―social‖, and ―political‖ analyses.  

 The analysis of the intervention (Analysis One) examines the intervention 

itself, since this will inevitably itself effect some change in the problem 

situation. Here, intervener (problem-solver), client, and problem-owner (the 

actor who perceived the problem and who wishes something were done 

about the problem) roles are analysed.  

 The ―social system‖ analysis (Analysis Two) takes into account an 

interactive dynamic between roles—a social position, norms—expected 

behaviours of those in particular roles, and values—local standards used to 

evaluate actual performance in a role. 

 The ―political system‖ analysis (Analysis Three) takes into account that 

politics is a process by which differing interests reach accommodation. This 
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analysis is made practical by asking how power is expressed in the situation 

studied. The idea is to bear in mind the ―commodities‖ (meaning the 

embodiments) through which power is expressed.  

 The logic-driven stream and the cultural stream interact, each informing the 

other. They lead to the definition of changes and the implementation 

processes.  

 Changes should be ―systemically desirable‖ if the ―relevant systems‖ are 

perceived relevant, and ―culturally feasible‖ if they are perceived as 

meaningful within the culture in which changes are implemented.  

 Three types of changes are sought: structural, process, and attitudinal.  

 Structural changes are those made to those parts of reality that do not 

change in the short term: organisational groupings, reporting structures, or 

structures of functional responsibility.  

 Process changes are those made to the dynamic elements: the process of 

reporting and informing, verbally or on paper, all the activities that go on 

within the (relatively) static structures.  

 Attitudinal changes are not only changes in the attitudes such as may be 

sampled in the ―attitude surveys‖, but also many other crucial but intangible 

characteristics that reside in the individual and collective consciousness of 

human beings in groups. They include changes in influence, changes in the 

expectations that people have of the behaviour appropriate to various roles, 

and changes in the readiness to rate certain kinds of behaviour ―good‖ or 

―bad‖ relative to others. Such changes will occur steadily as a result of 

shared experiences lived together by people in human groups, and they will 

also be affected by deliberate changes made to structures and procedures.  
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Figure 5.2: The process of SSM (from Checkland & Scholes, 1990, p. 29) 

 

SSM can be used in two ways (each way named a ―mode‖):  

 Mode 1 refers to the formal stage-by-stage application of the methodology in 

an intervention. This mode helps us investigate, from the outside, a part of 

the flux of events and ideas in the problem situations. Therefore, Mode 1 

takes the model in Figure 5.2 to enquire into and improve upon some part of 

the real world. Mode 1 is called ―intervention‖ mode. 



145 
 

 Mode 2 refers to the internal use of the SSM framework as a thinking mode. 

It helps us make sense of the experience, starting from inside the flux of 

events and ideas. Here, there is not a specific operation of the SSM stages, 

but the SSM framework is used to provide a coherent way to describe the 

would-be problem-solving involvement in the flux. Therefore, Mode 2 takes 

a conscious reflection upon interactions with the flux of events and ideas to 

generate learning about the problem situations being intervened upon. This 

can be used to understand the structure of a pattern of past events 

underlying the detailed happenings (Checkland, 1981). Mode 2 is called 

―interaction‖ mode.  

 

Taking into account previous description of SSM framework, SSM can support the 

analysis of boundary questions of Figure 5.1, together with CSH. In doing so, SSM 

(Mode 2) can help us make sense of the experience, reflect on those experiences, 

and promot learning from them by exploring multiple options and co-constructing 

this learning (Midgley, 2000; Harwood, 2012).   

 

5.1.3 CoP for Analysing Participants’ Identities 

So far, CSH together with SSM (Mode 2) have been proposed to support the 

process of boundary reflection regarding CSCL-MPS processes. Nevertheless, the 

identity of the agents might result problematic (as discussed in Chapter 3). For this 

reason, CoP framework (described broadly in Chapter 4) is proposed to help 

explore participants‘ identities issues within a systemic intervention approach. In 

doing so, CoP matches the purpose of improving a CSCL-MPS process from a 

CST perspective, because it bases its identity proposal on an active and social 

learning perspective (Wenger, 1998; 2000; 2010a; b).  

 

Additionally, the CoP framework sees identity as a building process that takes into 

account inside-CoP as well as outside-CoP processes, where learning trajectory 

within the community is essential (Wenger, 2000). Moreover, Wenger‘s framework 
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presents the need to consider identity as a diverse, not homogeneous, set of 

elements that involves roles, community membership, cultural aspects, 

multimembership, and different types of participation-non-participation within a 

learning perspective (Wenger, 1998). Furthermore, the CoP framework sees 

identity as a byproduct of the interplay between modulation of identification and 

modulation of accountability (Wenger, 2010a). This interplay generates different 

means of identification and regimes of competence (Wenger, 2010a) and takes 

into account the tension between and within communities and the role of 

motivational aspects on identity (Fox, 2000; Keating, 2005; Thompson, 2005; Hong 

and O, 2009). Because of those aspects of the CoP framework and its applicability 

to the CSCL-MPS process, this has been considered one important part of the 

creative design of methods. Finally, the CoP dimensions of design for learning can 

help in questioning general issues regarding the CSCL-MPS process that might be 

considered.  

 

Following that summary of the main CoP features to be used in a systemic 

intervention upon the CSCL-MPS process, I will now present the aspects to be 

considered within the methodological design (see Table 5.2): 

 Dimensions of design for learning: The four dimensions presented by 

Wenger (1998), the online/face-to-face dimension proposed by Barab et al., 

(2003), and the acquisition/participation dimension pointed out by Schwen 

and Hara (2003). Therefore, in analysing learning purposes, process, and 

outcomes these dimensions play an important role in determining whether 

the design indeed fosters learning.  

 The tension between competence and experience in evaluating evidence (or 

lack thereof) of deep expertise or innovative learning: questioning whether 

the systemic intervention purpose will be related to deep expertise or 

innovative learning is important when challenging identity issues.  

 Identity characteristics: identities can be explored by considering the 

different features (negotiated experience, membership, trajectory, 
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multimembership, interplay between local and global, and participation and 

non-participation, as well as their legitimate peripheral participation aspect).  

Here, the vision of a learning trajectory that can take many forms, including 

peripheral and marginal forms, contributes to the process of reflecting on 

boundary judgements. A legitimate peripheral participation concept is 

important to highlight different forms of participation that can be legitimate.  

Additionally, the idea of an identity defined by multimembership considers 

the different processes of reconciliation between communities in which we 

participate and its influence on boundary judgements.  

 

Aspects of the CoP framework to support identity issues in systemic intervention

• Dimensions of design for learning.
• Tension between competence and experience: deep or innovative learning.

• Identity as negotiated experience: ways of participation and reification.

• Identity as membership and multimembership.
• Identity as the dynamic between the local community and the global community.

• Identity as learning trajectory: temporal, ongoing, non-linear, historical, and process-oriented 
notion.

• Identity  as the interplay between participation and non-participation: peripherality, marginality, 

legitimate peripheral participation.
• Modes of belonging or identification: different ways of participating (engagement, imagination, 

and alignment).
• Modes of accountability: different elements that define competence in the social learning 

system. 
 

Table 5.2: Aspects of the CoP framework to support systemic intervention 

 

 The modulation of identification: different levels of engagement, imagination 

and alignment should be studied to evaluate the identity- and community-

building process, as well as the way these levels affect the process being 

studied. 

 The modulation of accountability: elements that define competence in the 

different constitutive elements of the social learning systems should be 

explored to account for tensions between and within communities: 

o As with identification, regime of competence (mutuality, shared 

repertoire, and joint enterprise) accounts for learning processes. 
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Here, the level of learning focus, social capital (sense of community), 

and self-awareness (about repertoire) can be evaluated and 

challenged. 

o In terms of boundary dimensions (Akkerman and Bakker, 2011): 

transparency, coordination, and negotiability. These aspects can help 

us investigate participant identities related to the level of access and 

understanding of the problem situation, the level of adaptability in 

making decisions and applying them, and the level of accountability 

and commitment to exploring multiple perspectives. 

o Identity dimensions—connectedness, expansiveness, and 

effectiveness—can help us investigate the depth of connections, the 

scope of identity features, and the level of proficiency for active 

participation. 

 

5.2 USING TRADITIONAL METHODS FROM THE CSCL-MPS FIELD TO 

EXPLORE ISSUE-RELATED QUESTIONS 

 

Having reflected on purposes, improvement, roles, values, and issues during the 

boundary questions, the next step is to focus on the issue-related questions. It is 

important to recognise that the boundary questions should be promoted through 

the CSCL process, to keep in mind the issues included, excluded, or marginalised.  

 

This section presents the use of different traditional methods in the CSCL-MPS 

field to analyse and implement the issues chosen for study in a particular CSCL-

MPS process. These issues were chosen based on the main aspects presented in 

the literature about CSCL-MPS and on some initial answers given to some of the 

questions from Table 5.127. To take advantage of this part of the systemic 

                                                           
27 The issue-related questions are the result of reflecting on the boundary questions. 
Hence, discussion on those boundary questions in Table 5.1 is needed, and, as a result of 
that discussion, a set of questions to follow the ongoing CSCL research process is 
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intervention again, a creative design of methods, with its questions to be answered, 

is required.  

 

Dimen
-sions  

Sub-
dimensions 

Questions – Issues to be considered in CSCL-MPS 
(the questions also can be made in the ―ought to‖ form to 

account for the normative situation) 

1
. 
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1.1 
Knowledge, 
skills to be 
promoted and  
activities 
related to them 

 What is the objective (knowledge and skills to be 
promoted) of the CSCL effort? 

 What are the guidelines that support this learning 
objective? In other words, what are the learning and 
teaching theories, content, and strategies (if there are any) 
to pursue the learning objective effectively? 

 Which activities are more appropriate in meeting that 
objective? 

 Are the other dimensions aligned to the learning 
purpose(s) being pursued?  

 Are the measures of improvement aligned with the 
purpose and other dimensions? 

 What is the students‘ prior knowledge? 

 Is that prior knowledge enough to meet the learning 
purpose? 

2
. 
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ti
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e
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n
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ra
c
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n
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2.1 Nature of 
interactions 

 What kinds of categories of interactions are promoted?  

 How can interaction categories be characterised? 

2.2 Evolution 
of interactions 

 Is there any evolution pattern in interactions? If so, what 
can it tell us about attitudes, engagement, and deep 
learning? 

 Are participation and different roles in the network (central 
actors) related to attitudes, engagement, or deep 
learning? 

 How can collaboration affect cognition and metacognition? 

2.3 Group 
composition 

 How are groups organised in CSCL?  

 What are the criteria that should be used when composing 
groups?  

 How does group formation impact assessed and managed 
learning? 

 How is the individual/group unit of analysis analysed? 

                                                                                                                                                                                 
generated. Therefore, issues to be addressed in the issue-related questions should be 
aligned with those issues discussed in the boundary questions. 
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3
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3.1 
Collaborative 
learning 
activities 

 Do the students believe that the purposes will be achieved 
through the CSCL activities? 

 What are the students‘ attitudes toward CSCL activities?  

 What are the students‘ attitudes toward the learning 
purpose? 

 How do these attitudes affect collaboration? 

 How can we monitor the evolution of those attitudes? 

 What kinds of activities are designed to promote positive 
attitudes? 

3.2 
Technological 
aspects 

 What are the students‘ attitudes toward technological 
aspects of CSCL activities?  

 How can we monitor the evolution of those attitudes? 

 What kinds of activities are designed to promote positive 
attitudes? 

4
. 
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4.1 Social 
space: 
-Simple, useful 
-Face-to-face, 
virtual 
-Asynchronic, 
synchronic 

 How is the VLE (and its social spaces) designed/modified 
to support the CSCL purpose and activities? 

 What kinds of interactions are allowed (face-to-face, 
virtual, asynchronic, synchronic, or blended)? 

 How is the VLE supported to monitor activities?  

 How are social and motivational factors promoted by the 
VLE designed? 

 Which activities are supported by face-to-face interactions 
and which are supported by virtual interactions? 

5
. 
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Factors such 
as different 
socio-
economic 
background, 
different class 
and schools‘ 
dynamics 

 What kinds of considerations are taken into account 
regarding the context of the application of CSCL activities 
(i.e. technological access, different socio-economic levels 
of the participants, class dynamics)? 

 How can the condition of such contexts affect CSCL 
design?  

 Can these factors be addressed by working on the 
aforementioned dimensions? Which of these can be 
managed or are out of the scope of the CSCL processes?  

Table 5.3: Issue-related questions for a CSCL-MPS process 

 

Table 5.3 presents the summary of generic issue-related questions concerning the 

dimensions of the CSCL-MPS process to be considered in a CSCL-MPS research 

process within the systemic intervention framework.  

 

Several aspects of the questions presented in the table must be explained. First, 

there are several dimensions of the CSCL process (See Chapter 1): learning 

purpose, cognition and metacognition, collaborative interactions, attitudes, and 

technological aspects. These dimensions refer to the main theoretical discussions 
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presented in CSCL research and should be seen as interdependent28 

(Hakkarainen & Palonen, 2003; Kreijns et al., 2004; Sharda et al., 2004; Strijbos et 

al., 2004b; De Laat et al., 2006a; Pozzi et al., 2007; Shea et al., 2010; Stahl, 2011). 

Questions were formulated based on those theoretical dimensions: 

 Learning purpose includes the discussion of objectives, activities, 

knowledge required (Kreijns et al., 2003; Strijbos et al., 2004b, Arbaugh et 

al., 2009; Strijbos, 2011). 

 Cognitive and metacognitive aspects include the discussion of specific 

cognitive and metacognitive processes that take place in learning 

(Dillenbourg et al., 1996; Lehtinen, 2003; Chan & Van Aalst, 2004; Strijbos 

et al., 2004a; Stahl et al., 2006; Jaques & Salmon, 2007; Stahl, 2010). 

 The collaborative interactions dimension requires us to question how 

interactions can be described and how can they be measured, how the 

evolution of interactions can be described and assessed in terms of their 

nature, the dynamics of the interaction networks over time, how to compose 

heterogeneous groups, an how to take into account both individual and 

groups dynamics (Hurme & Järvelä, 2005; Alexander, 2006; Daradoumis et 

al., 2006; De Laat, et al., 2006a; Hurme et al., 2006; Cho et al., 2007; 

Strijbos & Fischer, 2007; Dillenbourg, 2009; Hmelo-Silver et al., 2011).  

 Attitudes towards CSCL dimensions require us to question how to promote 

and track participants‘ attitudes (Sharda et al., 2004; Joiner et al., 2005; 

Finegold & Cooke, 2006; Dewiyanti et al., 2007; Imhof et al., 2007; 

Dillenbourg, 2009; Rienties et al., 2009; Gomez et al., 2010). 

 Technological aspects include discussing about the type of VLE needed to 

support learning and its relation to face-to-face activities (Kreijns et al., 

2003; Kreijns et al., 2004: Sharda et al., 2004; Lund, 2011; Strijbos, 2011). 

 

                                                           
28 For example, factors in the ―attitudes‖ dimension can affect and be affected by factors in 
the ―collaborative interactions‖ dimension (group composition, evolution of interactions, 
etc.). 
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Second, another aspect in the learning-purpose dimension that is related to 

learning theories to effectively support CSCL is the availability of teaching 

strategies to facilitate a learning process directed by such theories. However, as 

presented in Chapter 1, pedagogical approaches for CSCL activities have not been 

studied broadly. Therefore, specific teaching strategies should be put into 

consideration (Dillenbourg et al., 1996; Lehtinen, 2003; Chan & Van Aalst, 2004; 

Strijbos et al., 2004a; Stahl et al., 2006; Dillenbourg, 2009; Strijbos, 2011). 

 

Third, taking into account the CSCL-MPS challenge of including the context of 

application in the analysis, this should be mentioned explicitly to consider 

questions regarding factors of the process that are being or will be excluded or 

included and reflect on that. In this regard, the dimensions presented in the model 

of the interactive dimension of the CSCL process (Chapter 1) lead us to consider 

factors that are related to wider socio-economic considerations. For instance, low 

levels of income and education, access (or lack thereof) to ICTs (computers and 

the Internet), costs associated, distance and accessibility to educational sites to 

take part in CSCL-MPS activities, and family support seem to influence CSCL 

processes and outcomes (Markauskaite, 2006). Also, the dynamic of the 

classroom and school can affect the learning process (Schoenfeld, 1992; Merseth, 

1993; Artzt & Newman, 1997; Mevarech & Kramarski, 1997; Helme & Clarke, 

2001; Kupari, 1988; Sawada, 2002; Sfard, 2003; Swan, 2006; Artzt et al., 2008; 

Arjava, 2011). These and other factors, and their treatment, should be considered 

during CSCL; assessment of what can be managed and what is outside of the 

control of educators and managers should also be done.  

 

Fourth, from the previous section of this chapter we can see that participants‘ 

identities and the motivational aspects can affect the CSCL process and should be 

taken into account to overcome the respective challenge of a lack of analysis of 

those aspects. It is important to highlight that previous approaches to studying 

CSCL participants‘ identities have involved the study of roles within CSCL activities 
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(Sarmiento & Shumar, 2010; Strijbos & De Laat, 2010; Chang et al., 2011). 

However, the CoP framework (within the framework of systemic intervention) 

involves the study of participants‘ identities in a broader perspective.  

 

Those new aspects (teaching strategies, context of application, and identities) can 

be included in the model presented in Chapter 1 to guide design, analysis, and 

evaluation of CSCL processes. The model revised is presented in Figure 5.3. 

 

 

Figure 5.3: Revised model of the interactive dimensions of the CSCL-MPS process 

 

5.2.1 Instructional Design and Assessment Techniques 

The first set of questions in this phase concerns the activities to be developed and 

the type of knowledge to be promoted. Those questions can be addressed with 
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methods from the pedagogy field, such as instructional design to create, run, and 

monitor the CSCL process29. Consequently, there is also a need to coordinate 

instructional design with different tests to evaluate the impact of the CSCL process 

on the purpose of learning pursued. Moreover, questions about the measures to 

design and statistics that can be used to monitor that improvement should be 

considered. Here, depending on the field of application, some assessment 

techniques should be discussed and designed. For example, the convenience of 

open-question tests, portfolios, forum participation, closed-questions tests, and 

more should be put into consideration as ways to assess learning (Chan & Van 

Aalst, 2004; Gress et al. 2010; Gweon, 2011; Strijbos, 2011).  

 

In the particular case of CSCL-MPS, proposals described in Chapter 2 regarding 

instructional design and assessment in MPS learning are considered in the 

methodological design (the issue-related part). Hence, small groups of active 

participation and discussions about relevant problems and assessment of process 

and outcomes are highlighted. Accordingly, the use of statistical tests is proposed 

to evaluate the impact of the CSCL-MPS activities on the learning purposes.  

 

5.2.2 Social Network Analysis – SNA 

Since the CSCL process is based on collaboration, some methods from Social 

Network Analysis (SNA) and Content Analysis (CA) methodologies can help us 

deal with the analysis of interactions. SNA helps us explore the resulting social 

structures derived from the relations established by the participants of a network. In 

this analysis, the general structure of the network, its groups, and the position of 

the individuals within it  examine the social structures that lie beneath the flows of 

knowledge, information, interchanges, power, learning, etc. (Sanz, 2003). Thus, 

SNA‘s purpose is to measure and represent dynamic structural relations 

                                                           
29 In this respect, the specific field of application should be considered (for example, in 
science or mathematics education the field of application might have some different 
instructional methods than those applied in language or history classes). 
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accurately, and to explain both why they occur and what their consequences are 

(Knoke & Yang, 2008).  

 

Previous investigations (Daradoumis et al., 2006; Hurme et al., 2006; Cho et al., 

2007; Rienties et al., 2009) have studied the influence of certain individual 

behavioural patterns in social networks related to performance in learning, 

attitudes, etc. These behavioural patterns can be analysed with methods that 

measure the actors‘ positions within the network (Gregory, 2009; Raza and 

Standing, 2010). These methods are:  

 Grade index: shows who is more acknowledged by the other actors 

(Wasserman & Faust, 1994; Scott, 2000; Sanz, 2003). 

 Betweenness index: shows who plays a linking or intermediary role 

(Wasserman & Faust, 1994; Scott, 2000; Sanz, 2003). 

 Reciprocity index: shows reciprocated links between two actors 

(Wasserman & Faust, 1994; Borgatti et al., 2002).  

 Quadratic assigment procedure (QAP): QAP regression methods from SNA 

are special regressions for relational data. They can help in examining some 

group dynamics by exploring the significant influence of some 

characteristics, like gender or age, on the patterns of relationships in 

networks (Yuan & Gay, 2006; Bochsler, 2007). Hence, SNA can help us 

deal with issues within social interactions and their influences on other 

dimensions of the CSCL process. 

 

In addition to the aforementioned methods previously used in CSCL research, I 

also propose using brokerage measures. Brokerage measures show how, in a triad 

of nodes30 (A, B, and C), in which there are connections of the form A  B  C, (A 

as the source, C as the destination), B can function as a broker with different social 

roles, such as coordinator, consultant, gatekeeper, representative, and liaison 

                                                           
30 ―Triad of nodes‖ refers to the analysis of the network when considering three actors at a 
time.  
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(Borgatti et al., 2001). These brokerage measures can help us identify different 

patterns of participation that account for the generation of bridge roles (as in the 

CoP framework) within the context of the CSCL-MPS process.   

 

5.2.3 Content Analysis – CA 

CA can facilitate descriptions of the nature of the interactions (Hara et al., 2000; 

Strijbos et al., 2004a; c; Strijbos et al., 2006; Strijbos, 2009). CA is the systematic, 

quantitative analysis of message characteristics (Neuendorf, 2002). It is a 

methodology to categorise the content of messages and to measure them in terms 

of frequency and evolution (Finegold & Cooke, 2006). The main factor to take into 

account in CA is the type of code (pre-established or emergent) (Strijbos et al., 

2006). Therefore, CA can help us monitor the evolution of the CSCL process, 

including cognitive, metacognitive, social, and motivational dimensions.  

 

CSCL processes have been studied using a single technique of CA, the analysis of 

general patterns in the messages (Finegold & Cooke, 2006; Strijbos et al., 2006). 

Some critiques have been presented regarding this limitation: Arjava (2011) and 

Jahng et al. (2010) point out that CA provides little information that can be used to 

explain participants‘ dynamics. Stahl (2011) and Hmelo-Silver and Liu (2011) 

present their concerns about the evolution of interactions over time and in the 

individual and group units of analysis. Therefore, when applying CA, it is essential 

to take into account the evolution of the interactions in terms of time, individuals, 

and group dynamics. My proposal to overcome this challenge is presented in 

Figure 5.4 and described as follow:  

 Besides general pattern analysis of messages, individual evolution should 

be taken into account to inform changes in message content or frequency.  

 In addition to individual evolution, group evolution should be tracked to 

analyse changes in the group dynamics.  

 A sequential analysis is also proposed to account for general patterns over 

time.  
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This content analysis technique allows tracking different dynamics in the CSCL 

process considering the unit of analysis and time as essential factors in the 

learning process.  

 

 

Figure 5.4: Framework to apply content analysis in CSCL-MPS processes 

 

In addition to the previous points, researchers of the CSCL-MPS process account 

for different categories in analysing content messages. In general, those categories 

can be aggregated into five big categories: noise, social, attitudinal, cognitive, 

metacognitive, and technical aspects, taking into account that cognitive and 

metacognitive aspects depend on the field of study (Hara et al., 2000; Strijbos et 

al., 2004a; c; Hurme & Jarvela, 2005; Daradoumis et al., 2006; Strijbos et al., 2006; 

Dewiyanti et al., 2007; Strijbos, 2009). 
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5.2.4 Surveys – Questionnaires 

So far, in this systemic intervention proposal, cognitive-metacognitive and social 

dimensions of the learning process have been approached with different methods. 

However, taking advantage of surveys to approach other dimensions of CSCL 

process (attitudes and motivational dimension) may be required. The 

attitudinal/motivational dimension includes attitudes, beliefs, and perceptions 

toward the whole CSCL process. Hence, it is important to measure changes in 

those issues to reflect and challenge those changes. This source of information 

can also be compared to other sources (for instance, with CA and SNA) to obtain 

insights about the whole situation (Rienties et al., 2009). It is important to 

emphasise again the use of statistics to help in the process of analysing the 

information obtained by surveys. Additionally, questions about the type of VLE and 

the type of monitoring system required can be addressed using surveys.  

 

Some surveys regarding CSCL-MPS processes have been proposed by different 

researchers: 

 PISA and TIMSS tests present an attitudinal survey that accounts for self-

efficacy, self-concept, anxiety, and learning strategies (see Chapter 2). 

 CSCL researchers propose measuring attitudes toward the use of ICTs in 

education, the collaboration process (group cohesion and group 

engagement), the tasks (purpose and grade of difficulty), and teacher 

engagement (Sharda et al., 2004; Joiner et al., 2005; Arbaugh & Benbunan-

Fich, 2006; Finegold & Cooke, 2006; Dewiyanti et al., 2007; Imhof et al., 

2007; Dillenbourg, 2009; Rienties et al., 2009; Gomez et al., 2011).  

 

5.2.5 Other Methods to Support CSCL-MPS Systemic Intervention 

In addition to the previous methods, it is worth highlighting the need for an 

observation process of other elements of the CSCL process (what is happening in 

the classroom, in the computer room, in the group activities, etc.) to have a vision 
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(although partial and biased) of the situation (Midgley, 2000). This could be helpful 

if we want to compare results from other sources31.  Moreover, as presented in 

previous sections, the use of statistical tests (Canavos, 1988) is valuable in finding 

relationships between variables and testing hypotheses regarding the influence of 

some variables on the learning process and outcomes32.   

 

In both parts of the systemic intervention (boundary and issue-related questions), 

school documents, proceedings of project meetings, and workshops are also 

welcome. School documents (e.g. curricula, mission statements, and philosophy of 

education) and proceedings of project meetings can help establish the broader 

context in which the CSCL processes are designed. They also help us understand 

possible values, interests, and purposes of the system concerned.  

 

Workshops can promote the social space to facilitate the process of making 

boundary judgements based on the CSH-SSM-CoP framework. Here it is important 

to highlight the question of who ought to be included or excluded, and who is about 

to be marginalised in these workshops (Midgley, 2000). Consequently, since we 

are in the process of making boundary judgements, none of these questions 

should be out of consideration, although the need for action will require 

unavoidable choices between the boundaries studied (Midgley & Ochoa-Arias, 

2001). 

 

5.3 SUMARY OF THE METHODOLOGICAL DESIGN 

 

Taking into account previous description of questions and methods to approach 

CSCL-MPS processes from a Systemic Intervention perspective, this section 

presents a summary of the methodological design previously enunciated.   

                                                           
31 This process of comparing the same type of information from different sources or 
methods is called ―triangulation‖.  
32 Hypothesis tests of differences between means (t-tests) or independency of variables 
(X2) can be used.  
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First, Figure 5.5 presents the summary of a set of the proposed CSCL-MPS 

activities, including a suitable instructional design (where F2F special classes, 

workshops to explore boundaries, and VLE activities are proposed). Here, the 

process dynamic is tracked by methods from the integrated analysis (instructional 

design, assessment techniques, CA, SNA, statistics, surveys, observation, and 

workshops). Besides, social spaces to discuss CSCL-MPS processes (boundary 

and issues-related questions) are included at the beginning, during, and at the end 

of the process.  

 

•Mathematical Test 

•Attitudinal Survey

•Meetings with parents 

and teachers 

(boundary and issue-

related questions).

•Warming-up activities 

to present CSCL 

projects.

Beginning

•Mathematical Test 

•Attitudinal Survey

•Meetings with 

teachers (boundary 

and issue-related 

questions).

End

•Initial class in computer rooms.

•Collaborative work in the VLE.

•Final class to give feedback.

•Tracking of VLE activities. 

•Special math classes.

•Meetings with teachers to track project progress 

(boundary and issue-related questions).

•Meetings with teachers to discuss CSCL-MPS 

activities. 

During the school year: problems to discuss and solve 

in F2F and Virtual collaborative interactions. 

Time

 

Figure 5.5: CSCL-MPS dynamic proposal 

 

Second, previously described methods are presented in Figure 5.6 in parallel with 

the current challenges of the CSCL-MPS research field (from Chapter 1). Here, the 

creative design of methods based on the theory of boundary critique, supported by 

CSH, SSM (Mode 2), and CoP framework, together with those traditional methods 

from the CSCL-MPS field are, as far as I know, a novelty proposal to overcome 

those current challenges. 
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Development of integrated analysis

Analysis of the context

Analysis of participants‘ roles, 

identities, and worldviews

Critical reflection about learning 

purposes, process and outcomes
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Boundary Critique: 

•CSH in the evaluation form

•SSM – Mode 2 (analyses 1, 2, 3; 

conceptual models, and 

comparison)

•CoP framework of dimensions for 

learning, identities, modulations.

Creative design of methods: 

Instructional design, assessment 

techniques, CA, SNA, statistics, 

surveys, Workshops, Observation
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Figure 5.6: Systemic intervention and current challenges in the CSCL field 

 

Finally, the systemic intervention framework (Midgley, 2011) helps represent the 

analytical process of this methdodological design as a boundary judgement 

process supported by CSH, SSM, and CoP that takes into account the agents‘ 

identities (supported by the CoP framework) and CSCL-MPS process (supported 

by traditional methods from that field) (see Figure 5.7). In this figure (adapted from 

Midgley, 2011) the analysis of agents‘ identities affects and is affected by the 

analysis of CSCL-MPS issues, because, according to the CoP perspective, the 

processes of modulation of identification and accountability affect each other (see 

Chapter 4):  

 Agents‘ identities affect the analysis of CSCL-MPS because those agents 

make decisions that bound the CSCL-MPS process to be intervened upon.  

 Agents‘ identities are also affected by particular views, competences, 

experiences, and engagement in CSCL-MPS processes, which generate 

different identities.  

 Due to these facts, the methodological design can be seen as interplay 

between agents‘ identities and CSCL-MPS processes.  
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Boundary judgements

supported by:

CSH, SSM (mode 2) 

and CoP

CSCL and MPS  supported

by: Instructional design, 

assessment techniques, 

CA, SNA, statistics, surveys

Agents‘ identity supported

by: CoP framework

 

Figure 5.7: Methods to support CSCL-MPS processes within a systemic 

intervention approach (adapted from Midgley, 2011) 

 

It is important to highlight that after asking boundary and issue-related questions 

through the whole CSCL process, the intervention is concluded if the phenomenon 

has ceased or a new phenomenon has replaced the previous one. The intervention 

should enable learning about CSCL-MPS processes and the roles and identities of 

the agents.  

 

Having proposed the methodological design framework, the next two chapters 

(Chapters 6 and 7) present two CSCL-MPS projects that will be analysed using this 

methodological framework. 
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6. ANALYSIS OF THE INTERVENTION IN THE ATARRAYA PROJECT 

 

Using the methodological framework discussed in Chapter 5, I present in this 

chapter and the next the analyses of two CSCL-MPS interventions. Chapter 6 

presents the analysis of the Atarraya project. To achieve this purpose, I present the 

context within which this project was designed, and I discuss the initial triggers of 

the Atarraya project. Second, I present some similar projects to establish the 

educational field in which the project was settled. Third, I describe the project‘s 

purpose, design, and dynamic. Fourth, I exhibit some results of the intervention in 

terms of the CSCL-MPS conceptual framework described in previous chapters 

(issues-related questions and the learning model from Chapter 5). Fifth, I analyse 

the project results and dynamic in terms of boundary critique (using CSH, SSM 

Mode 2, and the CoP framework) to uncover sources of conflicts in who and what 

were marginalised and excluded or included in the project, taking into account the 

participants‘ identities. Finally, I summarise some reflections that were put into 

consideration in the Wenaji project (which will be discussed in Chapter 7).  

 

6.1 CONTEXT OF THE PROJECT 

 

Two main aspects help us understand the background of the project to be 

analysed:  

1. The Colombian government‘s vision of ICT in education. 

2. Colombian students‘ mathematical problem-solving skills according to 

international tests. 

 

The Colombian government is currently trying to incorporate ICTs in education: the 

government‘s Communication Ministry‘s national plan for ICT states: 

―Strengthening ICT as a platform to improve the coverage and quality of education 

services, strengthen the workforce in the use of ICT and promote the generation of 

educational content‖ (Plan Nacional de TICs, Ministerio de Comunicaciones, 
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2008). The National Ministry of Education (MEN, for its Spanish name, Ministerio 

de Educación Nacional de Colombia) supports this national plan through policies 

addressing the use, access, and appropriation of ICT, content and infrastructure 

management, virtual education, and teachers‘ professional development (MEN, 

2010). These aspects concern the perceived need to increase the number of 

computers and the penetration of Internet access in schools and mitigate the lack 

of innovative projects that embrace collaborative learning and integrate different 

areas of school curriculum. These policies show that the Colombian government 

has come to consider ICT a powerful tool for education in the last few years. 

However, in one of its reports, MEN (2010) presented the need to generate 

evidence about the use of ICT in education by documenting effective experiences 

within the educative communities.  

 

The last presidential administration (2006-2010) promoted a vision of increasing 

students‘ mathematical skills. Among the quality standards designed by the MEN is 

the promotion of planning and solving mathematical problems. To support and 

measure the evolution of this vision, MEN decided to participate in international 

tests to evaluate mathematics knowledge, and, in particular, mathematical 

problem-solving (MPS) strategies in students (e.g. OECD, 2003, and TIMSS, 

1995). Those tests evaluate MPS skills on several levels of complexity. Colombian 

students performed as follows:  

 

 TIMSS (1995 and 2007): This test measures the mathematics and science 

skills of fourth and eighth grade students. TIMSS shows the results on a 

four-level scale: low, medium, high, and advanced. It adds another level 

named ―below low-level‖ to include students with skills too poor to be ranked 

in the low level. In mathematics, 69% of fourth grade students ranked 

―below low‖ and 22% ranked ―low‖. Eighth grade students were similar: 61% 

ranked ―below low‖ and 28% ranked ―low‖ (see figure 6.1) (ICFES, 2009). 
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 PISA (2006 and 2009). This test evaluates 15-year-old students‘ knowledge 

of mathematics, science, and reading, regardless of grade. PISA results are 

classified into six levels; Level 1 is the lowest, and Level 6 is the highest. 

Like TIMSS, PISA also has a ―below low‖ level. On the mathematics part of 

the 2006 test, nearly 72% of Colombian students ranked at or below Level 

1. On the 2009 test, results were similar, with 70.4% at or below Level 1 

(see Figure 6.2). PISA‘s Level 2 ―represents a baseline level of mathematics 

proficiency on the PISA scale‖ (OECD, 2007, p. 314), and Level  3 shows 

proficiency of simple MPS skills. The definitions of Below Level 1 and Level 

1 are presented below: 

 

Below Level 1: Such students will have serious difficulties in using 

mathematics as an effective tool to benefit from further education and 

learning opportunities throughout. 

Level 1: Students proficient at Level 1 can answer questions involving 

familiar contexts where all relevant information is present and the 

questions are clearly defined. They are able to identify information 

and to carry out routine procedures according to direct instructions in 

explicit situations. They can perform actions that are obvious and 

follow immediately from the given stimuli. (OECD, 2007, p. 312) 
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Figure 6.1: Colombian students by performance level: 1995 and 1997 TIMSS tests 

 

 

Figure 6.2: Colombian students by performance Level: 2006 and 2009 PISA tests 

 

The PISA results show that the majority of Colombian students are not even at the 

baseline level of mathematics proficiency or the level of simple MPS skills. They 

can solve what the theory of mathematics learning calls ―exercises‖. According to 
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PISA (OECD, 2007), this implies difficulties generating deep mathematics learning 

and participating in the society with the required mathematics skills (see also 

Chapter 2 of this thesis). Thus, the MEN vision concerning mathematical skills 

needs to be emphasised to improve MPS skills. This involves the generation of 

new teaching-learning strategies, changing from a ―drill-and-practice‖ perspective 

to a ―problem-solving‖ perspective on mathematics learning.  

 

These two aspects inspired the design of the Atarraya project. The next section 

presents some similar projects to contextualise the project within the context of 

CSCL-MPS field.  

 

6.2 SIMILAR PROJECTS 

 

Before the Atarraya project is explained, it is important to mention similar projects 

that used computers‘ support in mathematical education. Although Atarraya and 

Wenaji have a base in MPS and CSCL, some similarities with other projects can be 

identified. 

 

The first project was called NRICH33. It has been carried out by the University of 

Cambridge Faculties of Education and Mathematics since November 1996. It aims 

to generate challenging and rich activities with meaningful contexts for teachers, 

students, schools, and other educational settings, promoting mathematical thinking 

and problem solving, taking mathematics curriculum content into account. It 

includes a series of free-access monthly problems, articles, and games intended to 

be tackled by 5- to 19-year-old students. These problems are classified by level of 

difficulty (problems for some initial investigation and planning, problems beyond the 

normal curriculum, and very challenging problems). Those monthly problems are 

tagged with curriculum content and have interactive and printed editions. Each 

problem includes its wording, a hint, and a link to submit a solution. The solution 

                                                           
33 www.nrich.maths.org, retrieved on February 26, 2011. 

http://www.nrich.maths.org/
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must include answers and explanations of methods used and reasons for choosing 

those methods. For each problem there are some resources to support teachers: 

an explanation of the problem in terms of content and skills to be pursued, possible 

approaches to address the problem with the students, and questions to formulate 

in discussions with students. Additionally, problems that are not solved are 

uploaded again for students who want to propose solutions. Some solutions are 

chosen to be uploaded to the website. The idea is to solve the problems 

individually (or in pairs within the classroom). Additionally, there are articles for 

helping teachers in their continuing professional development. The entire project is 

designed in association with other projects (e.g. workshops for teachers who want 

to improve their mathematics teaching skills).  

 

The second project is called Virtual Math Team34 and is part of the Math Forum 

project. This project is based on virtual mathematics discussions and graphical 

representations, regardless of a specific curriculum. It has the support of Drexel 

University‘s Goodwin College of Professional Studies and is interested in online 

interaction analysis and social activities that promote engagement. Since 1992, 

Math Forum has offered tools on its website to support its objective for students 

and teachers from kindergarten, through primary and middle school, to high school 

(K-12 education). Among those tools is ―the problem of the week‖, which students 

can visit to download problems, upload contributions, or ask for help. Best 

solutions are posted here, and feedback mentoring is provided by messages that 

include guidance, suggestions, and encouragement. Another virtual space on the 

Math Forum, called ―Ask Dr. Math‖, allows students to ask questions of experts. 

Since 2004, it has also included a space for virtual mathematics discussions, in 

which students can work on the problem of the week or on more open-ended 

mathematics problems (―Math World‖ section) with a group of peers. This section 

has open rooms, restricted rooms (which can be entered only by invitation), and 

limited rooms (for which users can request permission to enter). This zone has a 

                                                           
34 www.mathforum.org, retrieved on February 26, 2011. 

http://www.mathforum.org/
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repository of discussions and previous problems. There are also tools for teachers: 

online mentoring (with guidance for problem discussions) and teacher professional 

development (with paid workshops and face-to-face courses). Math Forum‘s final 

purpose is to create a virtual community for mathematics, with all the members 

taking advantage of the mathematics content, video games, and instant messaging 

feature.  

 

Some studies have examined the use of computers to support collaboration in 

mathematics learning (Hurme & Jarvela, 2005; Zemel et al., 2005; Hurme et al., 

2006; Moss & Beatty, 2006; Zemel et al., 2007; Stahl, 2010; 2011). In those 

studies, researchers presented the ways the use of CSCL environments can help 

students discuss mathematical issues (cognition, metacognition, and social 

activities within the network), within the context of the mathematics curriculum. 

Those studies refer to classroom activities with durations from one to a few months 

in which students are instructed, first, in the classroom, to develop a mathematical 

project, and then, in the chosen VLE, to discuss the project with their groups (up to 

three students per group), giving new ideas or responding to classmates‘ ideas. 

The chosen VLE includes text-based environments for interactions (forums and 

chats), a repository, and some guidance from teachers. 

 

These projects help us understand the complexity associated with a CSCL in MPS. 

With this context presented, the next section describes the Atarraya project. 

 

6.3 DESCRIPTION OF THE ATARRAYA PROJECT 

 

6.3.1 Purpose 

The objective of the Atarraya project was to encourage the creation of learning 

networks and to promote mathematical problem-solving skills in tenth and eleventh 

grade students by means of ICTs (research proposal, 2005). The project aimed to 

design different mechanisms of interactions to promote learning outside the 
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classroom. These mechanisms aimed to understand how to stimulate the network, 

the way the network works, and the way it can be intervened upon to generate 

positive attitudes toward mathematics and mathematics learning. This 

understanding involved the promotion of strong connections among the participant 

institutions. This goal was established by the authors of the research proposal 

before they received funding. In line with these objectives, the project also aimed to 

help teachers better understand the NCTM and MEN mathematics standards.  

 

In practice, the Atarraya project main resource was a virtual network of 

mathematical problems that mainly addressed the topic of proportionality35. The 

goal of the network was for students to work collaboratively to solve mathematics 

problems. In the course of the project, some discussions regarding the project 

purpose (based on the research proposal) were proposed. In particular, questions 

were raised about whether the project‘s top priority was to promote learning or to 

foster strong connections. However, those questions failed to lead to important 

discussions. This point will be analysed later on.   

 

6.3.2 Design Phase: Initial Activity 

From June to August 2006 the Atarraya project was designed. The following is an 

outline of the main activities in that process. 

 

                                                           
35 This topic was chosen essentially for two reasons: (a) at the beginning of the project the 

idea was to consider different topics that allowed students to apply a wide variety of 

mathematics problem-solving skills. However, this idea changed after the third problem 

(November 2006) because of the low level of participation and low level of mathematics 

discussions regarding students‘ MPS skill level. There was thus a need to limit the scope 

of the problems to one topic. (b) This topic is included in the sixth grade mathematics 

curriculum. Therefore, tenth and eleventh grade students should find it familiar and easy to 

follow. This change was the result of the monthly meetings and discussions held with 

students, teachers, and researchers. 
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In June 2006, students were invited to participate in a meeting at Universidad de 

los Andes, which included an initial mathematics test, a network role-playing game, 

and a survey of students‘ computer use and Internet access.  

 

The initial mathematics test was a word problem about areas and costs that was 

expected to be solved individually in 40 minutes. Thereafter, students were 

organised in random groups to solve a problem with similar content (areas and 

costs). Later, students were organised again in random groups of five to play a 

game online with a twofold purpose: (a) to introduce them to interaction in a virtual 

environment, and (b) to reflect on the influence of communication patterns in virtual 

groups. Finally, students answered an online survey about their computer use and 

Internet access.  

 

6.3.3 Meetings 

During this phase, three kinds of meetings were held to discuss the Atarraya 

project‘s design. The first type of meeting, which researchers attended, was to 

evaluate the initial mathematics test and the survey‘s answers.  

 

The second type of meeting, which teachers and researchers attended, was to 

establish the general composition of the participants and the methods by which to 

choose student leaders who would participate in subsequent meetings: two student 

representatives per school, preferably a boy and a girl.  

 

The third type of meeting, which was attended by teachers, researchers, and 

student representatives, had a twofold purpose: to debate the implementation 

phase of the project (group composition, VLE design, problems schedule, etc.) and 

to be a space to discuss the research within the framework of action research that 

was proposed in the initial document (research proposal, 2005). Here, the aim was 

to generate a research group with teachers and student representatives in order to 

reflect on the decisions made and implemented. In so doing, the complete group of 
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co-researchers could contribute to a better understanding of the situation36.  This 

type of meeting was arranged monthly during the implementation phase.  

 

Some reflections and decisions from these meetings will now be presented.  

 

6.3.4 General Composition of the Participants and Researchers  

At the beginning, Atarraya comprised 207 tenth and eleventh grade students from 

seven Bogotá high schools (five schools at a low socio-economic level and two at a 

high socio-economic level)37, all of whom volunteered to participate; twelve math 

teachers from these schools; and researchers from two research centres within the 

departments of Mathematics and Engineering at Universidad de los Andes. The 

group of researchers was composed of two experts in mathematics education 

(original proponents of the project) and three lecturers in organisational and 

systems management. The group also included two assistants: an administrative 

assistant to support the entire project process and a software developer assistant 

to design the VLE according to the requirements to support both collaboration 

between students and monitoring of the process by researchers. I participated in 

this project as the administrative assistant. A representation of the Atarraya 

general composition is presented in Figure 6.3. 

 

                                                           
36

 This objective implied a need to generate topics and questions to guide the research, as 
well as for university researchers to take the lead in promoting this collaborative research.  
37 One of the schools at the high socio-economic level is an English-language school, so 
all its classes are taught in English.  
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Groups of 5 students

Atarraya project community

Researchers and assistants

groups 1 and 2

Staff administrators and 

schools‘ teachers

 

Figure 6.3: General composition of the Atarraya project community 

 

6.3.5 Technology Support 

To support interactions, an application was designed with password-restricted 

access. All the students of the project had access to it. This VLE was composed of 

five main sections (see Figure 6.4): 

a. The ―My Group‖ section had group forums and chats available to 

support interactions within groups.  

b. The ―General Forum‖ section offered a general forum and a chat for 

all the students. These were spaces for collective interaction.  

c. An ―Agreement‖ section included a zone for uploading a report on the 

process, as well as a solution to the assigned problems, and a zone 

where all members of the group could vote on whether they wanted 

to support the report.  

d. A general tasks section contained a zone in which the problem could 

be viewed, members of the group to which the student belonged 

could be identified, and passwords could be changed. 
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e. An interesting links section presented links to different mathematical 

websites related to the assigned problems.  

 

 

Figure 6.4: Students‘ menu for the atarraya.uniandes.edu.co website 

 

The most important zone in the VLE designed was the group forum (see Figure 

6.5), for in this zone students could interact with their group. This zone had two 

fields, one for the subject and one for the content of the message. In this zone 

students could also upload files (pictures, documents, spreadsheets, etc.).   

 

The VLE monitored students‘ activities. This information was available to 

researchers and teachers. The following information was produced:   

a. A matrix that indicated which people sent messages to other individuals (in 

the group and general levels). 

b. A list of people who sent messages, and the content of each message. 

c. A checklist that showed who read the problems. 

d. A checklist of students who voted in the agreement zone and an indication 

of which group uploaded an agreement report. 
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Figure 6.5: Website for posting messages in the group forum 

 

6.3.6 Students’ Group Composition 

The network was created initially with heterogeneous groups (in terms of schools, 

language, and gender of their members) of five students. A typical group consisted 

of: 

 Two students from School A. All students in School A took classes in 

English but had Spanish as a first language.  Students from this school were 

obligated to participate in Atarraya, but they did not receive grades for their 

participation. In total, there were 76 students from School A 76 (33 girls and 

43 boys). 

 One student from School B. In this school, all classes are taught in English. 

English is a first language for many of the students, and a few of them do 

not speak Spanish. In School B, students‘ participation was voluntary. In 

total, there were 40 students from School B (21 girls and 19 boys). 

 Two students from the other schools (Schools C, D, E, F, and G), each pair 

of which came from the same school. These schools are from outskirts of 

Bogotá, where people of low socio-economic levels live. Student 

participants from these schools were chosen according to their willingness 
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to participate in a mathematics project. From School C there were eighteen 

students, including four girls, from School D there were nineteen students, 

including nine girls, from School E there were twenty-one students, including 

eight girls, from School F there were thirteen students, including nine girls, 

and from School G there were twenty students, including eleven girls.  

 

6.3.7 Implementation Phase: General Operation 

The network operated from September to November 2006 and from February to 

May 2007. Students were expected to work on a problem each month (seven 

problems in total) individually and in groups.  

 

After discussing the problem solution, students could send a group agreement with 

the solution. The researchers tested the solution and gave feedback to the group, 

mainly in two ways: encouraging students to keep participating in the network and 

giving them guidelines on some missing or wrong elements in the agreements they 

submitted.  

 

Mathematical problems were designed using pedagogical guidelines of how to 

design such problems. Problems related to ratios (e.g. ―the rice problem‖, in which 

seven brands are presented, with their respective discounts, in different 

statements, and the students have to identify which ones have the same discount 

and which ones are the most and the least attractive for buyers) and those 

requiring comparisons of length, area, and volume in different contexts were 

chosen as the context of the word problem (e.g. ―Gulliver and the land of the 

Lilliputians‖, in which Lilliputians have to make a blanket and prepare a beverage 

for Gulliver).  

 

6.3.8 Contextual Factors and Meetings to Monitor the CSCL Activities 

Two important aspects of the CSCL-MPS process took place in the middle of the 

project. First, just after the fourth problem was proposed to students, the directive 
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board of one of the schools (School B) decided to drop the project. At that time, 

students had many extra class assignments and activities, so they needed to 

concentrate on their projects. The Atarraya project administration decided not to 

block the 44 students of School B from accessing the website. Therefore, if any 

student, by personal initiative, wanted to continue being part of the project, he or 

she could do so. 

 

Second, many students expressed difficulties they had getting access to the 

Internet and actively participating in the project.  These students were members of 

the five public schools, of a low socio-economic level, with limited access to 

computers and the Internet at their schools‘ facilities, because the few computers 

available were used in classroom activities. This became a determining factor of 

low participation.  

 

Over the course of the project there were monthly gatherings (the third type of 

meetings). In an open-dialogue environment, participation in the virtual network 

was analysed, and alternatives for encouraging participation in the network were 

proposed. Some of the changes proposed in these meetings and implemented 

were: 

 As mentioned, a change in the topic was required to allow students to 

interact on an easy and familiar topic (ratios).  

 Since participation was entirely voluntary and did not generate incentives in 

the classroom (it was not linked to the class curriculum), several stimuli 

were designed throughout the project to encourage participation. The 

incentives changed throughout the project. The most common incentives 

were movie tickets raffled between the groups that discussed the problem 

the most and put their agreements on the VLE.  

