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ABSTRACT 

 

Social sustainability has been poorly explored by engineering. Many approaches to 

problems inside society have focused on developing technical solutions that do not consider 

the dynamics of the environment or the cultures receiving these solutions. Even more, some 

of these solutions become obsolete as a result of communities' lack of technical knowledge 

for maintenance and repair, adding to the disruptive power of technology in culture and 

society. There are different theories, from critical visions, trying to reformulate the teaching 

and practice of engineering in social and environmental contexts of vulnerability to address 

this gap adequately. Some of these approaches have focused on developing appropriate 

technologies for the environment. Others have focused their efforts on the use of 

participatory methodologies for the construction of artifacts. Finally, some of them have 

included the opinion of communities for the problematic situation structuring. However, the 

characteristic that stands out from these approaches is the potential to remove the systemic 

barriers that exist for resource access through developed technical solutions. Although there 

are examples of engineering projects with social impact throughout Colombia and the 

world, little is known about the structure and dynamics that support the operation and 

implementation of these projects. Therefore, this thesis studied the characteristics and 

structures of the engineering practices in positive social impact endeavors from a systemic 

approach. 

To accomplish this objective, three engineering projects of Colombian institutions were 

studied, all of them associated with one of the aforementioned approaches. The information 

collected from these projects was analyzed using: (1) The spectrum of engineers' practices 

through phenomenography (Ballantyne & Bruce, 1994), (2) The systemic structure that 
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enables these practices through a Causal Loop Diagram (CLD) (Sterman, 2000), and (3) an 

analysis of causal conditions that determine the success or failure of the application of these 

practices through Qualitative Comparative Analysis (QCA) (Cotte Poveda & Pardo 

Martínez, 2013).  

The results show us that there are five possible categories of engineering practices 

associated with working with communities, which allow engineers to be located based on 

intellectual work intensity and level of engagement. These categories are engineers 

theorizing social issues, working in interdisciplinary groups, being consultants, co-creating 

solutions, and eliminating barriers.  Moreover, using the causal loop diagram, patterns that 

reinforce or affect the application of these practices were identified. Furthermore, using 

these loops, six strategies based on leverage points within the structure of the model were 

designed. Finally, three schemes to foster these practices were identified (personal and 

institutional coherence, skilled social work, and focused work), and three structures must be 

avoided because they hinder engineering practices (Limited social vision, the importance of 

environment, and personal traits).  

Finally, methodological strategies were determined to encourage socially responsible 

practices to improve organizational management in the Catatumbo region, a semi-rural area 

in Colombia. The results of this research will enhance the implementation of engineering 

projects in vulnerable social contexts and the teaching of these concepts and strategies in 

engineering schools. 
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CHAPTER 1: INTRODUCTION 

 

1.1 INTRODUCTION 

 

Social justice is not an issue from only one discipline. The study of problems related to the 

development of society and the implications of the relationships that we, as humans, built 

with our societies were relegated for a long time to areas of knowledge such as sociology or 

anthropology (Brady et al., 2014; Kuhn, 1998; Leydens & Lucena, 2014) including studies 

in economics, in which not only the visions of the Marxist economy are highlighted 

(McBride, 1975), but also, the advances in the study of cooperation and competition in the 

search for common welfare (Cárdenas et al., 2015; Gardner, 2008). However, movements 

about social justice have begun to shift into other areas and become part of the backbone of 

disciplinary knowledge for professional practice (Acevedo et al., 2009). This phenomenon 

reflects a need to understand how the knowledge generated from, for example, engineering 

practices (EP) may produce profound changes in society. Far from idealism, engineers must 

change the notion from going beyond duty (Nichols & Weldon, 1997) to, as a profession, 

connect the knowledge, people, and environment to foster and spurt the world 

transformation (Baillie, 2006).  

To achieve this objective, it is necessary to evaluate the EP's relationship and its 

implications on social justice. As indicated by the United Nations (2016), to reduce the 

world's inequality, it is necessary to pay attention to disadvantaged and marginalized 

populations' needs, and engineering can close these gaps. In the current literature, EP and 

its relationship with social and environmental problems have been evaluated on different 

occasions (J. Kabo & Baillie, 2009; Midgley, 2011; Ulrich, 1987). Moreover, this topic has 
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been considered using other frameworks, such as the study of sustainable development 

(Jones et al., 2017) and ethics (Baillie & Levine, 2013). However, these previous studies 

did not tell us about the actions taken as EP to improve people's living conditions in need. 

To create an interstitial space (Wright, 2013) inside capitalist models for the empowerment 

of the society, an in-depth analysis of the practices and knowledge of engineering needs to 

be carried.  

If, for example, industrial engineers “make things better” (Rodriguez Valbuena, 

2012), better should include profound changes for all society's welfare and well-being. 

However, one of the fundamental questions that engineering (broadly understood as 

suggested by Olaya (2019)) must ask for the construction of this society that is raised in the 

previous sentence is the concept of "better" or improvement (for whom?). In short, the idea 

of development, improvement, or sustainability (as ideas of “better”) has been widely 

contested, and there is no consensus at the scientific or social level about these ideas. 

Therefore, any EP's effort will be biased under a specific vision based on his training as an 

engineer (Baillie & Catalano, 2009). Thus, the difficulties for applying engineering that 

positively impacts society are raised as questions about the use, misuse, or even end of the 

engineering (Long III & Mejia, n.d.). In this project's context, Colombian engineers must 

ask how they are involved in designing and implementing peace and justice. Furthermore, 

the main question is what kind of EP took part in the social and economic systems 

engineers build? 

Answering the previous questions is relevant if we consider the need for 

engineering solutions for many communities worldwide, especially in Colombia. 

According to the Nobel laureate economist Joseph Stiglitz (2017) and the data of 
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organizations as The World Bank (2018), Colombia has been and continues to be one of the 

world's most unequal countries. However, in recent years, the country has had higher 

sensitivity to inequality and the social and economic consequences of income inequality, 

wealth, and opportunity (Cárdenas et al., 2015; Pérez-Garzón, 2018). This sensibility is 

relevant in a country where internal conflict, violence, and drug trafficking are found across 

the discourse, resulting from years of these inequalities (Stiglitz, 2017).  

Even further, with the end of the armed conflict and the signing of peace 

agreements, a mix of opportunities and challenges become evident in most of the territories 

of rural Colombia, and these challenges, if well managed, can help in the elimination of the 

systemic barriers to having wellbeing in these areas of the country. Given the opportunities 

for improvement opened by the peace agreement, it is necessary to continue moving 

towards a more just society. This agreement (which looks to reverse the effects of the 

conflict with FARC guerrillas) puts on the table topics such as reducing inequality and 

unsatisfied basic needs (Ramírez et al., 2012). Evermore, the strengthening of scientific and 

natural resources management capabilities in rural areas narrows the gap between rural and 

urban development (Cuéllar-Padilla & Calle-Collado, 2011). Furthermore, two out of the 

five proposals made in the document emphasize the need for a society more equalitarian 

and just, the comprehensive rural reform and political participation (Gobierno Nacional, 

2016).  Each one of these proposals can be viewed as an opportunity for a more socially 

just engineering. The reconstruction of Colombia requires material and social 

infrastructures that engineering can help design and implement. Therefore, it is pertinent to 

investigate mechanisms or artifacts contributing to developing a socially just engineering, 

which serves Colombia's needs in the short and medium term.  
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The previous panorama raises essential questions about the changes needed by 

engineering. This change takes relevance in the engineer's life when an initiative such as 

scientific and technological research becomes an opportunity for intervention on artifacts 

(Ostrom, 1980) resulting from social and environmental changes.  While the conflict 

imposed high adverse economic costs on society as a whole, ensuring sustained peace 

requires that engineering should be prepared to assume and face economic and institutional 

challenges (Stiglitz, 2017).  

In the study of Stiglitz's equality of opportunities, Colombia has significant 

challenges for access to education and public services. For example, 5.9% of school-age 

kids (7 to 14 years) worked because of a lack of access to education services. In 

comparison, only 10.2% of the population from low socioeconomic status has access to 

higher education. In another kind of systems, such as access to natural resources, we can 

see that 10% of the population does not have access to essential cooking technologies (such 

as natural gas or propane gas) (United Nations, 2016), with a similar percentage without 

access to electric service. Similarly, the difference in water and sanitation services between 

rural and urban areas (90% in general) still has a gap of almost ten percentage points. 

As shown in Figure 1.1, the conditions of income inequality in Colombia are 

worrisome, at least in economic terms (The World Bank, 2018). The data presented show 

us the prevalence of three relevant phenomena. First, rural communities suffer the most 

remarkable consequences in the poverty gap. Second, although income is used as a measure 

of social welfare and the concept has been homogenized without attention to the countries' 

context, people with income levels above $ 1.90 do not show significant statistical 

differences towards higher levels of welfare. Third, even these measurements show 
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improvements over time, Colombia still has significant inequalities that good EP can help 

close. 

 

Figure 1.1. Measurement of economic justice in Colombia from 2010 to 2015. Adapted from United Nations (2017) and 

the World Bank (2018). 

Finally, Figure 1.2 shows the GINI indicator of inequality in Colombia from 2009 to 

2017. Results show that the differences in income between people are around 51% in 

Colombia, with 45.6 % in rural areas. Although both graphs show a tendency to decrease 

inequality levels at the economic level, the opportunities to think about engineering 

solutions permeate the institutions, and scattered populated and rural centers are present. 

They are still part of the reality that needs to change in Colombia. If we translate this to 

engineering terms, the design and implementation of physical and social artifacts, such as 

infrastructure and institutional policies can create economic injustice. 
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Figure 1.2. GINI coefficient 2009-2017. Taken from DANE (2018). 

 

 

Consequently, this thesis seeks to propose tools that help engineers close existing 

gaps in places like Colombia throughout their professional practice. However, the results of 

this research will not only look for engineers who are aware of the reality of their 

environment but, through the application of social justice principles, engineers can propose 

relevant technological solutions, working hand by hand with the communities in its design 

and implementation. 
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1.2 RESEARCH OUTLINE 

1.2.1 RESEARCH PURPOSE 
 

This research's core goal is to develop a methodological framework to understand attributes 

of socially just engineering practices and formulate strategies that encourage social justice 

implementation in new and pre-existing complex systems. The research includes evaluating 

the methodology in a case study, which provides feedback for developing these strategies. 

1.2.2 RESEARCH OBJECTIVES 
 

The overall objectives of this thesis are: 

1. Based on a literature review, define, and describe a possible approach to social justice 

from engineering and differentiate it from what is understood by an orthodox engineering 

practice. 

2. To assess and compare three case studies of socially just engineering to identify specific 

properties that would improve engineers' current practices. 

 3. Based on the previous study results, propose recommendations to develop a socially just 

engineering practices methodology. 

4.  Assess the new methodology in an application case with a community. This objective 

will be addressed using participatory action research methods. 
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1.3 STATEMENT OF CANDIDATE CONTRIBUTION 

 

This research creates a novel methodological framework that integrates systemic 

approaches with social justice lenses to improve engineering practices involved in complex 

human system's quality conditions. This methodological framework provides a holistic 

perspective to propose recommendations for positive social changes to human systems, 

which is especially necessary for the surpass of negative consequences of our current 

human systems and the design of socially just social infrastructures. In addition to its ability 

to explore human activity systems through a systemic approach, this framework can be 

extended to other tools and methodologies for specific social and environmental projects, 

especially within public policy-making, but applicable to NGOs, private companies, or 

educational contexts. 

This research aims to fill fundamental research gaps regarding social justice within 

the engineering literature. The rigorous approach to be developed in this research, such as 

the action research, is helpful for providing necessary insights to policymakers and 

stakeholders for designing socially just human systems. Moreover, this research creates 

systemic models that identify and assess engineering practice, whose disruption has the 

most significant impact on the system's entire structure and function. This information is 

beneficial for designing and developing new social projects for the common good. This 

approach to individual case studies can be insightful because there is no universal theory of 

engineering for social justice, and engineering strategies can significantly differ for 

different complex human systems. 
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1.4 BROADER IMPACT 

 

There are growing concerns over the global social change that has encouraged austere 

advice from international, national, and leading local agencies to implement plans and 

programs to reduce the inequalities in our society. Consequently, there is an unprecedented 

amount of urgency to design engineering approaches to improve our social living 

conditions. This work influences the broad academic community, policymakers, and 

engineers to develop informed systemic interventions at several levels to societal issues. 

This work will take the form of one peer-reviewed article under review: 

 Understanding Community Engagement from Practice: A Phenomenographic 

Approach to Engineering Projects: Andres Acero, Catalina Ramírez and Caroline 

Baillie (Engineering Studies) 
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1.5 MOTIVATION 

 

Sometimes, the pathways that life takes are interwoven in unusual, unexpected, and 

adventurous ways. From a young age, my life was marked by a feeling that the situation in 

which my country was not what it should be. Victim of the violence that the war between 

our own people brought in Colombia, I learned that there were good people and bad people 

from a very young age. When I arrived in Bogotá, still too young, life would lead me to 

meet people who would inspire me to act before a world full of injustices. 

However, as I grew up, I realized no bad and good people in history. People act 

motivated for many reasons, but especially for the situations in which they are immersed. 

Who leads people to these situations of hunger, pain, suffering, or anger? When looking for 

the answer, unfortunately, there were no voices to help me respond. Did someone realize 

what was happening? Was not anyone asking the right questions? 

It was not until I decided to be an engineer that this mess created in my mind began 

to take shape and led me to this investigation. Being immersed in social systems, I thought 

that arbitrary actions were the force behind the small packages of order in which we live. 

However, with some stupor, I discovered with Catalina Ramírez that someone made 

decisions in a way that leads to a company, a family, or society takes shape. That meant 

that a person or a group of people had defined the rules that made the difference, create 

discrimination against vulnerable groups, and that certain people had to sleep without 

having eaten. I also learned that this world can be changed, that there was engineering 

inside the social, and that everything should be possible with small actions that can cause 

significant changes. The engineering that I decided to study is Camilo Olaya and Catalina, 

who see the world with humans' eyes, the one that looks inside. 
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In the last years of my training as an industrial engineer, I decided to follow, against 

my own reason, what would make me finally feel that I was contributing to the deep 

changes that the world needed (and still needs). This is how, motivated by great advisers 

such as Juan Camilo Cárdenas, William Jiménez, Alba Ávila, and César García, I entered 

the path that would lead me to what I do today. As a professional, once I got my degree, all 

these questions that I asked myself as a child began to have answers (although not all), and 

I realized that there was still much that I could learn by also looking for those answers. 

Moreover, just as I learned hand by hand with these beautiful people, I decided that 

I wanted to teach, that this unique opportunity they gave me to build a path searching for 

the other version of "better" could be given to others. It was along this path that I 

understood how central education is in this process of social transformation, and seeing 

Caroline Baillie with her unique and reckless vision of the fight against social injustice 

from education or Álex Mejía and her deep understanding of difference as an opportunity 

for the “other engineering,” I decided that my version of teaching would be what those 

before me envisioned. Furthermore, today, I discover the wonders that education does in 

our reality to my own disbelief. The only thing left for me is building from the foundations 

that they all left in my life. All this is the motivation to do this doctoral thesis. 

This doctoral research is my way of saying thank you to the world. Telling those 

people without a voice that I was one of them and suffered, but we can make things 

different together. I want to believe in a better world for everyone, and for that, I must 

allow myself to put everything at stake to create a new way of doing what I do “best,” 

engineering. Whoever says what my motivation is, this research is born from my innards 

and my wild dreams. I have hands full of wonderful tools that have formed me as a maker, I 
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have my mind full of stories and experiences that have created me as a thinker, and I have a 

heart full of incredible and inspiring people who have made me a dreamer. All these are 

here, in this doctoral thesis. I hope you enjoy it as much as I did. 
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1.6 DOCUMENT STRUCTURE 

 

The background of the work, including a detailed review of prior research in the area, will 

be presented in Chapter 2. Chapter 3 will show the foundations and specific features of the 

methodology used in this thesis. Chapters 4, 5, and 6 focus on addressing the specific 

objectives. Chapter 4 presents the background, methodology, and results for analyzing 

social justice engineering practices using a phenomenographic study. Chapter 5 presents the 

background, methodology, and results of the engineering practices analysis as a complex 

system using a causal loop diagram to model their applications. Chapter 6 presents the 

background, methodology, and outcomes for analyzing the required conditions to 

implement social justice engineering practices using a qualitative comparative analysis. 

Chapter 7 presents the methods and results of implementing the previous chapters' 

recommendations in a case study.  The overall implications of this work and prospects for 

future work are discussed in Chapter 8.  

Collected data and supporting information are available in the Appendices. Appendix A 

provides data collected through the interviews (in Spanish), and Appendix B provides 

detailed information regarding the data and code used in chapters 5 and 6.  
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 DEFINING ENGINEERING PRACTICES 

 

According to the National Academy of Engineering of the United States of America:  

“The profession in which a knowledge of the mathematical and natural sciences gained by 

study, experience, and practice is applied with judgment to develop ways to utilize, 

economically, the materials and forces of nature for the benefit of mankind.”(ABET, 2018). 

Other authors indicate engineers as people “finding the answers to the challenges 

that confront society”(Try Engineering, 2015), "problem solvers" (Pawley, 2009), and 

people who “work in almost every area that affect people” (The Royal Academy of 

Engineering, 2018). In a broad sense, each of these definitions encompasses some of the 

discourses on which engineering is commonly understood (Pawley, 2009; Stevens et al., 

2015). Some of these discourses, widely studied in the last 20 years, include “knowing how 

to transfer and translate scientific knowledge into practical applications” (Monteiro et al., 

2018) and “a desire to help” (D. Riley, 2008), among others.  

Through these possible definitions of engineer and engineering, people from other 

careers or just pedestrians understand how engineers can create solutions for the people or 

the environment they develop, understanding the complexity that the systems entail, and 

using different tools from the branches comprise engineering knowledge. However, based 

on the literature review and my professional experience, engineering is also a social 

practice on which the conception, design, implementation, production, and maintenance of 
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complex technological devices, processes, methodologies, models, or systems are pivotal to 

the engineering process, engineers connect needs with their knowledge for the design and 

implementation of diverse artifacts. These needs are also associated with society and the 

environment. The characteristics of each engineer's answers to these needs become their 

own personal way of doing engineering, their engineering practice. However, the first point 

we should address is what engineering practice is? Even when several authors have tried to 

define engineering practice (S. A. Brown & Barner, 2017; McNeill et al., 2012; Trevelyan, 

2007), the definition used in this document was described by Sheppard, Colby, 

Macatangay, and Sullivan (2018).  

The definition presented by Sheppard et al. study (2006) differs from previous 

definitions of engineering practice. The author complements qualitative work to identify 

consistencies and errors between the evaluated literature and the conceptions of the 

engineers’ work (Baillie & Walker, 1998). This definition of engineering practice was 

chosen to integrate knowledge, practical skills, and ethical judgments that have been 

removed so far from the current practices of engineers and ethics codes in several countries. 

These authors distinguish between three main visions of engineering practice, which are 

explored based on divergent perspectives, but only one will be used as a working definition. 

This analysis reveals some of the engineers' assumptions and lenses, such as several flaws 

identified during previous years. These visions are (1) engineering as problem-solving, (2) 

engineering as knowledge, and (3) engineering as the integration of process and 

knowledge: 

 Engineering work in terms of problem-solving: In a very reactive way, the 

engineer's practice aims to solve undesired situations. This definition relates to 
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engineers' ability to change reality and the processes, systems, and artifacts 

surrounding them (Jonassen, 2015). However, this engineering perspective has 

remained anchored in time and has generated some detractors (El-Zein & 

Hedemann, 2016) since the common good is ignored with this short-term vision. 

Moreover, Pawley (2009) criticizes that engineers believe they can “pick” problems 

already constructed, and the solutions to these problems are engineering practices 

without any relation to society. Finally, this kind of engineering practice tends to 

“break” the problem into pieces, even when it is proven that a holistic approach 

always has better problem-solving results (Midgley, 1992). 

 The work of engineering as specialized knowledge: This vision indicates that the 

engineers in their practice must focus on "knowing that" and "knowing how." This 

notion has been broadly discussed (Ryle, 1945), emphasizing the relationship 

between the intelligent application and the principles, rules, and reason employed.  

Some interesting characteristics about engineering work are that knowledge is put 

into play, dynamic, and grows as work is done. This view is particularly 

problematic when we speak in terms of engineering and its social dimension. As 

Baillie and Catalano (2009) point out, engineering cannot be seen as a process that 

takes place in a vacuum without any relation to reality. Instead, the relationship 

between society and knowledge changes over time, as the engineers' responsibility 

(Baillie, 2006). Besides, there is now a global call to detach ourselves from this 

general vision and return to the roots of research and knowledge from a more in-

depth, philosophical level (Bosch, 2018; Ramírez et al., 2018). 

 The engineering work integrates processes and knowledge: This approach to 

engineering practice emphasizes table three relevant engineering aspects. First, it 
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does not limit engineering knowledge and practice to a single field but allows 

integrating other disciplines and expertise. Second, it recognizes that engineering 

solutions are immersed in an intentional process that affects other systems that are 

complex by nature (Gallegos, 2010). This characteristic also shows tacit knowledge 

of the engineers, frameworks on which they develop their practice, and previous 

experience (Ramírez et al., 2012). Finally, this integration allows us to put the social 

dimensions of engineering practice on the table, hidden behind a technical façade 

for a long time  (Eizenberg & Jabareen, 2017). 

Although with multiple applications and examples of problems, such as environmental 

sustainability, the idea of improvement tied to the chosen engineering practice definition 

poses critical challenges about what it means to be and do engineering. However, there is 

limited research that emphasizes how engineering can improve society's living conditions.  

This research aims to understand engineering practices, their interaction with society, and 

how these practices can be transformed over time, as Trevelyan (2010) affirmed to 

transform the engineers' praxis (Lave, 2012).  
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2.2 ENGINEERING PRACTICE AND SOCIAL SYSTEMS 

 

The relationship between engineering and society has focused on applying its knowledge 

by constructing artifacts and technologies that serve as an engine for developing projects of 

various kinds. Therefore, through history, engineering projects have been the engine of 

progress that has given solutions to society's problems (Arias et al., 2016). However, what 

has been seen throughout history is that engineering is also responsible for multiple issues 

and injustice situations around the world (Eizenberg & Jabareen, 2017; D. Riley, 2008), 

showing the necessity to expand our vision of engineering. Within this framework, and 

with the arrival of several critical perspectives about the engineering practices in the world, 

but especially in Colombia (e.g., corruption and ethics, lack of social consciousness, 

economic exploitation, and disrespect for the natural environment) (Pérez-Garzón, 2018; 

Rodriguez Valbuena, 2012, 2016; Rodríguez Valbuena, 2011), the nature of the application 

and implications of the engineering knowledge need to be adjusted. 

2.2.1 ENGINEERING PRACTICES AS A PROBLEM 

 

In our society, producing, circulating, and using engineering knowledge has changed as 

such as their place within society and culture (Penuel, 2016). If something characterizes the 

current world is a growing demand for new ways to apply engineering, production means, 

and organizational innovations (Brauer, 2013).  In Colombia, more than 1,000 engineers 

graduate from the country's 93 engineering programs (Velásquez, 2020), even when more 

than 18000 job positions require professionals from these careers. However, the first link in 

this chain, the instruction that engineers receive from these higher education institutions, 

has serious flaws that have been detected in recent years. We are facing a crisis inside 

engineering curriculums that cannot adapt appropriately to a changing world (Goldberg, 
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2012); in addition to engineering, which applies technical knowledge but does not affect 

life, nor institutions, neither what happens in the daily life of the communities (Cech, 

2014). When we devise perfect solutions on paper that have not been discussed with the 

"other” or have not been construed as shared knowledge, the hegemonic vision of 

engineering arises.  

However, the main challenge of engineering is to change the predominant model on 

which it is founded. According to Luisa Rodriguez's (2012; 2011) studies, three aspects 

supported the establishment of current engineering in Colombia and its relationship with 

the power structures. First, bipartisan power struggles between 1850 and 1950 in Colombia 

made the craftsmen become the first engineers and the military trained in Europe and the 

miners in the Antioquia regions. These first engineers became entrepreneurs and military at 

the service of the interests of the government. In a second moment (1950-1990), the arrival 

of the Curie mission and the Alianza para el Progreso program (created by USA president 

John F. Kennedy) led to the establishment in Latin America of a Keynesian model of 

globalization. These programs envisioned a space in which engineers became independent 

and entrepreneurs at the economic model's service. Finally, according to Rodriguez's 

studies, after 1992, globalization defines global engineering standards that, in turn, 

determine the possibilities of entering the productive apparatus. From this process, the 

resistance to established economic and productive systems is progressively eliminated. 

What emerges from this analysis is that engineers historically accepted a role at elites and 

preponderant governments' service by supporting their economic and social models. 

However, the reasons have not yet been studied.  
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Finally, Rodriguez's studies' main conclusion is studying engineering further to 

deconstruct the developmental and globalist paradigms (Rodríguez Valbuena, 2011). 

Industrial engineering is one of the most recent engineering disciplines; the least explored 

in terms of social justice and the most significant ability to create positive societal changes. 

However, its practices need to be reframed. Modern engineering emerged as a tool to 

legitimize the means of production and work carried out by the industry, and to date, 

remains as a possible justification for seeking economic efficiency with highly unfair 

practices such as maquilas or child labor (Hoole, 2002). This antecedent describes how, for 

example, industrial engineering can make engineering practices more unjust. 

 

2.2.2 ENGINEERING PRACTICES AS AN OPPORTUNITY 

 

Engineering is increasingly interested in contributing to the design and development of 

practical solutions for communities' social and environmental problems (Ramírez et al., 

2011). Therefore, they must know how engineering has a fundamental impact on 

developing the country’s regions. Understanding which type of engineering decisions lead 

the generation of poverty is a big concern for professors (Leal Filho & Pace, 2016, Chapter 

6; I. Nicolaou & Conlon, 2012), researchers (Lemons et al., 2014), professionals (Gómez 

Puente et al., 2014), and students (Lathem et al., 2011; Weber et al., 2014).  Even though 

engineering could be associated in many contexts with problems in the environment or 

society, engineers' potential has become an opportunity to change our society profoundly. 

Training and work processes with communities have been implemented in Colombia since 

the end of the 20th century. The movements of teachers and students within the engineering 

faculties of Colombia have sought to bring the university closer to society's problems at 



30 
 

different scales. In this section, I would like to highlight two groups that have shown the 

importance of engineering's social construction. 