 Because the total number of students invited to participate in the project was 

207 but during the initial stages no more than 25% of them participated 

actively, by the middle of the project students were reorganised in two new 
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types of groups: groups formed by students with active participation (eight 

students per group) and groups formed by students with little participation 

(ten students per group). Additionally, each group had at least two students 

from the same school, to facilitate mathematics discussions. 

 Due to the difficulty that the low-socio-economic-level students had in 

accessing the Internet, a computer room was made available for thre hours 

per week at Universidad de los Andes to facilitate VLE access.  

 During the first semester of 2007, students began to have a high workload in 

different school projects. One school project created a conflict during the 

hours students used the computer rooms at the university, so some 

scheduling changes were required. 

 

Additionally, in April 2007 a presentation was arranged to teach students some 

basic aspects of proportionality and to discuss students‘ performance on problems 

developed between February and March. After this presentation, researchers 

explained to students some of the mistakes they had made related to their 

understanding of problems, the contexts of the problems, and the strategies 

chosen. This helped, for it was important feedback for the students who could not 

interact frequently in the VLE.  

 

Another important aspect was the teachers‘ professional development. During the 

months when Atarraya project was carried out, researchers had weekly meetings 

with teachers to discuss topics of mathematics education in general, and particular 

emphasis was placed on mathematical problem solving as a strategy to teach 

mathematics. These weekly meetings lasted for an hour and a half and consisted 

of a series of readings, practical exercises, and reflections about mathematics 

education. Although this was the approach to generate knowledge about MPS 

among teachers, by the end of the academic year they recognised a lack of skill in 

using this strategy in their classes. 
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6.4 RESULTS OF THE ATARRAYA PROJECT  

 

6.4.1 Data Collection  

At the beginning of the project students were brought together to fill out a survey 

on computer use and attitudes toward teamwork and mathematical learning. At the 

end of the project a similar activity was carried out to study the possible changes 

resulting from the process.  

 

To give them access to the students‘ mathematics discussions, researchers had 

access to the work students carried out while using the VLE. Agreement reports 

were also collected to check processes and results and to generate feedback.  

 

Moreover, reports from the monthly meetings were collected to analyse the ways 

researchers, teachers, and students made decisions during the process. 

 

6.4.2 Some Results  

In Atarraya project researchers analysed the evolution of interactions and 

perceptions in the network. The main results of this analysis are presented in Table 

6.1. 
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Dimensions – Factors 
analysed  

Results  

1
. 

L
e
a

rn
in

g
 

p
u

rp
o

s
e
 

Discussions and 
solutions of 
mathematical 
problems 

 Only 14% of mathematics interactions were about problem-
solving strategies. 

 Students usually did not take into account the context of the 
problem (i.e. negative ages were calculated). 

 Students misunderstood or missed mathematical knowledge 
they should have already learned. 

2
. 

C
o

ll
a

b
o

ra
ti

v
e
 i

n
te

ra
c
ti

o
n

s
 

2.1 Nature of 
interactions 

 Changes from ―social‖ to more ―mathematical‖ interactions 
in the middle of the project (see Figure 6.6). 

 In forums discussions students were more ―mathematical‖ in 
nature. In chats they were more ―social‖. 

2.2 Evolution of 
interactions 

 25% of the students (on average) initially participated in the 
VLE. This was probably related to difficulties accessing 
computers and the Internet and the fact that the project was 
voluntary. 

 Some students became central nodes in the network by 
generating conversations around mathematics. They 
generated a dynamic of reciprocity of messages among 
their peers.  

 Students with high rates of participation expressed positive 
attitudes toward CSCL activities, MPS, and technological 
aspects, especially the relevance of working in groups and 
to solve mathematic problems (p-value < 0.05). 

2.3 Group 
composition 

 Student representatives participated in the decisions 
regarding changes within the groups according their rate of 
participation. 

 In virtual interactions girls were active in their roles as 
intermediaries of communications. Sixty percent of girls 
were central nodes in the network, acting as intermediaries 
or as the leaders of the communication.  

 In the monthly meetings only two girls were designated as 
representatives, and they did not participate actively in the 
discussions.   
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3
. 

A
tt

it
u

d
e

s
 

3.1 Toward 
collaborative 
learning 
activities 

 By the end of the project students said they could work in 
groups more easily (p-value < 0.05), and they 
acknowledged the ideas of others more (p-value < 0.1).  

 They said they understood the problems, but they 
recognised a lack of strategies to solve them. Additionally, 
they did not see the relevance of problem solving.  

 Students held a bias toward perceiving mathematics as a 
male issue. This was discussed in the monthly meetings, as 
a result of the election of male students to be 14 of the 16 
delegates. 

3.2 Toward 
technological 
aspects 

 Students participated in the generation of ideas to improve 
the VLE according to their expectations. 

4
. 

T
e
c

h
n

o
lo

g
ic

a
l 

a
s
p

e
c

ts
 

4.1 Social 
space: 
-simple and 
useful 
-face-to-face and 
virtual 
-asynchronic 
and synchronic 

 Promotes interactions because of innovation in the learning 
activities. But computer and Internet access is required. 

 A good VLE is one that is flexible enough to be adapted to 
the changing requirements of the project researchers (i.e. 
easy changes in group composition). 

 Students could not learn how to read feedback the 
researchers sent them. 

5
. 

C
o

n
te

x
t 

o
f 

a
p

p
li

c
a
ti

o
n

 

Factors such as 
different socio-
cultural 
backgrounds, 
different class 
dynamics 

 The decisions made by administrative staff and teachers 
regarding students‘ participation in the project (School B) 
and, in general, the voluntary nature of the project may 
influence the evolution of interactions.  

 The difficulties in computer and internet access and the 
different types of incentives created to motivate students 
(see ―new issues‖) brought to consideration the influence of 
socio-economic factors on CSCL projects.   

 There were changes in the teacher staffs at four schools 
during the project. (One of the schools had three different 
teachers). These changes made the teachers‘ professional 
development difficult, which had an impact on the project.    

N
e

w
 I

s
s
u

e
s
 

In social 
interactions 

 Parents are relevant in the process because they can 
motivate children and support their projects.  

In Attitudes  Students recognised the difficulty to incentivise them. 
Students at low socio-economic levels were interested and 
motivated because they felt a sense of community. Students 
at high socio-economic levels were motivated if teachers put 
pressure on them. Therefore, the same types of incentives 
did not work for the whole group. 

In teacher role  Teachers recognised their lack of skills at enhancing 
learning in mathematical problem solving and controling and 
monitor CSCL activities. 

Table 6.1: Summary of Atarraya‘s results 
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Overall, Atarraya contributed to enhancing interactions and students‘ attitudes 

towards learning, the use of computers, and teamwork. Concerning the attitudes 

toward collaborative activities, students perceived that the project helped them to 

acknowledge their peers‘ ideas. Additionally, students participated actively in the 

decisions of the project, such as choosing a mathematical topic, group 

composition, ways to incentivise them, and changes in the website. Some active 

participants became central to establishing mathematical discussions. Most of 

those students were female, even though students were more inclined to perceive 

mathematics as a subject for males.  

 

There is also a positive relationship between active participation and positive 

attitudes toward CSCL activities and technological aspects. All of these aspects 

help us see the need to include mechanisms to encourage social interactions with 

the objective of formulating explanations and reflections about problem-solving 

strategies within the groups. These mechanisms are thought of as learning triggers 

during the process.  

 

There was a positive change in the nature of interactions, from merely social 

interactions to mathematical discussions (see Figure 6.6). By the end of the 

project, the composition of type of messages was: social interactions—messages 

to set dates, remind others of events, etc.—12%, mathematical interactions—

discussions about the mathematics issue of the problem (proportionality) and the 

proposed strategies to solve the problem (representations, relevant data selection, 

making a model of the problem, etc.)—44%, interactions on attitudes—involved 

commentaries in favour of or against the problem, teamwork, or the virtual 

environment—16%, and ―noise‖—messages that did not generate any of the 

aforementioned types of interaction and that we regard as trivial—29%. 

Interactions in the chat rooms (both general and group) were social and ―noise‖ 
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(the two categories add up to 100%). Thus it seems that the chat rooms generated 

a social environment in the network. 

 

Regarding the evolution of the interactions, it appears as if the lack of computer 

and Internet access, as well as the voluntary nature of the project, resulted in 

engagement being observed in only about 25% of the participants38.  

 

 

Figure 6.6: Type of interaction in Atarraya 

 

Other interesting results are those related to the technological aspects. The VLE 

was seen as innovative, and students could interact through the website. However, 

how to manage the feedback zone was ambiguous. Additionally, there is need to 

consider a simpler and more efficient way to put into practice the decisions made 

throughout the project (e.g. researchers, teachers, and student representatives 

decided to change the group composition in the middle of the project. However, the 

                                                           
38 The Atarraya project focused its attention on virtual interactions. It assumed that face-to-
face interactions were minimal, taking into account that the intervention was based on the 
VLE designed. Therefore, there could be face-to-face interactions that were not 
considered within the measures.  
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implementation of this decision was difficult because the VLE was not flexible 

enough to do that). 

 

Other results showed that the purpose of generating discussions and solutions of 

mathematical problems was partially achieved, because there was a lack of 

engagement in discussions about problem-solving strategies (see dimension 1 of 

Table 6.1). Some problem solutions also illustrated that students misunderstood 

the real context and the mathematical knowledge required to solve the problems 

(knowledge of areas that students were expected to have proficiency of at that 

point as a result of their previous mathematics instruction). For instance, 72% of 

students did not take the context into account in the initial test, and this percentage 

did not change significantly during the project. Additionally, in the same test, 57% 

of the students did not understand the algebra (patterns) within the problem. 

Students also recognised that they lacked the knowledge and strategies necessary 

to solve problems. This result made researchers reflect on the need to work on the 

cognitive dimension to evaluate changes in students‘ problem-solving skills in 

addition to changes in the nature of interactions. 

 

Lastly, administrative decisions have a strong impact on project evolution. This 

statement is supported by what happened during the project regarding the decision 

of School B. For this reason it seems important to consider attaching CSCL 

activities to the curriculum and socio-cultural context. This and other previously 

presented results will be analysed under the framework of boundary critique with 

the CSH, SSM Mode 2, and CoP frameworks in the next section.  

 

6.5 BOUNDARY CRITIQUE 
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This section presents reflections on Atarraya in terms of CSH (Ulrich, 1983)39 and 

SSM Mode 2 (Checkland, 1990). Concerning CSH, it is important to highlight that 

the questions about motivation and power in the ―ought to‖ mode were implicitly 

considered in the initial discussions with teachers and researchers. The rest of 

―ought to‖ mode and the whole ―is‖ mode was considered as a monological 

reflection during and after the project, but taking into account the last meetings with 

researchers, teachers, and students. The baseline to make these boundary 

questions was the document containing the research proposal (research proposal, 

2005). This document had the objectives and theoretical and methodological 

background to put the project into action.  

 

SSM Mode 2 was used taking the two streams (cultural and logical) to reflect upon 

the flux of events and ideas in order to make sense of it (Checkland & Scholes, 

1990). Hence, analyses one (intervention), two (social), and three (political), and 

the idea of generating conceptual models to be compared with the situation, were 

used. Here, the design of those conceptual models helped us explore more issues 

to enrich the reflection. Besides, CSH and SSM Mode 2 helped as sources of 

analysis of the conflicts between different boundaries regarding who and what 

ought to be included, excluded, and marginalised. That is why the Atarraya project 

was analysed within the framework of boundary critique proposed by Midgley 

(1997b, 2000) and supported by CSH and SSM Mode2. Additionally, the CoP 

conceptual framework was used in this analysis, especially to describe the 

participants‘ identities throughout the project. In doing so, boundary critique is 

enriched by analysing the sources of conflict from a CoP perspective.   

 

6.5.1 SSM Mode 2 Results 

In the following boxes a brief analysis of the situation as a culture (stream of 

cultural analysis, according to the SSM process) is presented. Box 6.1 presents the 

analysis of the intervention, Box 6.2 presents the ―social system‖ analysis, and Box 

                                                           
39 See Appendix 1. 
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6.3 presents the ―political system‖ analysis. Thereafter, a relevant system with its 

conceptual model is developed to be compared to the real situation (according to 

the stream of logic-based enquiry). These two streams will be used in the process 

of reflections on boundaries in the context of the Atarraya project.  

 

Atarraya analysis 1: Analysis of the intervention itself 

The intervention took place as an answer to a call for research projects on the topic of 

―education and development‖, proposed by Colciencias. Colciencias was thus considered 

the project‘s client. Three researchers took the challenge of proposing research about the 

use of ICT to promote virtual learning networks about mathematics. They had a general 

concern in mathematics learning based on students‘ poor results on national and 

international mathematics tests, as well as the low use of ICT tools in education. They 

invited two more researchers and hired two assistants. This group of people assumed the 

role of problem solver.  

 

The problem-solver group had six months to design the project, one year to implement, 

and six months to analyse the results. They proposed investigating the promotion of 

learning by virtual networks and invited high school students, mathematics teachers, and 

administrative staff of seven Bogotá schools. These seven schools have had a shared 

history of participation in different university projects, so they are considered partners of 

the university in research and social projects.  

 

Researchers invited teachers to be co-researchers and students representatives to 

participate in the project‘s decisions. Therefore, decisions were made by a group of 

researchers, teachers, and student representatives. Additionally, researchers, 

administrative staff, teachers, and Colciencias could be considered the problem owner, 

since they were involved in the problem situation (they wished that something could be 

learned about how to promote virtual learning and mathematics learning).   

Box 6.1: Analysis of the intervention in Atarraya 

 

Analysis 2: “Social analysis” 

1. Teachers: two were volunteers; the others were paid (a small wage) for their 

responsibilities in the project. They were math teachers in the schools, five of whom 

worked at low socio-economic-level schools. All were in charge of the math curriculum for 

tenth and eleventh grade students, and they work from 7 a.m. to 4 p.m. Teachers were 

interested in supporting the project if its activities did not constitute too much extra work. 

During the project, they attended a professional development course in the context of 

mathematics education and MPS. They also were invited to participate as co-researchers 

in the project, using the action research as the inquiry framework. At the end of the project 
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they expressed their lack of abilities in dealing with MPS as a teaching strategy for 

mathematics learning. It was more valuable for them to accomplish the curriculum 

requirements (one of their functions is to cover the entire intended curriculum) within their 

classrooms than to take risks in dealing with a new teaching strategy. For this reason, they 

seemed to be concerned with covering the traditional classroom lessons in their daily 

work, rather than adding complexity to the learning environment. In general, they also had 

difficulties managing the VLE. They seemed to see the project as only made for students.  

It seemed that teachers were motivated by their functions but not by the possibility of 

acquiring new skills in their profession. Additionally, their work environment seemed to 

promote that kind of motivation because of how they were hired (only for 11 months and 

with their performance measured mainly on their curriculum coverage). 

 

2. Researchers: there were different types of researchers in the research group, who held 

different roles in the project: 

In Research Group-1, the virtual network group:  

a. Director of the project and Group-1: He was in charge of the project. He had to deal with 

the project‘s administration (preparing the budget; proposing discussions about project 

objectives, roles, and activities; hiring staff; and coordinating and monitoring project 

activities). He was interested in working with students and teachers to promote 

mathematics learning through teaching strategies to teach MPS skills to teachers, so they 

could integrate those strategies in their lessons. He expected students to learn MPS skills 

so they could improve their mathematics learning. He thought that a professional 

development course and the VLE designed for students‘ virtual discussions could generate 

advantages to support his vision of mathematics learning through problem solving. He is 

an associate professor in the Department of Industrial Engineering at Universidad de los 

Andes.  

b. Administrative Assistant: Group-1 and the project director worked with the administrative 

assistant, who supported the project‘s administrative activities. The administrative 

assistant was also interested in studying how virtual networks can enhance mathematics 

learning. Hence, his vision was focused on three aspects: collaborative learning, ICT in 

education, and mathematics learning.   

c. Researcher 1: He is an associate professor at the university. He was interested in doing 

research on social networks (how to promote them, how to measure them, etc.) and was 

working with a group of assistants, researching social network features (contagion of 

viruses, community processes, etc.). He and his group were in charge of generating 

mechanisms to promote interactions and monitoring network measures.  

d. Researcher 2: He was an assistant professor and one of the initial proponents of the 

research proposal. He was interested in doing research about learning, as well as attitudes 

toward learning environments. He abandoned the project in the middle because he had 

other research commitments. 

e. Software developer assistant: He had the responsibilities of designing the VLE to 

support virtual discussions and monitoring the researchers‘ process.  
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In Research Group-2, the mathematics group: 

a. Director of Group-2: She was in charge of Group-2. She was one of the proponents of 

the research proposal and was interested in researching mathematics learning, in 

particular the promotion of MPS skills to enhance mathematics learning through virtual 

interactions. She was interested in accomplishing this goal by doing activities only within 

the context of the VLE, taking into account the solutions proposed by students and their 

virtual discussions.  

b. Researcher 3: She is a researcher in Group-2. She was interested in researching 

attitudes toward the VLE and the collaboration process, and she was one of the 

proponents of the research proposal.  

 

3. Administrative staff in each school: They were interested in participating in an 

innovative project about mathematics learning using ICT. They delegated the responsibility 

of the project to their math teachers. They were also interested in the way the project could 

help students improve their math skills. They valued students‘ achievement on the one 

hand, and teachers covering the entire curriculum on the other hand. They were 

considered the researchers‘ partners, because the university has had different projects 

with those schools. They liked being included in this kind of volunteer and free project, in 

which they could decide the scope of the project within each school‘s context (e.g. the 

project should be developed outside of school time), while they could take advantage of 

the help the project gave to improve their management indexes.  

 

4. Colciencias: It is the national office for research, and it promotes research in different 

fields. Colciencias was interested in the results of the research into the use of ICT to 

promote virtual learning networks. Colciencias was the co-sponsor of the project (the other 

sponsor being the Department of Industrial Engineering), and, in return, researchers had 

to present periodical reports and send academic papers to conferences regarding the 

project analysis. The idea behind these activities was to improve national knowledge on 

this issue.  

 

5. Students: two types of students: 

a. Students of the five low-socio-economic-level schools: They were volunteers. They 

decided to participate because of their motivation for mathematics learning and because 

they were interested in participating in a project about ICT. They had difficulties accessing 

computers and the Internet. They also had financial barriers to going to Internet cafes or to 

the university. They expressed their lack of strategies to solve mathematical problems and 

that the project helped them work in groups in VLE. By the middle of the project, they 

began to express their concern about other projects they had, because they were too busy 

at school.  

b. Students of the two high-socio-economic-level schools. Students from one school were 

volunteers, while students of the other school were mandated to participate in the project. 

They were interested in participating in a collaboration project about mathematics learning, 
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and they expressed that their motivation would be higher if their teachers gave them 

grades for doing the project activities. At the middle of the project, they began to be 

concerned about other projects they, had because they were in their last year of school. 

Box 6.2: Analysis of the ―social system‖ in Atarraya 

 

Analysis 3: “Political analysis” 

 

Relationships between participants: 

In general, the projects‘ dynamic regarding participation and decision processes was as 

follows: 

1. Researchers from Group-2 had the responsibility of approaching all the project‘s 

mathematics discussions (i.e. the design of tests, problems to upload to the VLE, etc.). 

They discussed their proposals within the group, and then they joined Group-1 to present 

their ideas. Researchers from Group-1 had the responsibility of proposing mechanisms to 

generate a virtual learning network (i.e. different ways to compose groups, different 

incentives, VLE design, etc.). Then they gathered with researchers from Group-2 to decide 

on the project‘s implementation policies.  

2. Researchers‘ meetings generated a main proposal about how to keep the 

implementation process going, taking into account the reflections about the different topics 

of the project. Here, the proposals of both groups were discussed, but they were not 

challenged exhaustively, because both groups acknowledged the expertise of the other.  

3. Researchers from the two groups joined with teachers and student representatives to 

present their reflections so far and the possible next steps of the implementation process. 

In this kind of meeting, researchers asked teachers and student representatives their 

opinions about the process, the MPS strategy, the problems, the VLE, and the students‘ 

participation in general.  

4. In other kind of meetings, researchers and theachers discussed the NCTM and MEN 

mathematical standards and taught some mathematical strategies for approaching 

mathematical learning in their classrooms (e.g. MPS).  

5. Student representatives, as the principal beneficiaries, could express their opinions 

about the project. However, they did not challenge the researchers‘ and teachers‘ main 

assumptions about the project.  

6. Similarly, teachers did not challenge the researchers‘ expertise in the meetings. In 

addition, they were concerned about their daily work (as mentioned previously), so the 

majority of them were not active participants in thinking about the project process. 

7. The administrative staff attended some of the meetings to track the project process. 

When they attended, teachers paid more attention to the project, to justify that they were 

working as the project required. Researchers presented reasons why the students did not 

improve.  

8.  Representatives from Colciencias attended two meetings (at the middle and the end of 

the project) to evaluate the progress of the project regarding the research objectives.  
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9. Students could interact within the VLE. Those who went to the same school could 

discuss the problems in their schools. They also interacted with their teachers and 

researchers about their MPS strategies and attitudes via the VLE forums and chats. 

 

In the Atarraya project in particular, there were some “political” issues to consider:  

1. The common behaviour regarding the decision-making process was to present the 

information of what was happening in the project and then to discuss it with everyone 

(teachers, student representatives, researchers). However, the way to make decisions was 

influenced by the ability to present the information and to focus the goal and the means of 

the discussions. For example, in one meeting, the administrative assistant was presenting 

results about the number of interactions and agreements in each school to evaluate the 

activities and proposed changes to overcome possible errors. But one teacher (School F) 

focused the attention on possible errors in the VLE and not on the teachers‘ lack of 

commitment to motivate and monitor students‘ project activities. This generated a change 

in the dynamic of the meeting, because the goal was re-focused on the VLE design and 

away from teachers‘ responsibilities.  

2. Professional credibility, the participants‘ roles, and their specific responsibilities in the 

project were the resources used to manage political issues in the project: 

a. Researchers had an influence on the agenda because of their roles as researchers. In 

so doing, they proposed the topics to be discussed, but they allowed all the participants to 

express their opinions and then to make the decision altogether.  

b. However, there was one researcher widely acknowledged for her mathematics 

expertise. Thus, she had a strong influence on the decisions regarding the mathematical 

aspect of the project.  

c. Researchers had specific responsibilities in the project. This helped to coordinate and 

organise the project, but it also generated a limitation about the project‘s main goals. For 

example, the mathematics group proposed a test, and the ―virtual network‖ group made a 

recommendation about that specific test. But, because the test was not the responsibility 

of the ―virtual network‖ group, they could not change the test as they wanted. 

Box 6.3: Analysis of the ―political system‖ in Atarraya 

 

A relevant system is presented in Box 6.4. This relevant official system is defined 

as a system to study CSCL-MPS processes by means of designing, implementing, 

and evaluating CSCL-MPS projects to learn about them. This relevant system is 

considered a set of three sub-systems: S1 as a system to study how to design 

learning activities; S2 as a system to implement them; and S3 as a system to 

evaluate them.  
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A caveat should be expressed here. Regarding relevant systems, the purpose was 

to generate as many different worldviews as could be discovered about the 

problem situation. Taking that purpose into account, Appendix 2 presents three 

other relevant systems that show different transformations and conceptual models 

based on different points of view. However, for the purpose of this analysis, the 

relevant system presented in Box 6.4 (with all the sub-systems) is going to be the 

base of the reflection. In doing so, the relevant system and the conceptual model 

presented is a personal construction that guides reflection based on the literature 

review of MPS, ML, CSCL, VLE, and CoP; the problem situation (project); and the 

notion of using SSM in Mode 2 to reflect upon the flux of events and ideas to make 

sense of the project. 

 

S1: A system to study how to promote mathematical virtual learning networks by means of 

investigating the different learning-teaching theories about MPS, ML, CSCL, and VLE; the 

possible internal organisation of the group project (roles, experiences, practices, and 

competences); and the context of application. This system seeks an appropriate design for 

this type of learning activity. 

C researchers 

A researchers 

T need for an appropriate design for a CSCL-MPS project  an appropriate design for 

a CSCL-MPS project (need met) 

W a literature review, an analysis of the group organisation and practices, and an 

appraisal of the context of application are useful to achieving the purpose. 

O researchers, Colciencias 

E existing knowledge 

 

S2: A system to create and promote mathematical virtual learning networks by means of 

the use of ICTs, the implementation of virtual and F2F collaborative learning activities, the 

generation of mechanisms to support mathematics learning, to motivate teachers and 

students, and to improve MPS skills in students‘ and teachers‘ understanding and 

implementation of new mathematics learning and teaching strategies. 

C students, teachers, and parents 

A researchers, teachers, and administrative staffs 

T teachers and students in a given state of knowledge (competences, skills, and attitudes)

   teachers and students in an improved state of knowledge (competences, 

skills, and attitudes) 
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W virtual learning networks and a teacher professional development course can enhance 

mathematics learning and teaching strategies 

O researchers, Colciencias 

E technology, participants‘ socio-economic conditions, other school activities, school 

philosophy  

 

S3: A system to evaluate project experiences in terms of process and results by means of 

the use of different evaluation criteria (taking S1 and S2 into account) to identify the 

learning achieved in the situation.  

C researchers, teachers, students, and administrative staff 

A researchers, teachers, students, and administrative staff 

T project experiences  project evaluated 

W a formal evaluation of the project can help to identify possible strengths and 

weaknesses for moving forward in the process of designing appropriate CSCL-MPS 

projects 

O researchers, administrative staff, and Colciencias 

E Organisational structure and/or attitudes 

Box 6.4: Relevant systems in Atarraya project 

 

Figure 6.7 presents the conceptual model of those relevant systems. Activities are 

defined and then compared to those activities carried out in the actual system of 

the Atarraya project (see Appendix 3). This comparison helped us question the flux 

of events developed in the Atarraya project and make sense of them. Therefore, it 

is used as an input to make boundary reflections. The definition of activities in the 

conceptual model was built taking into account a logical path of activities from 

design and implementation to evaluation of CSCL-MPS projects. Hence, initial 

activities were to investigate CSCL, MPS, participants‘ identities, and context of 

application. Activities on the next level were to decide the goals and their means to 

be achieved, to diagnose participants‘ skills, to design learning activities and 

implement them, and to track those activities. The final activities were to define 

criteria for evaluation, to evaluate the project, and to complete the conceptual 

model.  
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Figure 6.7: Conceptual model for the Atarraya project
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6.5.2 Boundary Critique and CSH – Source of Motivation 

The following table (Table 6.2) presents the source of motivation in Atarraya 

(―ought to‖ and ―is‖ mode). I then present the boundary reflection based on the 

SSM Mode 2 approach, the CSH results, and the CoP framework.  

 

Boun-

dary 

issues  

Boundary 

categories 

Atarraya 

(“ought to” mode) 

Atarraya  

(“is” mode) 

S
o

u
rc

e
 o

f 
M

o
ti
v
a
ti
o

n
 

P
u

rp
o

s
e
 

 There were several purposes: 
First, to promote virtual learning 
networks of mathematics 
learning through MPS. Hence, 
problems would be uploaded in 
a VLE.  

 Second, to promote it in a virtual 
space (no F2F interactions 
would be taken into account). 
Thus, the VLE would support 
group interactions, feedback 
giving, and delivery of problem 
solutions.  

 Third, a teachers' professional 
development course would be 
developed to support teachers 
in understanding the 
mathematics standards.  

 Fourth, to stimulate a cultural 
institutional change in relation to 
the types of activities to promote 
ML by means of the previous 
activities.  

 Of the four purposes, 
Atarraya actually pursued 
the first three. First, the 
promotion of a virtual 
learning network was 
carried out, but it was 
focused on the generation 
of mathematics interactions 
instead of on mathematics 
skills.  

 Second, a VLE was 
generated to support 
interactions.  

 Third, the teachers‘ 
professional development 
course was designed to 
support teachers‘ 
understandings of 
mathematics standards. 
This course did not deal 
with the teachers‘ strategies 
to support MPS skills.  
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C
lie

n
ts

 

 Students as the people to 
intervene upon in order to 
generate the virtual learning 
network of mathematics 
learning.  

 Teachers as the people to 
collaborate with in order to 
develop research and new 
mathematical teaching 
strategies. 

 Schools in general, as the 
learning community that can be 
influenced by the project‘s 
activities.   

 Students as the people to 
intervene upon in order to 
generate the virtual learning 
network of mathematics 
learning.  

 Teachers were not involved 
in their role as co-
researchers and learners of 
new learning-teaching 
strategies. 

M
e

a
s
u

re
 o

f 
s
u

c
c
e
s
s
 

 Indeces of network cohesion 
and individual centrality.  

 Volume and percentage of 
mathematical discussions in the 
VLE. 

 Types of interactions in the VLE 
(mathematical and other 
categories, such as social and 
attitudinal). 

 MPS skills learned by the 
students (MPS evaluation 
techniques in mathematical 
tests). 

 Students‘ attitudes toward 
mathematics learning (surveys, 
interviews). 

 Indeces to measure changes in 
teachers‘ perceptions.  

 Indeces of network 
cohesion and individual 
centrality. 

 Volume and percentage of 
mathematical discussions in 
the VLE. 

 Type of interactions in the 
VLE (mathematical and 
other categories, such as 
social and attitudinal). 

 Students‘ attitudes toward 
mathematics learning and 
CSCL activities. 

Table 6.2: Questions of CSH – Atarraya – Source of motivation 

 

In the Atarraya project there were significant sources of conflicts between different 

boundaries regarding who and what ought to be included, excluded, and 

marginalised. The first sources of conflict were the purpose and the measures of 

success. In Atarraya, the promotion of a VLE about MPS to encourage 

mathematics learning generated a conflict between the two groups of researchers 

(see Figures 6.8, 6.9, and 6.10). Briefly, the differences were as follows: 
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 On the one hand, the researchers in organisational and systems 

management (Group-1) were interested in improving students‘ mathematical 

problem-solving skills. They were more inclined to promote teaching MPS 

strategies and designing different levels of mathematical problems. They 

based their aims on the notion of cognitive learning. Hence, they expected 

that the skills and knowledge to be promoted would be taken into account, 

which would happen by measuring the students‘ performance on particular 

tests.  

 On the other hand, the researchers in mathematics education (Group-2) 

were interested in improving MPS skills only by means of the interactions 

between students in the VLE.  They were focused on the design of a VLE to 

promote discussions about different mathematical problems. They based 

their aims on the notion of a collaborative learning process, so virtual 

interactions were the pivotal aspect in the promotion of MPS skills. This 

dimension can be taken into account by measuring students‘ interactions 

and the content of those interactions.  

 

In particular, Figure 6.8 presents previous differences as a conflict about the 

purposes of the system. In this case, research Group-1 sought to improve 

mathematics skills by intervening in the teaching practices, using teaching 

strategies about mathematics (cognition). In contrast, research Group-2 focused on 

the promotion of mathematical discussions via the VLE designed. This conflict has 

its roots in two factors. The first is a misconception about collaborative learning that 

underlies the notion of taking virtual interactions as pivotal in the project. As 

pointed out in Chapter 1, collaboration implies a situation in which particular forms 

of interactions are expected to occur, but there is no guarantee that those 

interactions will actually occur or will generate learning. Besides, those interactions 

should include engagement, discussions, and reciprocity (Dillenbourg et al., 1996; 

Dillenbourg, 1999; Roberts, 2005; Alexander, 2006; De Laat et al., 2006). 

Therefore, the generation of learning can be promoted by interactions, but this 
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dimension of the learning process is not enough. This collaborative dimension 

helps as a means to promote MPS skills, but it is not the end itself. The explicit 

inclusion of the cognitive dimension is needed to account for the skills, knowledge, 

and abilities to be promoted by the learning activities.  

 

Second, the previous misconception can be seen in the opposite direction. 

Cognitive dimension accounts for one part of the collaborative learning process. 

Hence, in the promotion of MPS skills, the collaborative dimension is important to 

trigger learning mechanisms (see Chapter 2). This tension, between the cognitive 

and collaborative dimension, is taken for granted in the literature about 

collaborative learning. The theory of collaborative learning assumes that the 

learning purpose is aligned to the collaborative dimension. Therefore, by tackling 

the collaboration process, the learning process is achieved. But in practice, like in 

the Atarraya project, the collaborative and cognitive dimensions are not always 

aligned and need to be discussed.  

 

In line with previous reflections about the purpose of the system, collaboration and 

ICT skills were taken for granted in the Atarraya project (Figure 6.8). Although the 

purpose was linked to those skills, there were three conditions that were 

considered sufficient to promote discussion: the VLE should have enough 

opportunities for participatation and good mathematical problems, the teachers 

were going to take responsibility for the process at their schools and encourage 

student participation, and students had good preparation to use the VLE. Here, the 

assumption behind the three conditions was that in designing a good VLE and 

monitoring interactions (the teachers‘ responsibility), collaboration and ICT skills 

would be promoted. The exclusion of those skills has been reported in the CSCL 

literature (i.e. Strijbos et al., 2004), and in the Atarraya project they weres taken for 

granted due to the previous discussion about the promotion of MPS skills. 
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Conflict
Anti-teaching 

strategies view 

cognition as profane

Pro-teaching math 

strategies 

(cognition)

Pro-teaching 

strategies view 

collaboration as 

profane

Anti-teaching math 

strategies 

(collaboration)

Improvement by 

mathematical 

discussions 

(research group-2

Traditional 

approach: lectures 

and exercises

Promotion of a VLE 

about MPS to 

encourage math 

learning  

Figure 6.8: Conflict in the Atarraya project – Purposes of the system, using 

Midgley‘s (2000) boundary critique model 

 

A byproduct source of conflict is presented in Figure 6.9. Group-2 was concerned 

about measures for observing the evolution of interactions. Its members focused 

on social-related learning, observing socio-emotional factors in the learning 

process (Kreijns et al., 2003). Therefore, SNA and CA methods were considered 

appropriate to examine those factors. However, Group-1 was concerned about 

measures to track students‘ progress in certain mathematical skills (performance-

related learning) (Kreijns et al., 2003). Therefore, mathematics tests were 

considered appropriate feedback for the learning process.  

 

To analyse this source of conflict, a distinction between efficiency, efficacy, and 

effectiveness is needed (Checkland & Scholes, 1990). Efficiency is production of a 

maximum output for a given use of resources (e.g. a large number of messages 

produced in a given time and for a given task). Efficacy is related to checking 

whether the means work (i.e. a tracking of the interactions within the VLE allows us 

to measure if the VLE designed works to promote virtual interactions). 
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Effectiveness is related to questioning whether the purpose (in terms of longer-

term goals and higher-level decision making) is accomplished or not (e.g. 

questioning whether students‘ MPS skills improved or not) (Checkland & Scholes, 

1990).  

 

Conflict
Pro SNA and CA 

methods view 

performance-

related-learning as 

profane

Pro-math tests to 

evaluate 

improvement

Pro-math tests view 

social-related-

learning as profane

Pro SNA and CA 

methods

Social-related-

learning
Performance-

related-learning
Measure the 

evolution of the 

learning purposes  

Figure 6.9: Conflict in the Atarraya project – Measures of performance, using 

Midgley‘s (2000) boundary critique model 

 

In the case of the Atarraya project, if the collaborative dimension is highlighted, 

methods from social network analysis and content analysis are required. 

Therefore, the measures of success will focus on the efficiency and efficacy 

aspects of the learning process to measure whether collaborative activities actually 

trigger the learning process (e.g. whether there are a number of messages about 

mathematics or a particular network of mathematical discussions). However, these 

measures are not designed to account for learning performance in the MPS skills 

domain. If the cognitive dimension is highlighted, methods from mathematics 

education, such as mathematical tests, are required. Hence, the measure of 

success will focus on the effectiveness aspect of the learning process to measure 
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the skills and knowledge learned throughout the project (e.g. whether there are 

differences between students‘ MPS skills before and after the project). Here, these 

methods are not designed to account for the means used to obtain that 

performance (i.e. discussions in a virtual network).  

 

In addition to Figures 6.8 and 6.9, Figure 6.10 presents another source of conflict. 

Researchers who have pro-teaching math strategies with a performance-related 

learning approach had the vision of intervening in the classroom. Therefore, the 

main means to support learning was mathematics instruction and problems within 

the classroom. In contrast, researchers who have anti-teaching math strategies 

with a social-related learning approach sought to design a VLE and promote 

mathematical discussions in it as the main means to support learning.  

 

Conflict
Pro-math 

discussions view 

math instruction as 

profane

Pro- math 

instruction

Pro-math instruction 

view math 

discussions as 

profane

Pro-math 

discussions

VLE and 

mathematical 

discussions 

(collaboration)

Mathematics 

instruction and 

problems 

(cognition)

Means to support 

math learning

 

Figure 6.10: Conflict in the Atarraya project – Means to support learning, using 

Midgley‘s (2000) boundary critique model 

 

In this conflict we can see that if the collaborative dimension is excluded, special 

teaching strategies support the learning process in a teacher-student interaction 
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(traditional learning). Instead, if the cognitive dimension is the one excluded, 

special social spaces in the VLE to promote interactions are expected to support 

the learning. Hence, peer interactions are highlighted. In Chapters 1 and 2 we 

indicated that both aspects are important in a CSCL-MPS process. This preference 

between teaching strategies and virtual social spaces to promote interactions 

(virtual interactions in VLE) also created a conflict in the project executionThe 

research proposal said that face-to-face (F2F) interactions were not to be 

promoted, because researchers did not wanted to intervene in classroom dynamics 

and change the schools‘ timetables. But this generated a gap between what was 

done in the classroom and what was promoted in the VLE (see Figure 6.11). This 

aspect will be discussed later, when we discuss the teachers‘ role in Atarraya. 

 

Conflict
VLE view F2F as 

profane

Pro-F2F

F2F view VLE as 

profane

Pro- VLE

VLE F2FLearning environments 

to support mathematics 

learning  

Figure 6.11: Conflict in the Atarraya project – Learning environments, using 

Midgley‘s (2000) boundary critique model 

 

Underneath the previous reflections about the sources of conflict in terms of the 

purposes in the Atarraya project, there are questions to reflect upon: what was the 

objective of the research project, and what was the researchers‘ responsibility 
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(role) and motivation?  Through these questions, we can uncover another source 

of conflict about the different viewpoints regarding the purpose of a research 

project (see Figures 6.12 and 6.13). Group-2 was essentially composed of people 

from the field of science. It seems that their objective in the research project was to 

understand the dynamics behind the CSCL-MPS process. Therefore, their 

responsibility included a rigorous process of observation, without making changes 

during the project. Group-1, meanwhile, was essentially composed of people from 

the field of engineering. It seems that their objective was to improve the situation, 

in this case, to improve virtual collaboration and MPS skills. Hence, their 

responsibilities included acting and intervening, taking feedback cycles into 

account through the process to make decisions accordingly. This conflict has been 

mentioned in the systems literature (Checkland, 1981). According to Checkland 

(1981), the impulse behind the science is the itch to know things, to find out how 

and why the world is as it is. In contrast, the fields of engineering and technology 

want to achieve practical ends, acting in response to specific considerations about 

a particular purpose and situation.  

 

The conflict had consequences in the way the project was approached. As 

mentioned in the project description, tests were conducted before and after the 

project. Additionally, during the project several problems were uploaded and their 

solutions reviewed. The results showed a lack of MPS skills and poor performance 

throughout the project. Although some researchers from Group-1 discussed this 

topic with Group-2, decisions to take action to change this pattern of results were 

not made. (This aspect will be discussed shortly, in the analysis of the researchers‘ 

identities).  
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Conflict
Pro-understanding 

view improvement 

as profane

Pro-improvement

Pro improvement 
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Pro-understanding 

the dynamics of the 

project

To understand the 

dynamics behind 
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To improve the situation 

(virtual collaboration 

and MPS skills)

Researchers’ 

purposes

 

Figure 6.12: Conflict in the Atarraya project – Researchers‘ purposes, using 

Midgley‘s (2000) boundary critique model 
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Pro-intervention

Pro-intervention 

view observation as 
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feedback cycles to make 
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Researchers’ roles

 

Figure 6.13: Conflict in the Atarraya project – Researchers‘ roles, using Midgley‘s 

(2000) boundary critique model 
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Furthermore, a researcher in Group-1 had a scientific background. He was in 

charge of understanding the virtual interactions, using SNA measures to promote 

different ways to improve learning. However, his focus was only on the generation 

of measures to find out how and why the world (in this case, the network evolution) 

was as it was. This point of view could not be challenged for two reasons: (a) to 

other researchers in Group-1 the main purpose was to generate improvement in 

MPS skills; as a result, the focus was on the discussions about mathematics 

learning; and (b) researchers in Group-2 shared the scientific approach to the 

project so they did not see this view as inappropriate.  

 

A related aspect about researchers‘ responsibilities is their motivation (see Figure 

6.14). Some researchers working on the Atarraya had to work on the project as a 

work-related task and received financial incentives for doing the project‘s activities. 

This motivation was linked to extrinsic factors. For other researchers, the project 

was only part of their learning experience at one or another stage of their academic 

careers. They did not receive financial incentives for the project‘s activities, and 

their motivation was linked to intrinsic factors (the willingness to learn from a 

project like Atarraya).   
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Conflict
Pro-economic 

incentives view 

knowledge 

incentives as 

profane

Pro-knowledge 

incentives

Pro-knowledge 

incentives view 

economic incentives 

as profane

Pro-economic 

incentives

To gain economic 

benefits
To gain knowledge 

(feedback)
Researchers’ 

motivation  

Figure 6.14: Conflict in the Atarraya Project – Researchers‘ motivations, using 

Midgley‘s (2000) boundary critique model 

 

The exclusions made by each research group make us consider aspects of the 

researchers‘ identities (based on the conceptual framework of Communities of 

Practice, presented in Chapters 4 and 5):  

 Following the previous reflections, we can see that the project director‘s 

(Group-1) concern was to know the project‘s impact (and to improve the 

students‘ MPS skills). A mathematics test was necessary (to compare the 

‗students‘ MPS skills before and after), but he was not in charge of the 

mathematics part of the project. He also did not belong to Group-2, the 

mathematics education group, since he did not have experience in that 

specific field. He proposed an innovative way to expand the purposes and 

measures of success, but he could not engage with that group and modify 

their actions. Consequently, although he could participate peripherally, he 

was marginalised from the mathematics discussions.  

 In contrast, the director of Group-2 was not interested in doing a 

mathematics test to measure the project‘s impact. She was acknowledged 

as an expert in mathematics education, so she was identified as competent 
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in that area, and thus she could establish the agenda (activities, purposes, 

etc.) to be promoted, since the researchers followed her proposals. She 

claimed that designing a mathematics test to measure improvement was 

difficult to achieve in one school year, and she pointed out that the project 

was about virtual learning networks, so the main objective was to measure 

of the network and the discourse flowing through it. Here, she reified the 

practice of the research groups as one focused on virtual learning networks, 

and, in doing so, framed her responsibility to extend only to the design of the 

problems to be uploaded to the VLE. She thus claimed that the relevance of 

the project laid in her deep expertise of mathematics education and in the 

deep expertise of Group-1 on social network theory, rather than on creating 

innovative methods of community learning.  

 Researchers‘ learning trajectories had a strong link to their professions. 

Although the project required a learning process throughout the research, 

some researchers did not take the challenge of changing their practices and 

perceptions about research projects. This issue will be explained broadly in 

Section 6.5.4 of this chapter.   

 A new duality of design for learning was not taken into account. Perceptions 

about how best to do the project and the research, what to focus on, etc. 

can affect the practice and vice versa. This duality between perception and 

practice created tension in the project. Perception of both sides—regarding 

the issues of purpose and measurement of success—affected the practice. 

Group-1 claimed a different way to do Group-2‘s practice, and Group-2 

claimed that the main practice of the whole project was focused on Group-

1‘s activities. Members of each group decided their perceptions about the 

practice and the interest and their responsibilities in the project. A lack of 

engagement regarding the definition of required competences and 

experiences took place in the project execution. (A broad discussion of this 

aspect will be given in Section 6.5.4 of this chapter).  
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Another source of conflict regarding the purpose of the system is that of the 

teachers‘ professional development course. The course was designed as a guided 

reading of the NCTM standards to be applied in the schools. It was conceived as a 

way for teachers to understand and apply the standards with innovative concepts 

and teaching strategies. Nevertheless, after six months of weekly meetings, some 

teachers (from Schools C, D, E, F, and G) felt that they did not have the 

competence to apply MPS teaching strategies. This situation made us realise that 

guided reading of NCTM standards left outside the discussion and practice of MPS 

teaching strategies. Therefore, it was not possible to put ideas into context and 

allow teachers to learn from their experiences and practices in the classroom (see 

Figure 6.15).  

 

Conflict
Pro-practical view 

conceptual reading 

as profane

Pro-conceptual 

understanding of 

NCTM standards

Pro-conceptual 

reading view 

practical as profane

Pro-practical 

learning about MPS 

strategies

Teaching MPS 

teaching strategies
Guided reading of NCTM 

standards
Promotion of 

teachers’ professional 

development  

Figure 6.15: Conflict in the Atarraya project – Teachers‘ professional development, 

using Midgley‘s (2000) boundary critique model 

 

A last source of conflict regarding the purpose of the system is the stimulation of a 

cultural institutional change in relation to the types of activities that promote 

mathematics learning (see Figure 6.16). This objective, included in the research 
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proposal, was not pursued in the practice because the project focused on the 

promotion of mathematics virtual networks and did not pay attention to intervening 

in schools‘ perceptions and practices. This fact is related to previous sources of 

conflicts regarding the means, measures of success, other purposes, and 

researchers‘ identities. Additionally, a deep intervention in the schools to stimulate 

cultural changes about mathematics learning requires the support of a framework, 

such as the one supported by the community of practice theory. The CoP 

framework can help us evaluate identities and practices within schools. This kind of 

intervention goes beyond the limits of the CSCL-MPS process and creates a new 

system seen as community of practice. In doing so, the CSCL-MPS process can 

be structured within a community of practice, taking into account the cultural 

changes that we want to promote. This type of project is what the Atarraya 

research proposal sought to promote in the proposal of this objective (cultural 

change). However, this purpose was not pursued.  

 

Conflict
Pro-cultural change 

view CSCL-MPS as 

profane

Pro CSCL-MPS

Pro-CSCL-MPS 

view cultural 

change as profane

Pro-cultural change

By institutional 

changes
By CSCL-MPSPromotion of 

mathematics learning 

in each school  

Figure 6.16: Conflict in the Atarraya project – Cultural changes, using midgley‘s 

(2000) boundary critique model 
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Concerning the clients, there also were sources of conflict. First of all, Atarraya 

intended to consider teachers and students as clients, for both could benefit from 

the project: students‘ MPS skills were expected to improve, while teachers were 

expected to learn about MPS, CSCL, and research skills. However, during the 

project (specifically at every monthly meeting) different interests and perceptions 

about the project were identified among the teachers:  

 Some teachers were interested in finding easy ways to conduct their 

mathematics classes. For them, the project was seen as extra work.  

 Some teachers thought the project was only for students.  

 Some teachers expressed that they lacked the skills to run a project like this. 

 Some teachers were interested in finding a new job. 

 Some teachers were interested in learning about the project.  

 

These different perspectives created a conflict about who ought to be (and is) 

included in the project as a client (see Figure 6.17). On the one hand, teachers 

preferred the project consider only the students to be clients. They wanted to focus 

on class and curriculum concerns (their daily work), and they saw the project as a 

distraction from their purpose. On the other hand, researchers wanted to include 

not just students, but also teachers as clients of the system. In this sense, 

researchers were looking to generate a space in which teachers could learn 

innovative types of mathematics learning (CSCL-MPS) and research skills.  
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Figure 6.17: Conflict in the Atarraya project – Teachers as clients, using Midgley‘s 

(2000) boundary critique model 

 

Teachers had several roles in the project: co-researchers (as part of the action-

research proposal), teachers at their schools with specific responsibilities there, 

teachers in the project with specific responsibilities there, and learners of CSCL-

MPS processes. These different roles account for the diverse membership. 

According to the research proposal, teachers were invited to belong to the 

research community, to the teachers‘ community, and to the learners‘ community. 

However, teachers‘ engagement to those communities varied:  

 In the research community, they did not have the ability to understand the 

enterprise40 of the community, to articulate the shared purpose, and to 

negotiate that enterprise. Although they collaborated on the reflections 

about the project, they could not participate actively. (This topic will be 

expanded upon in Section 6.5.4 of this chapter.) 

 In the learning community, they did not have the ability to negotiate the 

repertoire of the learning process. They were competent and had the 

                                                           
40 Enterprise refers to the community purpose. See Chapter 4 for more information.  
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experience of being mathematics teachers with knowledge about their 

respective curriculums and class dynamics, but they did not put this to the 

service of the community, and the community did not take this competence 

into account (because researchers did not want to intervene in the 

classroom; Figure 6.11). Moreover, they did not identify with the enterprise 

and the repertoire of innovative mathematics learning through CSCL 

activities and MPS strategies that the researchers proposed, because this 

innovative way of learning demanded extra work in their own learning 

processes. 

 In the teachers‘ community, they were focused on their work as teachers 

responsible for their curricula, but they were not engaged in the objectives 

and activities proposed within the context of the Atarraya project. Figure 

6.18 presents the conflict between teachers‘ responsibilities within the 

context of the project and the classroom. On the one hand, teachers were 

responsible for covering the curriculum (in a traditional way, ―curriculum-

based learning‖ through traditional instruction). On the other hand, they 

were responsible for promoting VLE-MPS activities (the innovative way to 

learn mathematics). In this respect, teachers did not take responsibility in 

their role as students‘ guiders. This could be related to their lack of 

competence in dealing with the responsibilities required by the project and 

their lack of identification (engagement) with the project activities.  
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Figure 6.18: Conflict in the Atarraya project – Teachers‘ roles, using Midgley‘s 

(2000) boundary critique model 

 

Taking into account previous aspects of teachers‘ identity, the Atarraya project 

needed to promote a trajectory of learning in teachers that was not completely 

achieved. This trajectory could go hand-in-hand with the professional development 

course (Figure 6.15) and the tracking of the perception/practice duality dimension. 