Colombia requires professionals to innovate, work together, understand complex 

situations and generate feasible solutions (Caicedo, 2011). That is why many of the 

students, teachers, and engineering professionals have looked for alternatives to meet these 

demands. An example of this is Engineers without Borders Colombia. This organization is 

an interdisciplinary group of engineering students from different areas who asked which 

research and learning models should be developed in engineering universities (Davim & 

Filho, 2016). Furthermore, this organization develops methodologies for working with 

vulnerable communities, in which students, professors, and community learn how to 

observe, research, design, and create solutions that make sense for the real problems in the 

context of the vulnerable regions (Ramírez Cajiao et al., 2016). Working in a participatory 

way with interdisciplinary groups is both a challenge and an opportunity to share various 

views in developing projects, where problems are evaluated on several dimensions taking 

into account the stakeholders interests and achieving double-way knowledge (Arias, et al. 

2016). In this way, it is possible to assure that the project will benefit all the actors (Gilbert 

et al., 2015).  

The challenge is to connect engineering education and social impact to a rural 

context. Major initiatives from the State, civil society, and the population to alleviate 

poverty have failed to create inclusive solutions within their study area (Acevedo et al., 

2009). That is why EWB Colombia provides the students and engineers with an 

opportunity to connect with their own country's unknown realities and context. These 

students discover harsh realities in which, among others, some people have no access to 
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drinking water, children drink polluted water, and people are forced to move into cities due 

to a lack of opportunities in their regions (Ramírez et al., 2011). 

Another example of the use of engineering is Humanitarian Engineering. Humanitarian 

Engineering from the Sergio Arboleda University seeks to create collective knowledge 

through participatory methodologies that link empirical and ancestral knowledge with 

scientific theories and technological developments. In this way, it aims for the academic 

community to internalize strategic skills, such as: listening, observing, and actively 

understanding the context to identify the structural and contextual conditions of the system 

or region. Humanitarian Engineering has four courses, three of which are part of the 

professional elective in Humanitarian Engineering of the industrial engineering program 

and an elective. The option for a degree in humanitarian engineering was also created based 

on the poCDIO methodology (Arias et al., 2016). 

So, what are the fundamental aspects that give life to this type of initiative? What kinds of 

engineering practices are involved in these and other groups that allow them to carry out 

projects to solve some of society's most critical problems? Solving these questions is part of 

this thesis's motivation. However, we want to study it from a very particular perspective, 

the relationship of this type of project with the concept of social justice, which will be 

developed in the next section. 
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2.3 SOCIAL JUSTICE AND ENGINEERING PRACTICES 

 

2.3.1 WHAT IS SOCIAL JUSTICE? 

 

Social justice, as a concept, has been studied by different disciplines over the years. The 

desire to promote social justice is an aspiration recent in various fields and disciplines. 

However, the conceptualization of justice in terms of society has its origin in the classic 

western studies of justice, central to this thesis's development. Homer is the first to speak of 

a righteous person during the pre-Hellenic era, a dikaion (Simpson, 1996). This concept of 

a just person was later taken up by Plato and Aristotle (Dent, 1986), who speaks of justice 

as a virtue that establishes the rational order and the just distribution that allows correcting 

what is not fair (Simpson, 1996). With Christianity's arrival in the Middle Ages, San 

Agustin tells us about the justice that requires that humanity try to give all people their due. 

On the other hand, St. Thomas Aquinas emphasizes his studies of justice on the 

proportional distribution and reciprocal transactions that fight against the injustices 

(Adams, 1975). During this period, the first approximations to the concept of social justice 

appear in Thomas Aquinas's work. Social justice is defined as 'the virtue that orders humans 

act towards a common good' (Buettner-Schmidt & Lobo, 2012). After that, Locke continues 

with the Judeo-Christian tradition of nature governed by God but puts justice in social 

contracts (Locke, 1690). For Hume, justice uses public utility by protecting property. 

Finally, in Marx's works, based on the ultra-relativist approach to Engels' justice, he affirms 

that justice of economic transactions as their correspondence to or functionality for the 

prevailing mode of production (McBride, 1975).  
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This analysis of the concept of justice was the starting point for many areas of 

knowledge to find meaning in the concept of social justice within their practices. First, the 

concept of justice developed by Rawls (1999) shows us a philosophical view of justice as a 

virtue of social institutions, making a distinction between justice and equity in terms of the 

potential and the real. Rawls believes that people would rationally adopt two fundamental 

principles of justice for our society: (1) equality in the assignment of basic rights and duties 

or potential justice, and (2) holds that social and economic inequalities are just only if they 

result in compensating benefits for everyone or real justice. Rawls's discussions about 

justice popularized the disciplinary talks about social justice again, especially in the social 

sciences and economics.  Studies in psychology, sociology, and social work indicates that 

the concept of social justice focuses on concepts such as authority, power, and group 

pressure (Roberson & Colquitt, 2005), in addition to using the term of distributive justice as 

a theoretical equivalent (e.g., Hsu, Anen, & Quartz, 2008). From studies in economics, we 

emphasize the debate on creating institutions to obtain greater efficiency and the location of 

common goods to ensure the income, wealth, and power of society (Buettner-Schmidt & 

Lobo, 2012). Finally, from the theory of development, Martha Nussbaum and Amartya Sen 

(Kaufman, 2005; Sen, 2000) put social justice in terms of freedom and human development 

capabilities. 

 

2.3.2 ENGINEERING AND SOCIAL JUSTICE 

 

Although this summarizes some of the theoretical approaches to disciplinary social justice, 

it is crucial to identify the different perspectives from which social justice in engineering 

(ESJ) has been studied. Two main methods can be placed into the understanding of ESJ by 
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engineer practitioners and scholars: (1) studying the role of ethics and social responsibility 

and (2) addressing social justice from the ground of engineering epistemology. 

Within engineering ethics studies, two research trends stand out, the reviews on 

codes of ethics and ethics in engineering design. Among other functions, the principles of 

ethics recognize the values, goals, and commitments that the engineering community 

assumes concerning society (Brauer, 2013). In an attempt to include issues related to social 

justice within engineering programs, ABET, the program accreditation company, had 

within its criteria "develop an understanding of professional and ethical responsibility" and 

"acquire the broad education necessary to understand the impact of engineering solutions 

on global, economic, environmental, and societal contexts" (ABET, 2016). There is an 

arduous path to follow to create a space for ESJ as a normative paramount inside 

engineering ethics regarding social justice inclusion inside engineering codes. For example, 

the concept of social justice has direct implications for the principles of ethics of 

physicians, nurses, and social workers (Buettner-Schmidt & Lobo, 2012), while there are 

few attempts to include social justice inside engineering codes. While subscribing to a 

justice framework requires selecting a theory, this approach to ethics codes remains 

because of the well-known appeal of social justice and the acceptance of its importance 

(Basart et al., 2015). Within the second stream, research about artifacts values has shown 

that particular objects have moral qualities, while others consider them inherently repellent 

(Jarudi et al., 2008). According to some authors (Leydens et al., 2014; van de Poel & Van 

Gorp, 2014), this is a consequence that the design has a value in itself, which should not be 

ignored. This value is the heart of engineering design (van de Poel, 2009). While some 

authors claim that technology is value-laden-free, various engineering design forms are 
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oriented to different political ramifications (Winner, 2003). This has led some social justice 

theorists to propose using artifacts whose value is in teaching and nudge certain positive 

behaviors that, according to Rawls' theory of justice, are desirable by society (Borenstein & 

Arkin, 2016). However, values that are desirable for society are shaped by the dominant 

groups (Baillie & Levine, 2013), the main discourse of engineering (Pawley, 2009). 

Consequently, social movements such as Engineering, Social Justice, and Peace Network 

seek to respond to engineering ethics challenges by explicitly speaking about social justice 

and the problems engineering design entails from this perspective (Baillie & Levine, 2013). 

In the studies of engineering and social justice, three scholars are relevant to 

understand this concept contextually. First is Donna Riley's work (D. Riley, 2008; D. M. 

Riley & Lambrinidou, 2015; D. Riley, Slaton, & Pawley, 2015), vital for developing the 

ESJ concept. In her book about ESJ, Donna Riley studies how the structures and 

engineering mentality generate social injustice in class, gender, militarist culture, 

globalization, and racism. This analysis of the engineering mentality leads her to conclude 

that it would be wrong to construct a general definition of ESJ since social, temporal, 

economic, cultural, and ecological conditions make it change, mutate and adjust. Therefore, 

Riley invites engineers to decide what ESJ means for each one. 

On the other hand, the work of Leydens and Lucena (Leydens et al., 2012; Leydens 

& Lucena, 2014) focuses on connecting the studies and vision of Capeheart & Milanovich 

(2007) with the work of Nussbaum (2005). For them, there are three relevant aspects to 

study social justice in engineering. First, we see that it focuses on a study of engineering 

practices. Second, they talk about human capabilities in terms of opportunities and 

resources. Third, they expose social justice in Ursula Franklin (Who benefits and who 



36 
 

pays?). This second definition is accompanied by recommendations about the 

operationalization of this definition. Finally, we see the work of Baillie (Armstrong & 

Baillie, 2012; Baillie et al., 2011; J. Kabo & Baillie, 2009), which combines three essential 

traditions, namely, education in engineering, the practice of socially just engineering, and 

the STS. Together with Catalano (2009), they highlighted the traditional vision of 

engineering within society, the development of ethics, and the multiple lenses in which it 

can be studied, such as understanding social justice by the students. 

The importance of social justice within society has been studied extensively, both 

conceptually and empirically. Although social justice consequences of social justice are 

related to peace, freedom, safety, and health, the concept has not been included as a 

practice by many disciplines. Therefore, the study of engineering practices focuses on 

implementing initiatives that combine a vision of social justice with industrial engineering. 

This vision will mix and make sense with the previous engineering projects related to 

community engagement, democratic decision-making, and capabilities (e.g., Arias et al., 

2016; Ramírez et al., 2012; Ramírez, Sanabria, Duarte, & Caicedo, 2015). 

Finally, we want to explore the specific definition of Social Justice used by other 

researchers in their studies. First, the description of Engineering for Social Justice stated by 

Leydens and Lucena (2014) is: 

“Social Justice is engineering practices that strive to enhance human 

capabilities (goal) through an equitable distribution of opportunities and 

resources while reducing imposed risks and harms (means) among agentic 

citizens of a specific community” (p. 4). 
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This definition, however, has two possible improvements based on other authors. 

First, the vision of Lucena and Leydens does not question the dominant discourses of 

power in which current engineering has been established. That is, there is no clear 

relationship between this definition of ESJ and the power structures that have been 

perpetuated in engineering, generating a very unjust engineering community (Doan, 2017). 

The second flaw of this definition is an instrumentalist and utilitarian view of the 

community. In this definition, the community's positions and opinions are ignored, even 

when, according to Rawls, the community decides the goals, opportunities, and resources 

for the engineering practice (Rawls, 1999). 

 On the other hand, Kabo and Baillie (2015) studied the concept of social justice as 

a lens through which engineering can be understood. The results of this phenomenographic 

study allowed us to identify nine levels at which ESJ can be understood. The spectrum of 

liminal concepts of this study includes: 

1. Social justice as something passive and one-directional: charity, duty, and 

responsibility. 

2. Social justice as something active and participatory: taking action for 

change, being response-able, and participatory undertaking. 

3. Social justice as a lens for deconstruction and critical analysis: “awareness 

about social injustices can only be gained by critical analysis and 

deconstruction, and about how appropriate actions can be devised” (J. Kabo 

& Baillie, 2009, p. 323) 

This definition, as opposed to that made by Lucena and Leydens, is not based on a 

theory (the capabilities approach of Amartya Sen (Walker & Unterhalter, 2007)) but instead 
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seeks to be found on the collective visions of people who is engaged on an Engineering and 

Social Justice class. However, the results are derived from student data, with no experience 

or practical knowledge in developing engineering practices. Therefore, a point of view that 

could complement these results would be the inclusion of engineers developing projects or 

professional activities related to social justice. It is noteworthy that these researchers do not 

come up with a single definition of ESJ, which supports Riley's (2008) view, claiming no 

universal definition. 

Finally, several studies tried to study specific aspects of social justice and their 

relationship with engineering. Some examples are the studies of Chicanx and Latinx 

communities of Joel Mejía (Mejia et al., 2015; Wilson-Lopez et al., 2016) or the feminist 

studies of Donna Riley (D. Riley et al., 2015). Even when these possible approaches or 

lenses for studying engineering and EP have been developed, there is no consensus about 

the concept of ESJ. This research seeks to contribute to creating a definition of social 

justice and its relationship with engineering. 

2.4. SYSTEMIC APPROACHES TO ENGINEERING AND SOCIAL JUSTICE 

 

Now, the question that remains is, why and how should we think about the practice of 

engineering and its deconstruction in terms of social justice? We have already discussed 

some of the aspects that interest us inside engineering and the need for changes in its 

practice. Nonetheless, it is worth elaborating about community and social transformation 

for social justice. The engineer's work is based on the conception, design, and 

implementation of artifact improvements. All these results from an economic, social, 

environmental, and cultural operation, on which to think that there is better and worse 

makes sense. In a general sense, the difference is engineers' direct responsibility for 
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thinking, unlike other social systems. From the origin of operations research and work 

design, cradle and father of industrial engineering, the theory has focused on studying and 

designing social systems, systems in which people play the critical role (Ackoff, 1988). 