This could help stimulate appropriate regimes of competences and active 

involvement by teachers.  

 

Students were also considered clients of the system. In this regard, some student 

characteristics should be highlighted to reflect on some sources of conflict.  

  

The type of participation required for the project generated a conflict (see Figure 

6.19). On the one hand, some schools chose students to participate based on 

interests in participating in an ICT and MPS project. (Low-socio-economic-level 

schools and one high-socio-economic-level school [B] had volunteer student 

participants). On the other hand, one school (A) made participation in the project 
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compulsory for its students. These decisions shed light on perceptions among the 

administrative staff and teachers about how to motivate students in a project like 

Atarraya. For some, intrinsic interest is enough to define and promote participation, 

while, for others, compulsory participation was the only way to get them to 

participate in CSCL-MPS projects not related to classroom dynamics.  

 

Conflict
Pro-compulsory 

view volunteers as 

profane

Interest and 

students’ motivation 

defines participation

Pro-volunteers view 

compulsory as 

profane

Compulsory defines 

participation

Compulsory students Volunteer studentsType of participation  

Figure 6.19: Conflict in the Atarraya project – Students‘ types of participation, using 

Midgley‘s (2000) boundary critique model 

 

In addition, according to collaborative learning theories (see Chapter 1), 

heterogeneity is important to promoting creativity and diversity of ideas. For this 

reason, at the beginning of the Atarraya project, heterogeneous groups were 

formed based on the attributes of gender, schools, and language. However, this 

created a tension (see Figure 6.20). Although diversity was the target of this 

decision, generating heterogeneity based on schools prevented this diversity from 

emerging. The differences between school practices (in terms of curriculum, 

previous knowledge, internet access, schedules, etc.) made virtual interactions not 

as diverse or frequent as expected or hoped for. As a result of this situation, in the 

middle of the project, participation level also was taken into account as a variable 
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to generate heterogeneity. In this case, students with similar levels of participation 

were grouped together. This decision was made to promote participation and to 

motivate the students who participated actively, since they were worried about their 

peers‘ low levels of participation. Whether to choose heterogeneity by schools or 

by level of participation was a source of conflict in the Atarraya project.  

 

Conflict
Pro-”other factors 

diversity” view 

schools factor as 

profane

School as factor to 

generate diversity

Pro-”school factor 

diversity” view 

other factors as 

profane

Other factors to 

generate diversity: 

skills, participation

Diversity by skills or 

level of participation
Diversity between 

schools
Generation of 

heterogeneity  

Figure 6.20: Conflict in the Atarraya project – Composition of heterogeneous 

groups, using Midgley‘s (2000) boundary critique model 

 

The previous source of conflict about heterogeneity and the way that that source 

was resolved in the Atarraya project generated a new conflict: the distinction 

between active and peripheral participants (see Figure 6.21). Three factors related 

to this conflict were considered: (a) low-socio-economic-level students had 

financial problems and difficulties accessing computers and the Internet; (b) 25% of 

students participated actively; and (c) reciprocal interactions were generated 

among active participants during the project. Taking these factors into account, 

there were participants (among teachers, students, and researchers) who 

considered the CSCL-MPS process to be one carried out with and by active 

participants—and peripheral participants should not be taken into account. 
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However, other participants considered peripheral participants to be important to 

the CSCL-MPS process, because they could take advantage of the project despite 

their low level of participation. Although this situation is not presented as a conflict 

in the CoP framework, CoP theory points out the need to consider peripheral 

participation as legitimate within a CoP process (Wenger, 1998).  

 

Active participants

Conflict

A CSCL-MPS 

process is carried 

out with and by 

active participants

Peripheral 

participants are 

important to CSCL-

MPS processes

Peripheral 

participants
 

Figure 6.21: Conflict in the Atarraya project – Active and peripheral participants, 

using Midgley‘s (2000) boundary critique model 

 

A related conflict about heterogeneity emerged from gender issues. According to 

mathematics education theories (see Chapter 2), mathematics is frequently 

considered a subject for males (see Figure 6.22). This was seen in the Atarraya 

project in the composition of the student representatives. However, the inclusion of 

a CSCL-MPS process with a VLE to promote interactions changed this pattern: 

females, as well as males, participated actively. This led us to consider the need to 

promote different learning environments to break some patterns and establish new 

ones to achieve broad learning.   
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Figure 6.22: Conflict in the Atarraya project – Gender issues, using Midgley‘s 

(2000) boundary critique model 

 

Another source of conflict emerged from the different points of view about the best 

way to promote positive attitudes in students and to motivate them (see Figure 

6.23). In the monthly meetings, students from School A said that they wanted to 

receive grades for their participation in the project. In contrast, students from the 

other schools were motivated because they experienced a sense of community 

and inclusion: to be part of a community was enough incentive to participate.  
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Figure 6.23: Conflict in the Atarraya project – Type of motivators, using Midgley‘s 

(2000) boundary critique model 

 

Lastly, was mentioned in Sections 6.3.8 and 6.4.2 of this chapter, other aspects 

that characterised students‘ participation were:  

 The VLE helped to overcome the bias of mathematics as a male-dominated 

topic. As a result, girls also participated actively in discussions.  

 By the middle of the project, students began to be concerned about finishing 

other projects they had, because they were in their last year of school.  

 By the end of the project, students acknowledged their lack of strategies to 

solve mathematical problems, and they expressed having positive attitudes 

toward CSCL-MPS activities.  

 

These characteristics and sources of conflicts showed student identity based on 

multimembership, trajectory, non-participation and different ways of identifying: 

 Initially, the trajectory of learning could be seen as the immersion in an 

innovative project that made students to engage with it. Then, the trajectory 

brought students to build reciprocal relationships and to change the patterns 
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of mathematics discussions (from a male-related issue to non-gender-

related issue). Later on, it made students acknowledge that they lacked the 

MPS skills to deal with a project like this.  

 The multimembership aspect of the identity is seen in a broader context. 

First, they were part of a social system with some limitations (some of them 

had difficulties access computers and the Internet). Second, they were part 

of a school system in which they participated in other projects (curricular 

and extracurricular). Consequently, they coordinated their time between 

Atarraya and their other projects.  

 Non-participation was observed when 75% of students remained passive 

students in the VLE. This situation draws attention to peripheral or marginal 

participation. Previously mentioned limitations, such as lacking skills or no 

computer access, could be a source of marginal participation. However, 

students‘ decisions about how to participate in the project can be analysed 

as legitimate peripheral participation, meaning students did not participate 

fully, but they were present to take advantage of aspects relevant to their 

learning trajectories.  

 Non-participation could be seen as a result of a lack of identity in terms of 

group cohesion. Some students had strong links to the other group 

members, but active work in groups could not be fully achieved and had a 

strong impact on all students‘ identities.  

 Non-equal student participation was used to organise new heterogeneous 

groups. As a result, there were groups of active students and groups of 

passive students, according to the average of interactions. This decision 

could generate two type of membership in the project, active and peripheral 

students, without excluding the latter or marginalising the former.  

 On the one hand, the sense of community helped motivate some students to 

participate, since their identification to the project was based on mutual 

engagement. On the other hand, the formal academic system of grades 

(absent in the project) helped to configure the non-identification of some 
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students. To them, well-defined grades as a result of participation would 

have motivated them to participate more.  

 

The previous reflections about student identity draws to light that a trajectory of 

learning, in addition to an exploration of motivational factors and identification of 

possible constraints to participation, should be considered. Here, tracking attitudes, 

perceptions, and beliefs becomes important to maintaining the work of the 

community and the objective of the CSCL-MPS process.  

  

6.5.3 Boundary Critique and CSH – Source of Power 

Regarding the source of power (Table 6.3), teachers‘ and researchers‘ roles as 

decision makers contributed to the generation of conflicts like those presented in 

the previous section: 

 Researchers‘ identities (discussed previously) limited their decisions, 

responsibilities, and accountability to the aspects of the project at which they 

were competent, according to the project purpose, to their conceptions, and 

to some general aspects of the project (resources to maintain those 

purposes).  

 Some teachers did not make decisions regarding the class dynamics 

according to the project and did not assume the role of students‘ guiders. 

These two aspects, related to the teacher identity, showed that teachers 

only partially helped as decision makers.  
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the group to lead the project 
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lead the project within each 
classroom. 

 School administrators approved 
the project but some of them 
disregarded the dynamic of the 
project in the implementation 
phase.  

 Researchers led the 
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group there were differences in 
the decisions to make and their 
responsibilities. 

 Some teachers guided students 
but others did not make the 
decisions required by those who 
managed the project. 
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 A software developer 
assistant to build the VLE. 

 A computer server to save 
the project information. 

 Content of MPS tasks 
related to the project. 

 VLE designed. 

 Schedule of tasks in VLE. 

 Computer and Internet 
access (in schools). 

 Group composition.  

 Social network of school 
communities. 

 Instruments of 
measurements 
(mathematics tests, 
surveys, etc.). 

 Professional development 
course. 

 A software developer assistant 
to build the VLE. 

 A computer server to save the 
project information.  

 Content of MPS tasks related to 
the project.  

 VLE designed. 

 Schedule of tasks in VLE. 

 Computer and Internet access 
(at the university). 

 Group composition of students.  

 Instruments of measurements 
(mathematics tests, surveys, 
etc.). 

 Professional development 
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 Incentives. 
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t  School extracurricular 

activities.  

 Philosophical principles of 
schools. 
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 Philosophical principles of 
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Table 6.3: Questions of CSH – Atarraya – Source of power 

Boun-

dary 

issues  

Boundary 

categories 

Atarraya 

(“ought to” mode) 

Atarraya  

(“is” mode) 
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 Additionally, school administrators were also intended to play the role of 

decision-makers. They were interested in the administrative decisions of the 

project and delegated the academic decisions to the teachers.  

 

Regarding the resources, it was observed that some proposals of the Atarraya 

project were not put into practice: 

 The VLE was designed, but instructions regarding the use of the feedback 

zone were missing. As a result, students could not see the feedback given 

by researchers.  

 Because of the decision environment at the beginning of the project, 

incentives and transportation benefits were not considered as resources to 

include in the project. But during the project, the creation of incentives 

(movie-ticket raffles) and transportation benefits for those students with 

financial difficulties were needed. Here, decisions were made to keep the 

flow of the project interactions. 

 Measuring instruments were designed, but there were no specific 

instruments for tackling changes in teachers‘ perceptions and practices to 

evaluate the project‘s impact on them.  

 

These three aspects can be considered under the CoP framework. The reification 

process in Atarraya was produced by engagement in discussions about the 

general aspects of the project. However, the negotiation of some issues (such as 

measuring instruments or the VLE design) was not completely achieved because 

of a lack of understanding about the project operation. This is also a characteristic 

that shaped participants‘s identities in the role of decision makers.  

 

Regarding the decision environment, the family context and schools‘ extracurricular 

activities were problematic for the project: 
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 The family context was not included as something to study within the 

sources of motivation. But during the project, participants realised they 

needed to include parents as beneficiaries of the system (see Figure 6.24), 

because they can learn how to motivate mathematics learning in their 

children. They can also understand the project‘s dynamics in terms of time 

invested, tasks required, etc. In so doing, they can support students‘ 

learning.  

  

Conflict

Students in the 

classroom are the 

natural boundary to 

promote CSCL-

MPS activities

Family context is 

important to 

promote CSCL-

MPS activities

Parents and students 

as clients

Students as clients

 

Figure 6.24: Conflict in the Atarraya project – Family context, using Midgley‘s 

(2000) boundary critique model 

 

 Schools‘ extracurricular activities (and even the curricular activities and 

class dynamics) affected the project dynamic but were considered outside of 

the system being controlled (see Figure 6.25). However, during the 

implementation phase, the idea of seeing the project as immersed in a 

school culture led us to consider the mathematics curriculum and class 

dynamics as factors to take into account in the design of the project and to 

track extracurricular activities to take advantage of them within the project.  
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Figure 6.25: Conflict in the Atarraya project – Activities to be included in CSCL-

MPS processes, using Midgley‘s (2000) boundary critique model 

 

These previous reflections showed a new approach to defining the decision 

makers‘ identities. By expanding the boundaries, they were trying to imagine a new 

way to conceive of a CSCL-MPS process, bearing in mind the idea of a school 

community that includes parents and in which curricular and extracurricular 

activities affect the project. 

 

6.5.4 Boundary Critique and CSH – Source of Knowledge 

Regarding the source of knowledge (Table 6.4) several issues must be highlighted:  

 The research project was designed with the principles of the action-research 

approach. Consequently, feedback cycles and reflections from all the 

participants were expected as the research proposal indicated.  

Nevertheless, researchers from Group-2 sometimes did not accept 

reflections or changes proposed by the other participants. It seems that 

some issues were not included in the action-research agenda. (See Section 

6.5.2 for more information about those issues.) 

 Group-2 members assumed the role of experts. In doing so, they 

marginalised the other participants in reflections about the knowledge to be 
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included (see Figure 6.26). In particular, participants perceived as ―non-

experts‖ (e.g. teachers and student representatives) were marginalised.  
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 Technical knowledge about VLE 
design. 

 Technical knowledge about 
mathematics learning.  

 Technical knowledge about 
group learning. 

 Teachers‘ professional 
experiences. 
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and monitoring of CSCL 
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 Technical knowledge about 
VLE design. 
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representatives (not always 
with competent knowledge 
or experience). 

Table 6.4: Questions of CSH – Atarraya – Source of knowledge 
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Conflict

The research must 

include those 

considered as 

experts in the field

The research 

approach must 

include all the 

people involved

Researchers, teachers, 

students, administrative 

staff

Researchers

 

Figure 6.26: Conflict in the Atarraya project – Marginalisation of co-researchers in 

an action research, using Midgley‘s (2000) boundary critique model 

 

 In addition, teachers could not participate in the research community 

because their competences about the project purpose were minimal and 

their experiences regarding classroom dynamics and curriculum were not 

relevant, given the Atarraya project‘s purposes. In this case, by the end of 

the project, teachers expressed that they did not have the required skills to 

design and implement MPS as an instruction strategy; their knowledge 

about mathematics pedagogy was focused on the ―drill-and-practice‖ 

approach (see Chapter 2). Therefore, they could not understand the 

enterprise of this CSCL-MPS process. They also acknowledged their lack of 

competence in reflecting on CSCL-MPS processes like the Atarraya project. 

Although the research project sought to generate learning in teachers (see 

Figure 6.15), the teachers showed they had not had sufficient engagement 

and shared repertoire in this project to change their practices. For example, 

students‘ notebooks were collected to observe changes in their instruction 

practices and in the design of mathematics problems, and there was no 

evidence of changes).  
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 Consequently, competences and experiences (between researchers and 

teachers) were located in different contexts, and they could not be 

negotiated, due to the project dynamics. These project dynamics 

emphasised the ―expert‖ role pursued by Group-2 members.  

 Moreover, the traditional relationship between teachers and students could 

not be challenged. The traditional authority of those considered ―experts‖ by 

the students (in this case, researchers and teachers) was strong enough 

that it could not be overcome. Although some student representatives 

presented some reflections about the project, they did not question the 

decisions made by the experts and their knowledge of the situation. Again, 

the repertoire and enterprise were built by those in the expert role, and the 

other participants were not included in the building process.  

 On a deeper level, the previous reflections are related to the rituals, norms, 

and values of the community in which the project was implemented. 

Historically, Group-2 members were considered experts in mathematics 

learning. This fact gave them an authority and power that they were not 

willing to put into question. In Foucault‘s (1980) terms, the power-knowledge 

relationship was so strong that it could not be overcome. This was not 

explicit enough, however. To develop an open dialogue in an action-

research context, it is necessary to make it explicit. 

 In terms of the CoP framework, some participants‘ learning trajectories were 

paved with a history of expertise. They did not participate in a process-

oriented notion of their identities; therefore, they did not change their 

identities, although the research project context demanded it. To other 

participants the trajectory of learning was paved with a legitimate 

acknowledgement of the competence and experience to those considered 

―experts‖. This issue made them become peripheral (and in some extreme 

cases, marginal) participants, because they did not have the same 

competence and experience of those considered experts.  
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 Regarding the knowledge to be taken into account, there were some issues 

to reflect on: (a) expertise on ICT and collaboration skills were not taken into 

account, as previously discussed (see Section 6.5.2); and (b) knowledge of 

social networks was considered a high-level type of knowledge, with high 

expectations about its results in terms of how SNA could enhance virtual 

learning networks. Nevertheless, the results did not answer the previous 

question. Hence, knowledge about SNA was not useful enough to 

understand how to work in teams in the context of a CSCL-MPS project.  

 The guarantor system lacked the competent dialogue necessary to support 

the attributes required as guarantor. Teachers and researchers participated 

in a dialogue, but it was not always fluid, because of the differences in 

experiences and competences between them. In general terms, the source 

of knowledge was affected by some features about the identity of those 

involved in the role of guarantors: 

o A lack of transparency about the common ground and the differences in 

perspectives and expectations, as well as the context of the joint 

activities to access the other practices (teachers and researchers). 

o A lack of negotiability among different competences and experiences. 

Here, there were not shared repertoire and the joint enterprise needed to 

negotiate the practices within the context of the research project and the 

activities associated with that project.  

o A sufficient coordination process to implement the activities proposed 

within the project context that allowed participants to engage in the 

activities on a narrow level (i.e. implementation of the activities without a 

discussion or reflection about them).  

 

6.5.5 Boundary Critique and CSH – Source of Legitimation 

In relation to the source of legitimation (Table 6.5), the general idea of thinking 

about school communities and the educational system in Bogotá as the witnesses 

of the system was appropriate, given the project scope and the project vision. 
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However, in the Atarraya project the educational system in Bogotá did not play the 

role of witness. Instead, this role was taken by Colciencias, as a representative of 

the academic community. Colciencias checked and asked twice for clarification of 

some issues during the project execution, based on the commitments in the 

research proposal. Nevertheless, Colciencias‘s role was not to challenge the 

means or ends of the project.  

 

S
o

u
rc

e
 o

f 
le

g
it
im

a
ti
o

n
 

W
it
n

e
s
s
 

 Those affected by the 
project (school 
communities and, in a 
wider perspective, the 
educational system in 
Bogotá and its 
surroundings).  

 School communities. 

E
m

a
n
c
ip

a
ti
o

n
 

 Students and teachers 
had the possibility to 
discuss and change the 
project dynamic and 
issues. 

 Colciencias had the 
responsibility to check 
the project‘s activities 
and ask for 
clarifications or 
changes. 

 Students and teachers had the 
possibility to discuss and 
change the project dynamic and 
issues.  

 Colciencias checked some 
issues twice during the project 
execution, based on the 
commitments in the research 
proposal.  

Boundary 

issues  

Boundary 

categories 

Atarraya 

(“ought to” mode) 

Atarraya  

(“is” mode) 
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W
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d

v
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w
 

The idea is to manage the 

conflict of interest between: 

 Teachers' interests:  
Teachers‘ concerns 

about their professional 

development, class 

tasks, and students‘ 

performance as a 

related component of 

their tasks.  

 Researchers‘ interests: 
A wider understanding 

of group and 

mathematics learning 

with the support of 

technology.  

 Parents‘ interests: 
Parents‘ concerns 

about the time spent by 

students on the project, 

the level of difficulty of 

projects‘ activities, and 

the possibility that their 

children could be part 

of innovative projects.  

 Students‘ interests: 
An interest in 

mathematics learning, 

and in participating in a 

virtual learning project. 

The management of the conflict 

was not successful because there 

were new interests in conflict and 

the negotiation of interests was not 

continuous:  

 Teachers' interests:  
Some teachers were interested 

in learning about the project. 

Others were interested in 

having easy ways to do their 

mathematics classes, so the 

project was seen as an extra 

load of work. Some teachers 

had the viewpoint that project 

activities were only for students. 

Other teachers were interested 

in finding a new job.  

 Researchers‘ interests: 
Some researchers were 

interested in supporting 

research about virtual learning 

networks, and others were 

interested in researching 

mathematics learning. 

 Students‘ interests: 
Some students were interested 

in participating in a virtual 

network project. Others were 

interested in learning 

mathematics or in being part of 

a university project. Some other 

students were concerned about 

their other curricular and 

extracurricular activities.  

Table 6.5: Questions of CSH – Atarraya – Source of legitimation 

 

School communities can be seen as witnesses, with school administrators, 

parents, teachers, students, and researchers as part of the communities. Witness 

identity must be explored taking into account the different roles that the different 

witnesses have: as clients, as decision makers, as experts, and as co-guarantors 
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of the system. Just like other participants, witnesses have different interests that 

must be negotiated in the context of the different perceptions and practices that the 

members have about the community and the project itself.  

 

6.6 SUMMARY OF REFLECTIONS ABOUT ATARRAYA 

 

Table 6.6 presents a summary of reflections obtained from the Atarraya process 

and results. The aforementioned reflections lead us to consider some other 

aspects of the CSCL-MPS process that may contribute to its analysis and 

promotion41: 

a. Inclusion of the cognitive dimension (see Chapters 1 and 2 for details).  

b. Collaborative interactions: The need to include parents as important actors 

in the network to support CSCL activities (Stevenson et al., 1986; Clayborne 

& Steefeldt, 1991; Markauskaite, 2006).  

c. Attitude: The question about what kind of incentives can be given to 

motivate students (Artzt & Newman, 1997; Benbunan-Fich & Hiltz, 1999; 

Hiltz, 2002; Dillenbourg, 2009).  

d. Technological aspects: The need to make a VLE that is simple, friendly, and 

understandable to students and teachers, with all the required structure. 

e. Learning purpose and context of application: The need to frame the CSCL 

activities within an action domain of the school curriculum and socio-cultural 

context (Artzt & Newman, 1997; Hara et al., 2000; National Research 

Council, 2000; Hiltz & Turoff, 2002; Kreijns et al., 2003; Lipponen et al., 

2003; Arjava, 2011). 

f. Teacher role: The need for frequent monitoring and feedback by teachers, 

based on their knowledge about CSCL activities (Johnson & Johnson, 1999; 

Kreijns et al., 2003; Stahl, 2010). 

g. Teacher role: The need for changes in teachers‘ practices in the context of 

mathematics instruction.  

                                                           
41 These reflections were considered in the implementation of Wenaji (see Chapter 7).  
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h. The continuous analysis of participants‘ learning trajectories. This includes 

analysis of power relations, motivation, purposes, and viewpoints about the 

research project. 

i. The consideration of the CSCL-MPS process as framed by a CoP 

framework that allows us to reflect on cultural changes within the learning 

process and to take into account the design of a community of 

mathematicians within the context of the project.  

 

Summary of reflections in the Atarraya project 

1. About 
purposes 
and 
improvement 

 Purposes and improvement in CSCL-MPS processes should account 
for the cognitive dimension of learning, not just the collaborative 
dimension. Including this dimension requires us to question the 
teaching strategies needed to support learning purposes.  

 CSCL-MPS processes should account for the different research 
approaches (i.e. science vs. engineering) to challenge them and 
overcome them, according to the CSCL-MPS purpose pursued. This 
also includes reflection about the active participation of different 
stakeholders needed in the building process of the CSCL-MPS 
purpose.  

2. About 
methods to 
explore 
dimensions 
of learning 

 Following item #1, CSCL-MPS processes should take advantage of 
cognitive tests, not just SNA and CA methods. SNA and CA methods 
can help us understand the efficacy of the process, but they need to be 
supported by cognitive methods to evaluate effectiveness.  



232 
 

3. About 
participants‘ 
identities 

 Teachers‘ roles as beneficiaries, decision makers, and guarantors of 
the system shaped different attributes to build their identities: a lack of 
competence at negotiating the repertoire and a misunderstanding 
about the enterprise of the community, followed by a non-trajectory of 
learning.  

 Researchers‘ roles as decision makers and guarantors of the system 
shaped different attributes to build their identities: membership in 
different research groups created a lack of engagement and 
negotiation about some project issues. A definition of the modulation of 
accountability based on a virtual learning network focus framed 
participants and the project‘s identity. 

 Students‘ role as beneficiaries of the system shaped different attributes 
to build their identities: a trajectory of learning marked by reciprocity, 
virtual interactions disregarding gender, acknowledgement of lack of 
MPS skills, non-participation, multimembership taking a broader 
context into account, minor group formation, and different ways to feel 
motivated.  

 Relationships between stakeholders (and their identities) should be 
taken into account to challenge and overcome possible trajectories of 
learning (including power, motivation, and stakeholders‘ purposes) that 
are not appropriate for the development and accomplishment of the 
CSCL-MPS purposes.  

4. About the 
context of 
application 

 Family context and curricular (and extracurricular) activities should be 
taken into account. 

 Socio-economic context is vital to establishing minimum requirements.  

5. About 
design for 
learning 

 The duality perception/practice should be explored and tracked.  

 Mechanisms to reflect on the learning process design should be 
promoted to evaluate issues and people to be included. This implies 
reflection about the learning-teaching rhythm in the project.  

 Mechanisms to reflect on the formation and implementation of 
communities of practice within the context of a CSCL-MPS process are 
required.  

Table 6.6: Summary of reflections in the Atarraya project 
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7. ANALYSIS OF THE INTERVENTION IN THE WENAJI PROJECT 

 

This chapter presents the analysis of the intervention conducted in a project called 

Wenaji, over two consecutive school years (2007-2008 and 2008-2009), based on 

the methodological framework discussed in Chapter 5. This project emerged as 

one of the consequences of reflecting about the Atarraya project (see previous 

chapter). The Wenaji analysis is presented as follows. First, I describe the project 

purpose, design, and dynamic. Second, I exhibit some results of the intervention in 

terms of the CSCL-MPS conceptual framework described in Chapter 5. Third, I 

analyse the project results and dynamic in terms of boundary critique (using CSH, 

SSM Mode 2, and CoP frameworks) to uncover sources of conflicts regarding who 

and what were marginalised, excluded from, or included in the project, taking into 

account the identities of the participants. Finally, I summarise some reflections to 

put into consideration in the design of CSCL-MPS processes.  

 

7.1 WENAJI PART I (2007-2008) 

 

7.1.1 Description – Design Phase 

Having experienced the process and results of the Atarraya project, one of the 

researchers in organisational and systems management, along with one 

administrative and one software developer assistant, decided to work on a new 

project. This project was called Wenaji (meaning ―fishnet‖ in an aboriginal 

Colombian language from the Amazon rainforest). Wenaji began in August 2007 

with a design phase. The project was first implemented from October 2007 to May 

2008 (Wenaji part I), and a second part was conducted from October 2008 to May 

2009 (Wenaji part II). 

 

In August and September 2007, the research group started with different tasks to 

design the activities for the Wenaji project. The first task involved a set of meetings 
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with teachers and parents, led by the principal researcher. Four types of meetings 

took place: 

a. One meeting to present general views of the project to teachers and 

administrative staff at each school. In these meetings the principal 

researcher presented the main objectives of the project and discussed the 

general idea of the VLE and the mathematics problems to be uploaded to it 

(according to guidelines in Chapters 1 and 2).   

b. One meeting with teachers to discuss theoretical ideas of mathematics 

education, focusing on the international tests as a starting point and 

following the ideas of MPS as an important aspect of the mathematics 

curriculum. In this stage of the project, the ideas about MPS proposed by 

the NCTM, Singapore‘s Ministry of Education, and the PISA and TIMSS 

tests were discussed (see Chapter 2).   

c. One meeting with parents to present general views of the project and 

generate recommendations regarding their role in supporting their children 

with positive attitudes towards the project (see Chapter 2).   

d. One final meeting (before implementation), led by the administrative 

assistant, to discuss the different aspects of the VLE and run trial tests with 

teachers. This meeting also helped gather complete information from 

students.  

 

In this and subsequent stages, the research group also had meetings to discuss 

aspects of the project, such as updates about the process, analysis of mathematics 

tests, and evaluations of meetings.  

 

Next, some aspects of the Wenaji design will be presented.  

 

7.1.2 Purpose  

Wenaji (2007-2008) was a mathematical problem-solving virtual learning network. 

It aimed to help students improve their mathematical problem-solving abilities by 
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giving them opportunities to use a diversity of MPS strategies, promoting 

collaborative work, some particular attitudes toward problem solving and 

mathematics, and using a VLE that allowed students to work together in tackling 

mathematical problems. In doing so, the project sought to enhance deep 

understanding of the mathematics concepts that students were studying in their 

schools, while improving MPS skills. This purpose was also aligned to the NCTM 

standards regarding the need to focus mathematics learning on MPS instead of on 

the traditional ―drill-and-practice‖ approach, in which exercises are the focus of 

attention (see Chapter 2 for details).   

 

7.1.3 General Composition of the Participants and Researchers  

Initially Wenaji involved 231 fourth grade students and seven teachers from four 

Bogotá schools. (One of the schools was located in a rural area outside the city.) 

The children were seven to nine years old, and they came from very different social 

contexts. (One of the schools belongs to a low socio-economical level.) The team 

of researchers comprised one expert in organisational and systems management 

and two assistants. As in the case of Atarraya, one of them supported the project‘s 

whole process and the other designed and worked on the technical aspects of the 

VLE.   

 

In contrast with Atarraya, this project invited parents to participate in some initial 

discussions, and they had their own website where they could learn about the 

project and children‘s Internet use.  

 

7.1.4 Technology Support  

Figure 7.1 presents one of the Wenaji VLE screens. The Internet application 

designed was similar to the Atarraya VLE in terms of the different sections: Group, 

General Forum, General Tasks, and Interesting Links. General Tasks also included 

pictures of participants and a zone for sending and receiving e-mails to and from 

the university researchers.  
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Figure 7.1: Students‘ menu on the Wenaji project (r3.uniandes.edu.co) 

website 

 

Additionally, the ―Agreement‖ section was replaced by a section called 

―Mathematical Curiosities‖, because the new project considered the need to 

connect problem discussions with what was taking place in the classroom, where 

children would give their reports. The new section had the purpose of stimulating 

interest in mathematics in children. Additionally, a section called ―previous 

problems‖ showed solutions to the previous problems.  

 

Additionally to the section ―Problem of the Week‖, which was the general section 

for seeing the problems, a section called ―Problem for the Family‖ was created. 

This new section offered parents and children an opportunity to work together on 

the mathematical learning experience.  

 

For monitoring, there were functions similar to those found in Atarraya. However, 

there was a change in the agreement vote checklist, which was replaced by a 

checklist (by school) of the state of each student (indicating whether the student 
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read the problem, sent messages, or read messages sent by other students). 

Additionally, information about the students who visited ―Interesting Links‖ was 

collected. Moreover, a similar counter was added to count visits to the VLE made 

by parents.  

 

The website for parents presented information on the project objectives, some 

ideas on how parents could collaborate to support their children‘s activities (the 

focus was on the promotion of positive attitudes toward project activities), and 

some general tasks, such as ―Change of passwords‖, ―See the problem‖, and a 

forum to ―Give your opinion about the project‖.  

 

Finally, the visual design of the Wenaji VLE included images and videos related to 

the context of the problem being discussed at the time. This was expected to 

promote motivation.  

 

7.1.5 Students’ Group Composition  

The network was created with heterogeneous groups of four students. The 

heterogeneity was based on gender, school membership, and the results of a 

survey about the classmates with whom each student discusses mathematics 

tasks.  

 

Between October 2007 and February 2008 there was only one school (School A) 

participating in the Wenaji project. So for the first half of the project the base of 

group composition was a network survey conducted at the beginning of the project, 

which asked students the names of their preferred mathematics classmates.  

 

The number of students from each school and a general description of the schools 

are presented below (Table 7.1). 
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 School A: High 
socio-economic 
level; rural 
school 

School B: High 
socio-economic 
level; urban 
school 

School C: Low 
socio-economic 
level; rural 
school 

School D: High 
socio-economic 
level; urban 
school 

Classes  
(CG: control 
group) 

1: 25 students: 
15 boys, 10 girls 

1: 26 students: 
14 boys, 12 girls 

1: 41 students: 
21 boys, 20 girls 

1: 21 students: 
16 boys, 5 girls 

2: 24 students: 
16 boys, 8 girls 

2: 27 students: 
13 boys, 14 girls 

2CG:  
41 students: 25 
boys, 16 girls 

2CG:  
12 students: 5 
boys, 7 girls 

3: 26 students: 
16 boys, 10 girls 

 3: 41 students: 
23 boys, 18 girls 

 

Teachers  2 teachers 2 teachers 2 teachers for 
the project 

1 teacher 

Academic: 
mathematics 
coordinators 

1 mathematics 
coordinator for 
primary school 
(one of the 
teachers was 
the coordinator)  

1 mathematics 
coordinator for 
primary school  

1 academic 
coordinator for 
primary school 

1 academic 
coordinator for 
primary school  

Table 7.1: General composition of participants in Wenaji part I 

 

7.1.6 Initial and Final MPS Test 

The first step in the implementation phase was a mathematical problem-solving 

test and a survey of attitudes towards mathematics. The test‘s purpose was 

twofold: first, to measure students‘ initial performance (before the project) in MPS 

skills in order to see their improvement over the course of the project; and second, 

to rank students according to different levels of proficiency to compose 

heterogeneous groups. Figure 7.2 presents one example of a typical problem in 

the mathematics test that was designed by the main researcher, taking into 

account levels described on international tests such as PISA and TIMSS (see 

Chapter 2 for details), as well as in literature on MPS written by experts (i.e. Polya, 

1945; Schoenfeld, 1985; 1992; Charles et al., 1987; Kupari, 1988; Mayer, 1992; 

Merseth, 1993; Artzt & Newman, 1997; Mevarech & Kramarski, 1997; Wood, 1998; 

Helme & Clarke, 2001; Sawada, 2002; Forman, 2003; Greeno, 2003; Hiebert & 

Wearne, 2003; Klein, 2003; Sfard, 2003; Siegler, 2003). 
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2. Catalina has found some information about two airplanes: an 
Airbus A380 and a Boeing 747. She found that while the Airbus 
can carry 840 passengers, the Boeing can carry 568 passengers. 
How many more passengers can the Airbus carry than the 
Boeing?  

3. Sara wants to put a fence surrounding her rectangular garden. 
The following figure shows the dimensions of Sara‘s garden. If 
the fence cost $9 per meter, how much does it cost to fence 
Sara‘s garden? 

 

45 meters 

22 meters 

6. A stone fell down and broke the glass of a window. It made a hole 
like the one in the Figure below. The figure contains the 
dimensions of some sides of the hole. The perimeter of the hole 
is 216 centimeters. If side AB is longer than CD by 17 
centimeters, what is the length of side AB? 

 

 

30 

48 

24 

67 

A 

B 

E 

F 
 

 

Figure 7.242: Examples of mathematics problems in the Wenaji project 

 

Table 7.2 presents the definitions of the different levels of mathematics problems 

used. This table was designed by the main researcher and the administrative 

assistant in a discussion about the level of each problem in the test.   

                                                           
42 In Figure 6, problem ―2‖ is problem Level A (basic), problem ―3‖ is intermediate or Level 
B, and problem ―6‖ is Level C or advanced.  
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Factors Level A Level B Level C43 

Routine Yes No, but simple No and also complex 

Structure of the 
data – Way to 
present 
information 

Not needed to 
reorganise data. 
The information 
is given in the 
text. 

Needed to re-
organise data. The 
information is 
given in the text. 

Needed to build the 
relationships that are not 
explicit. Some information is 
implicit, and students are 
expected to discover it and 
combine it with data explicitly 
provided.  

Sub-goals No Yes Yes 

Mathematics 
topics involved 

Just one Just one One or more topics 

Information 
sources 

Just one source 
of information 
(text) 

Several sources 
(text, graphs) 

Several sources of information 
are provided, and a new 
representation made by the 
problem solver is expected.  

Table 7.2: Description of each level of mathematics problems categorisation 

 

The test consisted of seven word problems (two for Level A, two for Level B, and 

three for Level C), which students had one hour to solve. After they took the 

mathematics test, a grading process placed each student into Level A, B, or C (see 

Table 7.3). This process consisted of an evaluation of the whole process 

(understanding the problem, applying a strategy, communicating the solution) in 

each problem for each level of problems. So the evaluation took into account the 

whole process and the result of each problem (performance). Thereafter, a global 

skill level was assigned to each student. This process was done twice (in the initial 

test and then in the final test).  

 

The descriptions in Tables 7.2 and 7.3 show that there is a significant change in 

the way students approach a mathematics problem if they go from Level A to Level 

B or C. Students in Level B or C have developed abilities such as the ability to 

solve sub-goals, to re-organise information, to involve different mathematics topics, 
                                                           
43 During Wenaji II, a new level, Level D, was proposed to account for changes in the way 
students were approaching the mathematics problems. Although the conceptual base (and 
differentiation from the other levels) is similar to that of Level C, Level D focused its 
attention on more complex routines that imply spending more time understanding the 
problem and designing a strategy to solve it.  
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to manage different sources of information, and even (in the case of Level C), to 

build relationships and representations of information that are not explicit in the 

problem. Therefore, positive changes between initial and final mathematics tests 

(from A to B or C) involve improvement in the students‘ MPS skills, as well as 

changes in the way students approach mathematical problems (e.g. students‘ 

become more willing to spend more time and mental concentration to solve 

problems, to face the problems as attractive challenges, and to think 

mathematically, beyond the ―drill-and-practice‖ approach).   

 

 Level of 

problem 
 # problem 

Understanding 

and strategy 

Calculus and 

operations 

Communication of 

the solution 

Total 

scores 

Level A Problem 1 5 3 2 10 

  Problem 2 5 3 2 10 

Level B Problem 1 10 3 2 15 

  Problem 2 10 3 2 15 

Level C Problem 1 15 3 2 20 

  Problem 2 15 3 2 20 

  Problem 3 20 3 2 25 

How to grade student performance:       

if the student shows complete competences of Level A, but not of other levels, the grade is A+   

if the student shows partial competences of Level A, but not of other levels, the grade is A-   

if the student shows complete competences of Level B (and A), but not of C, the grade is B+   

if the student shows partial competences of Level B (and A), but not of C, the grade is B-   

if the student shows partial competences of Level B and partial competences of Level A, the grade is A+ 

if the student shows complete competences of Level C (and B and A), the grade is C+   

if the student shows partial competences of Level C (and B and A), the grade is C-   

if the student shows partial competences of Level C and partially competences of Level B, the grade is B+ 

Table 7.3: Scores given to each student for accomplishing a good result in each of 

the dimensions evaluated by the initial mathematics test 

 

Teachers were shown the results of the tests to find out whether the global skill 

levels assigned to students were consistent with the teachers‘ knowledge of the 

students‘ skills. Teachers expressed that their knowledge of the students was 

consistent with the results of the tests, though the tests provided some new 

information to the teachers.  
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7.1.7 Implementation: General Operation 

Wenaji part I began in October 2007 and finished in May 2008. The dynamic of 

Wenaji was cyclical. Every three weeks a set of mathematics problems was 

uploaded to the Internet application. The expected dynamics around each set of 

problems was: The problems were expected to be discussed by the students in 

each group, first in the computer room and then via the VLE when students could 

do so. After three weeks of discussions, students had to present their solutions in 

their math classes. In those classes, students showed their results and discussed 

them with their classmates. The teacher was expected to give feedback to the 

students on the process and results. This cycle was repeated eight times (over the 

course of the scholar year there were eight sets of four problems). 

 

7.1.8 Types of Problems Uploaded to the Wenaji VLE 

Figure 7.3 presents a sample of the problems uploaded to the Wenaji VLE. 
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Chess Tournament 
 
Carlos, María, Ricardo, Valentina, Juan, and Gonzalo like to play 
chess together. They are organising a tournament in which each 
child has to play only once with every other child. They want to 
begin the tournament on Monday and finish it as soon as possibly. 
However, no child should play more than two games during a single 
day. 
Carlos cannot play on Monday, Thursday, and Saturday. 
María is not able to play on Tuesday, Thursday, and Saturday. 
Ricardo can play on Tuesday, Thursday, and Friday. 
Valentina cannot play on Wednesday and Thursday. 
Juan is able to play on Monday, Wednesday, Thursday, and 
Saturday. 
Gonzalo cannot play on Monday and Wednesday. 
None of the children can play on Sunday. 
 
1. Are there any days when all six students can play chess? Explain 
you answer. 
 
2. Make a plan to show when each child can play every other child. 
 
3. How many games will each child play? 
 
4. How many games will be played in the tournament? 
 
5. Suppose there were 18 players in a new tournament in which 

each player had to play only once with every other player. How 

many games will be played in this new tournament? 

 

Basketball 

During a particular season of the National Basketball Association 

(NBA) the best three teams won a total of 171 games. The best 

team won 25 more games than the third team and 20 more games 

than the second team. How many games did each team win? 

Explain how did you find the answer. 
 

Figure 7.3: Examples of mathematics problems in the Wenaji project 

 

7.1.9 Meetings with Teachers 

Throughout the project there were monthly voluntary meetings between teachers 

and researchers. These meetings were designed with the purpose of evaluating 

the project evolution and making corrections on time. In these meetings, teachers 

presented oral reports of what was happening with the VLE and the problems, 

researchers presented reports related to the records of interactions, and reachers 

and teachers discussed the problems. Some of these monthly meetings were 
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arranged to be online, and others to be face-to-face. Although the initial idea of 

these meetings was to discuss the problems before the deadline, meetings were 

arranged after the deadline taking into account teachers‘ time restrictions. If 

teachers had difficulties with the VLE, they could contact the administrative 

assistant by e-mail or phone for help solving them. 

 

7.1.10 Contextual Factors and Meetings to Monitor the CSCL Activities   

Over the course of the project, several situations took place. First, some teachers 

reported that children were not participating as they wished. However, teachers 

were not organising and coordinating the classroom to make that happen. In 

particular, teachers of one school (School A) did not talk about the problems (first 

and second problems) with their students, instead deciding to start something else 

in the classroom. The next four problems were thus discussed directly by the 

researchers and the students of School A during the mathematics class. In those 

special classes researchers went to the classrooms and organised them in the 

same composition as the virtual groups, giving students the opportunity to review 

their solutions and discuss them with their partners. After that, the principal 

researcher discussed the problems on the whiteboard with some students who 

explained their solutions in front of their classmates. Questions regarding the 

strategies‘ efficiency and effectiveness were discussed. Classes lasted, on 

average, 80 minutes.  

 

Moreover, of the two teachers in School A, one teacher did not attend the majority 

of the meetings, and when researchers went to discuss the problems with his 

students, he was not ready to organise the classroom for discussion. Thus, even 

with the same treatment, students in School A were different in the project 

implementation regarding teacher‘s role (see the section ―Some results‖ for more 

details).   
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Second, in School C, teachers were enthusiastic, but they did not know how to 

discuss the problems and monitor CSCL activities. They had limitations in the 

knowledge required to discuss the problems and to monitor the CSCL activities 

and the tools to do that (computer and Internet access). They decided to go to the 

face-to-face meetings and receive instructions at the university before taking care 

of their own math classes. Additionally, they decided to print the problems and 

monitor activities in the classroom.  

 

Third, the discussion about incentives emerged in the monthly meetings. The 

previous experience (Atarraya) helped us understand the complexity of this item. 

However, teachers and administrative staff proposed generating group incentives 

related to the amount and quality of participation and the effort to solve problems in 

a structured manner. Additionally, they proposed giving incentives associated with 

education (e.g. tickets to museums, the university‘s science day, and games with 

mathematics backgrounds).  

 

Fourth, regarding incentives, at the end of this phase, teachers and researchers 

realised a new way to approach them. Mathematical problems‘ content should 

include information that students can find attractive and familiar, so the connection 

to other class projects was put into consideration.  

 

Fifth, in this project parents were considered an integral part of the network, so 

they had their own website with information, tips, a space to interact, and a space 

to see the problems that their children had to solve. However, this generated both 

good and bad attitudes among parents. Some of them thought that the project was 

good for their children, and they supported it. But others believed that the project 

generated too much pressure on their children, so they presented complaints. After 

that situation, teachers proposed they could control parents with some meetings, 

and researchers decided not to add more complexity to the parents‘ website.  
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It seems that the change in the type of homework generated by the project was the 

cause of this bad attitude. In their childhood, they were immersed in an educative 

system where ―drill and practice‖ had been the approach to mathematics learning. 

This was not the approach used in Wenaji. The idea of using MPS as the 

framework for mathematics learning might have generated tension in parents and 

students about the skills required to tackle the problems. Therefore, parents might 

have felt distressed about this change. Additionally, in each set of problems the 

last problem was named ―the challenge‖. This problem had a higher difficult level of 

than the other three problems of the set. The challenge was designed for students 

who wanted to challenge themselves and their MPS skills. However, it seems that 

parents‘ perceptions were that this challenge was very difficult and compulsory for 

all students. These two factors implied the need for a cultural change about how to 

approach mathematics learning and instruction.  

 

Sixth, in the middle of the project, when three more schools were included 

(Schools B, C, and D), groups were composed heterogeneously according to 

school and gender. However, after two problems, researchers and teachers 

realised that this composition could be affecting participation because of the 

schools‘ different mathematical curricula. Hence, a new group composition was 

proposed, this time with gender and skills within courses in the schools as 

variables for heterogeneous groups. The mathematics level (advanced, medium, or 

low) was established according to the initial math test. Students were reorganised 

in groups of three to avoid ―free-riding‖ behaviour. In addition, since mathematics 

classes in School C were in Spanish, and this school had had the lowest 

performance on the initial test, new changes were implemented. The VLE was re-

designed: additionally to shared spaces to discuss problems within the network, 

new spaces were designed. Moreover, a different set of problems with lower but 

appropriate levels of difficulty were created for students in School C. 
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Seventh, monitoring students activities by teachers helped us identify some 

inappropriate behaviours in the interactions between a few students. Hence, 

special care to behaviour and penalties for inappropriate behaviour (suspension of 

the project for a period of time) were considered.  

 

Lastly, during the special classes organised by researchers in School A, children 

were asked to explain their mathematical thoughts to the entire class. This 

mechanism helped us consider the need to explicitly teach some problem-solving 

strategies to students and invite them to reflect on some metacognitive issues 

(self-reflection about their cognitive process).  

 

7.1.11 Results and Data Collection 

In addition to the aspects considered in Atarraya, Wenaji included an initial and 

final test on mathematical problem solving in order to establish the project‘s effect 

on the students‘ MPS skills. The reports about the process and the results of 

problem solving presented during the project were also used as data in Wenaji. 

Additionally, reports from the monthly meetings were collected to analyse the ways 

researchers, teachers, and students made decisions during the process. 

 

Because there was a need to consider face-to-face interactions, surveys regarding 

that type of interaction were applied throughout the project. Additionally, the survey 

concerning the use of computers was replaced by a survey about attitudes toward 

mathematics.  

 

In addition to all the previous reflections that can be considered results of the 

Wenaji project, Table 7.4 presents other results of Wenaji part I (2007-2008). 
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Dimensions – Factors 
analysed 

Results 

1
. 
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Mathematics 
problem- 
solving 
performance 

 One school (School A) finished the eight series of problems 
and could take the initial and the final tests. The results 
indicated that, while at the start of the project only 11% of 
students demonstrated a medium (B) or high level (C) of 
problem-solving skills, by the end of the project this 
percentage rose to 38% (see Figure 7.4). 

 Although the project involved all the classes in School A, one 
teacher (Teacher1) did not apply the majority of the activities. 
Students in that class had a different performance from those 
with Teacher2. The level of improvement was slightly lower in 
that class (see Figure 7.5).   

 Mathematical problem-solving skills can be evaluated taking 
into account the process and the result. This implies 
evaluating understanding, selection of strategies, skills in 
carrying out math operations, and communication of answers. 
The test can then give results in terms of the students‘ skills 
levels (see Tables 7.2 and 7.3).  

Mathematics 
evidence in the 
interactions 

 In virtual interactions, children talked about the answers and a 
few insights about the process.  

 In face-to-face interactions children talked more about the 
process and strategies. The face-to-face interactions were 
observed when researchers went to visit School A. 

2
. 
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Nature of 
interactions 

 The VLE was useful for generating social and attitudinal 
interactions. Interactions about mathematics were marginal in 
the VLE throughout the project. Those interactions occurred in 
forums.  
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Evolution of 
interactions 

 23% of the students participated in the VLE. One school 
(School C, with 82 students) was considered to be of low 
socio-economic level; consequently, students did not have 
Internet and computer access. But teachers were in charge of 
entering the website and printing problems, which they 
distributed to the students.  

 Although teachers participated in the discussions, in general 
they were expected to be more connected to the ICT use and 
the mathematics tasks. 

 Some people became central in generating conversations 
about mathematics. The most relevant aspect in these central 
roles is that they participated in keeping the flow of 
interactions and making reciprocal contributions.  

 While children mainly talked with peers of the same gender in 
face-to-face interactions (p-value < 0.05), in virtual interactions 
discussions with individuals of both genders was more 
common (p-value > 0.05).  

 Face-to-face interactions are influenced by school, class, and 
gender (p-value < 0.05). Therefore, students tended to relate 
with peers who share those attributes.  

 General forums and chats are related to the schools. So 
children interact with their schoolmates in the general forum 
and chat (p-value < 0.05). (See the summary of these 
relationships in Table 7.5).  

Group 
composition 

 Heterogeneity within each group at the middle of the project 
was achieved by school and gender. However, these factors 
could generate a reduction in the rate of participation.  

3
. 

A
tt
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u

d
e

s
 

Toward 
mathematics 

 Students‘ attitudes are not always related to performance. 

 After the project there was a slight trend in children‘s 
motivation toward feeling less joy (p-value < 0.05) when doing 
mathematical tasks. They also felt less confidence than at the 
beginning of the project (p-value < 0.05) (see Figure 7.6). 

 Students from Teacher1‘s class felt more anxiety at the end of 
the project than those from Teacher2‘s class (p-value < 0.05). 