Although engineering applications have been diversified in the last 20 years (Johnson et al., 

2018; Mendoza-Chacón et al., 2016), what remained constant is the notion of improvement 

in systems where people matter, systems of human activity.  

The human activity systems are notional system which expresses some purposeful 

human activity (Checkland, 1981). These systems are notional because intellectual 

constructs are included and not explanations of actual real-world doings (Banathy, 1988). 

There are several examples of human activity sets related to each other to form a whole 

(system) (Larsson, 2001).  Even though human activity systems form a whole emphasized 

by other systems' existence, this kind of system is often designed (Larsson & Malmsjö, 

1998). Therefore, the design of human activity systems, being an activity typical of 

industrial engineering, can be considered in terms of the distribution of benefits, power 

structures, and, in general terms, as a result of ESJ.  

Based on the need to design socially just human systems, studying the existing 

methodologies for designing human activity systems from a social justice perspective will 

be valid for this thesis's work. Looking at human activity systems and social systems in 

industrial engineering can identify several trends and epistemologies, but two major social 

justice trends are of interest.  

First, studies in soft systems, born from Peter Checkland (1981), were mainstream 

during the 1990s. This type of systems research has sought to connect systems thinking 

with the practice of social systems engineering. This vision derives tools such as the Soft 
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System Methodology and goes along with organizational cybernetics tools such as the 

Viable System Model (Espejo, 2003). These models use the human activity systems as a 

constructivist tool for designing and diagnosing social organizations (Ackoff & 

Gharajedaghi, 1996). This is also complemented by a study of the observer and his 

conception of social systems (Nelson, 2003; Reynolds, 2005), in which participation is 

essential in constructing a social identity.  

On the other hand, we see the school of C. West Churchman (Wilby, 1997) as the 

birth of Critical System Thinking. As in the tradition of soft systems, this line of thinking of 

human activity systems focuses on critical theory for people's emancipation from power 

structures (Tsivacou, 1992). Because of this work, the Critical Systems Heuristics (Ulrich, 

1987) is derived. This is a tool for designing social systems in which emphasis is placed on 

Boundary Criticism. As a result, the designer's assumptions about the human activity 

system become evident and the implications regulations of the design itself. To date, this is 

the only systemic tool in which explicit use of critical thinking is made (Maru & Woodford, 

2001). However, the application of the systemic in complex human systems to create 

equality has its most remarkable example in Stafford Beer and Raul Espejo's work with the 

president of Chile, Salvador Allende (Thomas, 2006). Before the coup d’état of Augusto 

Pinochet, these two organizational cybernetics, together with government officials, 

designed a viable system model for Chile's social, economic system, which in turn sought 

political freedom and democracy(Thomas, 2006). 

What remains mainly ignored in the study and design of social and organizational 

systems is the systemic study of social justice problems and engineering relationships.  

Even when alternatives exist as alternative praxis, and the importance of the study of 
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systemic sustainable development has been mentioned on some occasions (Bell & Morse, 

2005; Jensen, 2016; Jones et al., 2017), systemic thinkers need to keep their eyes open to 

the changes required for a just and equitable society. It is a prevailing need that human 

activity systems in which the industrial engineer's practice is developed should be seen 

through social justice lenses.  

2.5 ILLUSTRATING ENGINEERING FOR SOCIAL JUSTICE AS SYSTEMS 

 

Finally, the last aspect that must be considered in this thesis will be representing 

engineering practices for social justice. Within systemic thinking, in addition to the 

methodological tools and heuristics presented in the previous point of the document, some 

models and representations help us understand and capture the systems in which we find 

ourselves immersed. 

The use of models and modeling of complex systems has been debated for many 

years. First, the models traditionally used within systemic thinking are based on 

understanding the dynamics of systems behavior, their structure, and the feedback that 

exists within them (Ackoff & Gharajedaghi, 1996). Second, the models used are usually 

tools associated with engineering processes (Olaya, 2012, 2019), and the knowledge of 

science and mathematics is connected to the art of graphic representation. Finally, the type 

of models that work in systemic thinking is based on the participation of the various 

stakeholders that are part of the system, which gives the models richness and depth 

(Damart, 2010). Voinov et al. (Voinov et al., 2018a) have compiled these models, including 

levels and flow models, agent models, and causal loop diagrams. 
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Although some multiple methodologies and models help us interpret the world (as 

evidenced in the previous paragraph), systemic thinking's potential to study social justice 

has not been fully explored. First, many of the authors analyzed during this research and 

who work in the search for social justice pursue eliminating the systemic barriers in access 

to communities' opportunities (in general terms) (Gibson, 2004). These interventions are 

based on a broad understanding of the social dynamics that develop in this social group 

(Hatmaker, 2012) and the barriers to implementing these solutions (Roberson & Colquitt, 

2005). Although such interventions are effective in most cases and improvements in 

conditions are evident, in some cases, these are not sustainable or fail over time (Baillie & 

Catalano, 2009). Using systemic models would allow us to anticipate, based on an 

understanding of the social system and its dynamics, solutions based on possible scenarios. 

Second, we see the potential that participatory modeling has in building a vision of social 

justice (Mpelogianni & Groumpos, 2018; Voinov et al., 2018a). From the aggregation of 

the different perspectives of the social actors in a context, systemic models can represent 

social justice and its dynamics. 

Therefore, from systemic models, we can represent the practices that engineers 

carry out to implement projects that seek social justice. Through understanding each of 

these projects as a system of human activity and conveying it through a systemic model, 

this thesis search for a novel approach to the problem of social justice in engineering. 

Although any possible model is just a simplification of reality, these organizational 

dynamics and engineering projects are unique and broaden our understanding of social 

justice. 
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2.6 RESEARCH GAP 

 

Once all the central themes of the present investigation have been reviewed, it is 

essential to point out the articulation within the current research. We made a conceptual 

map summarizing the central aspects and the relationships between the various concepts 

studied in this document. This map can be found in figure 2.1. 

 

Figure 2.1. Map of the literature review 

From this expanded study of the literature and the fieldwork carried out for this 

research, four knowledge gaps have been found that will be addressed to consolidate a 

methodology for the implementation of engineering projects with social justice: 

 As seen throughout the literature review, researchers worldwide have made a 

remarkable contribution to understanding social justice. However, research on the 

engineering practices involved in this type of practice is limited, as most has been 

carried out from theoretical studies. Most of the practical studies are carried out in 
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educational contexts and focused on the construction of meaning. Even fewer 

articles provide information on the projects carried out from the impact of social 

justice on the results obtained. 

 Little attention has been paid to the analysis of engineering projects for social 

justice through a systemic perspective, and little priority is given to the exploration 

of their social and cultural dimensions typical of the contexts in which these 

projects are developed. In particular, the impact of engineers' and communities' 

practices on decision-making and social project management systems remains 

underexposed. 

 Proposing comprehensive solutions where technology transfers meet community 

intervention strategies to be autonomous is an essential priority for Engineers 

Without Borders Colombia. However, there is no unified framework for developing 

creative and self-sufficient engineering solutions to social and environmental 

problems grounded in social justice. 
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CHAPTER 3. METHODOLOGICAL APPROACH TO SOCIALLY JUST 

ENGINEERING PRACTICES 

3.1 STUDYING AND INTERPRETING THE WORLD 
 

The biggest challenge of this research is designing a research methodology that combines 

several tools harmoniously to study engineering practices. Then, a general framework was 

selected to guide this thesis project, using three research methods. First, before presenting 

the methodology, some basic principles about systems thinking need to be described for 

clarity. 

 

Figure 3.1. Systems Thinking Iceberg Model (Bryan et al., 2006) 

 It is vital to recognize the very structure of systemic thinking and its role within this 

project. As can be seen in Figure 3.1, the way of representing systemic thinking resembles 

an iceberg. In this model, there are different levels on which the systems and their 

behaviors can be analyzed. As research goes deeply into this model, the systemic 

understanding of a phenomenon is greater. Thus, the methods that accompany this research 

should aim to reach the deepest levels. 
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 Given that this research's objective tries to elucidate attributes of socially just 

engineering practices and, in turn, propose recommendations for the current engineering 

practices, it is necessary to determine the level of analysis that is appropriate. First, when 

we talk about events or patterns, the central point is the behavior of certain variables that 

help us identify the vision using the actors in the system. Second, by using an approach 

from systemic structures, it is possible to understand how the system's dominant behaviors 

and patterns are produced and how work is done to make changes in mental models 

operational. Finally, at the level of mental models are the values, beliefs, and assumptions 

that allow the system to function specifically and guide systemic structures. Therefore, this 

research will follow a bottom-up model in which mental models will be analyzed, their 

structures to achieve specific patterns that allow social justice to be included in engineering 

practices. 

 

Figure 3.2. System Thinking Loop (Cabrera & Cabrera, 2019) 

 

1. Observing the reality 3. Building mental models 

2. Creating 

concepts and 

beliefs 

4. Get feedback 
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 In this way, and given the above considerations, it was determined to carry out a 

methodology that connects engineering projects' reality and explores the mental models that 

underlie the engineers who carry them out. Furthermore, understanding these mental 

models should allow us to understand systemic structures. For this, a methodology based on 

the systemic thinking loop will be used, shown in figure 3.2. This methodology will be 

described in detail in the next section. 

3.2 METHODOLOGY: MENTAL MODEL ADJUSTMENT 

 

In the first phase of the study (observing the reality), data collection methods gather 

information about the past and present of each one of the cases presented in the problem 

statement. Semi-structured interviews were conducted with the participants of these case 

studies. The selection criteria were engineers who participated in the projects, non-engineer 

members of the projects, and community members who benefit or were affected by the 

projects. The number of interviews included at least two participants of each category for 

each project due to time constraints and representative data. Data saturation was reached 

when sampling more data will not lead to more research questions. Each of the discussions 

lasted no more than two hours and audio-recorded and transcribed verbatim. The interviews 

captured interactions from both male and female participants from both younger and older 

generations. Participants will be invited to explore the application of engineering practices 

through the lens of social justice. Engineering participants were asked questions such as 

‘What was the project about?’ ‘What do you understand by engineering practice?’ ‘How 

does the community influence your engineering practice? ‘How your personal engineering 

practice framed the results of the project? The other participants were asked questions such 

as ‘What was the project about?’ ‘What were the results of the project?’ ‘How do the 
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engineers influence the community? ‘How your personal experience framed the results of 

the project? 

3.1.1 ACKNOWLEDGE SOCIAL JUSTICE 

 

The first part of the data analysis was a systemic phenomenographic study. Considering 

that this thesis looks for descriptions of human activity systems, phenomenographic 

research highlighted the central aspects of the vision of community engagement and 

engineering practice. All interviews were transcribed, and the transcripts were subjected to 

iterative phenomenographic analysis. The transcripts related to a specific question were 

read, and a set of description categories were devised. This process was iterative until no 

more themes could be formalized in a system of developed conceptions, and no more 

categories are found in the transcripts. 

Furthermore, Terra and Passador's (2015) considerations about the systemic side of 

phenomenographic studies will be included to create the description categories. First, the 

relationships between the concepts were considered and eliminated from the analysis. If the 

objective is to find the fundamental concept, any possible correlation must be 

acknowledged. Second, the researcher recognized his/her relationship with the system 

under study. The result, obtained from the transcripts, contemplates nothing but the concept 

units needed so that the problem may be perceived as it is. To build trustworthiness, two 

methods were (Leydens et al., 2004). First, a triangulation of the results and the categories 

were conducted with the available information on the literature, other theses, and students' 

works. Second, member checking was included to comment and criticize the results and 

categories. Finally, these categories were associated with the systemic models in the 

following chapters.  



49 
 

3.1.2 DESCRIBING MENTAL MODELS 

 

After defining the categories of engineering practices for social justice, it is necessary to 

understand systemically how these practices can be fostered. To accomplish this task, these 

practices were represented through Causal Loop Diagrams (CLD).  These diagrams are a 

tool derived from the studies on Systems Dynamics and formalized by Dennis Meadows, 

whose objective is to model complex systems (Meadows, 2016), such as engineering 

practices. This diagram relates key system parameters called variables by relationships 

displayed as arrows and are accompanied by a polarity representing the type of relationship 

(Allender et al., 2015).  

When this diagram has one or more "closures" between its relationships, we have a 

causal loop, which can positively or negatively affect the relationships between its 

elements.  This map, additionally, can be used to elicit mental models for both individual 

and organizational learning (Baugh Littlejohns et al., 2018).  

 This tool helps to understand possible future states according to the connections and loops 

of the existing system. This tool connects the qualitative knowledge of each of these 

interviews and transforms it into comparable mathematical models (Kok, 2009) to conclude 

the conditions and strategies of each of the maps created. This method will be carried out 

using Vensim(c).  

3.1.3 CONNECTING THE DOTS: RECOMMENDATIONS 

 

Finally, the possible trajectories and the project actors' relationship must be evaluated using 

the exact parameters of the causal loop diagram created in the second step. Therefore, these 

maps will change according to expectations, and stakeholders will validate future scenarios 
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in which engineering practices help improve communities' quality of life. Because this 

method includes quantitative data, these models can be compared in terms of the definition 

of social justice. 

This study uses Qualitative Comparative Analysis (QCA) (Schneider & Wagemann, 2010) 

to complement CLD results. This is a method based on set theory that pulls a systematic 

comparison of causal and outcome conditions to visualize and analyze causal complexity 

(Friel et al., 2017). Using counterfactual analysis and logical minimization, this method 

compares cases as configurations of factors (Ragin & Rihoux, 2004), observing practical 

information, and subsequently making causal interpretations based on the logic of causal 

necessity and sufficiency (Schneider & Wagemann, 2010). QCA develops a conception of 

causality based on complexity and equifinality, which means that different causal paths, 

relevant in a distinct way, may produce the same result. This method will be carried out 

using the QCA and QCA3 packages of R®. The data included in the analysis were: (1) the 

concepts studied in the phenomegraphic study, and (2) the causal relationships between the 

concepts 

3.1.4 TRANSFORMING HUMAN SYSTEMS THROUGH SOCIAL JUSTICE 

 

In the second phase, to achieve a result that is also systemic and allows integrating the 

participants' visions and perspectives, a structured picture was required.  Following the 

participatory action research structure, with its implicit systems approach for tackling 

complex problems for the quest for justice, is necessary to help the community exercise 

their rights and improve their living and political conditions. Furthermore, this exercise 

must unveil the unfairness of subordination and exploitation in which peoples live; 
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meanwhile, the proposed strategies were implemented and evaluated. Thus, workshops 

with the community were oriented to three main activities: 

 Workshop for problem identification: This group of workshops looks to 

understand the current situation of the place, the community's relationship 

with the local government, non-profit organizations, environmental 

agencies, and organization owners. These activities were designed using the 

specific features of the engineering practices analyzed in this thesis for 

proper ill-structured problem identification. In this phase, the selected 

actions included additional workshops. 

 Planning sessions: Along with the problem activities, three factors were 

essential for implementing any proposal related to social justice. First, 

participatory analysis of the stakeholders that should and can be included in 

any possible solution. Second, the community needs to identify specific 

leverage points for the targeted problematic situation. Finally, realizable 

solutions that can be manufactured or employed locally need to be placed. 

Each step was organized as workshops with the community, in which 

community knowledge is included. 

 Workshop for the validation of the solutions: Finally, the possible 

trajectories and the community's relationship with the project were evaluated 

using the strategies found with the research methodology. Therefore, the 

current situation from the first step should be tackled with the specific tools 

developed. Because this method includes qualitative data, the results will be 

assessed in terms of the results of the previous chapters. 
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3.3 BACKGROUND: ENGINEERING PROJECTS STUDIED 

3.3.1CONTEXTUAL STUDIES: ENGINEERING PRACTICES IN PROJECTS 

 

This project will approach reality by studying three separate cases. In the first case, we will 

explore the development of socio-technical solutions for mercury substitution. The MAPE 

project has the objective of Participatory analysis of artisanal and small-scale gold mining 

(MAPE) in Andes, Antioquia. Andes is a municipality in the department of Antioquia, with 

a total population of 41,591 inhabitants, the population of the municipal seat is 19,176 

inhabitants, and the rural sector 22,415 inhabitants. Regarding the main economic activities 

carried out in the Santa Rita district, five were identified: Production and 

commercialization of coffee, stone mining (and a minority of river), retail trade, production 

and commercialization of plantain and tourism (corresponding to approximately 3% of the 

total local economy). This project seeks to describe the impact of MAPE in the 

municipality, based on the environmental, social, and economic variables involved, to 

understand the problem systemically. In this case, we are interested in three aspects: the 

community's involvement, the co-creation of engineering solutions, and the concept of 

humanitarian engineering.   

In the second case, we will study community involvement in designing and 

implementing social justice proposals through the efficient management of natural 

resources. The project Liga del Agua was carried out by Ingenieros sin Fronteras Colombia 

in more than 15 rural and semi-rural schools of the Guavio and Sabana Centro regions. The 

Sabana Centro and Guavio provinces have substantial water abundance. The Guavio 

province, a significant producer and water supplier for Bogotá, has a frail ecosystem, and 



53 
 

factors as the demand for land for housing and its proximity to the city lead to a mining 

over-exploitation of large volumes of building materials and the deforestation, gravely 

deteriorating the environment (Acero, 2016). This has led to a general misperception of the 

availability of water resources. Several factors such as climate change, extensive stock 

farming, mining activity, and unregulated economic development considerably affect these 

regions' hydric sources and endangering their water sustainability. This project's industrial 

engineering proposal was to foster good consumption habits in the students by creating 

low-cost technologies and using gamification for student participation. In this case, we are 

interested in three aspects: the community's involvement, the democratization of 

engineering knowledge for the generation of sustainable technological solutions, and 

critical theory as an intervention tool in engineering.   

Finally, we are interested in understanding the relationship between the innovation 

processes generated by society, its relationship with technological development, and, more 

importantly, its relationship with the tools and methods of IE.  For this purpose, this study 

will work with the Parque Científico de Innovación Social. This park's mission is to 

promote science-based social innovation by articulating researchers and communities in 

projects where governments, companies, municipalities of Cundinamarca, universities, 

donors, and community members work together towards social problems. Two projects of 

the Social Innovation Scientific Park will be evaluated: Emprendeverde and Green 

Business Networks. These projects study strategies to improve the supply chain of rural 

small businesses regarding access to the markets and the transformation of production 

through democratic and just processes.  In this case, we are interested in two key aspects, 

the relationship between industrial engineering practices and the creation of democratic, 
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heterarchical networks for sharing knowledge and resources and the non-hegemonic 

engineering practices implemented by the research team. 

3.3.2 APPLICATION CASE: RURAL WATER SERVICES ORGANIZATIONS 

IMPROVEMENT   

 

Teorama is a Colombian municipality located in the department of Norte de Santander. Its 

population amounts to 21,524 inhabitants. Given the extraction of nonrenewable resources 

(oil), the inadequate infrastructure conditions, the low coverage and quality of public 

education, the discouragement of production agriculture, illegal armed groups, coca 

cultivation, and the lack of a state presence, this municipality has a delay in their 

development compared with other towns of the region.  

Currently, Teorama - Norte de Santander has a water system built more than 30 

years ago. Moreover, these waters are highly contaminated with waste products from pig 

farming, and there is no adequate mechanism to determine the potability of the water. Then, 

the collected water must be treated every 3 hours to "ensure" its potability. The latter is the 

main problem that the project will focus on to improve the quality of the water, which is an 

indispensable resource for life.  

 This project was developed with engineers from three institutions and students of 

Universidad de los Andes. The project duration was one year, starting on July 2020 and 

almost to be finished to the moment of the thesis defense. The required budget was 

provided from the Ministry of Science funding for this research.  
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3.4 ETHICAL CONSIDERATIONS 

 Regarding the Universidad de los Andes' IRB procedures, the following activities were 

granted during the research. First, the project was be presented to the Universidad's Ethics 

Committee, which evaluates this thesis's procedures and risks, approving to start 

collecting data. Second, informed consent was given to each participant before the 

interviews, workshops, or activities carried out by this research project. This document 

was endorsed by the Ethics Committee of the Universidad de los Andes and follows the 

guidelines of Resolution No. 8430 of the Ministry of Health, which evaluates the research 

projects and determines that it will not represent any risk for the participants. Finally, to 

guarantee confidentiality, anonymity and protect participants' privacy, nobody was asked 

to register your name or reference data at any time. Each participant had a pseudonym, 

and their answers will be stored in a computer under that pseudonym and not by name. 

Also, the pseudonym was associated with your answers, and the name of the participant 

will not be used in any report or publication of results.  

 When gathering information about the projects, conflicts of interest with the region's 

productive sectors and municipal and environmental authorities can be created. The 

problem was mitigated by including these actors in evaluation and community 

participation, which also helps eliminate possible biases within the information. 

 When inquiring about the social situation, I can also create or relive problematic 

situations within the productive activity contexts. Therefore, there were protocols for the 

care of information, anonymous use of it, and, above all, informed consent of the entire 

process that will be carried out. In the event of a situation that generates trauma to the 

participants, the session was finished. Also, the support of a psychology professional will 

be sought to support the process. 
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 The information collected will be securely collected through participatory observation, 

questionnaires, and semi-structured interviews that give people the freedom to express 

their opinion. This information will be stored anonymously, and only measurement 

instruments were made available. 

 A declaration of conflict of interest must be made when undertaking research work 

related to the institution, its policies, and its decisions so that my situation can be made 

known to the public or excluded from the process of being necessary. 

 There is a conflict of interest with Ingenieros sin Fronteras Colombia and Waste for life, 

non-profit organizations that promote social causes around managing natural resources 

and social justice. Any decision related to these organizations were informed at the time 

of the investigation. 

 A possible case of fraud or falsification can occur in one of the following circumstances 

(1) when comparing the data of the various case studies, the information does not agree 

or support different hypotheses. This cannot lead to thinking about manufacturing the 

data, so the data agree with the theories or (2) if none of the hypotheses have significant 

research support. A backup plan will be designed in these cases, allowing the researcher 

to continue or refocus at an appropriate time. If the backup plan fails, the information 

obtained because of the investigation will be delivered with the conclusions obtained in 

the study. 

 Finally, it will be ensured that the people who support collecting the information do not 

invent it or manufacture it to carrying out the process. For this, they will be appropriately 

trained and supervised throughout the process. Also, adequate instruments that minimize 

any associated risk will be delivered. 
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CHAPTER 4. UNDERSTANDING COMMUNITY ENGAGEMENT FROM PRACTICE: 

A PHENOMENOGRAPHIC APPROACH TO ENGINEERING PROJECTS 

Engineers working on community projects seek greater engagement using 

various social sciences and engineering approaches towards this goal. In 

response to this need, researcher attention has turned to the impact of critical 

methodologies, especially social justice and community design, and benefits 

to both engineering and community partners for significant benefits on 

projects with social impact. However, there is no single concept about 

engineers' community-engaged practices, making it challenging to implement.  

This study uses a phenomenographic approach to examine how a group of 

engineers and community members conceptualized their involvement in 

community-engaged practices. In addition, we identified an outcome space 

where people conceived their community engagement in five ways: as 

interdisciplinary endeavors, work with a community problem, co-design, and 

elimination of systemic barriers. These concepts allow us to see a progression 

in the involvement of engineers with the community and highlight the 

importance of systems literacy and social justice in the more complex 

concepts. Finally, working with and within engineering projects, we suggest 

that engineers approach engineering projects as active members rather than 

adopt approaches that render community work in passive roles. 

4.1 INTRODUCTION 

Whether in the construction of pyramids, the consolidation of empires in Europe or Asia, or 

the time of colonial expansion, engineering has played a central role in the transformation of 
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social and cultural processes (Amadei & Wallace, 2009). Some established ideas about 

engineers' work and practices, including working in oil, food, commerce, infrastructure, and 

energy companies, have evolved over the years. Furthermore, as we know, engineering has 

been shaped by each territory's social and economic conditions (Leydens et al., 2014). 

Engineering story has made their work the pivot of humanity's coming years and centuries. 

Immersed in these relationships between technology and humankind, society made 

engineering, and engineering made society (Baillie, 2009; Osorio, 2003) 

Engineering has always been related to society through artifacts creation and systems 

design. These artifacts and systems result from practices whereby engineers have created, 

modified, improved, or eliminated material, social, or organizational elements in the world 

(Ostrom, 1980). Furthermore, shaped by social forces, engineering is an engine for 

destroying the environment, communities' relationships with their place or culture, and 

segregating people. Nevertheless, engineering also has the transformative potential to be the 

engine for removing the systemic barriers that exist to access the modern world's benefits (J. 

Kabo & Baillie, 2009). 

Initiatives for society's development in engineering can be traced back to 1968 when 

Silent Spring's book begins movements in the world for sustainable development. Later, 

engineering movements focused on humanitarian action start their work as well. Some of 

these initiatives began to take shape as Engineers without Borders, whose objective is 

“partnering with communities to meet their basic human needs” (EWB-USA, 2021), with 

France being the first country to consolidate this group (1982) (Natero et al., 2010). This 

initiative was followed by countries such as the United States (1992) and, some years later, 

Global South countries such as Colombia (2007) (Ramírez et al., 2018). This motivation 
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allows the setting up of other Engineering for Social Justice and Peace whose approach is to 

“create engineering practices that enhance gender, racial, class, and cultural equity and are 

democratic, non-oppressive, and non-violent” (ESJP, 2021), or Humanitarian Engineering 

whose approach is “the application of engineering to improving the well-being of 

marginalized people and disadvantaged communities” (Wikipedia, 2021) 

The recent pandemic has helped humanity think about engineers' roles and, more 

significantly, invited them to reflect on their professional engineering practice. Some of the 

causes of the development of pandemics, like Covid 19, can be traced to problems like 

deforestation (Brancalion et al., 2020) or capitalistic societies (Laster Pirtle, 2020), highly 

related to engineering endeavors. Furthermore, some of the consequences of this pandemic 

include more significant social inequalities (Dorn et al., 2020) in topics like racial access to 

health services (Abedi et al., 2020) or learning inequalities (Saavedra, 2020; W. C. Smith, 

2020). Likewise, the current situation asked us to appeal to the human side that we have 

forgotten. Thus, engineering becomes very important; the world needs that engineering 

transforms a society by taking responsible and critical action while responding to our grand 

challenges when everything stops being on hold. This approach, however, requires that 

engineers include other actors to address the mentioned consequences of this pandemic. 