 Although students expressed a positive attitude toward their 
participation in a CSCL project, they also expressed thir 
difficulties in doing some of the problems. These comments 
were observed in the VLE.     
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Table 7.4: Summary of Wenaji results (part I) 

 

Overall, Wenaji part I presented positive changes in performance, participation, 

and the use of VLE as a way to support collaborative learning. Figure 7.4 shows a 

substantial improvement in students‘ MPS skills. This improvement was found in 

38% of students at the end of the project. (Estimate for difference: 0.930; T-Value = 

5.22; p-value = 0.000.) Though the project involved all the classes in School A, 

there was a slight difference in student performance across teachers. Teacher1 did 

not conduct the majority of the activities, so his students had a slightly lower 

performance than the students of Teacher2 (p-value = 0.065).   

 

 

4
. 

T
e
c

h
n

o
lo

g
ic

a
l 

a
s
p

e
c

ts
 

Social space:  
-simple and 
useful 
-face-to-face 
and virtual 
-asynchronic 
and synchronic 

 As previously mentioned, students had difficulty accessing 
computers and the Internet; however, teachers decided to use 
other ways to overcome this situation, printing the problems or 
using visual aids.  

 Teachers and students could help design the VLE, saying 
what they thought a simple but welcoming VLE would look 
like. 

5
. 
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Factors such 
as different 
socio-
economic 
background, 
different class, 
and school 
dynamics 

 New ways to incentivise students‘ participation and learning 
were proposed. This included making connections to other 
class projects. 

 Parents‘ attitudes toward the project and their beliefs about 
the appropriate teaching-learning mathematics strategies 
framed the context of the project between those willing to 
accept a challenge in mathematics learning and those 
interested in maintaining traditional learning.  

 Teachers‘ previous education did not include MPS as a 
pedagogical strategy. Therefore, teachers had the challenge 
of changing their classroom practices to contribute to the 
promotion of a new mathematica learning-teaching approach. 

N
e

w
 i

s
s
u

e
s
 

New 
dimensions 

 Metacognition reflections and particular strategies of problem 
solving were explicitly included by the middle of the project.  

In teachers’ 
role 

 Teachers‘ needed to be engaged all the time and maintain a 
constant pace in meetings to guarantee appropriate feedback 
to students, a reliable evaluation of the material used in the 
project (mathematics, VLE, and strategies used to promote 
learning), and adequate training in teaching MPS.   
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Figure 7.4: Mathematics performance (School A – Wenaji I) 

 

Figure 7.5 shows students‘ improvement or deterioration as the difference between 

performance on the final and initial tests. For instance, if a student got A+ on the 

initial test and B+ on the final test, he had an improvement of two (going from A+ to 

B+, passing through B-) (see Table 7.3). It is important to highlight that the goal 

was to generate as much improvement as possible with the intervention. In this 

context, the fact that Teacher2 had an influence on the students‘ improvement 

caused reflection about the teacher‘s role. (This topic will be studied in the 

―boundary critique‖ section).  
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Figure 7.5: Level of improvement by teacher (School A – Wenaji I) 

 

Twenty-three percent of students participated actively in the VLE, mainly sending 

social and attitudinal messages at the beginning of the project. These types of 

messages and messages with clear mathematical content (insights into solutions 

and answers) were both present at the end of the process. The use of VLE helped 

change the pattern of communications between peers: from face-to-face 

interactions between individuals of the same gender to virtual interactions in which 

gender became irrelevant. Some people became central because of their efforts to 

generate reciprocal interactions. The dynamic of face-to-face and virtual 

interactions varied according to students‘ attributes: general forums and chats were 

used to interact with peers of the same school, and face-to-face interactions were 

influenced by school and grade (see summary of these relationships in Table 7.5). 

Moreover, discussions about the VLE during the meetings helped us end up with a 

simpler and friendlier VLE design.  
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Social spaces used 
in the project 

 
 
Influential factors 

Face-to-Face General VLE 
spaces 

Gender Yes No 

School Yes Yes 

Class Yes No 

Reciprocity Yes Yes 

Table 7.5: Summary of the influential factors in the social spaces used in the 

Wenaji I project 

 

Attitudes toward mathematics are not related to performance in math. In fact, at the 

end of the project children were less motivated and less confident about their 

mathematics skills than at the beginning (see Figure 7.6). These attitudes can be 

explained by an understanding of their difficulties in the MPS field caused by the 

project.  

 

PISA and TIMSS test results have shown that high levels of confidence (self-

efficacy and self-concept) and high performance are mutually reinforcing. The 

same is true for high levels of anxiety in learning mathematics and low 

performance (see Chapter 2 for details). It is possible that students in the Wenaji 

project had had the same bias previously reported by PISA (OECD, 2010): PISA 

results suggest a generalised response bias under which students in high-

achieving countries report low level of use of such strategies, while those in many 

low-achieving countries hold what may be considered overly optimistic views of 

how much they elaborate and control their learning (p. 127). 
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Figure 7.6: Changes in attitudes in Wenaji I (School A) 

 

7.2 WENAJI PART II (2008-2009) 

 

7.2.1 Description – Changes in the Design of Wenaji 

Over the second year of the Wenaji project (2008-2009, Wenaji part II), teachers 

and researchers gathered to discuss student improvement results, comparing the 

final and the initial MPS tests, and the process in general. Some changes took 

place: 

a. New teachers began to participate, because the project entered a new 

school year. The new teachers attended the same presentations that were 

delivered in the first phase regarding mathematics education, the VLE and 

general aspects of the project.  

b. The explicit inclusion of ―metacognition‖ (see Chapters 1 and 2). The VLE 

and the classroom included questions asking students which strategies they 

used to solve problems and why they selected those strategies. To answer 

those questions, students had the chance to choose up to three possible 
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mathematics strategies, selected among a set of strategies (those taught in 

the special classes) and taking into account students‘ preferences (e.g. first, 

second, and third choices).  

c. Parents‘ attitudes, caused by their view that mathematics learning should be 

―drill and practice‖, made us consider parents in a secondary role. 

Administrative staff in each school therefore looked after parents, arranging 

meetings, presenting results, and answering parents‘ questions. Moreover, 

the ―problem for the family‖ was eliminated, according to the new role 

expected of parents. 

d. A new mathematics class, in which students and teachers were formally 

introduced to five MPS strategies (look for a pattern, work backwards, trial 

and error, make a table/try a simpler case, and picture algebra; see Chapter 

2), was added to the school curriculum. This new class included many 

examples prepared by the researchers. 

e. The monthly meetings were transformed into meetings before the closure of 

each problem, so teachers could have more tools to discuss problems with 

their students. Those meetings were held via Illuminate, a software for 

online communications, which includes tools like a whiteboard used by 

teachers and researchers to discuss mathematics problems.   

f. In School A and B, teachers had a coordinator for the mathematics area. In 

general, these coordinators were responsible for dealing with administrative 

issues at each school. However, in School B the person responsible for the 

project‘s development was the teacher. In contrast, in School A there was 

not an identifiable person responsible, because sometimes the coordinator 

assumed the teacher‘s role and sometimes the teacher herself took control 

of the project.  

 

7.2.2 Group Composition 

The new group composition is described in Table 7.6. In Wenaji part II, 

heterogeneous groups of three students were composed, taking gender and 
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performance within each class in each school into account.  Additionally, School A 

decided to have one class outside the project. So class 2CG became the control 

group. Figure 7.7 presents a representation of the general composition of Wenaji II.  

 

 School A School B School C: Low socio-
economical level 

Classes 1: 23 students: 13 
boys, 10 girls 

1: 26 students: 13 
boys, 13 girls 

1: 41 students: 21 
boys, 20 girls 

2CG: 20 students: 13 
boys, 7 girls 

2: 27 students: 14 
boys, 13 girls 

2CG: 41 students: 25 
boys, 16 girls 

3: 22 students: 13 
boys, 9 girls 

 3: 41 students: 23 
boys, 18 girls 

Teachers  1 teacher 1 teacher 2 teachers for the 
project 

Academic: 
mathematics 
coordinator 

1 mathematics 
coordinator for primary 
school 

1 mathematics 
coordinator for primary 
school 

1 academic coordinator 
for primary school 

Table 7.6: General composition of participants in Wenaji part II 

 

Wenaji project community

Parents

Researchers

and assistants

SchoolClass

Group

Student

Teacher
School Administrator

 

Figure 7.7: General composition of the Wenaji project part II community 
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7.2.3 Some Results 

Some results of Wenaji part II (2008-2009) are presented in Table 7.7. 

 

Dimensions – 
Factors analysed 

Results 

1
. 

L
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e
 

Mathematical 
problem-
solving  
performance 

Students from Schools A and B finished the 10 series of problems 
and took the initial and the final tests.  

 In School A (classes 1 and 3), the results indicated that while 
at the start of the second part of the project 36.6% of students 
demonstrated a medium (B) or high level (C) of problem-
solving skills, by the end of the project this percentage rose to 
69.8% (see Figure 7.8). 

 In School A (class 2CG), results also indicated that 44.4% of 
the students in the control group demonstrated a medium (B) 
or high level (C) of problem-solving skills at the start of the 
second part of the project. By the end of the project this 
percentage rose to 63.6%. Students in the control group had 
the same teacher as those in the project (Wenaji II) and had 
participated in the first part of Wenaji.  

 In School B, the results indicated that while at the start of the 
second part of the project 31.3% of students demonstrated a 
medium (B) or high level (C) of problem-solving skills, by the 
end of the project this percentage rose to 98.1% (see Figure 
7.9).  

 In School A 31.7% of students in classes 1 and 3 moved two or 
more levels of performance, and 16.7% of class 2CG had the 
same pattern of performance. In School B that pattern was 
achieved by 66.7% of students (see Figure 7.10).   

Evidence in 
interactions 

 In virtual interactions one-half of the mathematics interactions 
were about the process (strategies and explanations), and the 
other half were about the results  of the problems (answering 
or correcting).   

 In face-to-face interactions students talked more about the 
process and strategies. The face-to-face interactions were 
observed when researchers went to visit Schools A and B. 
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Metacognition  Activities in class and questions in the VLE made students 
reflect on their own mental processes. However, the results 
reported here only take into account the students who 
answered metacognitive questions in the VLE and who 
participated in the discussions in the special math classes. 
Only 9% of School A students and 32% of School B students 
answered the VLE question about what strategies they applied 
to solve problems in the project. The most chosen first-choice 
strategies were: ―Make an organised table‖ (23%), ―trial and 
error‖ (19%), ―work backwards‖ (18%), and ―draw a picture or 
prepare a model‖ (17%). As a second choice, the most chosen 
strategies were: ―try a simpler case‖ and ―look for a pattern‖, 
both with 28% (see Figure 7.11). 

2
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  Nature of 

interactions 
 Because in this phase there were explicit classes to discuss 

the assigned problems with students, interactions in the 
classroom in those classes were more explicit in mathematical 
procedures and strategies.  

 At the end of the project students showed more mathematics 
discussions than at the beginning (see Figure 7.12). 

 Interactions in the VLE were social in chats and had more 
mathematics-related content in forums (see Figure 7.12).  

 Groups had different routines to approach problem 
discussions. Some groups focused their interactions on 
answering questions. Other groups worked more on comparing 
answers and processes. And other groups worked more on 
presenting ideas and results without further discussions.  
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Evolution of 
interactions 

 33% of students participated actively in the VLE. Those 
students sent on average 2 messages to the forums (general 
or group), during each problem series.  

 Students from School A sent on average 0,08 messages and 
students from School B sent on average 3,63 messages. 
Participation from School A and B was 17,2% and 47,6% 
respectively in virtual interactions.   

 Some people were central in generating conversations around 
mathematics. These people had two types of roles in 
maintaining the flow of the messages. First, they helped to 
generate reciprocity between the network‘s participants. 
Second, they helped to create bridges between groups, 
classes and schools to circulate information. These roles had a 
slightly influence on the students‘ improvement (p-value < 0.1).  

 While children talked with peers of the same gender within 
their groups in face-to-face interactions (p-value < 0,05)., in 
virtual interactions this pattern did not appear as relevant (p-
value > 0,05). 

 Self-efficacy had a slightly influence on the way they interact in 
forums and chats: they tended to interact more with peers with 
the same level of self-efficacy according to the survey of 
attitudes (p-value < 0.05). 

 Face-to-face interactions are influenced by school, class, 
group and gender (p-value < 0,05). Therefore, students tended 
to relate with peers with whom they shared the same previous 
attributes.  

 General forums and chats are related to the schools. So, 
children interact with their school‘s mates in the general forum 
and chat (p-value < 0,05). (See a summary of these relations 
in Table 7.8).  

Group 
composition 

 Heterogeneity within each group was achieved by gender and 
previous level of performance (abilities).  
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Table 7.7: Summary of Wenaji results (part II) 

 

Overall, Wenaji Part II also showed positive results in performance, participation, 

attitudes, and the use of the VLE to support interactions. In general, both schools 

had positive results. However, they achieved these results in different ways. For 

3
. 
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Toward 
mathematics 

 Students‘ attitudes toward mathematics are not always related 
to their performance. 

 In comparison to the first part of Wenaji, by the end of the 
project there was a slightly higher level of self-efficacy and 
motivation in School A (p-value < 0.05) (see Figure 7.13).  

 Group 2CG‘s enjoyment level was higher than those of groups 
1 and 3.   

 In general, School B students experienced changes between 
parts I and II of Wenaji: They expressed higher self-confidence 
(p-value < 0.05), but also higher anxiety (p-value < 0.05). They 
also recognised they did not understand all the difficult parts in 
mathematics classes (p-value < 0.05) (see Figure 7.14).  

 Although students expressed their positive attitudes toward 
participating in a CSCL project, they expressed difficulties in 
doing some of the problems. These comments were observed 
in the VLE.     
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Social space  Teachers and students could help design the VLE, helping 
make it simpler and more user-friendly.  
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Factors such 
as different 
socio-
economic 
backgrounds, 
different 
classes, and 
school 
dynamics 

 Curriculum decisions could affect the results (i.e. School A had 
begun to apply NCTM standards in the mathematics curriculum 
in all grades).  

N
e

w
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s
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In teachers’ 
role 

 Engagement can be seen as product of teachers‘ interests, 
coordination between administrative staff and teachers, and 
teachers‘ expertise (knowledge about the project and the 
classroom environment) and training. (See the section 
―boundary critique‖ in this chapter for more details.) 
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example, 69.8% of students in classes 1 and 3 in School A and 98.1% of students 

from School B reached medium or high levels of MPS skills (see Figures 7.8 and 

7.9).  

 

 

Figure 7.8: Mathematics performance (School A – Wenaji II) 

 

 

Figure 7.9: Mathematics performance (School B – Wenaji II) 
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These results showed that 70.7% of students from School A and 98.1% from 

School B moved up at least one level from Wenaji I to Wenaji II (see Figure 7.10).   

 

The control group (with the same teacher and previous participants of Wenaji part 

I) also had an improvement of 55.6% (63.6% of the students performed at medium 

or high levels). This result could be produced by the school context. This context 

refers to the decision of School A to starting to apply the NCTM principles and 

standards across all the grades, the students‘ social network developed in Wenaji 

I, and the influence of the teacher across all the classes (even in the control group, 

for by applying the NCTM principles they had to do work on MPS).  

 

 

Figure 7.10: Level of improvement by school, Wenaji II 

 

Students began to question their own mental processes (metacognition), but that 

was not explicit in the virtual interactions. (It only became apparent during class 

discussions.) However, Figure 7.11 presents the results of the VLE question asking 

which strategies the students applied while they solved the problems. This can be 

seen as a way to keep discussing self-cognition. Figure 7.11 shows the strategies 
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that students chosen as their first and second choices. ―Make an organised table‖ 

and ―trial and error‖ are the most common first-choice strategies, and ―try a simpler 

case‖ and ―look for a pattern‖ are the most common second-choice strategies.  

 

 

Figure 7.11: Metacognitive questions reported by students in Wenaji II 

 

In relation to the nature of interactions and the evolution of those interactions, 

Wenaji part II had some similarities to and differences from Wenaji part I:  

 On average, only 33% of the students participated actively in the VLE. There 

was a difference in participation between schools: while students from 

School A sent 0.08 messages on average, students from School B sent 3.63 

messages on average. 

 In general, the virtual discussions were focused on mathematical 

procedures and insights about the process. However, at the end of the 

project students also talked about strategies and explanations.  

 The face-to face interactions were more about the general process and 

strategies. 

 Some students became central because of the reciprocity that they 

promoted between their peers. In addition to this network feature, in Wenaji 
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II some students played the role of being bridges helping to circulate 

information. Both characteristics had a slight influence on the performance: 

students with those attributes had better levels of improvement.  

 Students in general forums and chats talked with their schoolmates. 

 Face-to-face interactions are school-, grade-, group- and gender-based.  

 In group forums students talked with their peers at the same level of self-

efficacy (according to the survey of attitudes). (See a summary of the 

influential factors in the different social spaces in Table 7.8.) 

 There was a change in the type of interaction between the beginning and 

the end of the project, from more social and attitudinal interaction to more 

balanced interactions that included mathematics discussions (see Figure 

7.12).  

 

Social spaces used 
in the project 

 
 
Influential factors 

Face-to-Face General VLE 
spaces 

Gender Yes No 

School Yes Yes 

Class Yes No 

Reciprocity Yes Yes 

Bridges Not analysed Yes 

Self-efficacy Not analysed Yes 

Group Yes No 

Table 7.8: Summary of the influential factors in the social spaces used in the 

Wenaji II project 
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Figure 7.12: Types of interaction in Wenaji II 

 

 The VLE dynamic of active groups by problem can be described by three 

types of routines. First, there were groups (about 25%) whose rhythm in 

discussion was focused on asking questions, answering those questions 

with explanations and factual data, and testing the explanations. Second, 

other groups focused on comparing answers and process between their 

members (about 25%). They discussed each problem based on each 

member solution.  Third, other groups (about 50%) had one or two members 

who presented ideas and results without generating a group discussion.  

 Active groups‘ VLE dynamic also can be described by the evolution of 

interactions. Groups changed their type of interaction from greetings and 

attitudinal interactions to more explanatory mathematical messages.  

 Some individuals had clear roles, whether of coordinator, a motivational role, 

or as representative between groups. Other individuals did not have a 

specific role. They changed their roles between problems (e.g. from 

coordinator in problem 1 to a participative but not specific role in problem 2).  
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School A showed slightly higher confidence and motivation compared to Wenaji 

part I (see Figure 7.13), with the control group showing greater responses to the 

questions ―I await mathematics class with joy‖ and ―I get stressed when I have to 

do mathematics tasks‖. School B‘s students had changes between parts I and II of 

Wenaji: They expressed higher self-efficacy and anxiety, but they also recognised 

that they did not understand all the difficult parts in mathematics classes (see 

Figure 7.14). These results could be related to the same bias described in the 

results of Wenaji I.  

 

 

Figure 7.13: Changes in attitudes in Wenaji II (School A) 
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Figure 7.14: Changes in attitudes in Wenaji II (School B) 

 

The following section will present some other reflections about the process and 

results in Wenaji, taking the boundary critique framework into account.  

 

7.3 BOUNDARY CRITIQUE IN WENAJI PARTS I AND II 

 

Reflections regarding Wenaji in terms of CSH (Ulrich, 1983) and SSM Mode 2 

(Checkland, 1990) will now be presented. Concerning CSH, the questions in the 

―ought to‖ and ―is‖ modes were considered monological reflections during and after 

the project, but taking into account the meetings with researchers and teachers. 

The baseline to make these boundary questions was the research proposal 

document (Wenaji website, 2007).  

 

SSM Mode 2 was used taking the two streams (cultural and logical)—as in the 

Atarraya project—to reflect upon the flux of events and ideas to make sense of the 

Wenaji project (Checkland and Scholes, 1990). Additionally, the CoP conceptual 
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framework was used in this analysis, especially to describe participants‘ identities 

throughout the project.  

 

Previous reflections about Atarraya affected the Wenaji project. Those reflections 

were considered to be a way to generate a broader perspective of the system to be 

intervened upon. The consequences of those Atarraya reflections on the Wenaji 

project will be studied in the following sub-section.  

 

7.3.1 SSM Mode 2 Results 

The following boxes present a brief analysis of the situation as a culture (stream of 

cultural analysis, according to the SSM process). Box 7.1 presents the analysis of 

the intervention, Box 7.2 presens the ―social system‖ analysis, and Box 7.3 present 

the ―political system‖ analysis. The relevant system presented in Box 6.4 and the 

conceptual model presented in Figure 6.7 complete the analysis of SSM Mode 2 

for the Wenaji project. Appendices 4 and 5 present the definition of activities and 

the comparison of those activities to the actual system of the Wenaji project (see 

Appendices 4 and 5).   
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Wenaji analysis 1: Analysis of the intervention itself 

The intervention took place because of the need to do things right, taking reflections on the 

Atarraya project into account. Having finished Atarraya, people from the research Group-A 

decided to design a new project with children of about 7 years of age. They wrote a 

proposal to support mathematics learning through the use of MPS strategies, ICTs, 

collaborative learning, and the promotion of positive attitudes. They had a concern about 

students‘ mathematics performance on international tests and in the project that they had 

already done. They were interested in generating a positive change in the students‘ MPS 

skills, taking into account some reflections about the previous project (Atarraya). For 

instance (Chapter 6 presents more reflections): 

1. The lack of changes in teachers‘ practices in the classroom regarding approaching 

mathematics instruction with MPS strategies instead of a ―drill-and-practice‖ strategy. They 

were taught with the ―drill-and-practice‖ strategy in their schools and undergraduate 

classes.   

2. The lack of improvement in students‘ MPS skills observed in the Atarraya project. 

3. The lack of analysis of the mathematical context by students and teachers within the 

problems designed for the Atarraya project.  

4. The failure in the formation and implementation of a CoP within the context of the 

CSCL-MPS process in which students, teachers, and researchers participate as members 

of a mathematics community.  

 

Group-A assumed the role of problem solver and that of client, because they wanted to 

know how to improve mathematics learning through the previously described factors.  

 

The problem-solver group had two months to design the project, seven months to 

implement it, and two months to analyse the results. They invited primary school students, 

mathematics teachers, and administrative staff from four Bogotá schools. They invited 

teachers to participate in some of the project‘s administrative decisions.  

 

Researchers, administrative staff, and teachers could be considered the problem owner, 

since they were involved in the problem situation (how to promote virtual learning and how 

to improve mathematics learning).   

Box 7.1: Analysis of the intervention in Wenaji 
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Wenaji analysis 2: Social system 

 

1. Teachers: there were seven mathematics teachers. Two of them worked at a school of 

a low socio-economic level. All of them were in charge of the math curriculum for fourth 

grade students. They work from 7 a.m. to 4 p.m. Teachers had different perceptions about 

the project. One teacher at School-A was interested in collaborating with the project 

process but without making any major changes in the way he taught. The other teacher at 

School A was not interested in the project. This teacher did not attend the meetings and 

did not prepare the students in the project activities. At School B, teachers were interested, 

and they made efforts to collaborate on the process (attending the meetings, sending e-

mails to ask for clarification of activities or processes, etc.). At School C, teachers were 

motivated but they had limitations in the knowledge required to support project activities 

and in the access to computers and the Internet. Some teachers (those from Schools A 

and C) seemed to see the project as made only for students. The teacher from School D 

did not participate actively; however, she collaborated with some project activities. She did 

not speak Spanish (she was an English speaker).  

 

In the second part of Wenaji, there were only four teachers, one of whom, from School A, 

was new to the project. She was willing to participate, but at the beginning she did not 

understand the project dynamic and had some troubles trying to follow project instructions. 

After that, she followed project activities. Teachers from Schools B and C continued their 

support of the project. School D did not participate. In general, teachers appeared to have 

the same set of interests and roles as in previous part of Wenaji.  

 

2. Researchers:  

a. The project director: he was in charge of the project. He had to deal with the project‘s 

administrative issues (preparing the budget; proposing discussions about project 

objectives, roles, and activities; hiring staff; coordinating and monitoring project activities; 

etc.). He was interested in working with students and teachers to promote mathematics 

learning through teaching strategies to teach MPS skills to teachers, so they could 

integrate those strategies in their lessons. In doing that, he wanted students to learn MPS 

skills so they could improve their mathematics learning. He thought that mathematics 

classes about problems in the VLE could support learning in students and teachers. He 

was also the father of one of the students participating in the project.  

b. Administrative assistant: the project director worked with the administrative assistant, 

who supported the project‘s administrative activities. The administrative assistant was also 

interested in better understanding how virtual networks can enhance mathematics 

learning. Thus, his vision was focused on three aspects: CSCL, mathematics learning, the 

analysis of the design, and the implementation of this kind of learning project.   

e. Software developer assistant: He was responsible for programming the VLE to support 

students‘ virtual discussions and for helping researchers monitor the.  
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3. Administrative staff in each school. They were interested in participating in an 

innovative project about mathematics learning using ICT. They delegated the responsibility 

for the project to their math teachers (and, in some cases, to coordinators, who were math 

teachers with administrative tasks for coordinating curriculum issues). They were also 

interested in the way the project could help students improve their math skills. They valued 

students‘ achievements on the one hand, and teachers being able to cover the entire 

curriculum on the other hand. They could be considered researchers‘ partners, because 

the university has had different projects with those schools. They liked being included in 

this kind of free, volunteer project in which they could decide the scope of the project 

within each school context (e.g. the project should be developed outside of the school 

time), while they could take advantage of how the project helped improve their 

management indeces. 

 

4. Coordinators: there was one coordinator at each school. The coordinators were in 

charge of coordinating all the academic activities (especially mathematics ones) at each 

school. They wanted teachers to cover the entire curriculum and to carry out the project 

activities. They worked as intermediaries between teachers and administrative staff. 

 

5. Parents: they were invited to participate in the project as an important part of the 

support needed to enhance the students‘ learning process. They had two different 

viewpoints about mathematics learning. Some thought of mathematics learning as ―drill 

and practice‖, while others saw mathematics learning as innovative learning using MPS 

strategies. They were interested in the time their children invested in the project and the 

difficulty level of the projects‘ activities.   

 

6. Students: two types of students: 

a. Students of School-C: They had difficulties accessing computers and the Internet.  

b. Students of the three high-socio-economic-level schools. At one school the students 

were volunteers, while at the other school participation was compulsory.  

 

Fourth grade students were chosen because researchers wanted to conduct MPS 

teaching strategies with little children to influence their mathematics learning. This decision 

was made after the Atarraya results indicated that high schools students lacked skills and 

the ability to deal effectively with math problems. Therefore, the assumption was that 

working with primary school students can improve their MPS skills and knowledge very 

early in their formal education process.  

Box 7.2: Analysis of the ―social System‖ in Wenaji 
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Wenaji analysis 3: political system 

 

1. In general, the common behaviour regarding the process of decision-making was to 

discuss the main aspects of the project (problems, technical needs, special activities, and 

deadline) in the meetings with the teachers or in regular calls or e-mails sent to them by 

the administrative assistant.  

2. Researchers had an influence on the agenda because of their role. They proposed the 

topics to be discussed, but they allowed all participants to give their opinion, and then they 

all made decisions together.  

3. There were political issues regarding the role of ―coordinators‖ and ―teachers‖ within 

each school. (This issue will be explained in Section 7.3.3 of this chapter.)  

4. There were political issues regarding the principal researcher‘s role of ―parent‖ and 

―researcher‖. (This issue will be explained in Section 7.3.3 of this chapter.) 

Box 7.3: Analysis of the ―political system‖ in Wenaji 

 

7.3.2 Boundary Critique and CSH – Source of Motivation 

The following table (Table 7.9) presents the source of motivation in Wenaji (―ought 

to‖ and ―is‖ mode). Afterwards, I present the boundary reflection based on the SSM 

Mode 2 approach, the CSH results, and the CoP framework.  
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Boun-

dary 

issues  

Boundary 

categories 

Wenaji – (2007-2008) 

In red (2008-2009)44  

(“ought to” mode) 

Wenaji – (2007-2008) 

In red (2008-2009) 45 

(“is” mode) 

S
o

u
rc

e
 o

f 
m

o
ti
v
a
ti
o

n
 

P
u

rp
o

s
e
 

 To improve students‘ 
mathematical problem-solving 
skills, taking advantage of a 
cooperative effort carried out 
by students and teachers 
around carefully designed 
mathematical problems about 
diverse MPS strategies. 
Students work around these 
problems using face-to-face 
(F2F) discussions and a VLE.  

 To create a VLE that allows 
students to tackle 
mathematical problems that 
were unusual and more 
difficult for them than the type 
of exercises they usually had 
to solve in their math classes. 

 To improve students‘ 
collaborative skills and positive 
attitudes. 

 To help students develop 
mathematical metacognitive 
skills similar to those real 
mathematicians use in dealing 
with difficult math problems. 
 

 To improve students‘ 
mathematical problem 
solving skills taking 
advantage of a cooperative 
effort carried out by students 
and teachers around 
carefully designed 
mathematical problems. 
Students work around these 
problems using face-to-face 
(F2F) discussions and a VLE. 
Some of these discussions 
took place in the VLE, while 
others occurred in 
classrooms. Some focused 
on one strategy, others on 
more than one strategy.  

 To create a VLE that allows 
students to tackle 
mathematical problems that 
were unusual and more 
difficult for them than the type 
of exercises they usually had 
to solve in their math classes. 

 To improve students‘ 
collaborative skills and 
positive attitudes (this was 
promoted more in Wenaji I 
than in Wenaji II). 

 To help students develop 
mathematical metacognitive 
skills similar to those that real 
mathematicians use in 
dealing with difficult math 
problems. 

                                                           
44 In addition to reflections about Wenaji I (in black), this colour (red) presents other 
reflections related to Wenaji II. It applies here and in all the tables about boundary issues 
in this chapter. 
45 In addition to reflections about Wenaji I (in black), this colour (red) presents other 
reflections related to Wenaji II. It applies here and in all the tables about boundary issues 
in this chapter. 
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C
lie

n
ts

 

 Students as the people to 
intervene upon in order to 
improve their MPS skills.  

 Teachers as the people to 
collaborate with in order to 
develop new mathematical 
teaching strategies. 

 Schools in general, as the 
learning community that can 
be influenced by the project‘s 
activities.   

 Parents as the people to 
collaborate with in order to 
promote positive attitudes 
toward mathematics.  

 In Wenaji II parents were not 
included as clients. 

 Students as the people to 
intervene upon in order to 
improve their MPS skills.  

 Some teachers were not 
involved as intended. 
Therefore, some teachers 
took advantage of the project 
as clients and others did not 
participate actively. 

 Some parents took 
advantage of the project to 
foster positive attitudes, but 
some others claimed that the 
project‘s activities were not 
appropriate for their children. 

 In Wenaji II parents were not 
included as clients. 

M
e

a
s
u

re
 o

f 
s
u

c
c
e
s
s
 

 MPS skills learned by the 
students (MPS-evaluation 
techniques in mathematical 
tests). 

 Indeces of network cohesion 
and individual centrality.  

 Volume and percentage of 
mathematical discussions in 
the VLE. 

 Type of interactions in the VLE 
(mathematical and other 
categories, such as social and 
attitudinal). 

 Students‘ attitudes toward 
mathematics learning 
(surveys, interviews). 

 Indeces to measure changes 
in teachers‘ perceptions.  

 Indeces to measure changes 
in parents‘ perceptions.  

 Type of strategies chosen to 
solve math problems. 

 MPS skills learned by the 
students (MPS-evaluation 
techniques in mathematical 
tests). 

 Indeces of network cohesion 
and individual centrality.  

 Volume and percentage of 
mathematical discussions in 
the VLE. 

 Type of interactions in the 
VLE (mathematical and other 
categories, such as social 
and attitudinal). 

 Students‘ attitudes toward 
mathematics learning 
(surveys, interviews). 

 Type of strategies chosen to 
solve math problems. 

Table 7.9: Questions of CSH – Wenaji – Source of motivation 

 

Regarding the source of motivation, it is important to highlight that, in contrast to 

Atarraya, the Wenaji project explicitly included the cognitive dimension of the 

learning process within the CSCL activities. In this respect, discussions and 
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practice about MPS skills were promoted. However, during the implementation of 

the project (part I), participants noticed that this dimension was not enough to 

account for the self-control and reflection about the cognition process (see Figure 

7.15). Therefore, questions about the metacognitive process were included in the 

F2F activities. Consequently, the metacognitive dimension was included as one of 

the dimensions to take into account in the CSCL-MPS process in Wenaji part II. 

 

Conflict

Cognition is enough 

for promoting 

learning

Self-control and 

reflection on the 

process is important 

for promoting 

learning

Metacognition

Cognition

 

Figure 7.15: Conflict in the Wenaji project – Dimensions of learning, using 

Midgley‘s (2000) boundary critique model 

 

In addition, there were two new purposes in the Wenaji project (parts I and II): 

 To create a VLE that allows students to tackle mathematics problems that 

were unusual and more difficult than the types of exercises they usually had 

to solve in their math classes. 

 To improve students‘ collaborative skills and positive attitudes. 

 

The first purpose is related to the idea that mathematical problem-solving teaching 

strategies are an effective way to generate a deeper understanding of mathematics 

than the drill-and-practice approach that focuses its attention on exercises to help 

students learn mathematics algorithms. This conceptual difference between the 
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different approaches to mathematics teaching and learning generated a conflict 

(see Figure 7.16):  

 On the one hand, some teachers and parents wanted to maintain a 

traditional approach to mathematics teaching-learning strategy (with lectures 

and exercises). This group was concerned that the new method would be 

very difficult for students to learn, for parents to support in the learning 

process, and for teachers to teach. They had experienced the traditional 

type of mathematics learning (―drill and practice‖; see Chapter 2 for more 

information) in their own mathematics classes—and teachers had also 

experienced this strategy in their professional classes—and they could not 

conceive of other ways to learn mathematics. ―Drill and practice‖ made them 

think in terms of a linear path of mathematics contents (for instance: first 

addition, then subtraction, then multiplication, etc.) without taking into 

account more complex structures of mathematics learning. This approach 

also declares success as the ability to compute different mathematics 

operations.  

 On the other hand, some teachers, parents, and the group of researchers 

wanted to innovate the way mathematics was taught and learned. They saw 

the inclusion of CSCL as a good strategy to support F2F mathematics 

activities and MPS skills as a good strategy to generate deep mathematics 

learning. This new strategy to teach and learn mathematics is based on the 

need for students to go deeper into the meaning of concepts, looking for 

similarities and differences between topics. This deep learning can be 

supported by a ―balance among engaging students in solving challenging 

problems, examining increasingly better solution methods, and providing 

information for students at just the right times‖ (Hiebert & Wearne, 2003, p. 

5; see Chapter 2 for more information). This approach also declares 

success as the ability to ―use cognitive processes to confront and resolve 

real, cross-disciplinary situations where the solution path is not immediately 

obvious and where the literacy domains or curricular areas that might be 
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applicable are not within a single domain of mathematics, science, or 

reading‖ (OECD, 2004, p. 26).  

 This conflict remained present throughout the project because of the lack of 

attention to institutional culture in order to challenge some perceptions and 

negotiate changes. This aspect will be discussed later on in this chapter.   

 

Conflict
Pro-innovative view 

traditional approach 

as profane

Pro-traditional 

approach

Pro-traditional 

approach view 

innovative as 

profane

Pro-innovative 

approach

Innovative 

approach: CSCL-

MPS skills

Traditional 

approach: lectures 

and exercises

Mathematics 

Learning 

Approaches  

Figure 7.16: Conflict in the Wenaji project – Mathematics learning approaches, 

using Midgley‘s (2000) boundary critique model 

 

The second purpose focused its attention on the collaborative skills and positive 

attitudes needed to support CSCL-MPS process. Although this was one of the 

main purposes of Wenaji, it was partially promoted and put in a secondary place 

compared to the cognitive dimension of the learning process (see Figure 7.17): 

 Attitudes toward mathematics were tracked and discussed throughout the 

project.  

 Attitudes toward ICT and collaboration were not tracked, and their 

discussion was circumscribed within the initial weeks of each part. Attitudes 
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toward ICT and collaboration were assumed to be promoted by teachers 

within classroom activities. 

 Collaborative skills were discussed informally as a resource to generate 

discussions about MPS skills and solve mathematical problems in the VLE 

and F2F activities.  

 

Conflict

Cognitive skills are 

enough to promote 

learning

Collaborative skills 

and the promotion 

of positive attitudes 

are important in 

learning process

Cognitive, collaborative, 

and attitudinal skills

Cognitive skills

 

Figure 7.17: Conflict in the Wenaji project – Collaboration and attitudes vs. 

cognition, using Midgley‘s (2000) boundary critique model 

 

Therefore, a formal discussion about collaboration (to generate engagement within 

the group) and a tracking process regarding attitudes toward ICT and collaboration 

is needed to support CSCL-MPS processes in a broader perspective (see Chapter 

1 for more information), taking into account the changes throughout the process to 

explore new ways to promote learning.  

 

In addition to this point, there were two different boundaries concerning purposes 

(see Figures 6.8, 6.9, 6.10, and 6.11 in the previous chapter): those who privileged 

MPS learning and those who privileged the CSCL activities, each of them with their 

corresponding collaboration skills and positive attitudes. Despite this, the fact that 

Wenaji was a CSCL project about MPS and that the project included face-to-face 
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interactions as well as virtual ones helped teachers in their understanding of both 

purposes throughout the project. Consequently, the way to overcome these 

sources of conflict was to promote mathematics discussions inside and outside the 

classroom (face to face and using the VLE, respectively). 

 

Regarding whether teachers and parents would be seen as clients of the system in 

Wenaji part I (this issue will be discussed later on in this chapter), an inconsistency 

was found. If they were considered clients, some purposes should be related to 

them (see Figure 7.18) and we should measure the project activities‘ impact on 

them, such as by seeing whether the project improved teachers‘ and parents‘ 

mathematical or CSCL practices, skills, or attitudes. Here, taking the system to be 

the school community, with its own culture, is essential to evaluating that 

improvement (see Chapters 2 and 4).  

 

Conflict

The promotion of 

students’ MPS skills 

is enough

The inclusion of 

teachers’ and 

parents’ concerns is 

important to support 

learning

To promote teachers’, 

parents’, and students’ 

skills to support learning 

process. 

To promote 

students’ MPS 

skills

 

Figure 7.18: Conflict in the Wenaji project – Teachers and parents‘ purposes as 

clients, using Midgley‘s (2000) boundary critique model 

 

Reflections about the system‘s purposes led us reflect on measurements of 

success about those purposes. Unlike Atarraya‘s focus on network and content 
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analysis, Wenaji focused on both level of measurement. Some social network 

analysis and content analysis methods were used to track the progress of the 

collaborative activities. Mathematics tests were also included at the beginning and 

end of the process to measure the impact of the activities on the students‘ MPS 

performance (see explanation in Section 7.1.6 in this chapter). What was missing 

in the measures was a formal measure to account for changes in attitudes toward 

CSCL activities (an aspect related to previous reflections about the purpose of 

improving students‘ collaborative skills and positive attitudes). Therefore, the 

conflict about the purpose (Figure 7.17) is also seen here in the measures chosen. 

Additionally, teachers and parents‘ perceptions were not measured formally; their 

perceptions were taken into account in discussions and in their behaviours.  

 

Teachers, students, and parents were included as beneficiaries in Wenaji part I, as 

a result of reflections about the Atarraya project. This implied continuous support 

from researchers to generate the mathematical discussions and the CSCL 

monitoring skills needed in teachers. However, some teachers were not involved 

as intended. Some facts from the project implementation that showed the lack of 

engagement were: 

 In School A, one teacher (Teacher1) was interested in collaborating with the 

project process but without changing class dynamics. He did not want to 

modify the way he taught. Therefore, he encouraged students to participate 

and collected the students‘ problems solutions, but he did not discuss the 

results in the classroom.  

 In the same school, another teacher (Teacher2) did not engage in the 

process: he did not attend the meetings or carry out any other activity 

related to the project.  

 In School B, both teachers were interested in participating and made efforts 

to collaborate, such as attending the meetings, sending e-mails to ask for 

clarification about activities, purposes, technical problems, etc. 
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 In School C, teachers were motivated to participate, but they did not have 

the knowledge required to support the project. They worked within the drill-

and-practice framework.  

 In School D, the teacher was a native English speaker. Although she 

attended the meetings, she did not participate actively in the project. 

 In general, meetings to discuss project issues with teachers were organised 

after the deadline to reflect on student discussions. As mentioned before, 

some teachers did not attend these meetings.  

 

In Wenaji part II, a new teacher entered School A. The teacher in School B was the 

same one who participated the previous year. The teachers‘ dynamics were similar 

to those of Wenaji part I: 

 Teachers participated actively in the meetings organised by researchers. 

These meetings were scheduled a day or more before the deadline. This 

change was a response to the need to give teachers the tools required to 

discuss problem strategies and solutions with students.  

 Teachers from Schools A and B chose to participate in virtual meetings. 

Teachers from School C chose to participate in face-to-face meetings.  

 The purpose of the meetings was to discuss the problems and to help 

teachers improve their MPS teaching strategies while they engaged with 

project activities.  

 

Aspects of teachers‘ identity within the context of the project brought to this 

situation: 

 Some teachers did not completely understand the project enterprise. They 

were immersed in the context of the school community, with their challenges 

about how to cover the mathematics curriculum. They were used to teaching 

in a particular way and with specific teaching strategies. Their practices 

were related to their perceptions about how to teach fourth grade children 

(with the drill-and-practice approach). Therefore, their identities were framed 
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within the context of non-participation, some in the peripherality (those in 

School A in Wenaji I) and some in the marginality (those in Schools C and 

D), because of their level of understanding of the enterprise, their abilities to 

engage in discussions about the project, and their abilities to use the 

resources (repertoire) available. In summary, these teachers had the 

competence needed to work in teaching mathematics classes without 

making big changes in their teaching and learning approach.  

 In Wenaji II, the School A and B teachers‘ identities were framed in the 

context of participation. They attended the majority of the meetings and 

participated in the discussions of MPS strategies and problem solutions. In 

contrast, School C teachers kept their identities in the context of non-

participation. In general, they better understood the enterprise of the project 

than teachers had the previous year. However, they did not have the 

required skills to make a significant contribution to the project. A trajectory of 

learning can be described here, in which teachers participated, took 

advantage of some project issues, and rejected some other issues 

(strategies, problem discussions, teaching strategies, etc.). 

 Some teachers (those from School B) engaged with the researchers in 

interactions to discuss the practices needed in the project. Their identity can 

be described as one of multimembership, for they were teachers in the 

schools, learners of the innovative teaching strategies, and facilitators in the 

project implementation. In constrast, School A and C teachers were 

immersed in school communities in which they were members, but they did 

not perceive themselves as members of the project.  

 

Students (in Wenaji I), as clients of the system, can be described by the following 

features: 

 Taking into account Atarraya reflections and literature about MPS skills 

regarding the age at which to start making changes in mathematics learning, 

children of 7 to 9 years of age were chosen to work on the project. Besides, 
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one of the schools (School A) had begun to design a new mathematics 

learning project based on NCTM standards, and they wanted to motivate 

this change with projects at the primary level.  

 During the first part of Wenaji (2007-2008), each school decided how to 

participate: Schools A, B, and D included all fourth grade students, while 

School C included 83 of its 124 fourth grade students, because, in initial 

meetings with School C‘s three fourth grade teachers, one decided not to 

participate in the project. This decision also allowed for the possibility of 

analysing that group as control group. 

 Some students had difficulties accessing computers and the Internet. Those 

were students from a low socio-economic level, from School C. The 

students from the other schools were from a high socio-economic level.  

 At the beginning of the project, heterogeneous groups were formed based 

on gender and the level of performance according to the initial mathematics 

test. An initial survey about students‘ affinity to study mathematics with 

classmates was also used to compose the groups. When other schools 

entered to participate, the groups were formed based on gender and school.  

 Reciprocal interactions were generated among those active participants 

during the project.  

 The VLE helped the students overcome their bias of mathematics as a 

male-dominated topic. Hence, female students also participated actively in 

discussions.  

 F2F interactions were influenced by school and class.  

 Although School A in Wenaji part I included all students, there were 

differences between students according to their teachers. Students of 

Teacher1 performed better than those of Teacher2 (who did not participate 

in the project).  

 In general, students indicated experiencing less joy and self-confidence 

around mathematics learning at the end of the project, as well as positive 

attitudes toward the VLE design and the activities proposed.   
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 Students interacted in the VLE, but they sent messages with few insights of 

the process (MPS strategies). In F2F interactions, they talked more about 

the process.  

 

In Wenaji part II, students were also considered clients of the system. Like in 

Wenaji part I, students‘ roles can be described by some features:  

 In general, students who participated in Wenaji part I kept participating in 

Wenaji part II. School C dropped out of the project after students did two 

series of problems (out of ten). This decision will be discussed later.  

 Schools made different decisions about which students to include. School B 

decided to keep all fifth grade students in the project because it wanted to 

give the opportunity to improve MPS skills to all students without exceptions. 

School A included 45 of 65 students (the rest were chosen to participate in 

another project). Hence, School A had a group of 20 students out of the 

project. Those students had the same teacher as the others two groups, and 

the majority had participated in Wenaji part I. Therefore, the class style and 

strategies to be taught, and students‘ previous experiences in the project 

with the same school friends, could be similar to those involved in the 

project. Despite these facts, researchers wanted to explore whether a 

second year of participation in the programme affected performance on 

MPS skills. Therefore, the group of 20 students taken out of the project was 

considered a control group. 

 As a result of discussions about the way to compose groups, in Wenaji part 

II groups were organised based on gender and mathematical problem-

solving skills (after students were assigned a global skill level, A through C, 

they were ranked as ―high‖, ―medium‖, and ―low‖ level; this was the base for 

the group composition in Wenaji part II).  

 More mathematics discussions were found at the end of the project. These 

were about strategies, explanations, answers, and corrections. However, 

students had different spaces to contribute to the network: chats for social 
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interactions and forums for mathematical interactions. Additionally, those 

different spaces were influenced by other variables. For instance, general 

forums and chats are related to schools.  

 Some roles can be identified on different levels. On the individual level, 

some students built roles within the project (coordinators, motivators, 

representatives between groups). Other students did not assume a specific 

role, instead changing roles between each series of problems. On the group 

level, some groups became focused on answering questions, while other 

groups focused on comparing answers and processes. Other groups 

worked more on presenting ideas and results without further discussions.   

 Reciprocity, ―bridges‖ (those who served as representatives between 

groups), and self-efficacy were considered significant to generating 

mathematical discussions, with a slight positive impact on performance.  

 As in Wenaji part I, in the second part of the project gender issues were not 

relevant in VLE interactions.  

 In general, students indicated experiencing higher levels of self-confidence 

in mathematics learning and positive attitudes toward the VLE at the end of 

the project.  

 Wenaji part II gave students the opportunity to think mathematically. Three 

different situations support this: 

o Some students performed well in mathematics before the project. 

Their schools could not challenge them to expand their mathematics 

knowledge. However, the Wenaji project offered them the possibility 

to explore new issues in terms of mathematics, as well as 

technology. 

o Some students performance poorly in mathematics before the project. 

To them, mathematics classes were difficult to understand, hard to 

follow, and even distressing. The Wenaji project offered them the 

chance to change their attitudes and to see mathematics as a real-

context activity, eventually increasing their mathematical proficiency.  
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o Although students from School C did not participate fully in the 

project, some of them had the opportunity to experience the two 

previous aspects: they participated very actively in the project context 

and made efforts to carry out the activities of the network until their 

school‘s administrative staff decided to drop out of the project.  

 

These characteristics (Wenaji I and II) showed a student‘s identity based on 

multimembership, trajectory, non-participation and different ways of identification: 

 The trajectory of learning could be seen, initially, as the immersion in an 

innovative project that made students to engage with it. Then, the trajectory 

built reciprocal relationships and changed the patterns of mathematics 

discussions (from a male-dominated area to a non-gender-related area). 

Later on, it made students interact (F2F and VLE), discussing mathematical 

processes and acknowledging changes in their attitudes toward 

mathematics learning and the VLE. After that, the trajectory showed 

students identifying themselves in roles and routines within their groups and 

discussing mathematical strategies more frequently than at the beginning.  

 The multimembership aspect of identity is seen as a way to interact with 

peers of the same group, class, and school, as well as with peers of 

different schools. However, multimembership was also a constraint to 

participate completely in the project (in Wenaji part I), because the 

boundaries of each school (with their own curricula and class dynamics) 

made interactions between students from different schools difficult. This 

limitation to participate can be seen as a source of conflict due to the need 

to generate heterogeneity, diversity, and even social inclusion at the 

beginning of the project (see Figure 6.20 in the previous chapter). This need 

was chosen over the need to integrate groups, taking into account the 

constraints of each school regarding curriculum and Internet access. In 

Wenaji II, this constraint was released by taking that reflection into account 
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and using gender and MPS performance level to generate heterogeneity 

within groups.  

 In relation to the generation of heterogeneity, an advantage observed in the 

Wenaji project was the formation of a community of ―mathematicians‖ in 

which students and teachers discussed their ideas with people from other 

contexts. In this respect, the combination of rural and urban schools, 

advanced students and students of low-level performance, students and 

schools from different socio-economic contexts, different types of problems 

depending on the school and the language, different ways to communicate 

(F2F and by the VLE), and different types of instructions and curricula, led to 

a cultural exchange that benefited the people involved. It gave new 

opportunities to coordinate experiences; acquire and share new repertoires; 

see CSCL-MPS processes differently; and challenge and change 

assumptions, perceptions, practices, and existing rules about these kinds of 

processes within the school environment—in summary, to engage and 

identify with a new and broader community in which the learning process 

can shape people‘s identities. This can also be seen as the promotion of 

new purposes beyond the initial purposes of the project: to take social 

inclusion into account in the design of CSCL-MPS processes. The issue of 

inclusion in education has been studied in previous research, with different 

approaches. One of these approaches is a focus on the right of every child 

to education and the opportunity to achieve and maintain an acceptable 

level of learning (Lindsay, 2003). Other studies have presented social 

inclusion as reducing inequalities between differently advantaged groups 

(Adams & Fitch, 2006) and as giving opportunities to participate fully in all 

the educational, social, and domestic activities that typify everyday society 

(Florian, 2005). In this regard, the community formed in the Wenaji project 

supported discussions about the way social inclusion should be promoted in 

a school context.  
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 Identity could also be described in terms of multimembership, considering 

the ―bridge‖ roles that students began to build.  

 Non-participation was observed when 77% (Wenaji I) and 67% (Wenaji II) of 

students remained passive students in the VLE. This situation shows factors 

of peripheral or marginal participation. Students‘ decisions about how to 

participate in the project can be analysed as legitimate peripheral 

participation, meaning students did not participate fully, but they were 

present to take relevant aspects into their own learning trajectories. 

Additionally, in Wenaji I, teachers are School C helped students overcome 

their difficulty accessing computers and the Internet by printing the problems 

and promoting discussion in the classroom. However, School C students‘ 

lack of previous knowledge (special mathematics language to solve 

problems as described in Chapter 3) could have caused a marginalisation. 

 In contrast to Atarraya, in Wenaji I and II one aspect of the students‘ 

identities was the generation of groups. They worked in groups, with more 

reciprocal interactions and clear bridge roles between groups.  

 

As in Atarraya, previous reflections about student‘s identities point toward a 

trajectory of learning in addition to an exploration of attitudes. Moreover, an 

identification of possible constraints to participation should be considered.  

 

Parents were also included as clients of the system in Wenaji I, because of the 

need to communicate to them how to support their children‘s learning processes 

with positive and appropriate attitudes (see Chapter 2). The idea was to help them 

in the process of leading their children in the projects‘ activities. Because they had 

access to their website, they also could read papers about the project. However, 

this inclusion was a source of conflict because: 

 Some of them were motivated to foster positive attitudes to their children. 

 But others claimed that the project problems were not appropriate for their 

children. They complained about the time their children spent on the project 
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and the project‘s activity‘s high level of difficulty. It seems that the amount of 

information and activities in which the parents were involved overwhelmed 

them. 

 

Therefore, their inclusion as clients in the Wenaji project was put into question (see 

Figure 6.23 in the previous chapter). In this reflection it is important to consider the 

parents‘ identities that could affect their engagement: 

 Their identities could be framed by their own experience of mathematics 

education. The drill-and-practice approach, in which they did exercises that 

improve their skills with mathematical algorithms, was the way that they 

learned mathematics.  

 Their identities could also be framed in terms of their own competence in 

promoting mathematics learning. Because they learned mathematics by 

memorising algebraic and geometric formulas, mostly at the secondary 

education level, they could not support learning by the diverse set of 

strategies that the project intended to promote.  

 The project vision was presented to them in an initial meeting. However, 

discussion about this vision was not pursued. Therefore, the parents‘ 

identity could be seen as one of non-participation, although the researchers‘ 

were willing to include them as participants.  

 

These reflections bring up the question about the parents‘ role. If they are going to 

be part of the project but with an identity of non-participant, that identity should at 

least allow them to feel legitimate peripheral participation instead of being 

marginalised. Therefore, they need to have a basic understanding of the enterprise 

and the way to support that purpose. As a result of these reflections, during the 

second part of the project, parents were invited to participate but in the basic role 

of witness and in the secondary role of clients, but only with the information about 

how to support children in their process. Besides, schools administrators were 
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expected to look after the parents‘ perceptions. (This decision will be discussed in 

the next section, on the source of power). 

 

7.3.3 Boundary Critique and CSH – Source of Power 

Regarding the source of power (see Table 7.10), in Wenaji part I there were three 

roles ascribed to the role of decision maker: school administrators, researchers, 

and teachers:  

 Researchers were in charge of the project decisions at the level of design 

and implementation of activities in the VLE. They were responsible for 

managing the VLE, the tasks in the VLE, the instruments to track progress, 

the strategies to be promoted, and more.   

 School administrators made decisions concerning the main aspects of the 

project within each school, such as the approval of certain activities to 

support the project. However, during the implementation they delegated this 

kind of project issue to academic coordinators. These coordinators were in 

charge of coordinating mathematics activities at a general level (e.g. at the 

whole primary school level).  

 Teachers were decision makers within the context of what was happening 

within their classrooms regarding Wenaji and their mathematics classes. 

Therefore, they were responsible for organising class dynamics with 

computers, discussions of the problem solutions, the promotion of 

collaborative interactions, etc.  
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 School administrators lead the 
project within each school. 

 Researchers lead the 
discussions about the project 
activities. 

 Teachers lead the project 
within each classroom. 

 School administrators 
approved the project and 
delegated the project 
implementation to teachers 
and academic coordinators. 
However, they tracked the 
project activities.  

 Researchers led the 
discussions. 

 Teachers: Some guided the 
students in the project, but 
others did not make 
decisions according to the 
project. 

Boun-

dary 

issues  

Boundary 

categories 

Wenaji – (2007-2008) 

In red (2008-2009) 

(“ought to” mode) 

Wenaji – (2007-2008) 

In red (2008-2009) 

(“is” mode) 
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 A software developer assistant 
to build the VLE. 

 A computer server to save the 
project information. 

 Content of MPS tasks related 
to the project. 

 Different MPS strategies to be 
taught. 

 VLE designed. 
 Schedule of tasks in VLE. 
 Computer and Internet access 

(in the schools). 
 Group composition by schools. 
 Social network of school 

communities. 
 Instruments of measurements 

(mathematics tests, surveys, 
etc.). 

 Incentives. 
 Face-to-face classes designed 

(researchers and teachers 
take control of the classes). 

 Meetings with teachers to 
track project activities. 

 ICT teachers in each school. 

 A software developer 
assistant to build the VLE. 

 A computer server to save 
the project information. 

 Content of MPS tasks related 
to the project. 

 Different MPS strategies to 
be taught (in some schools 
the focus was on just one of 
them). 

 VLE designed. 
 Schedule of tasks in VLE. 
 Computer and Internet 

access (in the schools). 
 Group composition by 

schools in Wenaji I and by 
skills in Wenaji II. 

 Social network of school 
communities. 

 Instruments of 
measurements (mathematics 
tests, surveys, etc.). 

 Incentives. 
 Face-to-face classes 

designed (researchers gave 
the classes). 

 Meetings with teachers were 
not always attended.  

 In some schools the ICT 
teacher supported the 
project, while in others he or 
she did not. 
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e
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t  Schools‘ extracurricular 

activities, cultures, and 
administrative practices. 

 Schools‘ philosophical 
principles. 

 Schools‘ extracurricular 
activities, cultures, and 
administrative practices. 

 Schools‘ philosophical 
principles. 

Table 7.10: Questions of CSH – Wenaji – Source of power 

 

Some sources of conflict could be observed in Wenaji I, regarding the issues of 

power. First, teachers‘ interest in continuing to work with their own mathematics 

materials led them not to discuss the problems in classrooms. Thus, the main 

researcher took the responsibility of designing mathematics classes to discuss the 
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problems with students. But there were at least three conflicts related to the 

researcher‘s identity: 

 The main researcher was the father of one of the students in School A, so 

he was in an awkward position to challenge teachers‘ interests. Despite this 

awkward position, the main researcher had good relations with the school‘s 

administrative staff. Thus, sometimes he could present his concerns to 

them, and they would take control of the situation.  

 He also was a teacher of some classes, though classroom dynamics were 

not under his control, because he was not the children‘s math teacher. 

Teachers were needed to help maintain an appropriate classroom dynamic 

for the purpose of the classes. But some teachers did not take advantage of 

these classes to learn about MPS skills and ways to teach, and they 

decided to do something else during the classes. 

 Because the main researcher was a teacher, but at the university level, 

some of the ways he explained concepts or strategies were hard to follow 

(for example, the use of the term ―likely‖ to explain probabilities). Two 

elements were important to overcome this challenge: first, the support of 

teachers and administrative assistants, and, second, the use of some 

audiovisual aids.  

 In Wenaji part II, researchers included the special classes in the formal 

frame of project activities.  

 

The previous conflicts can be described by the boundary critique model (see 

Figure 7.19). Figure 7.19 presents the conflict in terms of classroom control and 

project dynamics by teachers and researchers. In a narrow perspective, teachers 

were in charge of both dynamics, because they were the schools‘ teachers (with all 

the knowledge about the classroom dynamics). However, in a broader perspective, 

researchers could also help control the classes and give students and teachers 

new knowledge about innovative ways of teaching and learning mathematics 



294 
 

based on the MPS pedagogic strategy. However, due to the factors described 

previously, this broader boundary generated conflicts with the narrow boundary.   

 

Conflict

Teachers’ 

knowledge is 

important and 

sufficient in the 

project activities 

and classroom 

dynamics (special 

classes in the 

classroom)

Teachers and 

researchers 

knowledge is 

important in the 

project activities 

and classroom 

dynamics (special 

classes in the 

classroom)

Teachers and Researchers

Teachers

 

Figure 7.19: Conflict in the Wenaji project – Classroom and project dynamics 

(special classes), using Midgley‘s (2000) boundary critique model 

 

So far, the main researcher identity can be described as one of multimembership 

and different levels of identification:  

 He was academic researcher, lecturer (in an university), teacher of special 

classes within the project, and father of one of the participating students. 

Therefore, before he was to negotiate the terms of each activity and the 

project in general, he needed to figure out how to balance these different 

memberships. For instance, the conflict between the university and primary-

school jargon created a tension between the competences and experiences 

of teachers, students, and researchers.  

 The conflict between challenging teachers and being a father could generate 

a lack of alignment by teachers. Hence, persuasion through directed 

experience was only partially achieved in engaging with teachers and 

students during the classroom activities and discussions about the project.  
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 All of these levels of multimembership can be seen as degrees of 

engagement. He was engaged in the project and participated in the design 

of project purposes, discussions throughout the project, and the 

implementation of some activities. Nevertheless, the lack of shared 

repertoire for those activities made his engagement difficult.  

 Finally, his process in the project accomplished a trajectory of learning. 

Learning about how to engage, what activities to promote, how to track 

progress in the project, etc. added to his identity.  

 

The administrative assistant identity was framed as a trajectory of learning and 

membership in the project activities. This trajectory of learning over the course of 

the project was guided by his research questions and reflections about the whole 

project process.  

 

Second, throughout the project coordination problems regarding the academic 

coordinators could be observed:  

 During the Wenaji part I implementation, the School A coordinator was one 

of the teachers participating in the project (Teacher1, who was willing to 

participate). Although this could be seen as an advantage because of his 

ease at dealing with the coordination issues, it could also be seen as a 

disadvantage, since, if he did not follow the purposes and interests of the 

project, it would be more difficult to make other people follow them. In our 

case, that teacher could follow the majority of the project activities, but he 

could not coordinate these activities with the other teacher involved in the 

project. He could not make the other teacher participate actively, so control 

over the project activities was only focused on the classes that the 

coordinator led. Here, lack of alignment and lack of understanding about the 

enterprise were the aspects of the identity observed between the 

coordinator and the other teacher. In contrast, at the other schools, 
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coordinators worked to facilitate the teachers‘ tasks in supporting the 

project.   

 During the Wenaji part II implementation, School A had a new coordinator 

and a new teacher. The communication between the research group, the 

coordinator, and the teacher was difficult because, in almost all the 

meetings, either the coordinator or teacher could not attend. The 

commitment was to coordinate activities with the other, and when the 

teacher missed the meeting, it was difficult to coordinate activities, because 

some part of the discussion (the logic of the problem or the main points to 

highlight) was missed. Again, a lack of alignment and lack of understanding 

of the enterprise affected this coordination process.  

 In Schools B, C, and D, the coordinator had the role of facilitating the 

process, but the main role lay on teachers, so teachers were the ones who 

attended the meetings. Consequently, the alignment needed in the 

community was located on teachers‘ identity.  

 

Figure 7.20 shows the already-given descriptions of the coordinators‘, teachers‘, 

and researchers‘ roles. This figure presents the overlapping concerns of two 

groups of stakeholders (in this case researchers and teachers) and the 

marginalisation process that can occur within those concerns (see Midgley & 

Pinzón, 2011, for more information about the model, which is based on the 

boundary critique theory explained in Chapter 3). Figure 7.20 shows that in thinking 

about the people that should be responsible for the control and coordination of 

project activities (in VLE and F2F settings), researchers as well as teachers 

marginalised the role played by coordinators within some schools (especially 

School A). This tension about the role played by coordinators showed that a duality 

between autonomy and regulation is important in the design for learning. 

Therefore, the coordination process to support learning must put into consideration 

the autonomy to explore project activities and classroom dynamics, as well as the 

regulation needed to keep in mind the purposes of the system.  
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Conflict
Pro-researchers in 

charge view 

teachers as profane

Pro-teachers in 

charge

Pro-teachers in 

charge view 

researchers as 

profane

Pro-researchers in 

charge

Researchers in 

charge of the project 

activities

Teachers in charge 

of the project 

activities

Participants’ roles

Researchers and 

coordinators in 

charge of the project 

activities

Teachers and 

coordinators in 

charge of the project 

activities

Coordinators

 

Figure 7.20: Conflict in the Wenaji project – Coordinators, researchers, and 

teachers‘ roles, using Midgley and Pinzón‘s (2011) boundary critique model 

 

Third, teachers had a personal teaching style (see discussion about teachers as 

clients), so, despite the fact that all teachers had been told to emphasise at least 

the MPS strategies developed during the project, School A teachers decided to 

emphasise only one of the strategies. In conversations with them, teachers justified 

their decision by arguing that they were going to teach all the strategies gradually. 

However, they kept emphasising only that particular strategy. Here the conflict was 

in emphasising one or a few of the MPS strategies supported by the project without 

considering how important diversity in strategies is for increasing the number of 

opportunities to approach a mathematics problem (see Chapter 2) and, 

consequently, for the students‘ learning processes (see Figure 7.21). Here, the 

teachers‘ experience and the researchers‘ competence should be negotiated to 

promote the practice that is wanted in the project.  
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Conflict

Expertise of 1 

strategy is enough 

to promote learning

Diversity in 

strategies is 

important to 

promote learning

More than 1 (4-5) 

strategies at a time

1 strategy at a time

 

Figure 7.21: Conflict in the Wenaji project – Diversity in MPS strategies, using 

Midgley‘s (2000) boundary critique model 

 

Fourth, teachers‘ interest in continuing to work the way they always have also 

made monitoring CSCL activities difficult (see Figure 6.18 in the previous chapter). 

Teachers did not consult some basic reports designed by researchers and 

explained by the administrative assistant, so they could not track students‘ 

discussions or interactions. Consequently, usually in the meetings there was time 

to explain those reports in detail and to show some results about what was 

happening with students.  

 

Fifth, there was a change in the middle of the project to re-arrange the group 

composition. This change took gender and school into account as variables to 

generate heterogeneity. However, at the end of the project (part I) this decision 

was put into question because of the limitations generated by different curricula, 

widely varying students‘ mathematics levels, and different ease of access to 

computers and the Internet (see Figure 6.20 and reflections presented in the 

previous section of this chapter). In Wenaji II, heterogeneity was achieved by 
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gender and MPS performance. This decision allowed students to participate in a 

smoother and more stable path than the one used in Wenaji I.  

 

Sixth, at the beginning of 2009 (middle of the project, second part), School C 

decided to drop out of the project. This school wanted to train its students for a 

national test (―Pruebas Saber‖) that evaluates performance in mathematics, so the 

administrative staff decided that it was better to focus on that specific training than 

to participate in the project. Thus, School C was not considered in the whole-

project analysis. However, its decision highlighted a conflict in the way researchers 

and School C were considering the project‘s main purpose and interest, as well as 

in their worldviews associated with the project (see Figure 7.22). In this conflict, 

School C administrators‘ identities can be explored. They considered the project to 

be too time-consuming and a diversion when they needed to improve students‘ 

mathematics learning before a national mathematics test. A lack of coordination, 

transparency, and negotiability framed the School C administrator and researchers‘ 

identities in this respect.  
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Conflict
Pro-program view 

test-training as 

profane

Test training 
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of math learning

Pro-test training 
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of math learning 
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By specialized training 

on the presentation of 

different national and 

international tests

Promotion of high 

level skills in math

 

Figure 7.22: Conflict in the Wenaji project – Promotion of high-level MPS abilities, 

using Midgley‘s (2000) boundary critique model 

 

In addition to the previous reflections, two more aspects can be analysed in the 

Wenaji project: 

 ICT teachers in each school and the software developer assistant were 

considered to be part of the resources available for the project. However, 

taking into account that the project involved the use of ICT in education, 

these roles could be more effectively managed. Although they participated 

in some meetings during the project, their support could be more effective if 

they had been invited to a continuous dialogue throughout the project about 

the use of ICT for the project‘s purposes.  

 Although they were enough to deal with all the decisions required by the 

project, the resources available for the project were limited, pointing out the 

need to reflect on the scope of this kind of project (reflecting about the 

purpose, as mentioned previously) and including mechanisms to promote 

organisational learning that goes beyond the scope of the project. (This 

topic will be discussed later on.)  
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Regarding the decision environment, the schools‘ extracurricular activities could be 

considered problematic in the project. Schools‘ extracurricular activities (and even 

the curricular activities and class dynamics) affected the project dynamic, but were 

considered outside of the system to control. During the project, other activities—

such as piano lessons, sport practices, excursions, or projects in other subjects—

changed the Wenaji dynamic by affecting deadlines and days to discuss problems 

or by canceling special classes.  

 

Teachers played an important role in dealing with these environmental issues: 

 The success of the project can be affected by the selection of deadlines, 

dates for discussion of problems in the classroom, and dates to conduct 

tests. This was a complex task because of the different schedules and 

activities that each school had. School B was always aware of these issues 

in the discussions. Teachers and the coordinator from that school proposed 

dates so that students could be more engaged in the Wenaji activities. For 

example, a discussion day could not be programmed a day before a school 

excursion, because excursion-caused anxiety could negatively affect 

students‘ concentration in mathematics discussions. Instead of taking these 

issues into account, School A sometimes decided to book discussion on 

those days because of a lack of time to reschedule them.  

 The success of the project can also be affected by the selection of the 

problem topics. Teachers at School A helped us be aware of interesting 

topics taught in other subjects, for example, Spanish conquerors or 

Caribbean pirates in History classes. Teachers at School B also helped on 

this issue, but as a complementary item, when they found an interesting 

topic (within mathematics or from other class). 

 The success of the project can also be affected by ICT resources (or lack of 

access or skills to use them). Therefore, teachers invited ICT teachers to 

support them in the process of dealing with some ICT-related questions.  
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Therefore, teachers‘ experiences in the school context can help us overcome some 

environmental issues. This situation can be considered under the framework of 

CoP, taking into account the CSCL-MPS process immersed in a school community 

in which different participants‘ identities can contribute to developing an 

appropriate environment for the proposed activities.  

 

Additionally, researchers, teachers, and schools administrators had to engage in 

other decision-making processes that were more related to the knowledge included 

or excluded in the project. In those processes, a lack of negotiability to generate 

agreements was the framework that shaped some aspects of the participants‘ 

identities. This reflection will be explored in the next section.  

 

7.3.4 Boundary Critique and CSH – Source of Knowledge 

Regarding the source of knowledge (Table 7.11), the Wenaji project intended to 

have a continuous dialogue between teachers and researchers as experts and 

guarantors of the system. They were chosen because of the different competences 

and experiences they have: 

 Teachers knew the school practices, the class dynamics, the mathematics 

curricula, and the promotion of collaboration. They have had experience 

within the context of primary school, which was needed to accomplish the 

project purposes. In this case, the activities teachers promoted within the 

classroom and their monitoring of the virtual activities were fundamental to 

evaluating how the process was working. 

 Researchers knew the technical knowledge about VLE, mathematical 

problem solving, promotion of collaboration, and the tracking of CSCL 

activities. In this case, the activities promoted (meetings with teachers, 

mathematics problems in the VLE, special classes, etc.) were essential to 

accomplishing the project purposes. 
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 Researchers.  

 Teachers. 

 Researchers. 

 Teachers. 
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 Technical knowledge about 
VLE design. 

 Teachers‘ professional 
experiences. 

 Knowledge about school 
practices. 

 Technical knowledge about 
mathematics curriculum, 
mathematics instructional, 
design and MPS evaluation 
techniques.  

 Knowledge about how to 
control and monitor CSCL 
activities. 

 Knowledge about the 
promotion of CSCL skills. 

 Technical knowledge about 
VLE design.  

 Technical knowledge about 
mathematics curriculum, 
mathematics instructional 
design and MPS evaluation 
techniques.  

 Knowledge about how to 
control and monitor CSCL 
activities. 

 Knowledge about the 
promotion of CSCL skills. 

G
u

a
ra

n
to

r 

 Continuous dialogue between 
teachers and researchers. 

 An intermittent dialogue 
between teachers and 
researchers (not always with 
competent knowledge, 
experience, or practices 
according to the project). 

Table 7.11: Questions of CSH – Wenaji – Source of knowledge 

 

However, in Wenaji (parts I and II), there were some issues related to the 

knowledge-based system to reflect on: 

 First, teachers‘ professional experience and school practices were not taken 

into account as expected. It was assumed that they could be aligned with 

the project purposes and activities, and that teachers might change their 

methods in the classroom to new, innovatives ones. Teachers were 

conceived of as the natural bridge to explore school practices, allowing the 

Boun-

dary 

issues  

Boundary 

categories 

Wenaji – (2007-2008) 

In red (2008-2009) 

(“ought to” mode) 

Wenaji – (2007-2008) 

In red (2008-2009) 

(“is” mode) 
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researchers and teachers to act appropriately. However, this was not always 

possible.  

 Second, the guarantor system lacked the competent and continuous 

dialogue necessary to support the attributes the guarantor needed. 

Teachers and researchers participated in a dialogue, but it was not always 

fluid, because of their differences in experiences and competences.  

 

As in the Atarraya project, the source of knowledge was affected by some facts 

related to the identities of those involved as guarantors: 

 A lack of transparency about the common ground and the differences in 

perspectives and expectations, as well as the context of the joint 

activities to access the other practices (teachers and researchers). 

 A lack of negotiability among different competences and experiences. 

 A satisfactory level of coordination to keep the project activities active.  

 

In addition, there was a conflict about what was considered the relevant knowledge 

in the Wenaji project, specifically regarding the notion of ―problem‖. At the 

beginning of the project there were some discussions to establish the basics about 

the MPS way to approach mathematics teaching and learning processes. In these 

meetings, researchers presented to the administrative staff, teachers, and parents 

of each school the change between the ―drill-and-practice‖ and the MPS 

approaches and the implication of this change on student practices (see Chapter 

2). Related to this change, the notion of ―problem‖ should be challenged. However, 

it seems that it was more useful for some teachers and parents to think about 

problem in terms of its daily-life definition (the repertoire that they shared for many 

years in their communities) than to think in terms of its mathematical definition 

(which was new and not shared by many people) (see Figure 7.23). In this case, 

researchers could not affect the perceptions that some teachers and parents had. 

However, to the other teachers and parents, the new concept helped them to follow 

the project enterprise.  
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Conflict

The daily life notion 

of problem is 

enough to 

understand the 

community’s 

enterprise

The notion of 

problem that is 

useful for 

understanding the 

community’s 

enterprise is based 

on MPS theory

Problems as in the MPS 

theory

Problem as in a 

daily life concept

 

Figure 7.23: Conflict in the Wenaji project – Notion of problem, using Midgley‘s 

(2000) boundary critique model 

 

7.3.5 Boundary Critique and CSH – Source of Legitimation 

In relation to the source of legitimation (Table 7.12), the general idea of thinking in 

school communities as the witness of the system was appropriate, given the 

project scope and the vision of the project as immersed in a community of practice 

approach. Because the school community could be seen as the witness, school 

administrators, parents, teachers, students, and researchers were included in the 

community. Thus, witnesses‘ identities must be explored, taking into account the 

different roles that they have, as clients, as decision makers, as experts and co-

guarantors of the system.  
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Witness  School communities. 
 

 School communities. 
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 Students, school 
administrators, and teachers 
could discuss and change the 
project dynamic and issues. 
This was possible because 
they had access to and 
understanding of all the 
information collected 
throughout the process.  

 Students, school 
administrators, and teachers 
could discuss and change 
the project dynamic and 
issues.  

 Some parents claimed that 
the project was not 
appropriate for their children, 
because they found the 
problems too difficult for their 
children. Teachers dealt with 
that issue. 

 They had partial access to or 
partial understanding of the 
information collected.  

W
o

rl
d

v
ie

w
 

The idea was to manage the 

conflict of interest between: 

 Teachers' interests:  
Teachers concerns about their 

professional development, 

their class tasks, and students‘ 

performance as a related 

component of their tasks.  

 Researchers‘ interests: 
A wider understanding of 

group and mathematics 

learning with the support of 

technology and the inclusion of 

this understanding in the 

school community. 

  

The management of the conflict 

was not successful because 

there were new interests in 

conflict and the negotiation of 

interests was not continuous:  

 Teachers' interests:  
Some teachers were 

interested in finding new 

ways to improve students‘ 

MPS skills. Other teachers 

were interested in reducing 

the time spent on the classes 

that were intervened upon. 

Some teachers believed that 

project activities were only for 

students. Others perceived 

their role as teachers as an 

important component of the 

process.   

Boun-

dary 

issues  

Boundary 

categories 

Wenaji – (2007-2008) 

In red (2008-2009) 

(“ought to” mode) 

Wenaji – (2007-2008) 

In red (2008-2009) 

(“is” mode) 
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 Parents‘ interests: 
Parents‘ concerns about the 

time students spent on the 

project, the level of difficulty of 

project activities, and the 

possibility that their children 

could be part of innovative 

projects.  

 Students‘ interests: 
An interest in mathematics 

learning and in participating in 

a virtual learning project. 

 Researchers‘ interests: 
A wider understanding of 

mathematics learning was 

achieved partially because it 

was not possible to 

completely understand the 

collaborative and computer-

supported dimension. In 

addition, they only sufficiently 

understood the aspects 

necessary to promote 

learning about the process in 

the school community.  

 Parents‘ interests: 
Parents‘ concerns about the 

time students spent on the 

project and the level of 

difficulty of project activities. 

Other parents, however, 

were interested, for they 

perceived MPS 

improvements in their 

children.   

 Students‘ interests: 
Some students were 

interested in participating in a 

virtual network project. 

Others were interested in 

learning mathematics. Some 

other students were 

concerned about their other 

curricular and extracurricular 

activities. Others were 

interested in challenging 

themselves in new activities 

(to improve their 

mathematics skills, to see 

mathematics differently, or to 

be part of a new community, 

one of mathematicians).  

Table 7.12: Questions of CSH – Wenaji – Source of legitimation 
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Similar to other participants‘ identity issues, witnesses have different interests that 

must be negotiated in the context of the different perceptions and practices that the 

members have about the community and the project itself:  

 The relationship between parents and teachers helped identify diverse 

perceptions and experiences regarding mathematics education, in order to 

overcome parents‘ claims about the project.  

 Students‘ held identities related to being part of the project, but were also 

interested in participating in other curricular and extracurricular activities. 

 Teachers were interested in reducing the time spent on the classes that were 

intervened upon and in covering the curriculum more quickly.  

 Teachers did not express an interest in attending any specific professional 

development courses. But the project also did not present any opportunities to 

do so.  

 The trajectory of learning in researchers helped them pursue their interest in 

having a wider understanding of group and mathematics learning supported by 

technology.  

 

Furthermore, two other aspects of the source of legitimation can be identified: the 

cultural change needed for this kind of project and the mechanisms to generate 

learning within the schools. The former refers to a conflict similar to that presented 

in Figure 6.16. Although Wenaji I and II were conceived of as deep interventions to 

stimulate cultural changes about CSCL-MPS processes, and this interest was 

accomplished through interventions in the classrooms and the VLE over the two 

school years, a caveat should be presented: as mentioned in the previous chapter, 

the promotion of a CoP could help stimulate cultural changes, and this was 

possible to some extent because teachers, researchers, students, parents, and 

administrative staff participated in discussions about their practices and took some 

of the project‘s ideas. However, the promotion of a CoP within the context of the 
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CSCL-MPS project (in this case, Wenaji) involves the commitment of participants 

and the allocation of resources (time, budget, people, material, etc.) to pursue the 

purpose (Wenger, 1998; Senge, 1999). Therefore, the process results could 

require a lot of energy to be observed.  

 

The latter is related to the previous aspect. Because of the caveat about the 

energy invested in cultural changes, there should be mechanisms to generate 

learning in the school communities to pursue a long-term purpose. Researchers 

have proposed several mechanisms to approach organisational learning processes 

(including innovations, problem solving, and cultural changes):  

 The need to increase information, to access resources, to reduce conflicts, 

and to explore new possibilities for improvement as the process 

progresses. Particular attention should be paid to the need to explore the 

system to be designed more broadly (Ackoff, 1978). This is related to 

reflections on the boundaries (Midgley, 2000), particularly on questioning 

the inclusion or exclusion of some people as clients. For instance, it could 

be possible to think in terms of a broader system than that that which will be 

intervened upon. In the case of Wenaji, the legitimation process would be 

enriched if the system were thought of as the whole school, not just a sub-

set of the school.  

 The need to have sufficient material that is easy to understand, useful, and 

accessible to describe variables, patterns, and routines about the 

intervention (Argyris & Schön, 1974; Argyris, 1993).  

 The need to create and reflect about routines, procedures, and structures 

(Espejo et al., 1996). 

 The need to take into account natural leaders within the organisation (i.e. 

each school) who can be worked with, and to motivate them so they can 

promote the purpose and be aware of possible changes (Senge, 1999). 

 The need to consider the design for learning within the CoP approach (see 

Wenger, 1998, and Chapter 4 in this document).  
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Although in the Wenaji project some of the aforementioned aspects were 

considered and the analysis presented in this chapter shows that, there is still a 

need to consider these mechanisms and use them in a continuous dialogue to 

promote legitimation of the process.  

 

7.4 SUMMARY OF REFLECTIONS ABOUT WENAJI 

 

Table 7.13 presents a summary of the reflections obtained from the process and 

results of Wenaji parts I and II. These previous reflections shed light on some other 

aspects of the CSCL-MPS process that may contribute to its analysis and 

promotion (see the next chapter for practical, general reflections): 

a. Inclusion of the metacognitive dimension (see Chapters 1 and 2).  

b. Collaborative interactions: The need to track collaborative interactions, 

taking into account the evolution of interactions in terms of time, individuals, 

and group dynamics to observe the trajectory of learning of individuals and 

groups.  

c. Attitude: The need to track attitudes from a broader perspective, taking into 

account participants‘ duality perception/practices. 

d. In general, the need to study CSCL-MPS processes as immersed in a 

community of practice, analysing the participants‘ identities.  
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Summary of reflections in the Wenaji project 

1. About 
purposes 
and 
improvement 

 Improvement in CSCL-MPS processes should take into account the 
metacognitive dimension of the learning, not just the cognitive 
dimension. Including this dimension requires us to question the 
teaching strategies needed to support learning purposes and the 
promotion of students‘ self-control and self-reflection.   

 Learning purposes must consider the tension between learning 
approaches: on the one hand, the ―drill-and-practice‖ approach, 
which is the traditional way of learning, with exercises and general 
teacher instruction of contents, and, on the other hand, the ―MPS 
strategies‖ approach, which is an innovative way of learning with 
mathematical problems, collaborative learning, and instruction 
about MPS strategies.  

 A blended learning approach (a combination of F2F and CSCL 
activities) helped us cope with the tension between ―social-related‖ 
and ―performance-related‖ learning approaches.  

 Purposes regarding teachers should be included, since they are 
beneficiaries of the system, and their improvement is important.  

 New purposes can be promoted. The creation of heterogeneous 
groups promoted the search for a social inclusion purpose that was 
linked to the formation of different communities of mathematicians.  

 Some concepts related to the purposes require more discussion in 
order to create a context of understanding that led the process to 
the achievement of the purposes.  

2. About 
methods to 
explore 
dimensions 
of learning 

 Following item #1, CSCL-MPS processes should take advantage of 
metacognitive questions. 

 SNA and CA methods can help us understand the efficacy of the 
process, taking into account the evolution of interactions in terms of 
time, individuals, and group dynamics to observe individuals‘ and 
groups‘ trajectories of learning. 

 Attitudes should be tracked, taking into account the 
perception/practice duality, immersed in the proposal of cultural 
changes.  
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3. About 
participants‘ 
identities 

 Teachers‘ roles as beneficiaries, decision makers, and guarantors 
of the system shaped different attributes to build their identities: a 
lack of competence to negotiate the repertoire and a 
misunderstanding about the enterprise of the community that were 
followed by a non-trajectory of learning. However, they could 
manage their classroom dynamics and support the project 
accordingly.  

 Researchers‘ roles as decision makers and guarantors of the 
system shaped different attributes to build their identities: 
multimembership as a constraint on generating engagement and 
alignment. A trajectory of learning that allowed researchers to learn 
about the project dynamic throughout the project, making decisions 
accordingly.  

 Students‘ role as beneficiaries of the system shaped different 
attributes to build their identities: a trajectory of learning marked by 
reciprocity, bridge roles between groups, different routines to 
approach mathematics discussions, virtual interactions disregarding 
gender, non-participation, and multimembership taking a broader 
context into account.  

 Some roles participated as peripheral participants: ICT teachers, 
coordinators, and parents. This calls attention to the need to reflect 
on peripheral and marginal positions within the community. 

4. About the 
context of 
application 

 Family context and curricular (and extracurricular) activities should 
be taken into account. 

 Socio-economic context is vital to establishing minimum 
requirements. 

 Resources are limited. Therefore, mechanisms to generate 
organisational learning should be designed and promoted.   

5. About 
design for 
learning 

 The perception/practice duality should be explored and tracked.  

 The autonomy/regulation duality should be explored and tracked to 
account for coordination of problems and to moderate this tension.  

 The peripherality/marginality duality should be explored and tracked 
to account for active, peripheral, and marginal participants, to allow 
legitimate peripheral participation, and to moderate this tension (if 
marginalisation appears).  

 Mechanisms to reflect on the learning process design should be 
promoted to evaluate issues and people to be included. This 
implies a reflection about the learning-teaching rhythm in the 
project.  

Table 7.13: Summary of reflections in the Wenaji project 
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8. FINAL REFLECTIONS 

 

This chapter presents some final reflections about the practice of CSCL-MPS 

processes, the methodology chosen for analysing these types of processes, and 

the theory of CSCL-MPS. First I present methodological reflections, taking into 

account the different frameworks used in this study: systemic intervention with 

CoP, SNA, and surveys, among others. Second, I present CSCL-MPS reflections, 

especially regarding new issues not often addressed in traditional literature about 

CSCL-MPS and the need to focus research attention on those items. Finally, I 

present some practical reflections that might combine previous reflections. In doing 

so, this chapter closes the research journey of this study that began with CSCL-

MPS theories, systemic intervention, and the CoP framework to analyse CSCL-

MPS processes and a methodological design put into practice in two projects. 

Therefore, this chapter paves the way to present conclusions in terms of objectives 

and contributions in the next chapter.  

 

8.1 REFLECTIONS ABOUT METHODOLOGY 

 

The methodological design proposed for analysing and evaluating CSCL-MPS 

processes consisted of a systemic intervention that took into account participants‘ 

identities and CSCL-MPS processes, taking advantage of boundary judgements. 

The process of reflection on boundary judgements was supported by a CoP 

framework, some systems methodologies, and traditional methods from the CSCL-

MPS field.  

 

8.1.1 Reflections about CoP 

The CoP framework helped establish an analytical structure to examine 

participants‘ identities and to pay attention to the dimensions of the design for 

learning within a CoP. However, the two projects analysed, in addition to previous 

critiques of the CoP framework regarding the lack of attention to the motivational 
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aspects of the learning process (perceptions, attitudes, beliefs, etc.) (see Chapter 

4), the need to consider values within the identification and accountability interplay 

and the need to consider rituals within the CoP framework, pointing toward new 

aspects relevant in supporting a CoP framework in systemic interventions. 

 

In presenting the CoP approach, Wenger (1998, 2002) explains that rituals can be 

understood in terms of CoP formation. By sharing meanings and interests in the 

community, rituals are modes of identification in which the interactions, actions, 

discourses, and styles of the community are institutionalised. Moreover, a ritual is 

related to the need for a supportive culture to promote CoP formation (Hara, 2009). 

This view of rituals within the CoP approach does not explicitly take into account 

the possible conflicts between groups within a CoP or between communities.  

 

In this case, the theory of boundary critique (Midgley, 1992; 2000) opens new ways 

to understand rituals in CoPs and their implications. To Midgley (1992; 2000), 

rituals are behaviours that contain stereotypical elements that involve the symbolic 

expression of wider social concerns. They express the conflict between boundaries 

and the sacredness and profanity to which those boundaries are exposed (see 

Chapter 3). They are formed by the struggle between groups to impose controls on 

any activities relating to the marginalised area. In this sense, rituals are ―held in 

place‖ and express the patterns of social actions.  

 

With this broader meaning of rituals, the CoP framework can focus on rituals as 

community formation in the particular case of mutual support between the 

members of the community and between communities, because the conflict is not 

perceived as problematic, and cooperation can emerge. The CoP framework can 

also focus on rituals as the expression of conflicts within and between 

communities. The interplay between the modulation of identification and the 

modulation of accountability is therefore the base to understand the power 

whereby conflicts and rituals are expressed. Therefore, the negotiation of meaning 
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relies on that interplay, and it is expressed in rituals (perceptions, practices, and 

behaviours in general).  

 

An aspect related to the meaning of rituals is the meaning of boundary and 

marginalisation. According to Wenger (1998; 2000), boundaries are created by the 

different practices and their correspondent meanings between communities. In this 

zone, innovative learning is possible. Moreover, Wenger (1998; 2000) proposes 

three types of connections that make that learning possible: 

 Boundary objects: artefacts that help organise the interconnections with 

other communities. 

 Brokering: connections provided by people from other communities.  

 Boundary interactions: different types of interactions considering a 

sustained engagement in practice between communities.  

 

In addition, Wenger (1998) presents the idea of peripherality and marginality 

related to different forms of non-participation (see Chapter 4), where marginality is 

associated with restrictions on a member‘s participation and peripherality is 

associated with participation that is less than full.   

 

Although Wenger‘s approach considers the aforementioned concepts to highlight 

different aspects of the participation and reification process within and between 

communities, further development is needed to consider other types of boundaries 

and marginalisation processes. 

 

In this respect, Córdoba (2006) presents an approach based on the theory of 

boundary critique to explore inclusion, exclusion, and marginalisation of people 

within a CoP. He presents the theory of boundary critique (Midgley, 2000; Chapter 

3 of this document) to highlight that a boundary is a social construct that defines 

knowledge and people considered pertinent in a situation (Churchman, 1970). He 
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also presents the need to debate the inclusion (or exclusion) of people and issues 

and formulates a series of questions to support that debate.  

 

In addition to Córdoba‘s approach, the theory of boundary critique can support the 

idea of boundaries within and between communities. For example, in the case of 

Atarraya and Wenaji, teachers were members of the school community. Although 

they shared the community‘s general practices, they had different views related to 

some issues, values, and interpretations of the CSCL-MPS project (see Chapters 6 

and 7). Therefore, within the community there were different boundaries as well as 

marginalised issues.  

 

Furthermore, the same phenomena occurred between communities (i.e. between 

different schools or between the community of researchers and the community of 

teachers). In this case, the boundaries are defined by the practices (as Wenger 

proposes), but they are also defined in a broader perspective by the differences in 

values associated with the knowledge and people considered pertinent. Therefore, 

the boundary concept in CoP can be approached from a boundary critique 

perspective. Reflecting on the different boundary judgements implies not just 

analysing the three different types of connections between practices (boundary 

objects, brokering, and boundary interactions), but also reflecting on the inclusion, 

exclusion, and marginalisation of issues, values, and people.   

 

In this regard, the process of marginalisation can be explained not just as 

restrictions on a member‘s participation but also as the symbolic expression of 

conflict between boundaries in rituals. Therefore, in terms of boundary critique the 

marginalisation process involves not just people but also the knowledge, issues, 

and values considered pertinent. Although this process is related to a member‘s 

trajectory of learning (and his or her identity), it is also related to the group 

defending a particular boundary. Hence, considering the marginalisation process in 

terms of boundary critique implies interplay between the person and the group.  
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In addition, marginalisation in CoP terms is related to non-participation processes 

based on the different community practices. However, in boundary critique this 

involves the marginal area between boundaries related to issues, values, and 

people. Therefore, the boundary critique approach on marginalisation adds clarity 

to the CoP idea of marginalisation, including a broader perspective related to the 

practice of the community. In this sense marginalisation is evaluated in the same 

framework as making boundary judgements.  

 

Taking previous developments in the concepts of rituals, boundaries, and 

marginalisation into account, the major implication in terms of design for learning is 

the proposal of three new dimensions:   

 

First, perceptions play an important role in interactions and in building a CoP with 

purposes, practices, etc. As presented in Chapter 4, perceptions about identities, 

power, and practices can enhance or diminish the CoP purpose. This could be 

observed in the analysis of the two projects (Atarraya and Wenaji), where different 

perceptions regarding learning and teaching approaches had an impact on the 

project dynamic. Therefore, it can be concluded that perceptions can modify and 

be modified by practices. Perceptions and practices create a tension in the design 

for learning. In managing that tension, there is a need to decide which positive 

attitudes to promote, to relate them to particular practices (those pursued by the 

purpose), and how to track both aspects of this new duality of design for learning.  

 

Second, as Barab et al. point out (2003), a duality between coherence and 

diversity should be managed. However, in proposing that dimension, they assumed 

different types of CoP: CoP in which its members are empowered and CoP in 

which there is no such thing. In the two projects analysed, this dimension did not 

apply, because it was assumed that the participants were generally able to discuss 

and change aspects of the processes and to act accordingly. However, their 
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decisions regarding different aspects of the projects showed tension between 

different participants‘ autonomous decisions and the regulation proposed in the 

initial meetings to maintain the flow of events in pursuing the purposes. Therefore, 

at such a level of empowerment, there is need to generate a new tension in the 

design for learning that is between autonomy and regulation. On the one hand, 

CoP participants should be allowed to propose, decide, and maintain the flow of 

the events, purposes, etc. On the other hand, they should configure a basic 

regulation structure in order to assure certain behaviours (rituals) within the CoP 

(which norms to create and to keep the flow moving).  

 

Third, in the Atarraya and Wenaji analysis, the theory of boundary critique helped 

us question the marginalisation of certain issues and actors. However, the 

inclusion of the CoP framework helped us analyse a new type of non-participation 

related to the legitimate peripheral participation concept proposed by Lave and 

Wenger (1991). This new type of non-participation, called ―peripheral‖, allows some 

degree of non-participation, enabling a kind of participation that is less than full. 

This can be considered legitimate for the community. In the case of 

marginalisation, this type of non-participation constrains full participation.  

 

Although Wenger does not grant these concepts the status of duality, the notion of 

marginalisation in the theory of boundary critique that brings us to reflect upon 

marginalised issues, values, and people, and to explicitly justify decisions 

regarding those aspects, as well as Wenger‘s (1998) concepts of peripheral and 

marginal participation in the context of participation and non-participation, present 

a new duality: peripherality/marginalisation. This duality helps us explicitly account 

for the elements of the marginal area as well as for some aspects that can be in 

the peripheral area in terms of boundary critique and in the position of non-

participation.  
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Finally, previous reflections about new dimensions to take into account within the 

CoP framework, as well as the CoP framework need to approach continuous 

reflection on boundary judgements, showed that CoP can benefit from the systemic 

intervention approach. 

 

8.1.2 Reflections about Systemic Intervention 

Following the last three paragraphs, which pointed out the inclusion of the 

―legitimate peripheral participation‖ concept to support boundary critique, systemic 

intervention benefited with the CoP framework in the analysis of participants‘ 

identities and the process of boundary judgements related to it. The CoP 

perspective of identity as a learning trajectory, allowing for multimembership, 

participation-non-participation, and negotiated experience enriched the analysis of 

Atarraya and Wenaji. It described the participants‘ identities and helped us identify 

some conflicting aspects of those identities within the CSCL-MPS process. In doing 

so, it helped us reflect on the boundaries in terms of identities and in support of the 

intervention in terms of the CSCL-MPS activities designed.  

 

In line with previous reflection, CoP boundary processes (see Chapter 4), those 

that create bridges between practices, can have different effects on the CoP. 

Therefore, Wenger proposed three dimensions to assess those processes: 

coordination, transparency, and negotiability. These dimensions functions as 

measurements for evaluating the quality of the boundary process, taking into 

account the different modes of belonging in CoPs and the focus on learning 

through experience and competence. The Atarraya and Wenaji project analyses 

helped us identify those dimensions within the evaluation of co-guarantor attributes 

(CSH – source of knowledge).  

 

Regarding the source of knowledge, a key problem is to ask, ―Where is the 

guarantee that improvement will be achieved?‖ Churchman (1971) presents the 

idea of seeing experts (designers or planners) as guarantors that the system‘s 
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purpose will be achieved. However, he points out that expertise by itself cannot 

guarantee improvement. Ulrich (1983) follows this idea by saying: 

―…there is no guarantee for improvement through planning. Precisely because 
this is so, the planner must strive to incorporate into his design effort as many 
sources of (imperfect) guarantee as possible, e.g., by involving a large 
spectrum of both experts and witnesses, by building a basis of consensus 
between the involved and the affected, by presupposing an appropriate 
consultation model, etc. But such sources of guarantee are bound to become 
sources of deception as soon as the planner forgets that they might be false 
guarantors and that in any design there is necessarily a built-in lack of 
guarantee‖. (p. 261) 

 

This suggestion to incorporate as many sources of guarantee as possible implies 

the idea of co-guarantors (i.e. a large spectrum of both experts and witnesses). In 

this particular context, Reynolds (2001) proposes the idea of co-guarantor 

attributes that can be used as a benchmark for evaluating levels of expert 

competence, assuming that there can never be any single guarantor in assuring an 

intervention‘s success (p. 7).  

 

Reynolds (2001) bases his evaluation framework of expert support on the three 

knowledge-constituent interest (KCI) categories proposed by Habermas (1972). 

Reynolds then proposes that these KCI categories be related to the three themes 

of the CST:  

 Technical interest is related to critical awareness, because it seeks to 

choose (control) between factors within an intervention. 

 Practical interest is related to methodological pluralism, because it seeks 

complementarity between perspectives.  

 Emancipatory interest is related to improvement because it seeks reflections 

about the purposes of intervention.  

 

He relates the KCI categories (and their equivalent CST themes) to three co-

guarantor attributes (see Figure 8.1 for a summary of Reynolds‘ approach of co-

guarantor attributes): 
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 Technical interest is related to the different types of knowledge that a 

discipline or field of expertise represent. This knowledge should be showed 

with neutrality and thoroughness and aiming to present 

comprehensiveness. Here, the key role is to generate objectivity. 

 Practical interest is related to the ability to facilitate or communicate the 

intervention to other disciplines. Cross-disciplinary scrutiny is used to 

determine validity of the knowledge generated. Here, the key role is to 

generate complementarity. 

 Emancipatory interest is related to the ability to be accountable for the 

relevance of the intervention, to provide feedback about the intervention.  

Here, the key role is to generate social critique.  

 

Finally, Reynolds proposes three types of false-guarantor attributes, divided into 

two categories: 

 The lack of competence in each co-guarantor attribute, resulting in poor 

representation (about objectivity), poor interaction (about complementarity), 

and poor accountability (about social critique). 

 The uncritical assumption that only one resource is enough as a co-

guarantor attribute. In other words, any one of the three co-guarantor 

attributes assumes exclusivity, effectively being transformed to the uncritical 

ideological dogma of ―isms‖ (respectively: objectivism or technocentrism, 

pragmatism‖ or ―if it works, it must be good‖, and tokenism or false 

inclusion).  
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Figure 8.1: Summary of Reynolds‘ co-guarantor attributes (adapted from Reynolds, 

2001) 

 

Within the CoP framework (Wenger, 2000; 2010b), the three dimensions for 

evaluating boundary processes imply the previous Reynolds‘ conception but add 

the following aspects: 

 Transparency. Questions whether the boundary processes give access to 

the meaning they have in various practices. Also questions the level of 

understanding of the practices involved. Aims to promote discussion of the 

different practices, knowledge, models, and commitments that circulate 

between the boundaries (in this case between different experts and co-

guarantors of the system).  

 Coordination. Questions whether the boundary processes and objects can 

be interpreted in different ways that enable coordinated actions. Questions 

different practices‘ levels of adaptability. Aims to promote joint activities, 

resolve differences through action, and anticipate misunderstandings.  

 Negotiability. Questions whether the boundary processes provide a one-way 

or a two-way connection and the level of accountability. Aims to promote the 
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discussion of multiple perspectives, common interests, and the negotiation 

of contracts and compromises about the CoP purposes.  

 

These three dimensions of boundary processes that helped in the analysis of 

CSCL-MPS process can support questions about co-guarantor attributes, an 

important aspect of a systemic intervention approach. This framework, which has 

the same categories (in general terms) as that proposed by Reynolds (2001), 

widens the spectrum of the evaluation to promote interactions between 

stakeholders, and considers discussions about understandings, adaptation of 

practices, and negotiated accountability (see Figure 8.2).  

 

 

Figure 8.2: Co-guarantor attributes and false guarantors from a CoP perspective 

(adapted from Reynolds, 2001) 

 

In addition to the previous advantage, co-guarantor attributes defined from a CoP 

perspective can be studied with the identity features presented in Chapter 4, which 

enrich the evaluation framework. In doing so, learning trajectory, nexus of 

multimembership, different levels of participation (peripheral and marginal, among 

others), and the way people negotiate meaning can described, and be described 
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by these boundary dimensions, adding analytical aspects to the evaluation of 

expert support.  

 

Moreover, we can see how these boundary processes generate learning as 

practices converge (deep expertise) or diverge (innovative learning); these are two 

needed processes in the context of systemic intervention. A related advantage of 

this vision of the social learning process is the systemic learning principle of 

generating learning through critical reflection on both process and outcome 

(Bawden, 2003). This learning includes a dynamic, two-way relationship between 

people and the social systems in which they participate in a particular context (time 

and space). Therefore, the social aspect of this learning process is complemented 

by the CoP framework and, in particular, by a CoP approach to co-guarantor 

attributes (Harwood, 2012). 