Therefore, understanding the motivation of the engineers that become part of social and 

environmental movements inside engineering is the starting point of this article. 

Although many of the concepts developed around the idea of “community-engaged 

practices” for engineers come from theoretical visions, the humanitarian engineering 

tradition seeks to generate a design under restrictions to improve neglected people's living 

conditions directly (Borys, 2019).  Burnham (2009) also talks about having a comprehensive 
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perspective on problems. Additionally, technical skills are augmented by a social, economic, 

and political understanding of human systems' complexity. Hill & Miles (2012) also show a 

human aspect usually ignored, highlighting the link between engineering practices associated 

with community engagement and emotional responses. Despite no single definition for the 

term in the literature, there are vital aspects of “community-engaged practices” that can be 

studied from professional engineering. Therefore, the absence of studies about engineers who 

include “community-engaged practices” in their work is a gap that needs to be filled; actually, 

it is necessary to examine how engineers define their practices in the fieldwork and the 

relationship of these practices with the concept of “community engagement.” 

Community-engaged engineering projects have been developed in Colombia for 

about 20 years (Ramírez et al., 2011).  Where some significant research-led developments 

related to community engagement are taking place, engineers can move the barrier between 

engineering and social needs and implement various methodologies and approaches for 

community engagement. The idea of engagement takes many forms across different projects, 

reflected as a set of practices to develop relationships with the community, teaching, and 

learning sectors. Consequently, this article studies three engineering projects in Colombia 

that advance in improving rural areas' social and environmental conditions.  

This study used phenomenography to explore how engineering practitioners reflected 

on their practices; thus, phenomenographic approaches aim to produce insights into the 

collective human experience (Åkerlind et al., 2005). Phenomenography in higher education 

research reflects the approach's focus on how differing conceptualizations of phenomena are 

situated within and related to a given context. In addition, researchers emphasize constituting 

categories of different meanings relating to how particular phenomena are experienced. In 

this case, engineering practices describe the different analysis outcomes and explore 
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underlying meaning within categories (Marton, 1981). Furthermore, researchers aim to 

identify a logically inclusive structure in their findings, referred to as an outcome space, 

following iterative analysis and re-analysis. Finally, some categories are related to others. 

A description of the methodology is made in the following section, emphasizing the 

project's importance. The third section shows the results of implementing this methodology 

and the different conceptions that came up. Finally, the conclusions on the usefulness of the 

different conceptions in the solution of socio-environmental conflicts are shown.   

 

4.2 METHODS 

 

4.2.1 PARTICIPANTS 

Having received ethics approval, the research team approached three Colombian 

organizations involved in community engagement or supported engineering participation in 

community-engaged activities. The first organization, Engineers without borders Colombia, 

recommended working with the project "La Liga del Agua,” in which engineers work with 

high school students in rural areas for water-saving through information technologies and 

prototypes. This project was selected because of its main characteristics, the involvement of 

rural communities for water saving, the democratization of engineering knowledge for the 

generation of sustainable technological solutions, and critical theory as an intervention tool 

in engineering. The second organization was the Center of Humanitarian Engineering of 

Universidad Sergio Arboleda, who suggested working on the Artisanal and Small Mining 

Project, where engineers and economists work with informal gold miners in Antioquia 

(Colombia) to substitute mercury during extraction. This project is interesting because of 

the community's systemic model, the co-creation of engineering solutions, and 
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humanitarian engineering concepts applied to the project. Finally, the Scientific Park of 

Social Innovation of Corporación Minuto de Dios invited us to meet the Empreverde 

project, in which engineers and other professionals supported small rural businesses' 

transformation into green companies, including the commercialization of the products. This 

project included two characteristics that stand out, the relationship between engineering 

practices and the creation of democratic, heterarchical networks for sharing knowledge and 

resources and the non-hegemonic engineering practices implemented by the research team. 

From each one of these projects, we determined three different groups that were 

considered. First, the engineers who worked or work on these projects were chosen. For 

this group, activities and practices carried out in these projects were evaluated. Second, 

professionals from various careers were also selected to be part of the project, who played 

an essential role in these engineering projects by giving a complementary view of the 

practices carried out by the engineers. Finally, members of the beneficiary communities or 

participants of these projects were invited, who completed the possible visions of interest in 

the practices applied in these projects.  

Variation within a sample group is vital in every phenomenographic research; 

therefore, researchers aim to maximize how the outcome space can logically relate to the 

population as represented collectively by the sample group (Baillie et al., 2013; Harris, 

2011). Twenty participants volunteered from these three projects participated in semi-

structured interviews whose demographic variations were recorded in the sample in Table 

4.1.  

Table 4.1. Demographic variation in the sample 

Demographic characteristics 
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Roles  Entrepreneur, university professor, 

freelancer, researcher, dean, project manager 

Disciplines Industrial engineer, environmental engineer, 

electronic engineer, business studies, 

economics, mechanical engineer, ecology, 

sociology, agroecologist, computer science, 

mathematics 

Gender Woman: 9 

Man: 13 

 

Variation in this sample group is notable in terms of professions. Different sides of 

these projects are represented, and near-even gender split. This variation would support the 

investigation into the various ways that engineers envisioned their practices across other 

projects. 

 

4.2.2 INTERVIEWS 

Phenomenographic approaches to interviews were designed to encourage interviewees to 

reflect on their own experiences and practices, shifting from tacit knowledge to explicit 

knowledge (Akhavan et al., 2018). For this project, Researcher # 1 gathered data through a 

series of instruments and techniques. First, all interviews were conducted and recorded after 

signing informed consent. Later on, interviewees answered a basic questionnaire related to 

the types of projects and activities they work or worked. Afterward, participants were asked 

about their perceptions of how they convey the topic of social justice and its relationship 

with their practices. Finally, Researcher # 1 inquired how community-based projects 
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influenced interviewees' professional practices and requested situated examples. At any 

point, interviewees could include meaningful topics outside the required questions, 

prompting a range of unstructured items to elicit their responses.  

 

4.2.3 ANALYSIS 

Analysis began after all the interviews were transcribed, then researchers conducted a close 

reading of all transcripts, seeking common topics related to community-engaged practices 

described by the interviewees. The research team adopted a data pooling approach, 

combining short excerpts of transcripts of this team as representing specific 

conceptualizations (Marton, 1981). Early in the process, two research team members and 

one external researcher met to read the same transcript excerpts. In addition, we 

interrogated one another's analysis to achieve some form of consistency in the categories. 

Furthermore, the investigation was iterative and continued for several months as the 

researchers revisited the data. We reduced the number of categories to five by focusing 

increasingly on the critical variations within the practices discussed by interviewees 

(Collier-Reed & Ingerman, 2013). Broadly, the conceptualizations we identified 

differentiate the level of community engagement, the engineers' participation, and the 

inclusion of critical perspectives of the practices. 

 

4.3 RESULTS 

 

The phenomenographic analysis identified five qualitatively different conceptions of how 

people within engineering projects with social impact in Colombia view community-engaged 

practices (Table 4.2). Due to the phenomenon complexity, interviewees express different 
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aspects of the conceptions. Also, it is crucial to highlight that the top categories are better 

than the first ones. On the contrary, each category subsumes the previous categories, making 

the top categories more complete in terms of engagement. Additionally, each category of 

description is supported by illustrative quotations representing critical aspects of each 

category. Finally, since not all excerpts can be presented here, only a few selected samples 

are presented.  

Table 4.2. Categories of description 

Categories of description Summary Key aspects 

Category 1: Engineers 

theorizing social issues 

Community-engaged 

practices are based on the 

contribution from theory to 

solve social problems 

Engineers as problem 

solvers 

Theoretical solutions 

 

Category 2: Engineering 

practices as 

interdisciplinary work 

Community-engaged 

practices are based on their 

contribution to other 

professions in their projects 

Knowledge contribution 

Collaboration 

Conceptual capital 

Category 3: Engineers as 

consultants in projects 

with communities 

Community-engaged 

practices are based on the 

recognition of the 

community as a problem 

source 

Consultee models 

Life improvement 

Communication skills 

Category 4: Co-design as 

a professional practice for 

engineers 

Community-engaged 

practices are based on the 

joint development of 

artifacts to solve social 

issues 

Community knowledge 

Knowledge transfer 

Shared responsibility 

Category 5: Engineering 

practices that eliminate 

systemic barriers for 

communities 

Community-engaged 

practices are based on the 

system recognition and 

social mobilization  

Systemic thinking 

Life transformation 

Social fabric 

 

The first conceptualization identified in the study reflects on theorizing about social 

issues within engineering practices. In this concept, community engagement is low because 

these social problems come from data or their perceptions. The following conceptualization 
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includes working with other professions in professional practices, showing community 

engagement depending on the relationship between the "other" outside the study area, and 

nurturing engineering work. These first two concepts have low involvement with 

communities since the engineer remains in his position without recognizing their privileges. 

Then, we see a more personal relationship with the community in the following conception. 

In this category, the practices focused on creating a fundamental connection with the 

community to develop an engineering solution where the community is also part of the 

engineering process, but only as an information source. Then, we find that the following 

conception includes a collaborative process on engineering projects. This process, which we 

call co-design, allows engineers and communities to be part of identifying, designing, and 

implementing the solution. Finally, we see the top conception, the more complete of this 

phenomenography. In this category, engineering can remove the barriers that systems have 

placed on communities as we see a deep understanding of community engagement, which 

allows not only to include people but also to transform the inequalities that exist in the 

context. The last three conceptions show a closer relationship between engineering practices 

and community engagement, with an even more active involvement as higher the category 

is. 

 

4.3.1 CATEGORY 1: ENGINEERING THEORIZING SOCIAL ISSUES 

 

In the first category, we can find engineers who focus their practices on applying 

their knowledge, skills, and competencies in theoretical problems, especially in the 

social sphere: "If my work does not connect me with society, it is not considered 
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work but a waste of time." This group of practices seems to be born of personal 

motivation to contribute to social issues. In terms of one of the interviewees: 

"After graduating from the career as such, then I had some visions, but as very 

short of the reality of the engineer, of which I could see that fieldwork all 

those things that were not necessarily being in an office, no I know dressed in 

suits, meeting a schedule but that other types of things could be done, but I felt 

that they were a little more fun what can be put in that category." 

It is then essential to characterize this type of practice since it corresponds 

to a unitary process or an attitude towards social problems. On the contrary, it is 

evident in this category that exists at least four different approaches to this 

practice. First, a difference must be found between the engineer's reality and the 

expectation about what should happen to determine a social problem, a gap which 

in the words of one of the interviewees: 

"Then, through engineering and the solutions that can be generated, begin to 

close those gaps that exist between the different groups. These families that 

were affected and can achieve the same level as the people who were not 

affected. These families have the same conditions of quality of life, education, 

health, so, for example, it seems that there in many municipalities the whole 

issue of health is total, it will sound horrible, very poor. These conditions 

generate disease and discontent, so I believe that engineering can play an 

important role by prioritizing those places where conditions are not the best."  

According to the text, these differences or gaps shows a need that can be solved: "I 

believe that as an engineer, I think that this is the current design, what would be the 

idealized design and what I want is to close that gap and look for the best options or the 
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process to be done to close that gap." Once the need is identified, the engineer applies his 

knowledge to close this gap with models and new theories.  

It is necessary to recognize the contribution that engineering knowledge can make 

to solve this gap; In other words, it is necessary to find the meaning that engineering has to 

fill these empty spaces: "the ability to interpret what they are requesting and manage, that 

is, it is like how to look at how to solve things even if you do not have complete 

knowledge." Therefore, the practices in this category connect the engineer's perception 

about a social issue and translate engineering work into tangible and intangible products: 

"to translate these social and cultural variables into a product or a service that became a 

game. It ended up being a game, so of course, the question was do the gathering of social 

information, cultural information and turn it into actionable things for a video game." 

Finally, we see that these practices have an early approach to positive contributions 

to society: "Also, as said, it depends on the project, but I also support a lot because, as right 

now. What we did right now was to make an application of accounts for people whom they 

do not know, let's say the things they sell (...) and that once it begins to lose, then if at some 

point the different applications that we are doing should benefit people, what benefits that 

project." 

Consequently, this first category presents a personal but theoretical connection with 

existing social problems. The engineers contribute from their expertise in possible solutions 

that could fill gaps in social contexts. Some authors (Leydens & Lucena, 2014; Moskal & 

Gosink, 2007)  have identified training projects, such as undergraduate or modeling jobs, as 

part of this category. However, we see a more traditional engineering vision, where any 

specific community is included, and the problems and solutions are disconnected from 

reality. 
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4.3.2 CATEGORY 2: ENGINEERING PRACTICES AS INTERDISCIPLINARY WORK 

In this second category, the interviewees' reflections pinpointed the participation of 

engineers in projects in which they are part of interdisciplinary teams. They contribute from 

their area of knowledge to solve problems. These practices are framed in the spaces in 

which engineers converge with other professions and other professionals for the solution of 

the issues: "Let's do one thing where we integrate the private sector, the public sector and 

the community in one single operation where we share transparent information and create a 

prototype (...). Then we said we need economists, engineers, systems engineers, 

mathematicians, architects, and lawyers, and we did an interdisciplinary job and put 

together the first prototype." 

The first fundamental point is the recognition of the need of other professionals 

from different areas for the development of engineering practice because engineers "are 

super-concentrated in the technical part and they do it very well, but they cannot, they 

cannot do it alone because if they do it, they die alone." In other words, engineering 

requires a component of work with other disciplines of knowledge to be effective when it is 

carried out. In terms of one of the interviewees, the result of engineering work comes: 

"From a very interdisciplinary component, I mean, I believe that the engineer 

alone cannot come and do everything, right? Nevertheless, I believe that the 

social sector cannot do everything either or the ecologist. I believe that this 

type of project should be approached in an interdisciplinary way, right?" 

Once the need for active collaboration is recognized, the first challenge is 

generating spaces for collaboration and learning with other professions, as indicated by the 
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following interviewee: "my difference, let's say, from an outside engineer, Well, that one 

way of working here, let's say there is much collaboration in the sense of work." 

Additionally, this work allows us to join efforts in solving problems and, in a 

particular way, to produce shared conceptual capital: "interdisciplinary is fundamental, that 

is to say, do not stay with a single reading because when I speak with engineers, urban 

planners, and economists of different perspectives that are very useful because you add 

much more conceptual capital, yes?" Other vision, from areas such as tourism, shows that: 

"Both engineering and other sciences can be complemented with tourism." 

Also, it can be noticed that this type of collaborative work with other professionals 

allows organization and efficiency to be improved, creating better results: 

C002: Engineering continuously improves processes, procedures, stipulates 

methods, methodology, and you know that we are in a changing environment, 

yes? Organizations must have a flexible structure, yes? Help the market's 

behavior and give the dynamics of the economy, the social issue, and how 

from the structure from engineering I can strengthen it to carry the 

organization's strategy and objectives, yes? That’s what engineering is for 

AA: And do you think engineering is a fundamental part of this project to be 

much better, and do you think it already has it? 

C002: Not yet, obviously everything must be something, I can be better today 

but tomorrow more and I should aim for more if we say today not only see the 

engineering issue if we do not speak other careers that make a 

multidisciplinary team that from all engineering angles, they manage 

everything they can contribute to consolidate an organization. 



71 
 

Finally, this interdisciplinary work for the development of engineering allows 

building bridges in knowledge: 

"It was such a project that had so many institutions involved. I think that also 

building bridges and building ties was another of the implicit tasks that the 

position had, which was to communicate with the schools, communicate even 

though it was a project of engineers without borders." 

Finally, we can see that the engineers' practices in this category focus on the 

contribution from theoretical and practical knowledge to engineering projects. This type of 

task can positively influence a particular social context, although these teams could be 

related to these initiatives without the engineers being directly involved. It should be noted 

that the practices in this category are mainly focused on working with their peers, focused 

on generating contributions with a particular interest in social issues inside the concerns of 

their institutions. 

 

4.3.3 CATEGORY 3: ENGINEERS AS CONSULTANTS IN PROJECTS WITH 

COMMUNITIES 

The third category corresponds to engineering practices that focus on developing activities 

to solve a specific community problem. Like the previous one, this category focuses on 

searching for solutions from engineering to social problems that exist. In addition, contact 

with the communities is reinforced in this category, giving more space to get helpful 

information to solve more specific and relevant issues. 

First, we see that the interests of the engineers who carry out this type of job are 

motivated to contribute to society and touch people's lives more closely: "I see the whole 

reality of the country. Not only in us as engineers and not in all kinds of professions, I see 
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that we can touch the reality of other people, right? When they decide, I do not know, for 

example, to build a house in favor of a low-income family because there it is they make 

many decisions to get people involved." 

Once personal interest is identified, an acknowledgment of the impact engineering 

work has on people is essential; As one of the interviewees indicates: "One of my practical 

obsessions and I think it continues to be how to bring the engineering world closer to 

working with the most vulnerable people and above all to give authentic help, support, 

solutions or whatever we call it to the problems of vulnerable communities. When I say 

authentic, I mean no philanthropy and no welfare." Furthermore, this mostly positive 

impact allows generating engineering solutions that improve the quality of life of 

vulnerable communities: "We are helping the community because it is a project to help 

them improve their quality of life." 

On the contrary, in other cases, we can show that many of these initiatives seek to 

break companies' or academia's traditional scheme. This rupture occurs by allowing a 

fundamental approach to these institutions' problems, giving a leading role to the 

community in the engineering process: "I have worked with indigenous communities, rural 

communities, Afro-Colombians, right now with a focus on climate change. Obviously, 

being in academia, the time available to work in the field is not as much as it could have 

been before, right? However, let's say that the approach from the type of projects I work on 

projects with people." 

First, it is necessary to start with the community's recognition to carry out this type 

of practice. Generally, many engineers recognize that the problems belong to people: "The 

projects that are done here in the park are guided to people, that is, to solve problems that 

people have." Also, it includes recognizing the importance that the process of design and 
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construction of technological solutions have for communities: "I want to be the engineer 

who applies in his projects for the benefit of the community, people and society." 

Once they have been recognized, it is necessary to establish a relationship with this 

community, which occurs when communication is generated, first from listening: "Listen 

and understand the real needs before proposing a solution." Furthermore, it is necessary to 

ask and generate a two-way relationship: "then you go reviewing what you need, you go on 

developing the activity you need. Then, for example, there are places that you need to do a 

little research. There are other parts that, for instance, you need to talk to the community to 

get some information or to give them some kind of information, so you generally speak to 

them, and after that, you start to systematize that information, and you are generating or 

enriching by saying so a document or deliverable, OK? " 

From these conversations, a gap or problem can be raised that must be resolved; 

Therefore, communication is established with people in a specific context, allowing to 

identify needs. "One is working for the other, but the verification of the needs is done from 

the dialogue. You have ideas with the other depending on that dialogue as well, because in 

the context that the other person is also different than I am going to work for example, with 

another team of engineers or professionals to whom I meet and need to identify needs for 

example, of a vulnerable community." 

Then, engineering solutions are generated to solve the identified problem. These 

solutions can, for example, increase the capacities of the community: "an ecosystem is 

being created to improve the capacities of women miners and scrap metal workers and 

some miners in general in the region so that they can access an inclusive economy" or, 

allow the existence of equity in the context: 
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"Precisely people want those aspects of justice to be much more evident in 

everything social. That is why they work so that there is equity, and they work 

so that there is equality. Look, it is valid that, for example, I tell you because 

of how close we are to the Lego contest at the moment. Before it came to us, it 

was an elitist contest; they had access only to high-class schools that had the 

possibility of entering with a special payment. So, we took it and said no if we 

have worked with public schools, we want to show that public schools have 

all that potential. So, we have involved public schools because, also, we are 

consistent with our mission and vision, which is to change lives, change lives 

for the positive." 

Furthermore, in this variation, we can see the emergence of three aspects considered 

relevant to carry out these practices. First, adequate training is required to carry out work 

with the community, especially by academia: "We are simply trying to do to close a gap 

between the academic community and the real sector, close a gap between vulnerable 

people and the solutions they require for their problems and also close a gap between 

training students. We need students more aware of their environment, their context of the 

country in which we live, and their needs. They also need to acquire skills that are not easy 

to receive in a classroom, working with real people, solving real problems and finding real 

difficulties that any professional is going to face." Second, we see the importance of 

transparency in working with the community: "making things transparent for people, that 

is, everyone who is involved, the people who are going to benefit from the project know 

what is being done." Finally, we see that the professionals who carry out these practices 

also comment on the importance of developing a sense of belonging: "It is a beautiful 

experience because you learn from different people both as professionals and people, so 
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you also get very involved with the community, they involve a lot which in a sense, how do 

I say, it is a sense of belonging." 

In summary, it can be seen that this variation in engineering practices has a 

purposeful connection with communities. The traditional idea of working with communities 

is reflected in this category. The engineer works to create an engineering solution that 

arises from a need evidenced by a communication process. However, the community's role 

is to give information to the engineer, eliminating any space to comment and contribute 

ideas to the solution's design. In this author's opinion, this category stills perpetuate some 

ideas of privilege and power inside engineering. 

4.3.4 VARIATION 4: CO-DESIGN AS A PROFESSIONAL PRACTICE FOR 

ENGINEERS 

The fourth category found tells us about engineering practices focused on collaborative 

work with the community to design and build engineering solutions with the community. 

Some authors (Acero López et al., 2019; Duarte et al., 2018) describe this collaborative 

work as co-design or co-construction. Thus, both engineers and the community contribute 

to solving the problem with knowledge, experience, and skills.  

First, as in the previous variation, we find a recognition of individuals and 

communities. However, this recognition comes from understanding people as subjects of 

rights and owners of traditional and empirical knowledge. Regarding the recognition of 

rights, one of the interviewees commented: "the person is consistently recognized not as an 

object but as a subject of law, in which one is continually reminding that they are people, 

that we can do things differently. It is not like the daring engineer arrives but rather I 

believe that there is equal treatment, a construction treatment and also the result is always 
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that it is something participatory ". On the other hand, in terms of knowledge, it can be 

linked to mutual recognition from both engineers and community: 

"In this case, at this point as a researcher, you have the opportunity, right? To 

link the two types of knowledge, yes? Their knowledge is ingrained from their 

ancestral knowledge, even let us say what one has as an academic. What goes 

away developing in the country obviously, because not all communities think 

that all have super good use of resources? It is not always like the indigenous 

imaginary, the Afro-Colombian, rural people making such a super appropriate 

use of their territory. This does not always happen, but you have to know how 

to link that territorial knowledge, ancestral knowledge, with the knowledge 

that academia has." 

Afterward, it is essential that the design and construction process be carried out in a 

participatory manner, that is, with constant work with the participants throughout the entire 

process: 

AA: Thinking about the projects in which you have worked, what do you 

think are those things that have made these projects successful if they have 

been and, if they have not been successful, why not? 

I005: I believe that participatory action, seeking that the communities become 

part of the solution or the design, has led to the projects' success. When the 

opinion of the actors is not taken into account, the projects may fail because 

the actors are the ones who have really had the problem, have lived with it, 

and somehow have experience in what has already been done and has not been 

worked. They also know their interests, who will use the solutions, which is 
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crucial. It is related to empowerment, so if they do not co-design the solutions, 

they will not be empowered, and these solutions may be created in limbo." 

Therefore, if this constant exchange of knowledge exists between the parties, it is 

necessary to open constant communication channels. In this regard, one of the interviewees 

comments: "Just taking the communities into account when designing, we have justice. We 

are fair because the problems are in the communities. Hence, it would be somehow unfair 

to lack the way for the communities to solve external issues regardless of your opinion.” On 

other occasions, engineers must carry out the role of facilitator of the design process: "what 

I want to be like in the end to help many people to solve problems, to empower themselves 

and solve their problems. Not I because I do not have all the knowledge to solve the 

problems, but I do have the skills to act as a facilitator so that the same communities or the 

same people solve their problems." However, the most important thing is to create spaces 

for dialogue that allow a good joint design process: "Each system was unique, but in the 

end, we began to see what we improved.  Then we realized that one of us generated spaces 

for dialogue for people to solve their differences, their discrepancies. we generated those 

spaces where those stakeholders will generate agreements, commitments." 

In addition to a proper technology solution for the context, this collaborative 

process generates both parties' gains. Whether in the construction of new knowledge, the 

generation of durable solutions, or the strengthening of the relationship between the parties, 

this kind of practice promotes a win-win: "It generates value to what you are doing, and 

then you take advantage of the opportunities. I know that sometimes they ask for many 

requirements and that, but you have to comply. But it is also a win-win". Another of the 

interviewees also commented: "the idea was that a methodology would remain from this. 

However, the thesis was going to stay in the library; nobody was going to read it. The idea 
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was really to leave something to the community, a deliverable to the community, and 

empower them." 

Consequently, we see that this category strengthens some of the central aspects seen 

in the previous one. First, the work of the community already takes place from a peer-to-

peer perspective within the engineering practices. This aspect allows a model based on the 

community's active participation in developing, designing, and implementing technological 

solutions. Furthermore, these solutions come from the confluence of different forms of 

knowledge, both from the community and from engineers. Thus, a transfer of knowledge 

makes solutions more sustainable over time, including shared responsibility from the 

solution's users. This variation of the practices allows a constructivist participation model 

based on the parties' knowledge and supported by technology's relationship. 

4.3.5 VARIATION 5: ENGINEERING PRACTICES THAT ELIMINATE SYSTEMIC 

BARRIERS FOR COMMUNITIES 

Finally, this last category corresponds to all engineering practices that help to eliminate the 

systemic barriers for communities. This last category is closely related to concepts such as 

engineering for social justice. Solutions and knowledge are seen as forms of contribution 

from the profession to social transformation, creating opportunities, and eliminating 

barriers. 

First, before starting to recognize the relationship with the community, we find that 

there is a recognition of engineers about the power they have within their profession: 

AA: OK, so that justice is reflected in social terms, let's say what you think 

that what you apply is related to social justice, that's what you just said, right? 

I011: Yes, if I feel that part of the objective of what I wanted to do, I do not 

know if I am achieving it and that is part of my research if it is effectively 
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achieved is to create those or perhaps break down those barriers that generate 

inequities that generate that feeling of maybe forgetfulness, disconnection, 

lack of access to opportunities, to resources. 