 

8.1.3 Reflections about Traditional Methods from CSCL-MPS Field 

In relation to those traditional methods from the CSCL-MPS field chosen to support 

the systemic intervention and, in particular, CSCL-MPS issues, there are two 

reflections to make.  

 

First, SNA methods (centrality indeces, QAP regressions, and brokerage indeces) 

helped depict the social dynamic within the projects. In doing so, they were useful 

to analysing collaborative aspects of the CSCL-MPS, such as evolution of 

interactions, group composition, different attributes that influence the interactions, 

etc. They measured and represented the different social structures formed by 

students and characterised interaction patterns. They helped us identify roles 

among participants and some variables to describe interactions. However, these 

methods were not useful for accounting for learning performance. In other words, 

they did not help explain how to promote deep learning of MPS skills that children 

needed to acquire or how to design group composition to generate more or higher-

quality interactions. In this respect, SNA methods (only brokerage indeces) showed 
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a first approach in characterising high MPS skills (learning acquired) in the 

students who had bridge roles in the Wenaji project. This reflection is associated 

with the reflection about the measurements of improvement in boundary critique: 

SNA methods can support some aspects of design, but new measures are needed 

to evaluate the process‘s effectiveness. In circumstances where the measure of 

effectiveness is only related to connectivity, SNA can play a pivotal role. In 

circumstances in which the purpose is to construct the list of those who should be 

included, SNA can also help in describing and measuring the participants‘ social 

networks. This could be a complement to methods such as ―rolling out‖ the 

boundaries described by Midgley (2000).  

 

Second, several paragraphs of this study discussed the notion of promoting, 

tracking, and challenging positive attitudes toward CSCL-MPS processes and the 

purposes of CoP. Chapter 1 proposed the attitudinal dimension. Chapter 4 

included the motivational factors in the modulation of accountability. In Chapters 5, 

6, and 7, the methodological design took into account attitudes, perceptions, and 

motivational factors in the analysis. However, two aspects were not explored 

completely. First, attitudinal surveys were applied to evaluate CSCL process within 

the framework of CSCL research in the Atarraya project and MPS processes in the 

Wenaji project within the framework of the PISA and TIMSS tests. However, there 

was no set of questions to evaluate attitudes toward the different dimensions of the 

CSCL-MPS processes in the two projects. Although some interesting results could 

be obtained from those surveys, tools were not designed to cover those different 

dimensions of the process. Therefore, questions associated with a comprehensive 

CSCL-MPS framework should be taken into account. Second, in relation to CoP 

motivator factors, there was no formal method to track and challenge attitudes, 

beliefs, or perceptions. As presented in Chapters 6 and 7, different perceptions 

were taken into account in formal and informal discussions about the projects, but 

without a formal technique (e.g. surveys). In this regard, the purpose of generating 

an institutional change was not possible to measure because of the lack of an 
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instrument to measure it. Therefore, questions related to measuring participants‘ 

attitudes toward their CoP are needed to promote institutional changes 

accordingly. CoP questions about the dimensions for design and the different 

constitutive elements of social learning (identity, community, and boundary) (e.g. 

Wenger, 1998; 2000), in addition to questions about teachers‘ perceptions 

proposed in learning literature (e.g. Swan, 2006), can support this type of 

attitudinal dimension analysis.  

 

8.2 REFLECTIONS ABOUT CSCL-MPS THEORETICAL FRAMEWORK 

 

The methodological design proposed in this study helped in the study of CSCL-

MPS issues that have not been addressed completely by traditional approaches of 

this field. Issues related to the context of application, the participants‘ identities, 

and the critical reflection on learning purposes, processes, and outcomes were 

discussed and analysed within a systemic intervention approach. CSCL-MPS 

processes (and their research field) can be seen to benefit from focusing on 

boundary reflections that highlight issues and people to be included, excluded, or 

marginalised.  

 

Regarding boundary reflections, this study helps us understand the need to focus 

on the following elements when doing CSCL-MPS research: 

 The tension in different learning approaches (drill and practice vs. MPS; 

performance-related vs. social-related learning; acquisition vs. participation). 

Reflection about the need to evaluate both sides of these particular tensions 

to make decisions according to the CSCL-MPS purposes was proposed. 

This reflection also implies concern about the generation of routines 

(process and outcomes) for the purposes pursued.  

 The tension in different social spaces (F2F vs. VLE). Reflection about the 

need for diversity in different social spaces to promote CSCL-MPS and CoP 

purposes was proposed. Here, social spaces can be designed from different 
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learning environments (laboratories, classrooms, VLE, etc.) but the main 

concern is to promote deep learning by engagement in different social 

activities. Therefore, it is important to pay attention to VLE design, but in 

relation to learning objectives and activities.  

 The tension of different practices (experiences and competences) among 

teachers and between teachers and researchers. This tension makes us 

consider teachers as beneficiaries of the system, including particular 

purposes for them in the systemic intervention. It also involves a continuous 

open dialogue (i.e. questioning boundary process) between teachers and 

researchers to share different practices and negotiate their values within the 

processes. In doing so, teachers‘ identities play an essential role to be 

tracked and challenged. 

 As mentioned previously, there is a need to pay attention to the attitudinal 

dimension of the learning process in a broader perspective (CSCL-MPS and 

CoP processes). This implies a dimension of design for learning and 

different questions (surveys) to track and challenge participants‘ attitudes.  

 The need to focus on learning-teaching strategies and rhythm (not just 

social interactions) to support learning objectives. This implies questioning 

whether there are conceptual guidelines about teaching strategies to 

support learning processes, and designing activities accordingly.  

 The need to take into account different actors with different levels of 

participation and identities (not just roles) among students, parents, 

teachers, researchers, designers, and school administrators. This involves 

the need to consider researchers‘ identities in approaching CSCL-MPS 

processes.   

 The need to pay attention to different moments in the CSCL-MPS process. 

This includes a first stage of generating the proper environment for the 

activities: warming up, promoting social and ICT skills, and promoting 

participation and reification to negotiate meanings. In doing so, tracking the 

group dynamics with different methods (like those proposed in this study) is 
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essential to characterise them and make decisions according to those 

dynamics.  

 The need to design mechanisms to reflect on the formation and 

implementation of CoPs within the context of a CSCL-MPS process. This 

implies the need for cultural changes and organisational learning. 

 The need to be aware of and discuss the different learning purposes and the 

different meanings that they can have among the participants.  

 

8.3 REFLECTIONS ABOUT THE PRACTICE 

 

Previous sections of reflections about the methodology and the theory have their 

implications in the practice. The main implication is the need to approach CSCL-

MPS processes with a critical reflection about issues and people to be included, 

excluded, or marginalised. This implies analysis of participants‘ identities and the 

need to take into account the different tensions that can occur in the process 

(tensions regarding participants‘ experiences, different learning approaches, 

different social spaces, etc.). Another implication is the need to track and challenge 

participants‘ attitudes toward the whole process.  

 

In addition to the previous implications, it is important to highlight some other 

aspects of a systemic intervention about CSCL-MPS processes:  

 The systemic intervention approach is useful to consider CSCL-MPS as an 

ongoing learning process. Therefore, reflections should be promoted 

throughout the process.  

 As presented in previous chapters, this systemic intervention involves 

systems methodologies, CoP conceptual framework, and traditional 

methods from the CSCL-MPS field. Therefore, knowledge regarding those 

different issues and methods is needed to approach this kind of intervention 

(Brocklesby, 1997). Because of the diversity in methods, it is advisable to 

have a heterogeneous group of agents to address different phases and 
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dimensions of the CSCL process. In this respect, questions regarding who 

should be included and the purpose of the intervention become important, 

because answering those questions can help address the intervention 

accordingly.  

 Boundary reflections to support this type of process can be explored in a 

monological or dialogical (or combined) way. Projects analysed in this study 

were reflected essentially monologically, but with some aspects discussed 

with different stakeholders during the process. In practice, the monological 

or dialogical nature of boundary reflections implies that both ways have to 

consider meetings and official and informal documents in which 

stakeholders‘ perspectives can be observed.  

 Regarding the last point described, stakeholder engagement is needed to 

approach this kind of intervention in order to identify, discuss, and address 

the issues in the CSCL process. Therefore, as none of the issues can be out 

of consideration, this engagement should be considered in the boundary 

critique process. This way, at least systemic intervention can guarantee 

reflections on engagement and help us make decisions according to the 

results of those considerations.  

 Boundary reflections help us to be aware of the conflicts generated by the 

different research approaches (i.e. science and engineering) and power 

relations and motivation among researchers.  This helps us understand and 

challenge the factors that are not appropriate for the achievement of the 

project purposes.  

 The design of mechanisms for promoting organisational learning should be 

included in the research design because of the limited resources allocated 

to this kind of project.  

 New settings (other CSCL-MPS process, organisational design, multiagency 

problems) can benefit from these reflections. However, local and temporal 

conditions of these new settings should be taken into account. In these new 

settings, new questions, reflections, and designs of new mechanisms to 
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measure the purposes and the means associated with them can improve 

the knowledge of this type of process.  
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9. CONCLUSIONS 

 

This chapter presents the general conclusions of the thesis. First, I present the 

accomplishment of the overall aim of the thesis. After that, I present a summary in 

relation to the specific objectives. Then, I summarise the contributions of this thesis 

and discuss possible future developments.  

 

9.1 OVERALL AIM 

 

This research is aimed at understanding how Critical Systems Thinking can 

contribute to improving a computer-supported collaborative learning process in the 

field of mathematical problem-solving in education. This aim was achieved by 

analysing a collaborative learning process from a systemic intervention 

perspective, which allowed us to take advantage of methodological pluralism and 

the theory of boundary critique to improve that process and to overcome the 

methodological challenges of CSCL research.  

 

In addition to that main objective, the results of this research helped us put 

together a proposal taking advantage of the community of practice framework to 

support systemic intervention. The research provided feedback on the field of 

critical systems thinking. In the following sub-sections I describe how each specific 

objective helped achieve the overall aim of the thesis. 

 

9.2 SUMMARY IN TERMS OF THE SPECIFIC OBJECTIVES 

 

1. Uncover the theoretical underpinnings that supported the theories and 

practices used to foster a collaborative learning process about mathematical 

problem-solving strategies among primary school students with the support of 

computers to mediate communication.   
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Chapters 1 and 2 presented the theoretical underpinnings of collaborative 

learning, computer support, and mathematical problem solving. In presenting 

these theoretical underpinnings we were able to observe the variety of 

theoretical approaches from different backgrounds that support the field of 

CSCL: socio-cognitive, socio-cultural, situated learning, distributed cognition, 

shared cognition, group cognition, knowledge building, and social learning. It 

was important to recognise the divergence in their views about learning in 

terms of their research focus. For example: individual cognition (socio-cognitive 

theory); the influence of culture or context on learning (socio-cultural theory, 

situated learning); the location of cognition in the group, its interaction with 

artefacts such as computers (distributed cognition), its interaction with people 

within the group (group cognition); the emphasis on learning processes or 

products (related to the assessment in collaborative learning); the influence of 

reflective discussions on knowledge creation within a group (knowledge 

building); and the influence of metacognition and beliefs on a learning process 

(social learning). 

 

Furthermore, we were able to identify that mathematics learning theories 

reveal the need to consider socio-cultural elements and group cognition. 

Moreover, the need to focus on mathematical problem-solving strategies is 

highlighted in the literature. Therefore, learning theories that approach CSCL-

MPS should include those elements coherently. In discussing such theories, a 

learning model (conceptual framework) helpful to the understanding of 

collaborative learning processes in mathematics was proposed46. This model 

takes into account previous models formulated to approach interactions and 

technology artefacts in CSCL (e.g. Illeris, 2003; Sharda et al., 2004; Strijbos et 

al., 2004a; Stahl, 2006). In the model, MPS is included as a specific area to 

which educators and administrators attribute a number of learning purposes, 

design relevant learning interactions, and work with different learning attitudes. 

                                                           
46 Objective #6 presents the revised learning model (Figure 4). 
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As a consequence of tackling these areas, a higher level of engagement is 

expected from the students, which, in turn, is considered a requisite for 

developing deep learning (in mathematics, MPS strategies, and collaborative 

learning).   

 

In more specific terms, the model takes into consideration different aspects of 

CSCL: learning purpose(s), cognitive and metacognitive processes, 

collaborative interactions (with factors such as group composition and nature, 

frequency, and evolution of interactions), students‘ attitudes toward the CSCL 

process, and technological aspects of design. It also shows CSCL processes 

with different dimensions that are interdependent. Therefore, reflection upon 

how to align and give feedback (to maintain coherence) to the different 

dimensions is required. This model allows us to take into account the 

individual-group dimension, the influence of artefacts such as computers, and 

the process-product aspect of the learning. Thus, the model considers the 

variety of research focuses in the CSCL field and serves as a framework to 

guide the design, the analysis, and the assessment of CSCL processes.  

 

2. Uncover the methodological challenges in approaching a collaborative learning 

process for mathematical problem-solving strategies among primary school 

students with the support of computers to mediate communication.   

 

Chapters 1 and 2 also presented the main challenges in terms of the 

methodological designs that researchers use to approach CSCL-MPS 

research. Methodological issues in approaching CSCL-MPS processes were 

uncovered. The need to approach CSCL-MPS with critical reflection about the 

learning purpose; the need to analyse the vision of what is desired; exploration 

of the notions of the context; study of participants‘ roles, worldviews, and 

identities; analysis of both individual and group levels of the learning process; 

analysis of the cultural variables of the learning process (beliefs, attitudes, 
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etc.); the development of an integrated analysis (considering different 

dimensions of the learning process);  the generation of a deep understanding 

of the process and outcomes; and the proposal of an approach that focused on 

intervening and changing the problematic situation were found. Uncovering the 

methodological issues in approaching CSCL-MPS processes allows us to 

understand the complexity of these issues and seek out conceptual 

frameworks to overcome them.   

 

3. Explore how a critical systems thinking approach can contribute to overcoming 

methodological challenges in approaching CSCL-MPS processes and how 

CST can contribute to improving these processes in general. 

 

Chapter 3 discussed the main CST approaches and presented the bases of 

systemic intervention as the appropriate approach to address the 

aforementioned challenges. In this regard, CST focuses its attention on critical 

reflection, methodological pluralism, and improvement, although different CST 

approaches have different ways of dealing with those issues. In the case of 

systemic intervention, this perspective has the advantage of emphasising both 

methodological pluralism and boundary critique, which renders explicit the 

need to explore issues of inclusion, exclusion, and marginalisation. Because of 

this, systemic intervention contributes to improving our analysis of a CSCL-

MPS process. The following paragraphs show the justification for the use of the 

systemic intervention framework in overcoming CSCL challenges: 

 First, the idea of defining agents (and in a wider sense, stakeholders) of 

the process (designers, students, researchers, and teachers) and the 

object (the process itself) can be useful in CSCL-MPS research. In 

doing so, we can ask whom and what can be considered pertinent in the 

analysis as a way to question the purpose of the inquiry and the 

participants‘ roles. Therefore, the CSCL-MPS process does not take for 

granted the purposes and the pertinent participants.  
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 Second, we can analyse aspects such as the context of the application 

and the identity of the participants (including the unit of analysis). Here, 

the challenge of how the context of application is defined is addressed 

by reflecting on the boundary of the problematic situation.  

 Third, we can use the notion of ―creative design of methods‖ to 

approach the different dimensions (cognition, metacognition, social, 

attitudinal, and technological) of the CSCL-MPS process. In doing so, 

the creation of methods that can answer different questions relating to 

the CSCL process is the means to overcome the lack of hybrid methods 

and integrated analysis. (See objective #5 for details on how the notion 

of creative design of methods might overcome the lack of integrated 

analysis in CSCL processes.)  

 Finally, systemic intervention also aims to generate changes in the 

situation studied, so the learning process and performance can be 

improved, according to the purposes pursued.  

 

All of these reasons support the fact that CSCL-MPS processes could be 

analysed in a reflective and coherent manner with a systemic intervention 

perspective.  As far as I know, the use of the systemic intervention framework 

to approach the CSCL process is new. This original approach helps us 

overcome the previously presented challenges. However, in approaching 

CSCL-MPS processes by using the systemic intervention framework, the 

analysis of agents‘ identities can be enriched with social perspectives of 

learning in which the negotiation of meaning and the interplay between 

individuals and groups can be highlighted. Therefore, this acknowledgement of 

the need for social perspectives of learning in systemic intervention allows us 

to search for a conceptual framework to support systemic intervention.   

 

4. Explore how a Communities of Practice approach can contribute to analysing 

participants‘ identities within the context of a CST perspective. 
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Chapter 4 presented a CoP conceptual framework, which holds a view of 

learning based on experience in communities, an aspect that is also present 

within the theoretical bases of CSCL and CoP, and which is one of the 

principles of the systemic intervention approach. Therefore, a systemic 

intervention can include these approaches into the study. In doing so, concepts 

such as communities, boundaries, identities, and the dimensions to be taken 

into account when designing for learning help us reflect on the issues and 

people included, excluded, and marginalised and deal with them in order to 

implement and evaluate a CSCL-MPS process.  

 

In this respect, the identity of the agents can be seen as formed by the 

negotiation of experience, community membership, the learning trajectory, and 

the nexus of multimembership (Wenger, 1998). It can also include the 

acknowledgement that non-participation can take many forms, some of which 

can help us define identities. Here, the concept of legitimate peripheral 

participation (Lave & Wenger, 1991) assists the process of questioning who 

should be included or excluded in the analysis of the problem situation. 

Therefore, the CoP framework supports the boundary critique process in its 

need to reflect on the potentially problematic nature of intervener identity 

(Midgley & Ochoa-Arias, 2001; Midgley et al., 2007).  

 

Furthermore, the CoP framework also helps us analyse the co-guarantor 

attributes. Reynolds‘s (2001) proposal of co-guarantor attributes (objectivity, 

complementarity, and social critique) were studied within the framework of 

CoP, finding some similarities that could help us propose a framework to 

evaluate those attributes (see Chapter 8). The evaluation framework takes into 

account concepts such as transparency, coordination and negotiability within 

the spectrum of community-boundary-identity that CoP proposes.  
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5. Describe and analyse the use of CST in the design of a methodological 

framework for analysing a CSCL-MPS process. 

 

Taking into account the need to develop an integrated analysis to generate a 

deeper understanding of the CSCL-MPS process within a coherent and 

reflective theoretical perspective (Chan & Van Aalst, 2004; Strijbos & Fischer, 

2007, Gress et al., 2010), Chapter 5 illustrated the methodological design to 

analyse a CSCL-MPS process aimed at improving learning (in this particular 

case, children‘s learning of MPS strategies). As previously pointed out, this 

new methodological proposal consists of a systemic intervention approach 

using different methods to explore boundary judgements, as well as the CSCL-

MPS issues. It embraces methods to explore the identity of the agents, the 

issues and people to be included, and traditional methods of the CSCL-MPS 

field (e.g. instructional design, assessment techniques, CA, SNA, statistics, 

and surveys) to study the different dimensions of the learning process 

(cognition, metacognition, social, attitudinal, and technological). This combining 

of methods is, then, a contribution to the CSCL-MPS field that helps us 

overcome the challenges described in objective #2. A summary of the main 

structure of that methodological design is presented below. 

 

First, the methodological design includes the combination of Critical Systems 

Heuristics (CSH) with Soft Systems Methodology (SSM) in Mode 2 (situation-

driven) to support the reflection about the boundaries (boundary critique). CSH 

is used to support the process of making boundary judgements (Ulrich, 1983): 

identifying and examining boundary judgements; findings options to those 

judgements; and reflecting, debating, and challenging those boundary 

judgements (Ulrich, 2005). A synergy between CSH and other methods can be 

useful in the exploration of boundary issues. The two streams (cultural and 

logical in SSM Mode 2) are used to reflect upon the flux of events and ideas in 

order to make sense of the situation being studied (Checkland & Scholes, 
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1990) and learn about it. This use of SSM helps us explore the boundary 

judgements associated with the issues and people to be involved in the CSCL-

MPS process studied, in particular to deal with the identification of specific 

activities that need to be undertaken over the course of an intervention 

(Midgley, 2000).  

 

Second, the methodology also includes the use of different traditional methods 

in CSCL and MPS to analyse and implement the issues chosen for study in the 

particular CSCL-MPS process. Some methods based on instructional design, 

content analysis, social network analysis, statistics, surveys, interviews, 

workshops, and reports were proposed, and the methods reflected upon (see 

Chapter 8). The combination of different methods of content analysis helped us 

understand the complexity of a collaborative process, taking into account the 

evolution of the interactions in terms of time, individuals, and group dynamics. 

CSCL-MPS processes were seen to have traditionally been studied using the 

single technique of content analysis (general patterns of content). This 

approach presents a limitation in the analysis of what is occurring. A content 

analysis with the support of a sequential analysis, and taking into account the 

evolution over time, can generate two different and convenient analyses: 

evolution of each participant and evolution of each group. Both approaches 

help us overcome the challenge of analysing the learning process, taking into 

account the individual and the group as units of analysis.  

 

A reflection upon the appropriateness of SNA methods in the CSCL field was 

carried out. Taking into account that the central objectives of social network 

analysis are to measure and represent structural relations accurately, and to 

explain both why they occur and what their consequences are (Knoke & Yang, 

2008), SNA was not particularly useful in this study. Some reasons for this are 

the following. First, measures and representations of the different social 

network structures formed by students helped to characterise patterns in 
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interactions. However, these results could not explain how to promote deep 

learning in terms of the MPS skills that children needed to acquire. Second, 

SNA also helps to identify roles among participants and some variables to 

describe interactions, but it is not useful in answering how to design group 

composition to generate more or better interactions. And third, SNA methods 

cannot characterise the learning acquired by participants (students‘ MPS skill 

levels). These limitations are associated with the question about the measures 

of improvement. SNA methods can support some aspects of the design, but 

new measures are needed to evaluate the process‘s effectiveness. In 

circumstances in which the measure of effectiveness is only related to 

connectivity, SNA can play a pivotal role. SNA may also help in the 

construction of the lists of those who should be included, by describing and 

measuring the participants‘ social networks. In this respect, SNA can support 

the process of boundary critique and could be a complement to methods such 

as ―rolling out‖ the boundaries described by Midgley (2000).   

 

Taking into account the methodological design proposed for analysing a 

CSCL-MPS process within a systemic intervention framework, the chosen 

methods and the corresponding reflections about them generate new practical 

tools in approaching CSCL-MPS processes. Figure 9.1 presents a summary of 

this methodological design. 
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Boundary judgements

supported by:

CSH, SSM (mode 2) 

and CoP

CSCL and MPS  supported

by: Instructional design, 

assessment techniques, 

CA, SNA, statistics, surveys

Agents‘ identity supported

by: CoP framework

 

Figure 9.1: Methods to support CSCL-MPS processes within a systemic 

intervention approach; adapted from Midgley (2011) 

 

6. Find new alternatives to improve a CSCL-MPS process by using a pluralistic 

and critical perspective. 

 

Chapters 6 and 7 presented the description and analysis of two case studies in 

which the methodological design was applied. These studies help us 

understand how a systemic intervention can improve a CSCL-MPS process. In 

analysing the case studies, it is possible to think about how we can learn from 

this process to present new alternatives to improve a CSCL-MPS process.  

 

First, adding some aspects from the accomplishment of objectives #1 and #3— 

in particular, the inclusion of the context of application (in use), the ways to 

encourage and motivate participants, the reflection on the specific teaching 

strategies, and the different participants‘ roles and worldviews—the learning 

model was modified to allow an understanding of CSCL and to help design and 

analyse this kind of process (see Figure 9.2).. This implies a broader 

perspective on the CSCL theory. In addition, the proposal of a list of questions 
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dealing with the process of CSCL-MPS helps us evaluate the different 

dimensions of the learning process (see Tables 5.1 and 5.3 in Chapter 5).  
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Collaborative interactions:

-Nature: Social or Task related

-Evolution: Participation; Network structure

-Group composition: Heterogeneous groups

-Unit of analysis: Individual and group

Technological Aspects:

-Social space to interact

-Simple and Useful

-Face-to-face and virtual

-Synchronic and Asynchronic 

Context of application and roles:

-Characteristics of the context, i.e.: Computer and Internet Access

-Participants‘ Roles, Identities and Worldviews

Attitudes, beliefs, and incentives:

-Toward collaborative learning activities

-Toward technological support

-Ways to encourage and motivate

Engagement

Deep learning: 

-Content and 

skills

-Products

Learning purpose:

-Objective of the learning process

-Specific knowledge and skills to be acquired

-Specific teaching strategies

-Activities to promote learning

Cognition and Metacognition: 

-Previous knowledge

-Cognitive processes

-Metacognitive processes

 

Figure 9.2: Revised model of the interactive dimensions of the CSCL-MPS process 

 

Second, the analysis also allowed us to see the CSCL-MPS process immersed 

within a school culture. Thus, there should be an alignment between the school 

culture (values, principles, and norms) and the CSCL-MPS processes to be 

promoted. Hence, parallel to the activities (and their tracking), there is a need 

to monitor cultural institutional changes throughout the process and to discuss 

the implications of those changes.  

 

Finally, these previous conclusions helped establish the proposal for a CSCL-

MPS process, taking into account the previous experiences and considering 
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the boundaries that were implemented in those previous cases, using the 

systemic intervention approach (see Chapter 8).   

 

7. Find new alternatives to contribute to the CoP approach used in the analysis. 

 

Following the methodological design described in Chapter 5, and the analysis 

and reflections taken from Chapters 6 and 7 in terms of the CSCL-MPS 

processes, some ideas about the CoP approach were identified (see Chapter 

8).  

 

First, the notion of ritual in CoP as forms of identification that support CoP 

formation (Wenger, 1998; 2002) was extended, taking into account the 

boundary critique proposal of ritual as behaviour that contains stereotypical 

elements that involve the symbolic expression of wider social concerns 

(Midgley, 2000). In doing so, the CoP framework benefits by focusing on rituals 

as the expression of conflicts within and between communities while the 

modulation of identification and accountability plays the role of understanding 

this conflict expressed in rituals (perceptions, practices, and behaviours in 

general).   

 

Second, the meaning of boundary and marginalisation were also extended by 

using the boundary critique theory. Taking into account previous proposals 

about boundary in CoP (Wenger, 1998; 2000), in systemic intervention 

(Midgley, 2000), and in CoP with boundary critique (Córdoba, 2006), Chapter 8 

identified the need to consider boundaries within a community, as well as 

between communities in terms of boundary critique. Defined as such, 

boundaries can be considered not just as differences between practices, but in 

a broader perspective as differences in values associated with the knowledge 

to be taken into account as pertinent.  
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In thinking about the boundaries, it is necessary to consider the marginalisation 

process. In the CoP framework, marginalisation is related to the restrictions on 

a member‘s participation, while in the theory of boundary critique this is related 

to the symbolic expression of conflict between boundaries in rituals, which 

brings us to reflect on marginalised issues, values, and people. In this sense, 

marginalisation can be evaluated in terms of the reflection about the process of 

making boundary judgements, and it implies both aspects, the identity of the 

person and the group in which he or she is (or is not) participating.  

 

Finally, previous extensions about the concepts of rituals, boundary, and 

marginalisation help us identify new CoP dualities (dimensions) to be taken 

into account in the design for learning:  

 

a. Perceptions/practices 

Taking into account the symbolic expression of conflicts in rituals, there is a 

need to pay attention not just to the practices within the community (and the 

project activities), but also to the perception that participants have regarding 

those activities (and the community purpose). Perceptions can modify and 

be modified by practices. Both perceptions and practices create a tension in 

the design for learning. This tension should be solved by deciding which 

positive attitudes and practices to promote and how to track both aspects of 

the duality. 

 

b. Autonomy/regulation 

Taking into account the process of making boundary judgements and the 

need to consider the negotiation of meaning (practices) in CoPs, the new 

duality is formed by the tension between autonomy and regulation. On the 

one hand, autonomy can be taken as the deliberate decision to allow 

participants to propose and maintain the flow of the events, purposes, etc. 

within the context of the community of practice. On the other hand, 
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regulation can be seen as the decision about what norms to propose (and 

how to implement them) in order to promote certain behaviour within the 

CoP. This behaviour can also be translated into rituals. Here, the tension is 

to create an environment in which participants can deal with both aspects of 

the duality and be accountable for their decisions accordingly.   

  

c. Peripherality/marginalisation 

Although Wenger does not grant these concepts the status of duality, the 

notion of marginalisation in the theory of boundary critique causes us to 

reflect on marginalised issues, values, and people. Explicitly justifying 

decisions regarding those aspects on the one hand, and Wenger‘s (1998) 

concepts of peripheral and marginal participation in the context of 

participation and non-participation on the other hand, presents a new 

duality: peripherality/marginalisation. This duality helps us explicitly account 

for the elements of the marginal area as well as for some aspects that can 

be in the peripheral area in terms of boundary critique and the position of 

non-participation.  

   

9.3 SUMMARY OF CONTRIBUTIONS TO KNOWLEDGE 

 

CONTRIBUTION 1. A CONCEPTUAL FRAMEWORK TO CSCL-MPS 

Based on the literature review about CSCL and the practical case analysed, a 

conceptual framework was proposed and revised. This conceptual framework is a 

contribution to the theory of CSCL for it includes several dimensions of the learning 

process in one model that helps in the design, analysis, and evaluation of CSCL 

processes (see objective #1). This conceptual framework was also modified from 

the systemic intervention and the analysis of the case study, including the idea of 

analysing the context of application and participants‘ roles and identities (see 

objective #6).  
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CONTRIBUTION 2. SYSTEMIC INTERVENTION TO OVERCOME 

METHODOLOGICAL DESIGNS IN CSCL-MPS 

The use of a systemic intervention approach is a contribution to the methodological 

design of CSCL research in addressing the need to analyse the context, with the 

inclusion of a vision, a historical perspective and a critical reflection about the roles, 

processes, outcomes, and learning purposes by means of the theory of boundary 

critique (see objectives #2 and #3).  

 

Additionally, systemic intervention aids the methodological design of CSCL-MPS 

research in addressing the need for developing an integrated analysis (that 

combines qualitative and quantitative methods) to generate a deep understanding 

of CSCL-MPS process (see objectives #3 and #5). Specific contributions are 

presented as follows: 

 The use of this particular combination of methods is a contribution to 

understanding the CSCL-MPS process in an innovative way.  

 Reflections on traditional CSCL methods (CA, SNA) also contribute to the 

methodological design of CSCL-MPS field.  

 The combination of SSM Mode 2 (situation-driven) and CSH to make sense 

of the flux of events contributes to the possible methods to deal with 

boundary judgements regarding the inclusion, exclusion, and 

marginalisation of issues and people in a problem situation.  

 The use of a systemic intervention approach also contributes to the CSCL-

MPS field in proposing a set of interrelated questions to evaluate CSCL-

MPS processes (see Tables 5.1 and 5.3 in Chapter 5 and objective #6).  

 

CONTRIBUTION 3. NEW DUALITIES IN THE CoP FRAMEWORK TO THE 

DESIGN FOR LEARNING 

The use of a systemic intervention approach alongside the CoP framework also 

contributes to the CoP framework in considering the notion of rituals, boundaries, 

and marginalisation and proposing extended meaning of those concepts based on 



346 
 

the theory of boundary critique (see objective #7). This proposal helps us 

understand communities‘ processes in the same terms as the reflection on the 

process of making boundary judgements in addition to connections, supportive 

culture, and non-participation issues.  

  

Furthermore, the analysis of the CSCL-MPS process using a systemic intervention 

perspective, considering the extended meaning of CoP concepts, contributes by 

adding three new functional dualities in the CoP framework to the design for 

learning in communities of practice (see objective #7):  

 Perceptions/practices 

 Autonomy/regulation 

 Peripherality/marginalisation  

 

In doing so, the dualities proposed by Wenger (1998), Barab et al. (2003), and 

those presented in this study to be taken into account in a design for learning can 

be supported by the theory of boundary critique. That is, there exists a synergy 

between CoP and boundary critique when using methods from CSH and SSM (root 

definitions, conceptual models) to inform issues and people to be included or 

excluded in the design for learning.  

 

CONTRIBUTION 4. IDENTITY IN SYSTEMIC INTERVENTION 

Seeing identity as the negotiation of experience, the community membership, the 

learning trajectory, and the nexus of multimembership (Wenger, 1998) is a new 

framework to articulate identity within the context of systemic intervention (see 

objective #4). This framework was taken from the CoP approach to learning.  

 

In this respect, some specific contributions are highlighted:  

 CoP framework proposes that non-participation can take many forms, some 

of which can help define identities. Here, the concept of legitimate peripheral 

participation (Lave & Wenger, 1991) within the duality of 
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peripherality/marginality contributes to the process of considering boundary 

judgements regarding who should be included or excluded. Due to the non-

participation aspect, some degree of non-participation enables a kind of 

participation (peripherality) or restricts that participation (marginality).  

 A CoP perspective contributes to analysing the co-guarantor attributes 

proposed by Reynolds (2001). The evaluation framework takes into account 

concepts such as transparency, coordination, and negotiability within the 

spectrum of community-boundary-identity that CoP proposed.  

 

SUMMARY OF THE CONTRIBUTIONS: 

The previous contributions can be summarised as part of a large process of 

learning and reflection about the CSCL-MPS field and the way CST and CoP can 

contribute to it. In this sense, the set of contributions can be seen as the proposal 

of a whole system of enquiry, taking into account the challenges of each part of the 

research (different research fields) and of finding answers for those challenges 

using a learning cycle that involves critical reflection and theoretical and 

methodological pluralism in a synergic way. Figure 9.3 presents the summary of 

the four contributions as a system of enquiry in a synergic way.  
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Collaborative

Learning (CL)

Use of ICT in

education
(Computer-
Supported– CS)

Mathematical

Problem-
Solving (MPS)

Contribution 1: A conceptual

framework that involves:
-Participants' identities
-Learningpurposes

-Attitudinal - cultural dimension
-Context of application

-Different dimensionsof learning

Contribution 2: A methodological

framework that includes:
-Reflections about issues and people

-Questions to guide the reflections
-Learningabout the situation
-Different methods to approach different

dimensions
-Reflections about the methods

-Improvement

Critical Systems

Thinking (CST)

Communities of

Practice (CoP)

Contribution 3: A Communities of

Practice (CoP) perspective of identity,
considering:
-Social aspectsof the learning process

-Trajectory of learning
-Experience and competence

-Different ways of participation and non-
participation
-Co-guarantors attributes using the

constitutive elements of the CoP
framework

Contribution 4: The concept of ritual

and boundary considering a systemic
intervention perspective:
-Conflicts

-Marginalization
-Issues, people, and values

Three new functional dualities to the
design for learning:

-Peripherality/Marginality
-Autonomy/Regulation

-Perception/Practice
 

Figure 9.3: Map of the set of contributions (system of analysis) using the conceptual frameworks developed in the 

thesis 
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9.4 POSSIBLE FUTURE DEVELOPMENTS 

 

This research helped to systemically and systematically inform critical reflection 

about CSCL-MPS processes. The research contributes to the practical and 

theoretical concerns about how to improve CSCL-MPS processes, in particular 

regarding Colombian education needs. In this context, this research presents new 

possibilities for exploring the conceptual framework of the communities of practice 

to support systemic interventions in other settings. In this regard, analysing new 

settings (organisational design, multiagency problems, etc.) with the concepts 

presented here can improve knowledge about CoP and systemic intervention. 

These new analyses should take into account the local and temporal conditions of 

the improvement. The results presented here also open a path to designing, 

analysing, and evaluating CSCL-MPS processes, taking into account the support 

of the theory of boundary critique and the creative design of methods. Applying 

these results in other contexts can help us gain knowledge about the methodology 

and theory of CSCL in other subjects and about MPS by using other teaching-

learning strategies. 



350 
 

REFERENCES 

 

Ackoff, R. (1978). The art of problem solving: accompanied by Ackoff’s fables. 

John Wiley: New York. 

Ackoff, R. (1981). Creating the Corporate Future: Plan or to be Planned for. John 

Wiley and Sons: New York. 

Adams, C., Fitch, T. (2006). Social inclusion and the shifting role of technology: is 

age the new gender in mobile access? In E.Trauths, D. Howcroft, T. Butler, 

B. Fitzgerald, J. DeGross (Eds.), IFIP International Federation for 

Information Processing, 208, Social Inclusion: Societal and Organizational 

Implications for Information Systems, Boston: Springer. 

Akkerman, S.F. Bakker, A. (2011). Boundary crossing and boundary objects. 

Review of Educational Research, 81(2): 132-169.  

Alexander, P.M. (2006). Virtual teamwork in very large undergraduate classes. 

Computers & Education, 47(2): 127-147.  

Allan, B. (2002). E-learning and teaching in library and information systems. Facet: 

London, UK. 

Anderson, J. Weert, T. (2002). Information and communication technology in 

education. A curriculum for schools and programme of teacher 

development. Paris: UNESCO. Retrieved 2 October, 2005 from 

unesdoc.unesco.org/images/0012/001295/129538e.pdf  

http://unesdoc.unesco.org/images/0012/001295/129538e.pdf
http://unesdoc.unesco.org/images/0012/001295/129538e.pdf
http://unesdoc.unesco.org/images/0012/001295/129538e.pdf
http://unesdoc.unesco.org/images/0012/001295/129538e.pdf


351 
 

Arbaugh, J.B., Benbunan-Fich, R. (2006). An Investigation of Epistemological and 

Social Dimensions of Teaching in Online Learning Environments. Academy 

of Management Learning and Education, 5 (4): 435-447.  

Arbaugh, J.B., Desai, A., Rau, B, Sridhar, B.S. (2010). A review of research on 

online and blended learning in the management disciplines: 1994-2009. 

Organization Management Journal, 7: 39-55. 

Arbaugh, J.B., Godfrey, M.R., Johnson, M., Pollack, B.L., Niendorf, B., Wresch, W. 

(2009). Research in online and blended learning in the business disciplines: 

key findings and possible future directions. Internet and Higher Education, 

12: 71-87. 

Argyris, C. (1993). Knowledge for action: a guide to overcoming barriers to 

organizational change. Jossey-Bass: San Francisco, CA. 

Argyris, C. Schön, D.A. (1974). Theory in practice: increasing professional 

effectiveness. Jossey-Bass Publishers: San Francisco, CA. 

Arjava, M. (2011). Analyzing the Contextual Nature of Collaborative Activity. In S. 

Puntambekar, G. Erkens, C.E. Hmelo-Silver (Eds). Analyzing Interactions in 

CSCL: Methods, Approaches and Issues, New York: Springer.  

Arjava, M., Salovaara, H., Hakkinen, P., Jarvela, S. (2007). Combining individual 

and group-level perspectives for studying collaborative knowledge 

construction in context. Learning and Instruction, 17: 448-459.  



352 
 

Arnseth, H., Ludvigsen, S. (2006). Approaching institutional contexts: systemic 

versus dialogic research in CSCL. Computer-Supported Collaborative 

Learning, 1: 167-185. 

Artzt, A.F., Armour-Thomas, E. (1992). Development of a cognitive-metacognitive 

framework for protocol analysis of mathematical problem solving in small 

groups. Cognition and Instruction, 9: 137- 175. 

Artzt, A.F., Armour-Thomas, E., Curcio, F.R. (2008). Becoming a reflective 

mathematics teacher: a guide for observations and self-assessment. New 

York: Lawrence Erlbaum Associates. 

Artzt, A.F., Newman, C. (1997). How to use cooperative learning in the 

mathematics class. Reston, VA: National Council of Teachers of 

Mathematics. 

Ashby, W.R. (1956). Introduction to Cybernetics, London, UK: Methuen.  

Atarraya and Wenaji projects (2006-2009). Minutes of Meetings. 

Aviv, R., Erlich, Z., Ravid, G., Geva, A. (2003). Network analysis of knowledge 

construction in asynchronous learning networks. Journal of Asynchronous 

Learning Networks, 7(3): 1–23. 

Banathy, B. (1992). A Systems View of Education: Concepts and Principles for 

Effective Practice. The US: Educational Technology Publications. 

Bandura, A. (1977). Social Learning Theory. Englewood Cliffs, N.J:Prentice Hall.  



353 
 

Barab, S.A., MaKinster, J.G., Scheckler, R. (2003). Designing system dualities: 

characterizing a web-supported professional development community. The 

Information Society, 19(3): 237-256. 

Bawden, R. (2003). Book reviews ―Systemic intervention: Philosophy, 

methodology, and practice‖. Systems Practice and Action Research, 16(5): 

369-372. 

Beer, S. (1985). Diagnosing the system for organizations. Chichester, England: 

John Wiely & Sons. 

Benbunan-Fich, R., Hiltz, S. (1999). Impacts of Asynchronous Learning Networks 

on Individual and Group Problem Solving: A field experiment. Group 

Decision and Negotiation, 8: 409-426. 

Bernstein, R.J. (1991). The new constellation. Cambridge: Polity Press. 

Bhaskar, R. (1989). Reclaiming reality. London, Verso. 

Bielaczyc, K. (2001). Designing social infrastructure: The challenge of building 

computer-supported learning communities. In P. Dillenbourg, A. Eurelings, & 

K. Hakkarainen (Eds.), European Perspectives on Computer-Supported 

Collaborative Learning. The proceedings of the First European Conference 

on Computer-Supported Collaborative Learning.  Germany: University of 

Maastricht. 

Bliuc, A.M., Goodyear, P., Ellis R.A. (2007). Research focus and methodological 

choices in studies into students' experiences of blended learning in higher 

education. The Internet and Higher Education, 10(4): 231-244. 



354 
 

Bochsler, D. (2007). Neighbours or friends? A QAP network analysis of the inter-

govermental cooperation between Swiss cantons. Applications of Social 

Network Analysis, 13-15 September, 2007, Zurich, Switzerland.  

Bordogna, C., Albano, E. (2001). Theoretical Description of Teaching-Learning 

Processes: A Multidisciplinary Approach. Physical Review Letters, 87 (11): 

118701. 

Borgatti, S.P., Everett, M.G., Freeman, L.C. (2002). UCINET 6.0. Natick: Analytic 

Technologies.  

Boyd, A., Geerling, T., Gregory, W.J., Kagan, C., Midgley, G., Murray, P., Walsh, 

M.P. (2007). Systemic evaluation: a participative, multi-method approach. 

Journal of the Operational Research Society, 58: 1306-1320. 

Boyle, T. (2005). A dynamic, systematic method for developing blended learning. 

Education, Communication and Information, 5(3): 221-232. 

Brocklesby, J. (1997). Becoming multimethodology literate: an assessment of the 

cognitive difficulties of working across paradigms. In: In: Minger, J and Gill, 

A. (Eds). Multimethodology: the theory and practice of combining 

management science methodologies. England: John Wiley & Sons Ltd.  

Canavos, G. (1988). Probabilidad y Estadística: Aplicaciones y Métodos. México, 

McGraw Hill. 

Capra, F. (1996). The Web of Life: A New Scientific Understanding of Living 

Systems. New York: Anchor Books. 



355 
 

Chan, C.K.K., Van Aalst, J. (2004). Learning, assessment and collaboration in 

computer-supported environments. In J.W. Strijbos, P. A. Kirschner, R. L. 

Martens (Eds). What we know about CSCL. The USA: Kluwer Academic 

Publishers. 

Chang, C.K., Chen G.D.,  Wang C.Y. (2011): Statistical model for predicting roles 

and effects in learning community, Behaviour & Information Technology, 

30(1): 101-111. 

Charles, R., Lester, F., O'Daffer, P. (1987). How to Evaluate Progress in Problem 

Solving. Reston, VA: National Council of Teachers of Mathematics. 

Charles, R.I., Lester, F.K.,Jr. (1984). An evaluation of a process oriented 

instructional program in mathematical problem solving in Grades 5 and 7. 

Journal of Research in Mathematics Education, 15: 15–34. 

Checkland, P. & Scholes, J. (1990). Soft systems methodology in action. 

Chichester, UK: John Wiley & Sons.  

Checkland, P. (1981). Systems Thinking, Systems Practice, New York: John Wiley 

and Sons. 

Checkland, P. (1999). Soft Systems Methodology: a 30-year retrospective. 

Chichester, UK: John Wiley & Sons. 

Chiu, C.H., Hsiao, H.F. (2010). Group differences in computer supported 

collaborative learning: Evidence from patterns of Taiwanese students‘ online 

communication. Computers & Education, 54: 427–435. 



356 
 

Cho, H., Gay, G., Davidson, B., Ingraffea, A. (2007). Social networks, 

communication styles, and learning performance in a CSCL community. 

Computers & Education, 49: 309-329.  

Cho, H., Lee, J, Stefanone, M., Gay, G. (2005). Development of computer-

supported collaborative social networks in a distributed learning community. 

Behaviour & Information Technology, 24 (6): 435-447. 

Churchman, C.W. (1970). Operations research as a profession. Management 

Science, 17: B-37-53. 

Churchman, C.W. (1971). The Design of Inquiring Systems, Basic Concepts of 

Systems and Organizations, New York: Basic Books. 

Churchman, C.W. (1979). The systems approach and its enemies. New York: 

Basic Books.  

Clayborne, M., Steefeldt, C. (1991). The relationship between the attitudes of 

urban students and mothers toward computers. The journal of negro 

education, 60 (1): 78-84. 

Cobb P., Yackel, E. (1996). Constructivist, Emergent, and Sociocultural 

perspectives in the context of developmental research. In Thomas P. 

Carpenter, John A. Dossey, Julie L. Koehler (Eds). Classics in Mathematics 

Education Research. Reston VA: National Council of Teachers of 

Mathematics.  



357 
 

Contractor, N., Wasserman, S., Faust, K. (2006). Testing multitheoretical, 

multilevel hypotheses about organizational networks: An analytic framework 

and empirical example. Academy of Management Review, 31 (3): 681-703. 

Contu, A., Willmott, H. (2003). Re-embedding situatedness: the importance of 

power relations in learning theory. Organization Science, 14(3): 283-296. 

Córdoba, J.R. (2006). Boundaries in communities. In: E. Coakes, Steve Clarke 

(Eds). Encyclopedia of Communities of Practice in Information and 

Knowledge Management. Hershey, PA: Idea Group Reference.  

Córdoba, J.R. (2009). Critical reflection in planning information systems: A 

contribution from critical systems thinking. Information Systems Journal, 

19(1): 123-147. 

Daradoumis, T., Martínez-Monés, A., Xhafa, F. (2006). A layered framework for 

evaluating on-line collaborative learning interactions. International Journal of 

Human-Computer Studies, 64: 622-635. 

De Laat, M., Lally, V. (2003). Complexity, theory and praxis: researching 

collaborative learning and tutoring processes in a networked learning 

community. Instructional Science, 31: 7-39. 

De Laat, M., Lally, V. (2005). Investigating group structure in CSCL: some new 

approaches. Information Systems Frontiers, 7(1): 13-25. 

De Laat, M., Lally, V., Lipponen, L., & Simons, R.J. (2006a). Online teaching in 

networked learning communities: a multimethod approach to studying the 

role of the teacher. Instructional Science, 35: 257-286. 



358 
 

De Laat, M., Lally, V., Simons, R.-J., Wenger, E. (2006b). A selective analysis of 

empirical findings in networked learning research in higher education: 

Questing for coherence. Educational Research Review, 1: 99-111. 

Department of Education. (2009). Evaluation of the Enhancing Education through 

Technology Program – Final Report U.S. Department of Education. 

Retrieved March 12th, 2010 from: 

www.ed.gov/about/offices/list/opepd/ppss/reports.html. 

Dewiyanti, S., Brand-Gruwel, S., Jochems, W., Broers, N. (2007). Students‘ 

experiences with collaborative learning in asynchronous computer-

supported collaborative learning environments. Computers in Human 

Behavior, 23: 496-514. 

Dillenbourg P. (1999). What do you mean by collaborative leraning?. In P. 

Dillenbourg (Ed) Collaborative-learning: Cognitive and Computational 

Approaches: 1-19. Oxford: Elsevier. 

Dillenbourg, P., Baker, M., Blaye, A., O‘Malley, C. (1996). The evolution of 

research on collaborative learning. In E. Spada and P. Reiman (Eds). 

Learning in Humans and Machine: Towards an interdisciplinary learning 

science: 189-211. Oxford: Elsevier. 

Dillenbourg, P., Järvelä, S., & Fischer, F. (2009). The evolution of research on 

computer-supported collaborative learning: From Design to Orchestration. 

In: N. Balacheff, S. Ludvigsen, T. De Jong, A. Lazonder, S. Barnes (Eds.). 

Technology-Enhanced Learning: 3–19. Springer. 

http://www.ed.gov/about/offices/list/opepd/ppss/reports.html


359 
 

Dimitracopoulou, A. (2005). Designing Collaborative Learning Systems: Current 

Trends & Future Research Agenda. Proceedings of the 2005 Conference on 

Computer support for collaborative learning: Learning 2005: The next 10 

years! (CSCL '05).  

Dossey, J.A., McCrone, S.A., and O‘Sullivan, C. (2006). Problem Solving in the 

PISA and TIMSS 2003 Assessments (NCES 2007-049). U.S. Department of 

Education. Washington, DC: National Center for Education Statistics. 

Retrieved January 12th, 2011 from http://nces.ed.gov/pubsearch.  

Eckert, P., Goldman, S., Wenger, E. (1997). The school as a community of 

engaged learners. Report No. 17.101, Menlo Park, CA: Institute for 

Research on Learning. 

Ertmer, P.A., Newby, T.J. (1993). Behaviorism, cognitivism, constructivism: 

Comparing critical features from an instructional design perspective. 

Performance Improvement Quarterly, 6(4): 50-70. 

Espejo, R., Schuhmann, W., Schwaninger, M., Bilello, U. (1996). Organisational 

Transformation and Learning. A Cybernetic Approach to Management, 

Wiley: Chichester. 

ETS. (2002). Digital Transformation: A framework for ICT literacy. Educational 

Testing Service. Retrieved March 12th, 2010 from: 

http://www.ets.org/research/policy_research_reports/ict-report.   

Finegold, A., Cooke, L. (2006). Exploring the attitudes, experiences and dynamics 

of interaction in online groups. Internet and Higher Education, 9: 201-215. 

http://www.ets.org/research/policy_research_reports/ict-report


360 
 

Flavell, J. (1979). Metacognition and cognitive monitoring: A new area of cognitive-

developmental inquiry. American Psychologist, 34(10): 906-911. 

Flood, R.L. (1995). Solving problem solving. England: John Wiley & Sons Lt,. 

Flood, R.L., Jackson, M.C. (1991). Creative problem solving: total systems 

intervention. Chichester: Wiley.  

Flood, R.L., Romm, N.R.A. (1996a). Diversity Management: Theory in Action. In 

Flood & Romm (Eds.), Critical systems thinking: current research and 

practice. New York: Plenum Press. 

Flood, R.L., Romm, N.R.A. (1996b). Diversity management: triple loop learning. 

England: John Wiley & Sons Ltd. 

Flood, R.L., Romm, N.R.A. (1997). From metatheory to ―multimethodology‖. In: 

Minger, J and Gill, A. (Eds). Multimethodology: the theory and practice of 

combining management science methodologies. Chichester: John Wiley & 

Sons Ltd. 

Florian, L. (2005). Inclusive practice: what, why and how? In: K.Topping, S. 

Maloney (Eds.), The RoutledgeFalmer reader in inclusive education, UK: 

Routledge. 

Foote, J.L., Gregor, J.E., Hepi, M.C., Baker, V.E., Houston, D.J., Midgley, G. 

(2007). Systemic problem structuring applied to community involvement in 

water conservation. Journal of the Operational Research Society, 57: 645-

654. 



361 
 

Forman, E.A. (2003). A Sociocultural Approach to Mathematics Reform: Speaking, 

Inscribing, and Doing Mathematics Within Communities of Practice. In 

Kilpatrick, J., Martin, W.G. & D. Schifter (Eds.), A Research Companion to 

the Principles and Standards for School Mathematics, Reston, VA: National 

Council of Teachers of Mathematics.  

Forrester, J. W. (1968). Principles of Systems, (2nd ed.). Waltham, MA: Pegasus 

Communications. 

Foucault, M. (1980). Power/Knowledge: selected interviews and other writings – 

1972-1977. In C. Gordon (Ed.). Brighton: Harvester Press.  

Fox, S. (2000). Communities of practice, Foucault and actor network theory. 

Journal of Management Studies. 37(6): 853-867. 

Gallivan, M., Benbunan-Fich, R. (2005). A framework for analyzing levels of 

analysis issues in studies of e-collaboration. IEEE Transactions on 

Professional Communication, 48(1): 87-104. 

Galvis, A. (1998). Ambientes virtuales para participar en la sociedad del 

conocimiento. Informática Educativa, 11 (2): 247-260. 

Gómez, E.A., Wu, D., Passerini, K. (2010). Computer- supported team-based 

learning: the impact of motivation, enjoyment, and team contributions on 

learning outcomes. Computer and Education, 55: 378-390. 

Good, T.L., Brophy, J.E. (1990). Educational psychology: A realistic approach. (4th 

ed.). New York: Longman. 



362 
 

Graham, C. (2002). Factors for effective learning groups in face-to-face and virtual 

environments. The Quarterly Review of Distance Education, 3(3): 307-319. 

Greeno, J.G. (2003). Situative research relevant to standards for school 

mathematics. In J. Kilpatrick, W. G. Martin, & D. Schifter (Eds.), A research 

companion to Principles and Standards for School Mathematics. Reston, 

VA: National Council of Teachers of Mathematics. 

Gregory, A.J. (2009). Scoping a Systems-Based Method for Organisational 

Evaluation.  Proceedings of the 53rd Annual Meeting of the International 

Society for the Systems Sciences, July 12-17, 2009, Brisbane, Australia. 

Gregory, W.J. (1996). Dealing with diversity. In Flood & Room (Eds.). Critical 

Systems Thinking: Current Research and Practice. New York: Plenum 

Press. 

Gregory, W.J. Romm, N.R.A. (1999a). Facilitaton as fair intervention. University of 

Hull, England: Centre for Systems Studies. 

Gregory, W.J., Midgley, G. (1999b). Planning for disaster: Developing a 

counselling service. Centre for Systems Studies Research Memorandum 

#23. Business School, University of Hull, Hull: Centre for Systems Studies.  

Gregory, W.J., Midgley, G. (2000). Planning for disaster: Developing a counselling 

service. Journal of the operational research society, 51: 278-290. 

Gress, C.L.Z., Fior, M., Hadwin, A.F., Winne, P.H. (2010). Measurement and 

assessment in computer-supported collaborative learning. Computers in 

Human Behavior, 26. 806-814. 



363 
 

Gweon, G., Jun, S., Lee, J., Finger, S., Rosé, C.P. (2011). A Framework for 

Assessment of Student Project Groups On-Line and Off-Line. In S. 

Puntambekar, G. Erkens, C.E. Hmelo-Silver (Eds). Analyzing Interactions in 

CSCL: Methods, Approaches and Issues, Springer: New York.  

Habermas, J. (1972). Knowledge and human interests. London: Heinemann.  

Habermas, J. (1976). Communication and the evolution of society. English ed., 

1979. London: Heinemann.  

Habermas, J. (1984a). The theory of communicative action, Volume one: reason 

and the rationalisation of society. Cambridge: Polity Press.  

Habermas, J. (1984b). The theory of communicative action, Volume two: the 

critique of functionalist reason. Cambridge: Polity Press.  

Hakkarainen, K., Palonen, T. (2003). Patterns of female and male students‘ 

participation in peer interactions in computer-supported learning. Computer 

& education, 40(4): 327-342. 

Handley, K., Sturdy, A., Fincham, R., Clark, T. (2006). Within and beyond 

communities of practice: making sense of learning through participation, 

identity and practice. Journal of Management Studies, 43(3): 641-653.  

Hara, N. (2009). Toward an understanding of communities of practice. In: 

Communities of practice: fostering peer-to-peer learning and informal 

knowledge sharing in the work place. Information Science and Knowledge 

Management, 13, Springer-Verlag, Berlin Heidelberg. 113-124.  



364 
 

Hara, N., Bonk, C., Angeli, C. (2000). Content analysis of online discussion in an 

applied educational psychology course. Instructional Science, 28: 115-152. 

Harasim, L., Hiltz, S., Turoff, M., Teles, L. (1995). Learning Networks. Cambridge, 

MA: MIT Press. 

Harwood, (2012). The management of change and the Viplan methodology in 

practice. Journal of the Operational Research Society, 63: 748-761. 

Haythornthwaite, C. (2001). Exploring multiplexity: Social networks structures in a 

computer-supported distance learning class. The Information Society, 17: 

211-226. 

Helme, S., Clarke, D. (2001). Cognitive engagement in the mathematics 

classroom. In David Clarke (ed). Perspectives on Practice and Meaning in 

Mathematics and Science classrooms. The Netherlands: Kluwer Academic 

Publishers.  

Hergenhahn, B.R., Olson, M.H. (1997). An Introduction to Theories of Learning. 

Fifth Edition. NJ, USA: Prentice Hall.  

Hiebert, J. Wearne, D. (2003). Developing Understanding through Problem 

Solving. In Schoen, H.L. (Ed.), Teaching Mathematics through Problem 

Solving—Grades 6-12, Reston, VA: The National Council of Teachers of 

Mathematics. 

Hiltz, S., Turoff, M. (2002). What makes learning network effective? 

Communications of the ACM, 45(4): 56-59. 



365 
 

Hmelo-Silver, C.E., Jordan, R., Liu, L., Chernobilsky, C.E. (2011). Representational 

Tools for Understanding Complex Computer-supported Collaborative 

Learning Environments.  In S. Puntambekar, G. Erkens, & C. E. Hmelo-

Silver (Eds.). Analyzing interactions in CSCL: Methodology, approaches and 

issues. NY: Springer. 

Ho, K.F., Hedberg, J.G. (2005). Teachers‘ pedagogies and their impact on 

students mathematical problem solving. Journal of Mathematical Behavior, 

24: 238–252. 

Holton, D., Thomas, G. (2001). Mathematical Interactions and their influence on 

Learning. In David Clarke (Ed.). Perspectives on Practice and meaning in 

mathematics and science classrooms. The Netherlands: Kluwer Academic 

Publishers.  

Hong, J.F.L., O, F.K.H. (2009). Conflicting identities and power between 

communities of practice: the case of IT outsourcing. Management learning, 

40: 311-326. 

Hunt, E. Problem Solving. In R.J. Sternberg (Ed.). Thinking and Problem Solving. 

USA: Academic Press.  

Hurme, T., Järvelä, S. (2005). Student‘s activity in computer-supported 

collaborative problem solving in mathematics. International Journal of 

Computers for Mathematical Learning, 10: 49-73. 

Hurme, T., Palonen, T., Järvelä, S. (2006). Metacognition in joint discussions: an 

analysis of the patterns of interaction and the metacognitive content of the 

networked discussions in mathematics. Metacognition Learning, 1: 181-200. 



366 
 

Hutchins, Edwin (1995). Cognition in the Wild. MIT Press. 

ICFES. (2009). Resultados de Colombia en TIMSS 2007. Resumen Ejecutivo. 

Colombia: Ministerio de Educación Nacional.  

Illeris, K. (2003). Towards a contemporary and comprehensive theory of learning. 

International Journal of Lifelong Education, 22: 396-406. 

Imhof, M.,Vollmeyer, R., Beierlein, C. (2006). Computer use and the gender gap: 

The issue of access, use, motivation, and performance. Computers in 

Human Behaviour, 23: 2823-2837. 

Jackson, M.C. (1982). The nature of soft systems thinking: the work of Churchman, 

Ackoff and Checkland. Journal of Applied Systems Analysis, 9: 17-29. 

Jackson, M.C. (1987). Present positions and future prospects in management 

science. Omega, 15: 455-466. 

Jackson, M.C. (1999). Towards coherent pluralism in management science. 

Journal of Operational Research Society, 50(1): 12-23. 

Jackson, M.C. (2000). Systems Approaches to Management. Secaucus, NJ, USA. 

Kluwer Academic Publishers.  

Jackson, M.C. (2003). Systems thinking: Creative holism for managers. England: 

John Wiley & Sons Ltd. 



367 
 

Jackson, M.C., Keys, P. (1984). Towards a system of systems methodologies. 

Journal of the Operational Research Society, 35: 473-486.  

Jahng, N., Nielsen, W.S., Chan, E.K.H. (2010). Collaborative Learning in an Online 

Course: A Comparison of Communication Patterns in Small and Whole 

Group Activities. Journal of distance education, 24(2): 39-58. 

Jaques, D., Salmon, G. (2007). Learning in Groups. 4th edition. London and New 

York: Routledge. 

Järvelä, S., Hakkinen, M., Arvaja, M., Leinonen, P. (2004). Instructional support in 

CSCL. In J.W. Strijbos, P. A. Kirschner, R. L. Martens (Eds.). What we know 

about CSCL. The USA: Kluwer Academic Publishers. 

Järvelä, S., Jarvenoja, H., Veermans, M. (2008). Understanding the dynamics of 

motivation in socially shared learning. International Journal of Educational 

Research, 47(1): 122-135. 

Jarvenoja, H., Jarvela, S. (2005). How students describe the sources of their 

emotional and motivational experiences during the learning process: A 

qualitative approach. Learning and Instruction, 15: 465-480. 

Jeong, A. (2003). The sequential analysis of group interaction and critical thinking 

in online threaded discussions. The American Journal of Distance 

Education, 17(1): 25–43. 

Johnson, D.W., Johnson, R. (1999). Learning together and alone: Cooperative, 

competitive, and individualistic learning. Boston: Allyn & Bacon. 



368 
 

Joiner, R., Gavin, J., Duffield, J., Brosnan, M., Crook, C., Durndell, A., Maras, P., 

Miller, J., Scott, A.J., Lovatt, P. (2005). Gender, Internet Identification, and 

Internet Anxiety: Correlates of Internet Use. CyberPsychology & Behavior, 

8(4): 371-378. 

Keating, M.C. (2005). The person in the doing: negotiating the experience of self. 

In D. Barton and K. Tusting (Eds.), Beyond communities of practice: 

language, power and social context. Cambridge: Cambridge University 

Press. 

Kilpatrick, J. (1978). Variables and methodologies in research on problem solving. 

In L. Hatfield (Ed.), Mathematical problem solving. Columbus, OH: ERIC. 

Kirschner, P.A., Martens, R.L., Strijbos, J.W. (2004). CSCL in higher education? A 

framework for designing multiple collaborative environments. In J.W. 

Strijbos, P. A. Kirschner, R. L. Martens (Eds.). What we know about CSCL. 

The USA: Kluwer Academic Publishers. 

Kirschner, P.A., Paas, F. (2001). Web enhanced higher education: A tower of 

Babel. Computers in Human Behavior, 17: 347-354. 

Klein, A.M. (2003). Learning how children process mathematical problems. New 

York: The Edwin Mellen Press, Ltd. 

Kling R., Courtright, C. (2003). Group behavior and learning in electronic forums: A 

sociotechnical approach. The Information Society, 19(3): 221-235. 

Knoke, D., Yang, S. (2008). Social Network Analysis (2nd edition). The USA: Sage 

Publications. 



369 
 

Kreijns, K. Kirschner, P., & Jochems, W. (2003). Identifying the pitfalls for social 

interaction in computer-supported collaborative learning environments: a 

review of the research. Computers in Human Behavior, 19: 335-353. 

Kreijns, K., Kirschner, P., Jochems, W., Van Buuren, H. (2004). Determining 

sociability, social space, and social presence in (a)synchronous 

collaborative groups. CyberPsychology & Behavior, 7(2): 155-172. 

Kupari, P. (1988). Problem solving and applications in the Finnish school 

mathematics since 1970. In Kupari, P. (Ed.), Mathematics Education 

Research in Finland-Yearbook 1987-1988 Jyvaskyla, Finland: Institute of 

Educational Research and The Finnish Association of Mathematics and 

Science Education Research. 

Laurillard, D. (2009). The pedagogical challenges to collaborative technologies. 

Computer-Supported Collaborative Learning: 4: 5-20. 

Lave, J. (1988). Cognition in practice : mind, mathematics, and culture in everyday 

life. Cambridge, UK: Cambridge University Press.   

Lave, J., Wenger, E. (1991). Situated learning: legitimate peripheral participation. 

New York: Cambridge University Press.  

Lee, J.S., Cho, H., Gay, G., Davidson, B., Ingraffea, A. (2003). Technology 

Acceptance and Social Networking in Distance Learning. Educational 

Technology & Society, 60(2): 50-61. 

Lehtinen, E. (2003). Computer-supported collaborative learning: An approach to 

powerful learning environments. In E. De Corte, L. Verschaffel, N. Entwistle 



370 
 

& J. Van Merriëboer (Eds), Unravelling basic components and dimensions of 

powerful learning environments. London: Elsevier.  

Leu, D.J., Kinzer, C.K., Coiro, J.L. & Cammack, D.W. (2004). Toward a theory of 

new literacies emerging from the internet and other information and 

communication technologies. In R.B. Ruddell & N. Unrau. (Eds.), Theoretical 

models and processes of reading. Newark, DE: International Reading 

Association. Retrieved 23 September, 2005 from 

http://www.readingonline.org/newliteracies/leu/  

Levy, P. (2004). A methodological framework for practice-based research in 

networked learning. In P. Goodyear, S. Banks, W. Hodgson, D. McConnell 

(Eds.). Advances in Research in Networked Learning. Computer-Supported 

Collaborative Learning Series (4). London: Kluwer. 

Lewis, D., Allan, B. (2005). Virtual Learning Communities:  A guide for 

practitioners. England: Open University Press, McGraw-Hill Education. 

Lindsay, G. (2003). Inclusive education: a critical perspective. British Journal of 

Special Education, 30(1): 3-12. 

Lipponen, L. (2000). Towards knowledge building: from facts to explanations in 

primary students‘ computer mediated discourse. Learning Environments 

Research, 3: 179-199. 

Lipponen, L. (2002). Exploring foundations for computer-supported collaborative 

learning. Proceedings of the Conference on Computer Support for 

Collaborative Learning: Foundations for a CSCL Community. Boulder 

(Colorado, the US): January 07 – 11.   



371 
 

Lipponen, L., Hakkarainen, K., Paavola, S. (2004). Practices and orientations of 

CSCL. In J.W. Strijbos, P. A. Kirschner, R. L. Martens (Eds.). What we know 

about CSCL. The USA: Kluwer Academic Publishers. 

Lipponen, L., Rahikainen, M., Lallimo, J., Hakkarainen, K. (2003). Patterns of 

participation and discourse in elementary students‘ computer-supported 

collaborative learning. Learning and Instruction, 13: 487-509.  

London, M., Sessa, V. (2007). How groups learn, continuously. Human Resource 

Management, 46: 651-669. 

Lonsdale, M., McCurry, D. (2004). Literacy in the new millennium. Adelaide: 

Australian Council for Educational Research, NCVER. Retrieved 2 October, 

2005 from http://www.ncver.edu.au/publications/1490.html. 

Luckett, K. (2006). An Assessment of the Application of ‗Critical Systems 

Heuristics‘ to a Policy Development Process. Systems Practice and Action 

Research, 19: 503-521.  

Lund, K. (2011). Analytical Frameworks for Group Interactions in CSCL Systems. 

In S. Puntambekar, G. Erkens, C.E. Hmelo-Silver (Eds). Analyzing 

Interactions in CSCL: Methods, Approaches and Issues. New York: 

Springer.  

Markauskaite, L. (2006). Towards an integrated analytical framework of information 

and communications technology literacy: from intended to implemented and 

achieved dimensions. Information Research: An International Electronic 

Journal, 11(3). 

http://www.ncver.edu.au/publications/1490.html


372 
 

Markauskaite, L. (2007). Exploring the structure of trainee teachers‘ ICT literacy: 

the main components of, and relationships between, general cognitive and 

technical capabilities. Educational Technology Research and Development, 

55(6): 547–572. 

Martínez, A., Dimitriadis, Y., Rubia, B., Gómez, E., de la Fuente, P. (2003). 

Combining qualitative and social network analysis for the study of social 

aspects of collaborative learning, Computers & Education, 41(4): 353-368.  

Mason, R.O., Mitroff, I.I. (1981). Challenging Strategic Planning Assumptions, 

Theory, Cases, and Techniques. New York: John Wiley. 

Mayer, R.E. (1992). Thinking, Problem solving, Cognition. Second Edition. New 

York, USA:  W.H. Freeman and Company. 

Merseth, K.K. (1993). How Old Is the Shepherd? An Essay About Mathematics 

Education, Phi Delta Kappan, 74: 548-554.  

Mevarech, Z., & Kramarski, B. (1997). IMPROVE: A Multidimensional Method for 

Teaching Mathematics in Heterogeneous Classrooms. American 

Educational Research Journal, 34: 365-394. 

Midgley, G. (1989). Critical systems: The theory and practice of partitioning 

methodologies. Proceedings of the 33rd Annual Meeting of the International 

Society for General Systems Research (Volume II), Edinburgh, Scotland, 2-

7 July, 1989. 

Midgley, G. (1990). Creative Methodology Design. Systemist, 12: 108-113.  



373 
 

Midgley, G. (1992). Pluralism and the legitimation of systems science. Systems 

Practice, 5: 147-172. 

Midgley, G. (1992). The sacred and profane in critical systems thinking. Systems 

Practice, 5: 147-172.   

Midgley, G. (1996a). The ideal of Unity and the practice of pluralism in systems 

science. In Flood & Room (Eds). Critical Systems Thinking: Current 

research and practice, New York: Plenum Press.  

Midgley, G. (1996b). What is this thing called CST? In Flood & Room (Eds). Critical 

Systems Thinking: Current research and practice, New York: Plenum Press. 

Midgley, G. (1997a). Developing the methodology of TSI: From the oblique use of 

methods to creative design. Systems Practice, 10(3): 305-319. 

Midgley, G. (1997b). Mixing methods: Developing Systemic Intervention. In: 

Minger, J and Gill, A. (Eds). Multimethodology: the theory and practice of 

combining management science methodologies. England: John Wiley & 

Sons Ltd.  

Midgley, G. (1998). Rethinking the Unity of Science. Research Memorandum No. 

19. The Centre for Systems Studies, School of Management, University of 

Hull, UK.  

Midgley, G. (2000). Systemic Intervention: Philosophy, Methodology and Practice. 

New York: Kluwer Academic/Plenum. 



374 
 

Midgley, G. (2006). Systems Thinking for Evaluation. In B. Williams and I. Imam 

(Eds.) Systems Concepts in Evaluation: An expert anthology. The USA: 

American Evaluation Association.  

Midgley, G. (2011). Theoretical pluralism in systemic action research. Systems 

Practice and Action Research, 24: 1-15. 

Midgley, G., Ahuriri-Driscoll, A., Baker, V., Foote, J., Hepi, M., Taimona, H., 

Rogers-Koroheke, M., Gregor, J., Gregory, W., Lange, M., Veth, J., 

Winstanley, A., Wood, D. (2007). Practitioner identity in systemic 

intervention: reflections on the promotion of environmental health through 

Maori community development. Systems Research and Behavioral Science, 

24: 233-247. 

Midgley, G., Munlo, I., Brown, M. (1998). The theory and practice of boundary 

critique: developing housing services for older people. Journal of the 

Operational Research Society, 49: 467-478. 

Midgley, G., Ochoa-Arias, A.E. (2001). Unfolding a theory of systemic intervention. 

Systems practice and action research, 14(5): 615-649. 

Midgley, G., Pinzón, L. (2011). Boundary critique and its implications for conflict 

prevention. Journal of the Operational Research Society, 62: 1543-1554. 

Mingers, J.C. (1980). Towards an appropriate social theory for applied systems 

thinking: critical theory and soft systems methodology. Journal of applied 

systems analysis, 7: 41-50. 



375 
 

Mingers, J.C. (1984). Subjectivism and soft systems methodology – A critique. The 

computer Journal, 31: 376-379. 

Mingers, J.C. (1997a). Multi-paradigm Multimethodology. In: Minger, J and Gill, A. 

(Eds). Multimethodology: the theory and practice of combining management 

science methodologies. England: John Wiley & Sons Ltd. 

Mingers, J.C. (1997b). Towards Critical Pluralism. In: Minger, J and Gill, A. (Eds). 

Multimethodology: the theory and practice of combining management 

science methodologies. England: John Wiley & Sons Ltd.   

Mingers, J.C. (2000). The contribution of critical realism as an underpinning 

philosophy for OR/MS and systems. Journal of the Operational Research 

Society, 51: 1256-1270. 

Mingers, J.C. (2003). A classification of the philosophical assumptions of 

management science methods. Journal of Operational Research Society, 

54(6): 559-570.  

Mingers, J.C. (2005). More dangerous than an unanswered question is an 

unquestioned answer: a contribution to the Ulrich debate. Journal of 

Operational Research Society, 56: 468-474. 

Mingers, J.C. (2006). Realising Systems Thinking: knowledge and action in 

management science. The USA: Springer Science and Business Media.  

Mingers, J.C. Brocklesby, J. (1997). Multimethodology: towards a framework for 

mixing methodologies. Omega. 25(5): 489-509. 



376 
 

Ministerio de Comunicaciones. (2008). Plan Nacional de Tecnologías de 

Información y Telecomunicaciones. Ministerio de Comunicaciones, 

República de Colombia.  

Ministerio de Educación Nacional – MEN. (2010). Revolución Educativa: Acciones 

y Lecciones 2002 – 2010. Ministerio de Educación Nacional, República de 

Colombia.   

Ministry of Education. (2009). The Singapore Model Method for Learning 

Mathematics. Curriculum Planning & Development Division, Sigapore: EPB 

Pan Pacific. 

Morgan, G. (1986). Images of Organization. London: Sage.  

Moss, J., Beatty, R. (2006). Knowledge building in mathematics: Supporting 

collaborative learning in pattern problems. Computer-Supported 

Collaborative Learning, 1: 441–465. 

Munlo, I.G. (1997). Critical Systems Thinking, Theory and Practice: A case study of 

intervention in two British local authorities. Ph.D. Thesis, University of Hull, 

Hull.  

National Research Council (NRC). (2006). Tech tally: Approaches to assessing 

technological literacy. Washington, D.C.: National Academy Press. 

National Research Council. (2000). How people learn, expanded edition: brain, 

mind, experience, and school. Bransford, J.D., Brown, A.L., Cocking, R.R., 

Donovan, M.S., Pellegrino, J.W. (Eds.). Washington, D.C.:National 

Academy Press.  



377 
 

NCTM. (2000). Principles and standards for school mathematics. Reston, VA : 

National Council of Teachers of Mathematics. 

Nel, L., Wilkinson, A. (2006). Enhancing collaborative learning in a blended 

learning environment: applying a process planning model. Systems practice 

and Action research, 19: 553-576. 

Neuendorf, K.A. (2002). The content analysis guidebook. Thousand Oaks, CA.: 

Sage Publications.  

Newman, B.M., Newman, P.R. (2007).Theories of Human Development. Mahwah, 

New Jersey, USA: Lawrence Erlbaum Associates. 

Newman, D.R., Johnson, C. Webb, B., Cochrane, C. (1997). Evaluating the quality 

of learning in computer supported cooperative learning. Journal of the 

American Society for Information Science, 48(6): 484–495. 

OECD. (2004). Problem Solving for Tomorrow’s World: First Measures of Cross-

Curricular Competencies from PISA 2003. Organisation for Economic Co-

operation and Development (OECD), Paris, France. 

OECD. (2007). PISA 2006: Science Competencies for Tomorrow's World: Volume 

1: Analysis. PISA, OECD Publishing. 

OECD. (2010a). Mathematics Teaching and Learning Strategies in PISA. 

Organisation for Economic Co-operation and Development (OECD). Paris, 

France.  



378 
 

OECD. (2010b). PISA 2009 Results: What Students Know and Can Do – Student 

Performance in Reading, Mathematics and Science (Volume I). Retrieved 

from: http://dx.doi.org/10.1787/9789264091450-en on January 11th, 2011.  

Ormerod R.J. (1997). The design of organisational intervention: choosing the 

approach. Omega, 25(4): 415-435.  

Page, S.E. (2007). The Difference: How the power of diversity creates better 

groups, firms, schools, and societies. New Jersey: Princeton University 

Press. 

Perkinson, H. (1984). Learning from our mistakes: A reinterpretation of twentieth 

century educational theory. London, England: Greenwood Press, Westport, 

Connecticut. 

Polya, G. (1945). How to solve it. Princenton: Princenton University Press. 

Pozzi, F., Manca, S., Persico, D., Sarti, L. (2007). A general framework for tracking 

and analysing learning processes in CSCL environments. Innovations in 

Education & Teaching International (IETI) Journal, 44(2): 169-179.  

Raza, S.A., Standing, C. (2010). Towards a systemic model on information 

systems‘ adoption using critical systems thinking. Journal of Systems and 

Information Technology, 12(3): 196-209. 

Reeves, T.C., Herrington, J. Oliver, R. (2004). A Development Research Agenda 

for Online Collaborative Learning. Educational Technology Research and 

Development, 52(4): 53-65. 

http://dx.doi.org/10.1787/9789264091450-en


379 
 

Resnick, L.B., Ford, W.W. (1981). The psychology of mathematics for instruction. 

New Jersey: Lawrence Erlbaum Associates.  

Reynolds, M. (2001). Co-guarantor attributes: a systemic approach to evaluating 

expert support. 8th European Conference on Information Technology 

Evaluation, 17-18 September, Oriel College, Oxford, UK. 

Rienties, B., Tempelaar, D., Van den Bossche, P., Gijselaers, W., Segers, M. 

(2009). The role of academic motivation in Computer-Supported 

Collaborative Learning. Computers in Human Behavior, 25: 1195–1206. 

Roberts, T. S. (2005). Computer-supported collaborative learning: An introduction. 

In: Roberts, T.S. (Ed). Computer-Supported Collaborative Learning in 

Higher Education. Hershey (PA, the US): IGI Global. 

Robertson, S.I. Problem Solving. East Sussex, UK: Psychology Press. 

Roschelle J., Teasley S (1995). The construction of shared knowledge in 

collaborative problem solving. in C. O‘Malley (Ed.) Computer supported 

collaborative learning, Springer Verlag, Berlin. 

Salkind, N.J. (2004). An Introduction to Theories of Human Development. 

Thousand Oaks (Calif, the US): Sage Publications.  

Sanz, L. (2003). Análisis de redes sociales: o cómo representar las estructuras 

sociales subyacentes. Apuntes de Ciencia y Tecnología, 7: 21-29. 



380 
 

Sarmiento, J., Shumar, W. (2010). Boundaries and roles: Positioning and social 

location in the Virtual Math Teams (VMT) online community. Computers in 

Human Behavior, 26: 524-532. 

Sawada, D. (2002). Mathematics as Problem Solving: A Japanese Way. In Teppo, 

A.R. & Montana, B. (Ed.), Reflecting on NCTM’s Principles and Standards in 

Elementary and Middle School Mathematics: 207-211. Reston, VA: The 

National Council of Teachers of Mathematics.  

Scardamalia, M., Bereiter, C. (2006). Knowledge building: theory, pedagogy, and 

technology. In K. Sawyer (Ed.), Cambridge Handbook of the Learning 

Sciences, New York: Cambridge University Press.  

Schlanger, M.S., Fusco, J. (2003). Teacher profesional development, technology, 

and communities of practice: are we putting the cart before the horse?. The 

Information Society, 19(3): 203-220. 

Schoenfeld, A.H. (1985). Mathematical problem solving. New York: Academic 

Press. 

Schoenfeld, A.H. (1992). Learning to think mathematically: Problem solving, 

metacognition, and sense-making in mathematics. In D. Grouws (Ed.), 

Handbook of Research on Mathematics Teaching and Learning.  New York: 

MacMillan.  

Schwen, T. M., Hara, N. (2003). Community of practice: a metaphor for online 

design? The Information Society, 19(3): 257-270. 



381 
 

Scott, J. (2000). Social Network Analysis: A Handbook (2nd edition). United 

Kingdom: Sage Publications. 

Senge, P. (1999). The dance of change: the challenges of sustaining momentum in 

learning organizations, Doubleday: New York. 

Sfard, A. (2003). Balancing the unbalanceable: The NCTM Standards in light of 

theories of Learning Mathematics. In: Jeremy Kilpatrick, W. Gary Martin, 

Deborah Schifter (Eds.). A research companion to principles and standards 

for school mathematics. Reston, VA: National Council of Teachers of 

Mathematics. 

Sharda, R., Romano, N., Lucca, J., Weiser, M., Scheets, G., Chung, J.M., Sleezer, 

C. (2004). Foundation for the study of computer-supported collaborative 

learning requiring immersive presence. Journal of Management Information 

Systems, 20(4): 31-63.  

Shea, P. Hayes, S., Vickers, J., Gozza-Cohen, M., Uzuner, S., Mehta, R., 

Valchova, A., Rangan, P. (2010). A re-examination of the community of 

inquiry framework. Social network and content analysis. Internet and Higher 

Education, 13: 10-21.  

Sheremetov, L., Guzmán, A. (2002). EVA: an interactive Web-based collaborative 

learning environment. Computers & Education, 39: 161–182. 

Siegler, R. (2003). Implications of cognitive science research for mathematics 

education. In J. Kilpatrick, W. G. Martin, & D. Schifter (Eds.), A research 

companion to Principles and Standards for School Mathematics. Reston, 

VA: National Council of Teachers of Mathematics. 



382 
 

Slavin, R.E. (1995). Cooperative Learning: Theory, Research, and Practice. 

Boston, MA: Allyn & Bacon.  

Stahl, G. (2000). A model of collaborative knowledge-building. Proceedings of the 

Fourth International Conference of the Learning Sciences (ICLS '00). Ann 

Arbor, MI: Lawrence Erlbaum Associates.  

Stahl, G. (2002). Contributions to a theoretical framework for CSCL. In G. Stahl 

(Ed.), Computer support for collaborative learning: Foundations for a CSCL 

community. Proceedings of CSCL 2002. Boulder, CO: Lawrence Erlbaum 

Associates.  

Stahl, G. (2004). Building collaborative knowing: Elements of a social theory of 

CSCL. In J.-W. Strijbos, P. Kirschner & R. Martens (Eds.), What we know 

about CSCL. The US: Kluwer Academic Publishers.  

Stahl, G. (2009). Studying virtual math teams. New York, NY: Springer. 

Stahl, G. (2010). Guiding Group Cognition in CSCL. Computer-Supported 

Collaborative Learning, 5: 255–258 

Stahl, G. (2011). How to study group cognition. In S. Puntambekar, G. Erkens & C. 

Hmelo-Silver (Eds.), Analyzing interactions in CSCL: Methodologies, 

approaches and issues. New York, NY: Springer. 

Stahl, G., Koschmann, T., Suthers, D. (2006). Computer-supported collaborative 

learning: An historical perspective. In R. K. Sawyer (Ed.), Cambridge 

Handbook of the Learning Sciences.  Cambridge (UK): Cambridge 

University Press.  



383 
 

Stevenson, H.W., Lee, S.Y. Stigler, J.W. (1986). Mathematics achievement of 

Chinese, Japanese, and American children. Science, 231: 693-699. 

Strijbos, J.W. (2009). A Multidimensional Coding Scheme for VMT. In G. Stahl 

(Ed.), Studying Virtual Math Teams. New York: Springer.  

Strijbos, J.W. (2011). Assessment of (Computer-Supported) Collaborative 

Learning. IEEE Transactions on Learning Technologies. 4(1): 59-73. 

Strijbos, J.W., De Laat, M. (2010). Developing the role concept for computer-

supported collaborative learning: An explorative synthesis. Computers in 

Human Behavior, 26: 495-505.  

Strijbos, J.W., Fischer, F. (2007). Methodological challenges for collaborative 

learning research. Learning and Instruction, 17: 389-393. 

Strijbos, J.W., Kirschner, P.A., Martens, R.L. (2004a). What we know about 

CSCL… and what we do not (but we need to) know about CSCL. In J.W. 

Strijbos, P. A. Kirschner, R. L. Martens (Eds.). What we know about CSCL. 

The USA: Kluwer Academic Publishers. 

Strijbos, J.W., Martens, R., Jochems, W. (2004b). Designing for interaction: Six 

steps to designing computer-supported group-based learning. Computers & 

Education, 42: 403-424. 

Strijbos, J.W., Martens, R., Jochems, W., Broers, N.J. (2004c). The effect of 

functional roles on group efficiency: using multilevel modelling and content 

analysis to investigate Computer-supported collaboration in small groups. 

Small Group Research, 35(2): 195-229. 



384 
 

Strijbos, J.W., Martens, R., Prins, F., Jochems, W. (2006). Content analysis: What 

are they talking about? Computers & Education, 46: 29-48.  

Suthers, D.D. (2006). Technology affordances for inter-subjective meaning making: 

A research agenda for CSCL. International Journal of Computer-Supported 

Collaborative Learning, 1(3): 315-337. 

Suthers, D.D., Hundhausen, C.D., Girardeau, L.E. (2003). Comparing the roles of 

representations in face-to-face and online computer supported collaborative 

learning. Computers & Education, 41: 335-351. 

Swan, M. (2006). Collaborative Learning in Mathematics: A challenge to our beliefs 

and practices. London: National Research and Development Centre for 

Adult Literacy and Numeracy (NRDC).  

Taket, A., White, L. (1996). Pragmatic Pluralism – An explanation. Systems 

practice, 9(6): 571-586. 

Taket, A., White, L. (1997). Experience in the practice of one tradition of 

multimethodology. Systems practice and action research, 11(2): 157-167. 

Taket, A., White, L. (2000). Partnership & Participation: Decision-making in the 

multiagency setting. England: John Wiley & Sons Ltd. 

TESO Group. (2005). Research proposal Atarraya project to COLCIENCIAS.  

TESO Group. (2007). Research proposal Wenaji project. Retrieved from Wenaji 

website http:r3.uniandes.edu.co on January 11th, 2008.  



385 
 

Thompson, M. (2005). Structural and epistemic parameters in communities of 

practice. Organization Science, 16.   

Ulrich W. (2000). Reflective practice in the civil society: the contribution of critically 

systemic thinking. Reflective Practice 1: 247-268. 

Ulrich, W. (1983). Critical Heuristics of Social Planning: A New Approach to 

Practical Philosophy. Berne: Haupt. 

Ulrich, W. (1988). Systems thinking, systems practice, and practical philosophy: a 

program of research. Systems Practice, 1(2): 137-163. 

Ulrich, W. (2003). Beyond methodology choice: critical systems thinking as 

critically systemic discourse. Journal of the Operational Research Society. 

54(4): 325-342.  

Ulrich, W. (2005). A brief introduction to critical systems heuristics (CSH). 

ECOSENSUS project website, The Open University, Milton Keynes, UK, 14 

October 2005. Retrieved on: March 15th, 2011, from:  

http://projects.kmi.open.ac.uk/ecosensus/publications/ulrich_csh_intro.pdf 

Ulrich, W. (2007). Philosophy for professionals: towards critical pragmatism. 

Journal of Operational Research Society, 58: 1109-1117. 

Ulrich, W., Reynolds, M. (2010). Critical Systems Heuristics. In Reynolds and 

Holwell (Eds.). Systems approaches to managing change: a practical guide. 

London: Springer. 



386 
 

UNESCO. (2004). Las tecnologías de la información y la comunicación en la 

formación docente. Guía de Planificación. Retrieved on: 12 March 2010, 

from: http://unesdoc.unesco.org/images/0012/001295/129533s.pdf  

UNESCO. (2008). ICT competency standards for the teachers. United Nations 

Educational, Scientific and Cultural Organization. Retrieved March 12th, 

2010 from: http://portal.unesco.org/ci/en/ev.php-

URL_ID=25740&URL_DO=DO_TOPIC&URL_SECTION=201.html. 

University of Cambridge (2010). NRICH program. Retrieved on February 26th, 

2011.from: www.nrich.maths.org. 

Vega-Romero, R. (2001a). El papel de los investigadores y el uso de metodologías 

participativas en los procesos de formulación de políticas: una perspectiva 

posestructuralista. Gerencia y Políticas de Salud, 1(1): 103-114. 

Vega-Romero, R. (2001b). Evaluación de políticas de salud en relación con justicia 

social. Revista de salud pública, 3(2): 97-126. 

Vega-Romero, R. (2002). The relevance of Ulrich‘s Critical Systems Heuristic for 

social planning evaluation. Cuadernos de Administración (Colombia), 

15(24):  41-71. 

Virtual Team Maths (2010). Math Forum Program retrieved from 

www.mathforum.org, VTM on February 26th, 2011. 

von Bertalanffy, L. (1968). General System Theory: Foundations, Development, 

Applications. New York: George Braziller. 

http://portal.unesco.org/ci/en/ev.php-URL_ID=25740&URL_DO=DO_TOPIC&URL_SECTION=201.html
http://portal.unesco.org/ci/en/ev.php-URL_ID=25740&URL_DO=DO_TOPIC&URL_SECTION=201.html
http://www.nrich.maths.org/
http://www.mathforum.org/


387 
 

Vygotsky, L. (1978). Mind in Society. Cambridge: Cambridge University Press. 

Walker R.J. (2007). Social auditing as social learning: a theoretical reconstruction. 

PhD thesis, University of Hull, Hull.  

Wasserman S., Faust K. (1994). Social Network Analysis: Methods and 

Applications.  UK: Cambridge University Press. 

Webb, N. M., Mastergeorge, A. (2003). Promoting effective helping behavior in 

peer-directed groups. Internacional Journal of Educational Research, 39: 

73-79.  

Wenger, E. (1998). Communities of Practice: Learning, Meaning, and Identity. New 

York: Cambridge University Press.  

Wenger, E. (2000). Communities of practice and social learning systems. 

Organization, 7(2): 225-246. 

Wenger, E. (2006). Communities of practice: A brief introduction. Retrieved 11 

February, 2012 from http://www.ewenger.com/. 

Wenger, E. (2010a) Communities of practice and social learning systems: the 

career of a concept. In Blackmore, C. (Ed.). Social Learning Systems and 

communities of practice. Springer Verlag and the Open University. 

Wenger, E. (2010b) Conceptual tools for CoPs as social learning systems: 

boundaries, identity, trajectories and participation. In Blackmore, C. (Ed.). 

Social Learning Systems and communities of practice. Springer Verlag and 

the Open University. 

http://www.ewenger.com/


388 
 

Wenger, E., McDermott, R., Snyder, W.M. (2002). Cultivating communities of 

practice: a guide to managing knowledge. Boston, Massachusetts: Harvard 

Business School Press.  

White, L., Taket, A. (1997a). Beyond appraisal: Participatory appraisal of needs 

and the development of action (PANDA). Omega, 25(5): 523-534. 

White, L., Taket, A. (1997b). Critiquing multimethodology as metamethodology: 

working towards pragmatic pluralism. In: Minger, J and Gill, A. (Eds). 

Multimethodology: the theory and practice of combining management 

science methodologies. England: John Wiley & Sons Ltd. 

Wiener, N. (1948). Cybernetics or Control and communication in the Animal and 

the Machine. Hermann & Cie Editeurs, Paris: the technology press. 

Cambridge: Mass., New York: John Wiley & Sons Inc.  

Wigfield, A., Eccles, J-S., Rodríguez, D. (1998). The development of Children‘s 

Motivation in School Contexts. Review of Research in Education, 23: 73-

118. 

Wilby, J. (1996). Developing total systems intervention (TSI): the critical review 

mode. Systems practice, 9(3): 231-261. 

Wood, D.J. (1998). How children think and learn: the social contexts of cognitive 

development. Oxford, England: Malden Mass Blackwell.  

Yolles, M. (2001). Viable Boundary Critique. Journal of Operational Research 

Society, 51(1): 1-12.  



389 
 

Yuan, Y., Gay, G. (2006). Homophily of network ties and bonding and bridging 

social capital in computer-mediated distributed teams. Journal of Computer-

Mediated Communication, 11(4): 1062-1084. 

Zemel, A., Xhafa, F., Cakir, F. (2009). Combining Coding and Conversation 

Analysis of VMT. In G. Stahl (Ed.), Studying Virtual Math Teams. New York: 

Springer.  

Zemel, A., Xhafa, F., Cakir, M. (2007). What‘s in the mix? Combining coding and 

conversation analysis to investigate chat-based problem-solving. Learning & 

Instruction, 17(4): 405-415. 

Zemel, A., Xhafa, F., Stahl, G. (2005). Analyzing the organization of collaborative 

math problem-solving in online chats using statistics and conversation 

analysis. In H. Fuks, S. Lukosch, and A.C. Salgado (Eds.). CRIWG 2005, 

LNCS (Lecture Notes in Computer Sciences) 3706. Berlin Heidelberg: 

Springer-Verlag. 

Zhu, E. (2006). Interaction and cognitive engagement: An analysis of four 

asynchronous online discussions. Instructional Science, 34(6): 451-480. 

Zhu, Z. (2010). After paradigm: why mixing-methodology theorising fails and how 

to make it work again. Journal of Operational Research Society, 62(4), 784-

798.  

 



390 
 

GLOSSARY 

1. GLOSSARY OF ACRONYMS 

ALN: Asynchronic learning network. ALN is the use of ICTs to promote learning 

through asynchronic discussions.  

CA: Content Analysis. CA is a methodology to analyse general patterns in 

messages, based on categories, frequency, and unit of analysis 

(paragraphs, sentences, etc.).  

CER: Critical event recall. CER is an interview designed to make interviewees 

recall events based on pictures, texts, etc.  

CL: Collaborative learning. CL is a constructivist theory of learning that considers 

learning as an active and social process in which knowledge and skills are 

built while learners interact within a specific context and through personal 

experiences. In CL, interactions are triggers of the learning process, and 

participation is the base of the learning.   

Colciencias: Departamento Administrativo de Ciencia, Tecnología e Innovación, 

Colombia (Administrative Department of Science, Technology and 

Innovation). 

CoP: Communities of Practice. CoP is a social perspective of learning in which 

competence and experience within communities generate expertise or 

innovation based on the negotiation of meaning about the practices between 

the community‘s members in a specific domain of action.  
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CR: Critical realism. CR is a philosophical theory that implies that structure and 

meaning coexist in a dialectical relationship. Therefore, both subjectivism 

and objectivism are needed.  

CSCL: Computer-Supported Collaborative Learning. CSCL is an educational 

paradigm that aims to promote learning through collaboration mediated by 

computers.  

CSCW: Computer-Supported Collaborative Work.  CSCW is a research 

perspective that questions how to improve collaboration in the workplace. 

CSH: Critical Systems Heuristics. CSH is a practical framework to help people in 

the process of reflecting on and challenging boundary judgements. 

CSP: Critical systems practice. CSP is a critical-systems-thinking approach to 

dealing with methodological pluralism.  

CST: Critical Systems Thinking. CST is a systems-thinking research perspective 

that takes into consideration taken-for-granted assumptions, local and 

temporal improvement, and the use of variety of research methods to 

address different issues.  

ETS: Educational Testing Service. The ETS is a private non-profit educational 

testing and assessment organisation based in the United States. It is in 

charge of different policies and studies about ICT literacy, among other 

things.  

F2F: Face-to-face interactions. 
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HCI: Human-computer interaction. HCI is a research field that studies learning 

―with,‖ ―around,‖ ―at,‖ or ―through‖ computers.   

ICFES: Instituto Colombiano para el Fomento de la Educación Superior 

(Colombian Institute for the Promotion of Higher Education). 

ICT: Information and communication technology. 

IEA: International Association for the Evaluation of Educational Achievement. The 

IEA, based in the Netherlands, is in charge of TIMSS tests, among other 

things.  

IP: Interactive Planning. IP is a social planning methodology based on participation 

and proactive decisions about the planning, taking into account the ideal 

future that an organisation wants to achieve, with the purpose of dissolving 

current problems.  

KCI: Theory of knowledge-constitutive Interests. KCI is a philosophical theory that 

argues that there are three fundamental interests underpinning the socio-

cultural form of life of the human species: work, interaction, and 

emancipation.  

MEN: Ministerio de Educación Nacional, Colombia (Ministry of National Education). 

ML: Mathematics learning. ML is a series of theories of learning regarding 

mathematics as a subject.  

MPS: Mathematical problem-solving. MPS is a strategy in mathematics learning 

that aims to generate deeper understanding by learning to use cognitive 
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process to confront and resolve real, cross-disciplinary situations in which 

the solution path is not immediately obvious. 

NCTM: National Council of Teachers of Mathematics. The NCTM, based in the 

United States, is an organisation that aims for a deeper understanding of 

mathematics teaching and learning.  

NRC: National Research Council. The NRC, based in the United States, is an 

organisation that works to promote understanding, acquisition, and 

dissemination of knowledge.  

OECD:  Organisation for Economic Cooperation and Development. The OECD is 

an organisation that promotes economic and social development. The 

OECD is in charge of PISA tests, among other things.  

PANDA: Participatory appraisal of needs and the development of action. PANDA is 

a conceptual framework to put pragmatic pluralism into practice.  

PISA: Programme for International Student Assessment. PISA is an international 

MPS test for 15-year-old children.  

QAP: Quadratic assignment procedure. QAP is an SNA method that takes 

relational data into account to build statistical regressions.  

SAST: Strategic Assumption Surfacing and Testing. SAST is a second-wave-of-

systems-thinking methodology that aims to debate ideas from people with 

different perspectives.  
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SI: Systemic intervention. SI is a CST approach that aims to create changes in the 

situation intervened, while discussing taken-for-granted assumptions about 

issues and people and choosing different methods to tackle a problem 

situation.  

SNA: Social Network Analysis. SNA is a methodology to analyse relational data 

supported by the theory of graphs. It aims to describe and predict patterns in 

interpersonal interaction.  

SOSM: System of Systems Methodologies. SOSM is a CST perspective presented 

as a classification of systems methodologies to support methodological 

design. 

SSM: Soft Systems Methodology. SSM is a second-wave-of-systems-thinking 

methodology that aims to explore the cultural features that undermine the 

situation being studied by comparing models of human activities with 

perceptions of the current situation.  

TESO: Grupo de Investigación en Teoría de Sistemas en las Organizaciones, 

Universidad de los Andes, Bogotá, Colombia (Research Group of Theory of 

Systems in Organisations). 

TIMSS: Trends in International Mathematical and Science Studies. TIMSS is an 

international mathematics test for children in the fourth and eighth grades.   

TSI: Total Systems Intervention. TSI is a CST perspective presented as a meta-

methodology (a methodology for choosing other methodologies), with three 

phases: creativity, choice, and implementation, based on organisational 

metaphors and the SOSM grid.  
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UNESCO: United Nations Educational, Scientific, and Cultural Organisation. 

VL-DL: Virtual learning-distance learning: VL-DL is a teaching-learning strategy to 

support distance learning (no classroom activities and no interactions).  

VLE: Virtual Learning Environments. VLE are learning environments supported by 

computers and the Internet.  

VR: Virtual reality. VR refers to immersive-presence activities (videogames, 

simulations, online games).  

VSM: Viable Systems Model. VSM is a first-wave-of-systems-thinking methodology 

based on general systems theory and cybernetics to diagnose control and 

communication problems in organisations.  

2. GLOSSARY OF CONCEPTS 

Behaviourism: a theory of learning that describes learning as trial and error, 

associations, and reinforcements.  

Blended learning: the use of different types of media, time, space of interactions, 

and activities to enhance learning. This includes F2F and virtual 

environments.  

Boundary critique: a theory that questions what and who is (or ought to be) 

included, excluded, and marginalised in a social design.  
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Cognition: mental process regarding the skills or knowledge to be learned or 

acquired. 

Cognitive behaviourism – social learning theory: a theory of learning in which 

learning is based on observation and imitation.  

Cognitivism: a theory of learning that describes learning as the construction of (or 

changes in) schemas (symbolic mental constructions) that involve internal 

knowledge structure.  

Collaboration: interactions that imply negotiation in group activities and ill-

structured knowledge domains.  

Conceptual-understanding learning: the constructivist perspective of ML based on 

problem solving. 

Constructivism: a theory of learning that describes learning as an active and 

contextualised process of constructing knowledge, rather than acquiring it.  

Cooperation: interactions that imply division of tasks and structured knowledge 

domains.  

Distributed cognition: a constructivist theory of learning that focuses on the 

interactions between a group and artefacts as the places where cognition 

occurs.  

Drill-and-practice learning: the behaviourist perspective of ML based on 

computation of arithmetic operations.  
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Duality (dimensions of the design for learning): a single conceptual unit that is 

formed by two inseparable and mutually constitutive elements whose 

inherent tension and complementarity give the concept richness and 

dynamism.  

Engagement: active involvement. Engagement includes attitudinal and cognitive 

aspects of learning.  

Group cognition: a constructivist theory of learning that focuses on the group as the 

place where cognition occurs.  

Guarantor (expert support): designers, planners, and, more generally, experts who 

can support a system‘s purpose to be achieved.  

Knowledge building: a constructivist theory of learning that focuses on knowledge 

creation, in which procedural and declarative knowledge is acquired, shared, 

and improved within the context of a community through reflective 

discussions. 

Legitimate peripheral participation: a form of participation that is legitimated by the 

CoP, although participation is not full, only peripheral.  

Marginalisation: the process of marginalising issues, values, and people from a 

social design, taking into account the different boundaries that people create 

about whom and what should be included in systems.  

Metacognition: the mental process regarding self-control and self-reflection about 

the learning process.  
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Method: a set of techniques operated in a sequence or iterative way to achieve a 

given purpose within the context of a methodology.  

Methodology: a set of theoretical ideas that justifies the use of a particular method 

or methods.  

Modulation of accountability: different degrees of regime of competences in CoPs 

that define whether people are accountable or not. Modulation of 

accountability implies the abilities to interact (mutuality), to understand, and 

to contribute to the CoP purpose (joint enterprise); to have access to the 

repertoire; and to be able to use it (shared repertoire). Other forms of 

accountability include the ability to coordinate practices, to negotiate 

meaning between CoPs, to understand the meanings of different practices, 

to have deep and wide connections, and to effectively enable actions and 

participation. 

Modulation of identification: different degrees of identification that people can have 

to different communities and their practices. There are three modes of 

identification: engagement (active involvement), imagination (indirect 

experience to understand the social systems in which we belong), and 

alignment (experiences in which power is required to coordinate activities). 

Motivation: in learning, the set of beliefs, incentives, perceptions, and attitudes 

about learning performance and process.  

Paradigm: a very general set of philosophical assumptions that define the nature of 

possible research and intervention. 
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Performance-related learning: a learning process based on measuring learning 

outcomes with different tests as proof of the learning acquired.   

Problem: real-life situations presented as descriptions with data in the form of 

quantities and quantitative relationships, and a series of questions. A 

problem also implies that there is no direct, single, or obvious way to 

reformulate the situation. Solving the problem involves answering the 

questions.  

Regime of competence (see modulation of accountability): characteristics that 

define the competences (abilities) in the social constitutive elements of the 

CoP framework.  

Shared cognition: a constructivist theory of learning that focuses on the 

environment as an integral part of cognitive activity. 

Situated learning: a constructivist theory of learning that focuses on generating 

meaningful activities for learning. 

Social constitutive elements: the set of elements that shape the social learning 

theory of CoP. This set is composed of identities (individual), communities 

(group), boundaries (between communities), and landscapes of practices 

and constellations (sets of communities and constitutive elements).  

Social-related learning: a learning process based on measuring social interactions 

as proof of the learning acquired.  

Socio-cognitivism: a constructivist theory of learning proposed by Piaget that 

emphasises the child‘s contribution to thinking and cognition.  
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Socio-constructivism: a constructivist theory of learning that aims to understand 

how social interaction affects individual cognitive development.  

Socio-culturalism: a constructivist theory of learning proposed by Vygotsky that 

emphasises culture‘s contribution to cognition.  

Systems thinking: a research field that stems from the challenges presented about 

the reductionist approach to describing reality and the objectivity of those 

descriptions. Systems thinking is based on principles such as emergence 

(properties that stem from the interactions between the parts of a system), 

synergy (the whole is more than the sum of the parts), interdependence (the 

relationships between elements, not just the parts, become important in the 

analysis), and boundary (the question of who and what—knowledge and 

values—is included in the analysis).  

Traditional learning: the teaching-learning process focused on the classroom. 
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APPENDICES 

 

Appendix 1: Checklist of Boundary Questions. The second part of each question, 

beginning with ‗That is,…‘ defines the boundary category in question. (Source: Ulrich, 

2000, p. 258).  

SOURCES OF MOTIVATION 

(1) Who is (ought to be) the client? That is, whose interests are (should be) served? 

(2) What is (ought to be) the purpose? That is, what are (should be) the consequences? 

(3) What is (ought to be) the measure of improvement? That is, how can (should) we 

determine that the consequences, taken together, constitute an improvement? 

SOURCES OF POWER 

(4) Who is (ought to be) the decision-maker? That is, who is (should be) in a position to 

change the measure of improvement? 

(5) What resources are (ought to be) controlled by the decision-maker? That is, what 

conditions of success can (should) those involved control? 

(6) What conditions are (ought to be) part of the decision environment? That is, what 

conditions can (should) the decision-maker not control (e.g. from the viewpoint of those not 

involved)? 

SOURCES OF KNOWLEDGE 

(7) Who is (ought to be) considered a professional? That is, who is (should be) involved 

as an expert, e.g. as a researcher, planner or consultant? 

(8) What expertise is (ought to be) consulted? That is, what counts (should count) as 

relevant knowledge? 

(9) What or who is (ought to be) assumed to be the guarantor of success? That is, where 

do (should) those involved seek some guarantee that improvement will be achieved – for 

example, consensus among experts, the involvement of stakeholders, the experience and 

intuition of those involved, political support? 

SOURCES OF LEGITIMATION 

(10) Who is (ought to be) witness to the interests of those affected but not involved? That 

is, who is (should be) treated as a legitimate stakeholder, and who argues (should argue) 

the case of those stakeholders who cannot speak for themselves, including future 

generations and nonhuman nature? 

(11) What secures (ought to secure) the emancipation of those affected from the 

premises and promises of those involved? That is, where does (should) legitimacy lie? 

(12) What worldview is (ought to be) determining? That is, what different visions of 

―improvement‖ are (should be) considered, and how are they (should they be) reconciled? 
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Appendix 2. Other conceptual models for the Atarraya and Wenaji projects 

Investigate about VLE  design  and  
promotion of virtual  discussions 1

Design virtual activities (VLE, network 
structure, and mechanisms to promote 
interactions) 3

Implement the activities designed    4

Decide goals and means 
to design and 
implement the project

2

Track  virtual interactions 5

Monitor  1 – 16 7

Take control action 8

Define criteria for effectiveness, 
efficiency and efficacy 6

A system to promote virtual interactions by means of the design of a VLE 
about mathematics and tracking the interactions to generate students 
mathematics discussions and examine those virtual interactions.
C: students
A: researchers
T: need to discuss about mathematics  need met
W: mathematics is a social task therefore, by virtual interactions 
mathematics learning can be promoted
O: researchers, Colciencias
E: technology, participants’ socio-economic conditions, school activities
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Investigate about MPS teaching 
and learning 1

Design learning activities (teaching 
strategies, mechanisms to motivate,  
Math problems) 4

Decide goals and means 
to design and 
implement the project

2

Diagnose students MPS 
performance 3

Implement the activities designed    5

Track  the improvement of  
mathematics learning 6

Monitor  1 – 16 8

Take control action 9

Define criteria for effectiveness, 
efficiency and efficacy 7

A system to teach MPS strategies by means of the design of different 
learning activities within the classroom to improve students’ mathematics 
learning. 
C: students, teachers
A: researchers, teachers
T: students in a given state of knowledge  students in an improved state 
of knowledge
W: teaching MPS strategies in the classroom can improve students’ 
mathematics learning
O: researchers, teachers, Colciencias
E: school activities, school philosophy
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A system to create and promote mathematical virtual learning networks by means of the design of different learning activities using 
students interests and learning styles within the community where they belong to improve students’ mathematics learning. 
C: students, teachers
A: researchers, teachers, Colciencias
T: students with particular interests, learning styles and context in a given state of knowledge  students in an improved state of 
knowledge
W: mathematics learning can be promoted and improved by taking into account students interests, learning styles, students’ 
communities in the design of virtual learning networks activities
O: researchers, administrative staff, Colciencias
E: community dynamics, school dynamics, technology

Investigate about MPS, ML, CSCL, 
VLE  teaching and learning 1

Investigate about possible ways to 
do the project  (experiences, 
roles, practices, competences) 2

Investigate about the context of 
application 3

Decide goals and means 
to design and 
implement the project

4

Diagnose students 
MPS performance, 
attitudes and ICT 
skills and access 

5
Design learning virtual activities (VLE, 
network structure, mechanisms to 
motivate,  Math problems) 6

Design learning F2F activities (teaching 
strategies, community activities)

7
Implement the activities designed    8

Monitor  1 – 16 11 Take control action 12
Define criteria for effectiveness, 
efficiency and efficacy 10

Track  project activities (meetings, 
surveys, and tests) 9
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Appendix 3. Conceptual model explained and compared to reality in the Atarraya project 

Activity 1. Investigate MPS, ML, 

CSCL, and VLE  

teaching and learning  

2. Investigate possible 

ways to do the project  

(experiences,  roles, 

practices, 

competences)   

3. Investigate the 

context of application  

4. Decide goals and means to 

design and implement the 

project 

Ideal Exhaustive literature 

review on the topics of 

collaborative learning, 

CSCL, mathematics 

learning, mathematical 

problem solving, 

technology in education, 

teaching strategies to 

support mathematics 

learning and 

collaborative learning. 

Clarification of  people 

involved, their roles, 

previous experiences in 

this kind of intervention,  

their competences, their 

interests and values, their 

purposes in the 

intervention; clarification 

about the type of group 

structure (work, decision 

process) to do the 

intervention. 

Clarification about factors 

to take into account in 

practice (context of 

application), such as 

participants' socio-

economic levels, school 

philosophy, historical 

background (what is the 

trigger for the project?), 

class dynamics, and 

technological access. 

Taking into account activities 1, 2, 

and 3, to discuss and decide what 

will the objective of the project be; 

the associated measures of 

performance; the conceptual, 

practical and technical guidelines 

to design the project; and more. 

Here, improving students' MPS 

and CSCL skills, to promote 

positive attitudes, to promote 

changes in teachers‘ perceptions 

and practices, the institutional 

changes, and the conception of the 

school community (teachers, 

parents, students, researchers, 

school administrators, etc.) as 

being part of the project must be 

highlighted.  
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Activity 1. Investigate 

MPS, ML, 

CSCL, and VLE  

teaching and 

learning  

2. Investigate 

possible ways to 

do the project  

(experiences,  

roles, practices, 

competences)   

3. Investigate the 

context of application  

4. Decide goals and means to design and 

implement the project 

Actual 

(Atarraya) 

Literature review 

was done to 

cover the main 

aspects of the 

process: 

Mathematics 

learning and 

MPS were 

reviewed; 

technical issues 

about VLE 

design and 

group 

composition 

were analysed.  

Identification of 

people to be 

involved was done, 

questioning who 

would be the 

beneficiaries 

(students, teachers, 

and, by extension, 

schools). 

Clarification about 

the type of group 

decision was made 

(decisions by 

teachers, student 

representatives, 

and researchers).  

Research regarding the 

context of application 

was done throughout 

the project, not before 

the project's 

implementation: socio-

economic level (some 

students did not have 

computers or internet 

access); school 

philosophy (they wanted 

to change; however, 

other teachers kept the 

traditional way of 

teaching). Students' 

performances on 

international tests 

triggered the process.  

There were several goals. The first was to 

promote virtual learning networks of 

mathematics learning through MPS. Hence, 

problems were going to be uploaded in a VLE 

and the project focus was going to be the 

promotion of mathematics discussions and 

positive attitudes towards CSCL and MPS. 

The second was to promote it in virtual space 

(no F2F interactions would be taken into 

account). So the VLE would support group 

interactions, feedback giving, and delivery of 

problem solutions. The third was the teacher 

professional development course that was to 

be developed to support teachers in 

understanding the mathematics standards. 

The fourth was to stimulate a cultural 

institutional change in relation to the type of 

activities to promote ML by means of the 

previous activities. Fifth, to create strong links 

between and within participant institutions by 

means of the previous activities. 
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Activity 1. Investigate 

MPS, ML, 

CSCL, and VLE  

teaching and 

learning  

2. Investigate 

possible ways to 

do the project  

(experiences,  

roles, practices, 

competences)   

3. Investigate the 

context of application  

4. Decide goals and means to design and 

implement the project 

Differences 

(Atarraya) 

Teaching 

strategies to 

support 

mathematics and 

collaborative 

learning were not 

reviewed. 

Collaborative 

strategies in VLE 

were not 

reviewed. 

Exploration of 

possible roles, 

worldviews, 

interests, values, 

past experiences 

was not done. 

Parents were not 

considered clients.  

A review of the different 

class dynamics 

(including the 

curriculum) was not 

done.  

MPS skills were not considered a main goal. 

The F2F interactions were not considered 

relevant. Professional development was 

focused on NCTM standards, so other 

approaches were not considered. Objectives 4 

and 5 were not explicitly pursued. Changes in 

teachers‘ perceptions and practices were not 

pursued. 
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Activity 5. Diagnose 

teacher 

teaching 

strategies, 

skills, and 

attitudes on 

MPS, ML, 

CSCL, VLE, 

and  ICT 

6. Diagnose 

student MPS 

performance, 

attitudes, and 

ICT skills and 

access  

7. Design  workshops for 

teachers’ professional 

development  

8. Design virtual learning 

activities (VLE, network 

structure, mechanisms to 

motivate, math problems) 

9. Design learning 

F2F activities 

(teaching strategies, 

mechanisms to 

motivate,  math 

problems) 

Ideal Apply different 

questionnaires, 

diaries, and 

group 

discussions to 

diagnose 

teaching 

strategies, skills 

and attitudes 

regarding the 

different topics 

of the project. 

Apply 

mathematics 

tests, 

questionnaires, 

and group 

discussions to 

diagnose 

students‘ 

knowledge, 

attitudes, and 

skills regarding 

the different 

topics of the 

project. Prior 

knowledge 

should be put 

into question.  

Based on activities 4 and 5, 

the idea is to frequently 

(once every week or two) 

design workshops on the 

different teaching 

strategies for mathematics 

learning, the MPS 

strategies, the use of ICT in 

education, and different 

strategies to promote 

collaborative learning. 

Here, the exploration and 

challenge of attitudes is 

needed with the support of 

specific and meaningful 

curriculum activities. 

Based on activities 4 and 

6, the idea is to design the 

VLE structure (spaces to 

inform, to collaborate, to 

give and receive feedback, 

etc.), the dynamic of the 

project within the VLE 

(group composition, 

frequency of virtual 

activities, and nature of 

interactions to promote), 

the mechanisms to 

promote positive attitudes, 

and the mathematical 

problems that are going to 

be discussed and solved. 

Based on activities 4 

and 6, the idea is to 

design classroom 

activities (explaining 

different MPS 

strategies with 

different mathematical 

problems, working in 

groups, putting into 

practice different 

teaching strategies), 

and the mechanisms 

to promote positive 

attitudes. 
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Activity 5. Diagnose 

teachers’ 

teaching 

strategies, 

skills, and 

attitudes on 

MPS, ML, 

CSCL, VLE, 

and  ICT 

6. Diagnose 

student MPS 

performance, 

attitudes, and ICT 

skills and access  

7. Design  workshops 

for teachers’ 

professional 

development  

8. Design virtual learning 

activities (VLE, network 

structure, mechanisms to 

motivate, math problems) 

9. Design learning 

F2F activities 

(teaching 

strategies, 

mechanisms to 

motivate, math 

problems) 

Actual 

(Atarraya) 

Diagnosis 

was not 

considered.  

Diagnosis was 

considered partially. 

In terms of students‘ 

knowledge, a test 

with one 

mathematics 

problem (about 

areas and costs) 

was applied. 

Additionally, a 

survey questioning 

attitudes toward 

collaboration, 

computer use, and 

computer access 

was conducted.  

A course that lasted an 

academic term 

(semester) was 

designed. This course 

consisted of a weekly 

hour-and-a-half-long 

meeting with teachers 

to discuss 

mathematics 

standards, taking 

NCTM standards into 

account. Different 

activities were 

designed: lectures, 

readings, workshops, 

presentations, and 

reflections.  

A VLE was designed. This 

VLE included chat and 

forums (group and general) 

to work in heterogeneous 

groups of four or five 

students. Each group had to 

upload a file with its 

solution. Feedback was 

given by the researchers in 

the group forums; however, 

some groups did not work 

on those spaces, so they 

did not receive the 

feedback. Movie tickets 

were raffled out to active 

students.  

F2F activities were 

not explicitly 

promoted. 
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Activity 5. Diagnose 

teachers’ teaching 

strategies, skills, 

and attitudes on 

MPS, ML, CSCL, 

VLE, and ICT 

6. Diagnose 

student MPS 

performance, 

attitudes, and ICT 

skills and access  

7. Design workshops 

for teachers’ 

professional 

development  

8. Design virtual 

learning activities 

(VLE, network 

structure, 

mechanisms to 

motivate, math 

problems) 

9. Design F2F 

learning 

activities 

(teaching 

strategies, 

mechanisms to 

motivate, math 

problems) 

Differences 

(Atarraya) 

An evaluation of the 

teachers‘ 

competences, 

experiences, and 

attitudes was not 

considered. 

The mathematics 

evaluation was 

partial because it 

was not designed to 

measure the 

different levels of 

students' 

performance.  

Previous knowledge 

was not taken into 

account in the 

diagnosis. 

The course dealt with 

main issues of NCTM 

standards and their 

applications in the 

classroom. However, a 

deep understanding of 

the different MPS 

teaching strategies, the 

use of ICT in education, 

different strategies to 

promote collaborative 

learning, and a 

challenge of attitudes 

were missing.  

VLE was designed 

appropriately. 

However, special 

care must be taken 

regarding the 

feedback process.  

F2F activities 

were not explicitly 

promoted. 
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Activity 10. Implement the 

workshops  

11. Implement the 

activities designed  

12. Track project 

activities (meetings, 

surveys, and tests)  

13. Define criteria 

for evaluation  

14. Define 

questions to 

evaluate the project 

Ideal To put into practice the 

design of activity 7. 

To put into practice 

the designs of 

activities 8 and 9. 

Create different ways 

to track the project 

(VLE special spaces 

to track interactions 

and mathematics 

improvement in 

problem solved; 

meetings with 

teachers, students, 

and researchers to 

analyse the project 

activities; surveys to 

track attitudes; and 

frequent reports to 

show the project 

evolution).  

Taking into account 

the investigation 

process and the 

project‘s design and 

implementation 

stages, to define 

criteria for evaluation 

of the whole project 

(objective, means, 

process, people, long-

term aims, scope, and 

constraints). 

Define questions 

based on the 

previously decided 

criteria (activity 13). 
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Activity 10. Implement 

the workshops  

11. Implement the activities 

designed  

12. Track project 

activities (meetings, 

surveys, and tests)  

13. Define criteria 

for evaluation  

14. Define 

questions to 

evaluate the 

project 

Actual 

(Atarraya) 

The activities 

were 

implemented 

according the 

purpose 

pursued.  

The VLE designed with the 

activities were implemented. 

However, during the 

implementation phase there 

were several changes taking 

into account the low 

participation rate. Changes in 

the group composition (from 5 

to 8 or 10 members per 

group), in the topic of the 

problem (it was focused only 

on proportionality), and a 

presentation to discuss 

students' mistakes were all 

implemented. Additionally, 

due to the difficulties in 

computer access, a computer 

room was made available for 

three hours per week at 

Universidad de los Andes.  

Meetings to track the 

project activities were 

proposed and 

implemented. 

Representative 

students, teachers, 

administrative staff, and 

researchers attended 

these meetings. 

Changes in the 

implementation of 

activities were 

discussed in these 

meetings. A political 

component was 

observed in the way the 

information was 

discussed and decided 

(see ―political analysis‖). 

At the end of the project, 

a survey and a test 

(similar to those applied 

to diagnose) were 

applied.  

Criteria were 

defined, taking into 

account process, 

changes in the 

nature of 

interactions, results 

obtained in 

problems solved, 

and the surveys 

about attitudes 

applied. The 

objectives in activity 

4 were not 

completely 

considered (only 

objectives 1, 2, and 

3 were put into 

consideration). 

Reflections about 

the context of 

application were 

included.  

Systematic 

questions 

were not 

formulated.  
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Activity 10. Implement 

the workshops  

11. Implement the 

activities designed  

12. Track project 

activities (meetings, 

surveys, and tests)  

13. Define 

criteria for 

evaluation  

14. Define 

questions to 

evaluate the 

project 

Differences 

(Atarraya) 

  Mechanisms to 

motivate students 

must be reviewed to 

take into account 

different factors that 

make students 

participate.  

Needed to track changes 

in attitudes with a 

broader perspective 

(including school 

community changes 

toward the innovative 

way of the teaching-

learning process). 

Aspects of experience 

and competence were 

not considered. Some 

teachers did not monitor 

VLE activities.  

Long-term aims 

were not 

considered.  
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Activity 15. Evaluate the whole 

project  

16. Identify the learning 

achieved  

17. Define criteria for 

effectiveness, efficiency, and 

efficacy  

18. 

Monitor  

1-16 

19. Take 

control 

action  

Ideal Implement the evaluation 

using the questions in 

discussions with 

teachers, researchers, 

students, and 

administrative staff. 

Use the evaluation to learn 

about the experience and 

document it for future projects. 

S (in bold). S1: efficacy: 

study realised; effectiveness: 

appropriate design. S2: 

efficacy: VLE activities 

promoted; effectiveness: 

learning about MPS improved. 

S3: efficacy: project evaluated; 

effectiveness: learning 

achieved.  

Monitor. Take 

control 

action. 

Actual 

(Atarraya) 

The evaluation took 

place, taking into account 

the process, the nature of 

interactions, the results 

obtained regarding 

attitudes and problems 

solved, and the context of 

application constraints.  

Learning identified: to focus on 

cognitive activities, to include 

parents, to pay attention to 

incentives, to frame the 

activities within the school 

curricula, to work in F2F 

activities, to work on teaching 

strategies, to work with 

children. 

S1: efficacy: partial; 

effectiveness: partial. S2: 

efficacy: done; effectiveness: 

no. S3: efficacy: partial; 

effectiveness: partial. 

    

Differences 

(Atarraya) 

  A broader perspective (like 

CoP) must be considered. 
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Appendix 4. Conceptual model explained and compared to reality in the Wenaji project, part I 

Activity 1. Investigate MPS, ML, 

CSCL, and VLE  

teaching and learning  

2. Investigate 

possible ways to do 

the project  

(experiences, roles, 

practices, 

competences) 

3. Investigate the 

context of 

application  

4. Decide goals and means to design 

and implement the project 

Ideal Exhaustive literature 

review on the topics of 

collaborative learning 

CSCL, mathematics 

learning, mathematical 

problem solving, 

technology in education, 

and teaching strategies 

to support mathematics 

learning. 

Clarification of people 

involved; their roles, 

previous experiences 

in this kind of 

intervention, 

competences, 

interests, and values; 

their purposes in the 

intervention; and 

clarification of the type 

of group structure 

(work, decision 

process) to do the 

intervention. 

Clarification about 

factors to take into 

account in practice 

(context of 

application), such as 

participants' socio-

economic levels, 

school philosophy, 

historical background 

(what is the trigger for 

the project?), class 

dynamics, and 

technological access. 

Taking activities 1, 2, and 3 into account, 

to discuss and decide what will be the 

objective of the project; the measures of 

performance associated; the conceptual, 

practical, and technical guidelines to 

design the project; and more. Here, to 

improve students' MPS and CSCL skills, 

to promote positive attitudes, to promote 

changes in teachers‘ perceptions and 

practices, the institutional changes, and 

the conception of the school community 

(teachers, parents, students, 

researchers, and school administrators) 

as being part of the project must be 

highlighted.  
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Activity 1. Investigate MPS, ML, 

CSCL, and VLE teaching 

and learning  

2. Investigate possible 

ways to do the project  

(experiences, roles, 

practices, competences)   

3. Investigate the 

context of application  

4. Decide goals and 

means to design and 

implement the project 

Actual 

(Wenaji I) 

Literature review was 

done to cover the main 

aspects of the process. 

The theoretical approach 

of mathematics learning 

through MPS was 

explored exhaustively. 

Teaching strategies were 

also reviewed. Combined 

activities (F2F and virtual) 

were revised. Literature 

about attitudes toward 

mathematics was 

reviewed.  

The previous experience 

in Atarraya helped us 

understand the complexity 

of this type of project. 

People to be involved 

were identified, 

questioning who would be 

the beneficiaries 

(students, teachers, and 

by extension, schools). 

The type of group decision 

was clarified (decisions by 

teachers and 

researchers). Parents 

were considered clients, 

especially in the 

promotion of positive 

attitudes. 

The context of application 

was investigated before 

the project's 

implementation: socio-

economic level (some 

students did not have 

computer or Internet 

access); schools' 

philosophies (they wanted 

to change, but other 

teachers kept the 

traditional way of 

teaching). Student 

performance on 

international test and in 

the Atarraya project 

triggered the process.   

Three main objectives 

were proposed: First, to 

contribute to students‘ 

development of MPS 

skills. Second, to 

contribute to the 

development of 

collaborative skills. Third, 

to contribute to the 

development of positive 

attitudes toward MPS and 

collaborative learning. 

These objectives were 

approached by a VLE with 

problems to be discussed 

and solved (not 

exercises), F2F 

discussions, and teaching 

strategies to apply in the 

classroom. 
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Activity 1. Investigate MPS, ML, 

CSCL, and VLE 

teaching and learning  

2. Investigate possible 

ways to do the project  

(experiences, roles, 

practices, 

competences)   

3. Investigate the 

context of application  

4. Decide goals and 

means to design and 

implement the project 

Differences 

(Wenaji I) 

Attitudes toward 

collaboration and ICTs 

were reviewed, but they 

were not considered 

deeply. 

Exploration into possible 

roles, worldviews, 

interests, values, and 

past experiences was not 

conducted.  

School philosophy was 

done but without 

considering class 

dynamics and general 

school dynamics. 

Metacognition was not 

considered explicitly. 

Professional development 

was not considered 

completely as part of the 

project. Changes in 

teachers‘ perceptions and 

practices were not 

pursued. Attitudes were 

not considered in a 

broader perspective.  
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Activity 5. Diagnose 

teachers’ teaching 

strategies, skills, 

and attitudes on 

MPS, ML, CSCL, 

VLE, and ICT 

6. Diagnose 

students’ MPS 

performance, 

attitudes, and 

ICT skills and 

access  

7. Design workshops 

for teachers’ 

professional 

development  

8. Design virtual 

learning activities (VLE, 

network structure, 

mechanisms to 

motivate, math 

problems) 

9. Design F2F 

learning activities 

(teaching 

strategies, 

mechanisms to 

motivate, math 

problems) 

Ideal Apply different 

questionnaires, 

diaries, and group 

discussions to 

diagnose teaching 

strategies, skills, 

and attitudes 

regarding the 

different topics of 

the project. 

Apply 

mathematics tests, 

questionnaires, 

and group 

discussions to 

diagnose students‘ 

knowledge, 

attitudes, and 

skills regarding the 

different topics of 

the project. Prior 

knowledge should 

be put into 

question.  

Based on activities 4 

and 5, the idea is to 

frequently (once every 

week or two) design 

workshops about the 

different teaching 

strategies for 

mathematics learning, 

the MPS strategies, the 

use of ICT in education, 

and different strategies 

to promote collaborative 

learning. Here, attitudes 

need to be explored and 

challenged with the 

support of specific and 

meaningful curriculum 

activities.  

Based on activities 4 and 

6, the idea is to design 

the VLE structure (spaces 

to inform, to collaborate, 

to give and receive 

feedback, etc.), the 

dynamic of the project 

within the VLE (group 

composition, frequency of 

virtual activities, and 

nature of interactions to 

promote), the 

mechanisms to promote 

positive attitudes, and the 

mathematics problems 

that will be discussed and 

solved. 

Based on activities 

4 and 6, the idea is 

to design classroom 

activities (explaining 

different MPS 

strategies with 

different 

mathematical 

problems, working 

in groups, and 

putting into practice 

different teaching 

strategies), and the 

mechanisms to 

promote positive 

attitudes. 
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Activity 5. Diagnose 

teachers’ 

teaching 

strategies, 

skills, and 

attitudes on 

MPS, ML, 

CSCL, VLE, 

and ICT 

6. Diagnose 

students’ MPS 

performance, 

attitudes and ICT 

skills and 

access  

7. Design 

workshops for 

teachers’ 

professional 

development  

8. Design virtual learning 

activities (VLE, network 

structure, mechanisms to 

motivate, math problems) 

9. Design F2F learning 

activities (teaching 

strategies, mechanisms 

to motivate, math 

problems) 

Actual 

(Wenaji I) 

Diagnosis was 

not considered.  

Diagnosis was 

partially 

considered. In 

terms of students‘ 

knowledge, a test 

with seven 

problems (of 

different levels 

and contexts) was 

applied. Previous 

knowledge was 

taken into 

account. 

Additionally, a 

survey 

questioning 

attitudes toward 

mathematics was 

conducted.  

In the 

presentation of 

the project to 

teachers and 

administrative 

staff, theories 

of mathematics 

learning were 

discussed. 

Moreover, 

monthly 

meetings 

helped 

participants 

discuss MPS 

as a teaching 

strategy.  

A VLE was designed. As in 

the case of Atarraya, this VLE 

included chat and forums 

(group and general) to work in 

heterogeneous groups of 

three to four students. Each 

group delivered its solution at 

the classroom. Museums or 

theather tickets were raffled 

off to active students. 

Additionally, a website was 

created to inform parents 

about the project, its 

objective, activities, and some 

recommendations for how 

parents could help their 

children. Parents and children 

also had a space called 

"problem for the family" to be 

worked on within the family. 

Two main activities were 

conceived and proposed 

to teachers to enrich 

classroom activities (F2F 

activities). At the 

beginning of each 

problem, students worked 

on the problems in their 

computer rooms, with the 

support of their teachers. 

At the end of each 

problem, students 

delivered the solutions 

and discussed their 

processes and solutions 

with their teachers and 

classmates. Students 

could also talk with their 

classmates throughout 

the process.  
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Activity 5. Diagnose 

teachers’ 

teaching 

strategies, 

skills, and 

attitudes on 

MPS, ML, 

CSCL, VLE, 

and ICT 

6. Diagnose 

students’ MPS 

performance, 

attitudes, and 

ICT skills and 

access  

7. Design 

workshops for 

teachers’ 

professional 

development  

8. Design virtual learning 

activities (VLE, network 

structure, mechanisms to 

motivate, math problems) 

9. Design F2F learning 

activities (teaching 

strategies, mechanisms 

to motivate, math 

problems) 

Differences 

(Wenaji I) 

An evaluation of 

the teachers‘ 

competences, 

experiences and 

attitudes was 

not considered.  

There was no 

diagnosis of other 

topics (attitudes). 

There was no a 

special course 

for teachers‘ 

professional 

development.  

VLE was designed 

appropriately. However, 

special care must be taken 

regarding the "problem for the 

family", because it can be 

misunderstood within the 

context of the project.  

Classes to explicitly 

explain the different 

approaches to solve 

problems (strategies) 

were missing. In addition, 

teachers did not take into 

account the dynamic 

proposed.  
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Activity 10. Implement 

the workshops  

11. Implement the 

activities designed  

12. Track project activities 

(meetings, surveys, and 

tests)  

13. Define criteria for 

evaluation  

14. Define 

questions to 

evaluate the project 

Ideal To put into 

practice the 

design of 

activity 7. 

To put into practice 

the designs of 

activities 8 and 9. 

Create different ways to 

track the project (VLE 

special spaces to track 

interactions and 

mathematics improvement in 

problem solved; meetings 

with teachers, students, and 

researchers to analyse the 

project activities; surveys to 

track attitudes; and frequent 

reports to show the project 

evolution). 

To define criteria for 

evaluation of the whole 

project (objective, 

means, process, 

people, long-term aims, 

scope, and 

constraints), taking into 

account the 

investigation process 

and the design and 

implementation stages 

of the project. 

Define questions 

based on the 

previously decided 

criteria (activity 13). 
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Activity 10. 

Implement 

the 

workshops  

11. Implement the activities 

designed  

12. Track project 

activities (meetings, 

surveys, and tests)  

13. Define 

criteria for 

evaluation  

14. Define 

questions 

to evaluate 

the project 

Actual  

(Wenaji I) 

The meetings 

were 

implemented. 

However, 

some 

teachers did 

not attend the 

meetings. 

The VLE designed with the activities 

were implemented. However, during 

the implementation phase there were 

several changes. First, due to a lack 

of teacher commitment in School A, a 

series of special classes (those 

meant for students‘ discussions of 

their solutions) were designed and 

implemented by the researchers. The 

inclusion of specific questions in 

these classes was important for 

students to recognise the need to 

reflect on their own cognitive process.  

Additionaly, the problems were 

chosen with content familiar and 

attractive to students kept in mind. 

Because of the inclusion of three new 

schools in the middle of the project, 

group composition also changed. 

Heterogeneous groups were 

composed based on school and 

gender. Additionally, parents 

complained about the pressure of this 

project on students. 

Meetings to track the 

project activities were 

proposed and 

implemented. Teachers 

and researchers 

attended these 

meetings. Changes in 

the implementation of 

activities were 

discussed in these 

meetings. Teachers also 

communicated their 

questions by e-mail or 

phone. Meetings also 

helped to clarify 

strategies to solve 

specific problems 

uploaded in the VLE. At 

the end of the project, a 

survey and a test 

(similar to those used to 

make diagnoses) were 

applied.  

There was a 

clear criterion 

to evaluate the 

design and 

implementation 

of the project: 

the 

improvement in 

students' MPS 

skills measured 

by levels on the 

MPS tests. The 

objectives in 

activity 4 were 

not completely 

considered. 

Reflections 

about new roles 

or dimensions 

were included.  

Systematic 

questions 

were not 

formulated.  
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Activity 10. Implement the 

workshops  

11. Implement the activities 

designed  

12. Track project 

activities (meetings, 

surveys, and tests)  

13. Define 

criteria for 

evaluation  

14. Define 

questions 

to 

evaluate 

the project 

Differences 

(Wenaji I) 

Implementation did 

not take into account 

a broader perspective 

about ML, but instead 

only the questions 

about how to teach 

and solve the 

problems uploaded to 

the VLE. Some 

teachers did not 

attend the 

workshops. 

Group composition must be 

taken into consideration, 

parents‘ attitudes should be 

tracked, and special classes 

should be considered as a 

joint activity with teachers.  

It is necessary to track 

changes in attitudes in a 

broader perspective 

(including school 

community changes, 

toward innovation in the 

teaching-learning 

process). Aspects of 

experience and 

competence were not 

considered. Some 

teachers did not monitor 

VLE activities.  

Attitudinal 

aspects were not 

take into account 

deeply.  
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Activity 15. Evaluate the 

whole project  

16. Identify the learning 

achieved  

17. Define criteria for 

effectiveness, efficiency and 

efficacy  

18. 

Monitor 

1-16 

19. Take 

control 

action  

Ideal Implement the 

evaluation using the 

questions in 

discussions with 

teachers, 

researchers, 

students, and 

administrative staff. 

Use the evaluation to learn 

about the experience and 

document it for future 

projects. 

S (in bold). S1: efficacy: study 

realised; effectiveness: 

appropiate design. S2: efficacy: 

VLE activities promoted; 

effectiveness: learning about 

MPS improved. S3: efficacy: 

project evaluated; effectiveness: 

learning achieved.  

Monitor. Take control 

action. 

Actual 

(Wenaji I) 

The project was 

evaluated taking into 

account the measure 

of improvement 

chosen. 

The need to consider 

metacognition questions 

explicitly and to include 

parents, but secondarily in 

importance, after teachers 

and students.  

S1: efficacy: partial; 

effectiveness: partial. S2: 

efficacy: done; effectiveness: 

done. S3: efficacy: partial, 

effectiveness: partial. 

    

Differences 

(Wenaji I) 

  A broader perspective (like 

CoP) must be considered. 
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Appendix 5. Conceptual model explained and compared to reality in the Wenaji project, part II 

Activity 1. Investigate MPS, ML, 

CSCL, and VLE teaching 

and learning  

2. Investigate possible 

ways to do the project  

(experiences, roles, 

practices, competences)   

3. Investigate the 

context of 

application  

4. Decide goals and means to 

design and implement the 

project 

Ideal Exhaustive literature review 

on the topics of 

collaborative learning, 

CSCL, mathematics 

learning, mathematical 

problem solving, 

Technology in education, 

teaching strategies to 

support mathematics 

learning and collaborative 

learning. 

Clarification of people 

involved, their roles, and 

previous experiences in this 

kind of intervention; their 

competences, interests, and 

values; their purposes in the 

intervention; and about the 

type of group structure 

(work and decision process) 

doing the intervention. 

Clarification about 

factors to take into 

account in practice 

(context of 

application) such as 

participants' socio-

economic level, 

school philosophy, 

historical 

background (what is 

the trigger for the 

project?), class 

dynamics, and 

technological 

access. 

Taking into account activities 1, 2, 

and 3, to discuss and decide what 

will be the objective of the project; 

the associated measures of 

performance; the conceptual, 

practical, and technical guidelines 

to design the project; and more. 

Here, to improve students' MPS 

and CSCL skills, to promote 

positive attitudes, and to promote 

changes in teachers‘ perceptions 

and practices, the institutional 

changes, and the conception of the 

school community (teachers, 

parents, students, researchers, 

and school administrators) as 

being part of the project must be 

highlighted.  
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Activity 1. Investigate 

MPS, ML, CSCL, 

and VLE teaching 

and learning  

2. Investigate possible ways 

to do the project  

(experiences, roles, 

practices, competences)   

3. Investigate the 

context of application  

4. Decide goals and means 

to design and implement the 

project 

Actual 

(Wenaji II) 

Literature review 

was done to cover 

the main aspects of 

the process. The 

theoretical 

approach of 

mathematics 

learning through 

MPS was explored 

exhaustively. 

Teaching strategies 

were also reviewed. 

Combined activities 

(F2F and virtual) 

were revised. 

Literature about 

attitudes towards 

mathematics was 

reviewed.  

People to be involved were 

identified, questioning who 

would be the beneficiaries 

(students and teachers, and 

by extension, schools). The 

type of group decision was 

clarified (decisions by 

teachers and researchers). 

Parents were considered as 

witnesses of the project 

because of their complaints. 

Maps about previous 

experiences were made. 

However, the map of 

interests, values, and 

purposes was not explored.   

Investigation into the 

context of application was 

done before the project's 

implementation: socio-

economic level (some 

students did not have 

computer and Internet 

access) and school 

philosophy (they wanted 

to change; however, other 

teachers kept the 

traditional way of 

teaching). Student 

performance on 

international tests and on 

the first part of the project 

triggered the process.   

Three main objectives were 

proposed: First, to contribute 

to students‘ development of 

MPS skills. Second, to 

contribute to the development 

of collaborative skills. Third, to 

contribute to the development 

of positive attitudes toward 

MPS and collaborative 

learning. These objectives 

were approached by a VLE 

with problems to solve (as in 

Atarraya), F2F interactions, 

and teaching strategies to 

apply in the classroom. 

Additionally, a new objective 

was included: to contribute in 

the development of students' 

metacognitive skills. 
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Activity 1. Investigate MPS, ML, 

CSCL, and VLE 

teaching and learning  

2. Investigate possible 

ways to do the project  

(experiences, roles, 

practices, 

competences)   

3. Investigate the 

context of application  

4. Decide goals and 

means to design and 

implement the project 

Differences 

(Wenaji II) 

Attitudes toward 

collaboration and ICTs 

were reviewed, but they 

were not considered in a 

deep level. 

Possible roles, 

worldviews, interests, and 

values were not explored.  

School philosophy was 

investigated but without 

considering class 

dynamics. 

Professional 

development was not 

considered completely as 

part of the project. 

Changes in teachers‘ 

perceptions and practices 

were not pursued. 

Attitudes were not 

considered in a broader 

perspective. 
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Activity 5. Diagnose 

teachers’ 

teaching 

strategies, skills, 

and attitudes in 

MPS, ML, CSCL, 

VLE, and ICT 

6. Diagnose 

students’ MPS 

performance, 

attitudes, and 

ICT skills and 

access  

7. Design workshops for 

teachers’ professional 

development  

8. Design virtual 

learning activities (VLE, 

network structure, 

mechanisms to 

motivate, math 

problems) 

9. Design F2F 

learning activities 

(teaching 

strategies, 

mechanisms to 

motivate, math 

problems) 

Ideal Apply different 

questionnaires, 

diaries, and group 

discussions to 

diagnose teaching 

strategies, skills 

and attitudes 

regarding the 

different topics of 

the project. 

Apply 

mathematics 

tests, 

questionnaires, 

and group 

discussions to 

diagnose 

students‘ 

knowledge, 

attitudes, and 

skills regarding 

the different 

topics of the 

project. Prior 

knowledge 

should be put 

into question.  

Based on activities 4 and 5, 

the idea is to frequently 

(once every week or two) 

design workshops about 

the different teaching 

strategies for mathematics 

learning, the MPS 

strategies, the use of ICT in 

education, and different 

strategies to promote 

collaborative learning. 

Here, attitudes need to be 

explored and challenged 

with the support of specific 

and meaningful curriculum 

activities. 

Based on activities 4 and 

6, the idea is to design 

the VLE structure (spaces 

to inform, to collaborate, 

to give and receive 

feedback, etc.), the 

dynamic of the project 

within the VLE (group 

composition, frequency of 

virtual activities, nature of 

interactions to promote), 

the mechanisms to 

promote positive 

attitudes, and the 

mathematics problems 

that will be discussed and 

solved. 

Based on activities 4 

and 6, the idea is to 

design classroom 

activities (explaining 

different MPS 

strategies with 

different 

mathematics 

problems, working in 

groups, and putting 

into practice 

different teaching 

strategies) and the 

mechanisms to 

promote positive 

attitudes. 
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Activity 5. Diagnose 

teachers’ 

teaching 

strategies, 

skills, and 

attitudes on 

MPS, ML, 

CSCL, VLE, 

and ICT 

6. Diagnose 

students’ MPS 

performances, 

attitudes, and 

ICT skills and 

access  

7. Design workshops 

for teachers’ 

professional 

development  

8. Design virtual learning 

activities (VLE, network 

structure, mechanisms to 

motivate, math problems) 

9. Design F2F learning 

activities (teaching 

strategies, mechanisms to 

motivate, math problems) 

Actual 

(Wenaji 

II) 

Diagnosis 

was not 

considered.  

Diagnosis was 

considered 

partially. To test 

students‘ 

knowledge, a 

test with seven 

problems 

(different levels 

and contexts) 

was conducted. 

Additionally, a 

survey 

questioning 

attitudes toward 

mathematics 

was conducted. 

There was no special 

course for teachers‘ 

professional 

development. Instead, 

in the presentation of 

the project to teachers 

and administrative 

staff, theories of 

mathematics learning 

were discussed. 

Moreover, monthly 

meetings helped 

participants discuss 

MPS as a teaching 

strategy. These 

meetings were held 

virtually and more 

frequently than those 

in Wenaji I. 

A VLE was designed. As in the 

case of Atarraya, this VLE 

included chat and forums (group 

and general) to work in 

heterogeneous groups of three to 

four students. Each group 

delivered its solution in the 

classroom. Museums or theather 

tickets were raffled out to active 

students. Additionally, a website 

was created to inform parents 

about the project, its objective, 

activities, and some 

recommendations for how they 

could help their children. The 

students' VLE had a section for 

them to answer questions about 

their own cognitive processes. The 

"problem for the family" was 

removed in this project. 

Two main activities were 

conceived and proposed to 

teachers in order to enrich 

classroom (F2F) activities. At 

the beginning of each 

problem, students worked on 

the problem in the computer 

room, with the support of their 

teachers. At the end of each 

problem, students delivered 

the solutions and discussed 

the process and solutions with 

the teachers and their 

classmates. Students could 

also talk with their classmates 

throughout the process. Some 

special math classes were 

designed to be implemented 

by researchers, explaining the 

MPS strategies. 
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Activity 5. Diagnose 

teachers’ teaching 

strategies, skills, 

and attitudes in 

MPS, ML, CSCL, 

VLE, and ICT 

6. Diagnose 

students’ MPS 

performance, 

attitudes, and ICT 

skills and access  

7. Design 

workshops for 

teachers’ 

professional 

development  

8. Design virtual 

learning activities 

(VLE, network 

structure, 

mechanisms to 

motivate, math 

problems) 

9. Design F2F 

learning activities 

(teaching 

strategies, 

mechanisms to 

motivate, math 

problems) 

Differences 

(Wenaji II) 

Teachers‘ 

competences, 

experiences and 

attitudes were not 

evaluated.  

There were no 

surveys to question 

other topics 

(attitudes).  

There was no 

special course for 

teachers‘ 

professional 

development.  

  Some teachers did 

not take the 

proposed dynamic 

into account.  
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Activity 10. Implement 

the workshops  

11. Implement 

the activities 

designed  

12. Track project activities 

(meetings, surveys, and 

tests)  

13. Define criteria for 

evaluation  

14. Define 

questions to 

evaluate the 

project 

Ideal To put into 

practice the 

design of 

activity 7. 

To put into 

practice the 

designs of 

activities 8 and 

9. 

Create different ways to track 

the project (VLE special spaces 

to track interactions and 

mathematics improvement in 

problems solved; meetings with 

teachers, students, and 

researchers to analyse the 

project activities; surveys to 

track attitudes; and frequent 

reports to show the project 

evolution).  

To define criteria for 

evaluation of the whole 

project (objective, means, 

process, people, long-term 

aims, scope, and 

constraints), taking into 

account the investigation 

process and the design 

and implementation stages 

of the project. 

Define questions 

based on the 

previously decided 

criteria (activity 

13). 
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Activity 10. Implement 

the workshops  

11. Implement the 

activities designed  

12. Track project activities 

(meetings, surveys, and 

tests)  

13. Define criteria 

for evaluation  

14. Define 

questions to 

evaluate the 

project 

Actual 

(Wenaji 

II) 

The meetings 

were 

implemented. The 

majority of these 

meetings were 

held virtually. 

There were more 

discussions about 

how to solve the 

problem and 

possible ways 

(strategies) to 

approach teaching 

those problems.  

The VLE designed 

with the activities 

were implemented. 

Heterogeneous 

groups were 

composed based on 

gender and 

students' MPS skill 

level. Special 

classes were also 

implemented. 

Parents received a 

secondary place in 

the project.  

Meetings to track the project 

activities were proposed and 

implemented. Teachers and 

researchers attended these 

meetings. Changes in the 

implementation of activities 

were discussed in these 

meetings. Teachers also 

communicated their questions 

by e-mail or phone. Meetings 

also helped to clarify strategies 

to solve specific problems 

uploaded to the VLE. At the end 

of the project, a survey and a 

test (similar to those used to 

make diagnoses) were applied.  

There was a clear 

criterion to evaluate 

the design and 

implementation of the 

project: the 

improvement in 

students' MPS skills, 

measured by levels 

on the MPS test. The 

objectives in activity 4 

were not completely 

considered.  

Systematic 

questions were 

not formulated.  

 



433 
 

 

Activity 10. Implement 

the workshops  

11. Implement the 

activities designed  

12. Track project activities 

(meetings, surveys, and 

tests)  

13. Define criteria 

for evaluation  

14. Define 

questions to 

evaluate the 

project 

Differences 

(Wenaji II) 

  Special classes 

should be 

considered as a 

joint activity with 

teachers.  

It is necessary to track 

changes in attitudes in a 

broader perspective (including 

school community changes 

toward innovation in the 

teaching-learning process). 

Aspects of experience and 

competence were not 

considered. Some teachers 

did not monitor VLE activities.  

Attitudinal aspects 

were not taking 

into account 

deeply.  
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Activity 15. Evaluate the 

whole project  

16. Identify the learning 

achieved  

17. Define criteria for 

effectiveness, efficiency, and 

efficacy  

18. 

Monitor 

1-16 

19. Take 

control 

action  

Ideal Implement the 

evaluation using the 

questions in 

discussions with 

teachers, 

researchers, 

students, and 

administrative staff. 

Use the evaluation to learn about 

the experience and document it 

for future projects. 

S (in bold). S1 efficacy: study 

realised; effectiveness: appropiate 

design. S2: efficacy: VLE activities 

promoted; effectiveness: learning 

about MPS improved. S3: efficacy: 

project evaluated; effectiveness: 

learning achieved.  

Monitor. Take 

control 

action. 

Actual 

(Wenaji 

II) 

The project was 

evaluated taking 

into account the 

measure of 

improvement 

chosen. 

The need to take teachers‘ and 

students‘attitudes into 

consideration in a broader 

perspective. The cultural 

environment (roles, identities, 

worldviews) and the use of a 

warm-up time for teachers and 

students should be considered. 

Previous items can be seen 

within the CoP framework. 

S1: efficacy: partial; 

effectiveness: partial. S2: 

efficacy: done; effectiveness: 

done. S3: efficacy: partial, 

effectiveness: partial. 

    

Differen

ces 

(Wenaji 

II) 

          

 