We see that engineers connect this perceived power and its relation to the context 

changes. Then, this connection is characterized as an opportunity to contribute to the 

transformation of people and communities: 

AA: How did this work on engineering projects come to you? 

NI001: Well, because here I started my professional internship last semester 

then, and later I liked seeing how engineers in general other careers contribute 

a lot to transforming people's lives, so you kind of get involved a lot, and you 

start to like the topic. 

The first fundamental difference with the previous categories is a systemic 

understanding of these communities' problematic situations. In other words, understanding 

the actors, the relationships between them, their dynamics, and the culture of the place is a 

fundamental skill: 

"Jackson had defined in 2004 the different types of systems. He said that there 

were simple, complex, unitary, pluralistic, and coercive systems, yes? But he 

separated them, separated them, and there is a problem, and it is cool because 

they're in the new book The one who wrote last year he makes a reflection, 

systems are dynamic and changing, yes? However, in those tables, I 

characterized them as static then; what I do in my doctoral thesis is that with 

an intervention from the appropriate engineering for a particular system, yes? 

I can go from a coercive system where we say the actors are not willing to 
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work together. They do not have a common goal. They are not aligned to a 

perhaps pluralistic system where there is a common goal, yes? " 

This recognition is not limited to social dynamics, but in some cases, environmental 

aspects also cross it: 

"The world already needs sustainable solutions; in the matter of 

mining, there is occasionally a very strong problem. I speak specifically about 

gold mining; what mercury is used. You cannot say no to mining because 

many families live from mining, and also mining is necessary. That is, gold is 

essential; we use it even for cell phones; cell phones also require gold. Then, it 

is to understand in a systemic way that are the environmental variables that are 

affected, the social ones, and see them connected. It cannot be that we see the 

ecological, the socially disconnected because they go very hand in hand. They 

are problematic but related to the environmental issue because it is currently 

being needed; what is required from humanitarian engineering what we seek is 

to address current problems. At this moment, the planet earth says, hey, we are 

not able.”  

Consequently, these engineering solutions make it possible to 

dynamize the social fabric: 

AA: do you think that you are currently doing help improving society in 

something? 

I004: Yes, clearly, I believe that here there is an essential vocation of service 

and respect for the communities that personally my objective is very honest in 

my work, I need my job. I live from my work, but there is also a significant 

connotation of wanting to do things. The interventions that one makes in the 
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communities dynamizes their social fabric, generating their development 

processes. Thus, produce one kilo more is one kilo more that represents an 

increase and a possible improvement in the quality of life for their families. 

However, the most important thing is how that change management role that 

one can have with them of insisting, persisting and never giving up that 

changes begin in mind and that there is the possibility of making many things 

is going to happen then we start attacking the consequences from their roots." 

4.4 OUTCOME SPACE 

The outcome space in the ways that engineers understand community engagement is 

described in Figure 4.1. The structural component maps the progressive development of 

interviewees' knowledge and reflects the categories of phenomena described in the results 

section. The categories of descriptions were presented hierarchically in the outcome space, 

from simple to more complete conceptions of the phenomenon. The conceptions 

demonstrated two main dimensions based on the respondent's focus on the phenomenon; 

the two dimensions are: 1) perspectives emphasizing knowledge-intensive practices and 2) 

perspectives emphasizing social work and community relationships. 
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Figure 4.1. The outcome space 

This work's outcomes included five different ways of conceptualizing community-engaged 

practices for engineers—these conceptions and the relationship among them and the 

relationship with the community shaped the outcome space, which represents a hierarchy of 

how the conceptions move from simpler to solid concepts and passive to the engineer's 

active roles. 

The ordering of the outcome space is a construct of the researchers, framed by the 

theoretical framework used. The conceptions were also categorized into two main domains: 

Perspectives that emphasize using the engineer's knowledge and perspectives emphasizing 

social work and relationships with the community involved, prioritizing the transfer, and 

social mobilization. 

An engineering problem solver discourse was particularly apparent in our data, and 

it is widely present in the literature (Jonassen, 2015; Kuhn, 1998). From an engineering 
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perspective, such representations lean towards a vision of value-free design (Olaya, 2012; 

Ostrom, 1980), although generally, these are simultaneously underpinned by personal 

values. Engineering work in terms of theoretical problem-solving was studied by Sheppard 

et al. (2006), where engineer's practice aims to solve undesired situations, primarily using 

technologies and artifacts. Therefore, problem-solving is a fundamental skill defining 

engineering practice (Downey, 2005).  However, Pawley (2009) criticizes that engineers 

believe they can "pick" problems already constructed, and the solutions to these problems 

are engineering practices without any relation to society. Finally, this kind of engineering 

practice tends to "break" the problem into pieces, even when it is proven that a holistic 

approach always has better problem-solving results (Midgley, 1992) 

A widely spread conception of community engagement of engineers as participants 

of interdisciplinary groups appears in this phenomenography. There has been an extensive 

debate occurring in projects related to the role of multidisciplinary work (Jonassen, 2015; 

Skokan & Gosink, 2005), and the main takeaway is that interdisciplinary is needed in every 

engineering endeavor. However, if engineers conceptualize their role in the community-

engaged practice as 'experts' sharing their knowledge in a group of people working for a 

greater good on, for example, design matters, implications arise for the community and 

partners. Although espoused values to contribute and inform the community, the role or 

status is to disappear behind the idea of group knowledge sharing. Additionally, suppose 

the other professional disciplines in these projects conceptualize their participation as 

learning sharing facilitators from the engineers. In that case, it may seem appropriate for 

them to handle the contact with the communities. 
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The following categories in the outcome space suggest that interviewee perceptions 

of their involvement include an appreciation of engineering as people working or getting 

involved with the community during the project duration. These categories incorporate 

more closely the social approach to engineering discourse as a conception of community 

engagement.  Professional areas of engineering, for example, have reflected this extent and 

included the idea of community processes, modeling or inside their way of operating, such 

as System Dynamics (Hovmand, 2014) or Operations Research (Midgley et al., 2018). On 

the other hand, some educators have described the importance of this engagement process 

for the engineers' learning outcomes (Gilbert et al., 2015).  Therefore, those who took 

society's conscience described being engaged with society, giving community space of the 

engineering practices' beneficiaries. However, the community engagement process can be 

viewed from two perspectives in the outcome space. First, a consulted version can be 

viewed in the third category, where engineers work with the community mainly in the early 

stages, such as problem identification or community listening. The idea of community work 

on engineering has been studied previously by other authors (Kalibo & Medley, 2007; 

Ramírez et al., 2015), describing the process as an approach to connect engineering 

solutions to problems and including some participatory models. Instead, the fourth category 

includes more closely the community taking part in designing and constructing the 

solutions. This category is closely related to the idea of co-design and co-construction, in 

which community is included throughout the whole project (Flórez et al., 2018; Maru & 

Woodford, 2001). Finally, empowerment is one of the results of the co-construction process 

because the knowledge and tools used in the project were shared with the community (Silva 

De Freitas, 2019) 
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Our most complex conception represents those engineering practices that create 

artifacts and knowledge that reduce or eliminate the contexts' barriers. This category can be 

related to the idea of engineering for social justice. For example, Leydens and Lucena's 

definition (Leydens et al., 2012; Leydens & Lucena, 2014) focuses on connecting the study 

of engineering practices with human capabilities in terms of opportunities and resources. 

Then, each practice of the engineer that advocates for the creation, maintenance, or 

reinforcement of the capabilities can be envisioned as an opportunity to eliminate the 

barriers to access opportunities. For some interviewees, this kind of engineering practice 

also includes understanding the system where the community is embedded. Provision of 

systemic thinking and practice inside engineering projects is more likely to lead to 

community mobilization and dispositions towards learning and greater societal engagement 

(Acero López et al., 2019; Ramírez et al., 2015). Consequently, conceptualizing 

engineering practices as social justice advocacy facilitates the development of engineering 

projects as enablers of higher-order social transformation (Karwat et al., 2014). In response, 

this research suggests we should be enacting a pedagogical shift from passive approaches to 

learning and teaching towards far more active approaches. 

4.5 DISCUSSION 

This phenomenographic exploration of how engineers, non-engineers, and the community 

conceptualized engineers' community-based practices has yielded an outcome space of five 

conceptualizations of increasing complexity and relevance for responsive engineering 

(David & Newell, 2016). This study does not suggest that individuals exemplified each 

conceptualization, and because the result is an outcome space, the participants can be 

located through this spectrum. Nonetheless, the five categories of understanding related 

logically to one another in the broad context of engineering practices for social and 
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environmental justice (Monteiro et al., 2018). These categories make sense since each is 

readily described and related to several engineering practices, from traditional versions to 

more critical versions. The hierarchical relationship between categories need not imply that 

some categories have more significant social value but could suggest developing 

complexity in how a phenomenon is experienced or made sense (Åkerlind et al., 2005). 

Although categories arise from the pool of meaning provided by the interviewed 

people, it is essential to highlight that each participant can be scribed just to one category. 

Given that a heterogeneous group of interviews was included in this study, further 

exploration of how groups or individuals expressed different conceptions will be carried out 

in the next chapter. While some interviewees moved back and forth between the 

conceptions, some interviewees from non-engineers and community members expressed 

only the first or second conception. These participants believed knowledge integration and 

problem-solving are the best options for engineers in this kind of project. Engineers 

working with the community is the conception held by most of the interviewees. Finally, a 

few interviewees with more experience working in projects with social impact held the last 

two conceptions. 

4.6 CONCLUSIONS 

 

Phenomenography is a valuable methodology for researchers to reflect on 

understanding complex social phenomena such as community engagement (K. Brown et al., 

2016) or social justice (J. Kabo & Baillie, 2009). This study illustrated that there is no 

"right" way of understanding a social phenomenon since people we work with can have 

different views based on their experience, the context in which they live, political opinions, 

culture, and social status. Broadening the understanding of the conceptions of social 
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phenomena held by local groups is an important learning outcome for researchers engaged 

in cross-cultural collaborations. A phenomenographic analysis could assist researchers to 

reflect, and if needed, to change their approaches and projects. As researchers and activists, 

when we become aware that our commonly held views and definitions can differ or may 

not provide a complete understanding of the situation, we can support local groups and co-

create meaningful alternative approaches. 

This study has demonstrated that people working within projects with social impact 

understand the community-engaged practices in qualitatively different ways using a 

phenomenographic analysis, with conceptions ranged from the notion that engineers only 

provide knowledge to engineering practice for social transformation. This study also shows 

that phenomenography, a methodology predominantly used in education research, could 

effectively analyze complex social phenomena. Understanding different conceptions of 

engineering practices in community-engaged projects could facilitate making informed 

decisions and developing teaching and education strategies to yield better outcomes for 

students and professionals. As Marton (1986) describes, 'a careful account of the different 

ways people think about phenomena may help uncover conditions that facilitate the 

transition (Jonassen, 2015; Reddy et al., 2018; Skokan & Gosink, 2005) from one way of 

thinking to a qualitatively "better" perception of reality" (p.33). 
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CHAPTER 5. ANALYZING SYSTEMS OF PRACTICES IN ENGINEERING 

PROJECTS: A SYSTEMIC APPROACH  

 

In the previous chapter, we studied the conceptualization of 

community-engaged practices. The results show five possible 

categories of description in which participants understand this 

concept, organized hierarchically in the outcome space. However, 

we only have grasped the surface of these practices, and in this 

chapter, we will try to understand the underlying structure that 

supports this system of practices. Using a systemic diagram, we 

studied the key factors of this concept, and we created causal 

relationships between them. A deeper look into this diagram shows 

us several causal loops used to develop strategies to improve the 

system performance. 

 

5.1 INTRODUCTION 

 

The idea of society’s well-being is not new. For more than 90 years, concern for social 

problems has been a recurring topic within research, and some of the existing approaches 

have focused on measuring and creating standards (Alker & Russett, 1964). For example, 

gross domestic product (GDP), implemented in 1934, or the Multidisciplinary Poverty 

Index (MPI), established ten years ago, are some of the indicators that exist to measure the 

well-being of a society (Gorobets, 2011). Government and multilateral agencies define 

policies based on these measures to increase people's well-being. 
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However, the GDP and MPI measure economic characteristics, ignoring and 

homogenizing different actors in society. Some theorists, such as Russell Ackoff, suggest 

that the life quality idea has been sacrificed to increase living standards (Ackoff, 1988). 

Other authors such as Brady et al. (2014) show us that the application of these tools is tied 

to neoliberal thinking, perpetuating inequities within social systems. Also, Castillo (2011) 

shows that this is a threat to democracy, social cohesion, and social justice. It is, therefore, 

necessary to generate critical approaches to the idea of well-being in society. 

Some of the first approaches to well-being were born of systems theory, a 

knowledge area established around 1960, looking to understand the dynamics of the 

elements and their interrelationships within systems. One of the forerunners of this 

movement is Charles Smith (1986), who uses dissipative structures for the regeneration of 

social systems. Like Ackoff and Gharajedaghi (1996), other authors show us that increases 

in social group members require a greater variety of strategies and endanger democratic 

organizations. Finally, theorists like Werner Ulric (1988) talk about design as a tool to 

address problems in society. In conclusion, it is necessary to use systemic approaches that 

define problems, design systems, and evaluate decision-making programs. 

Applying systemic thinking to social systems requires appropriate tools to observe 

and understand the behavior of these systems. A model simplifies a more complex object 

that allows for further study and analysis. The field of system theory corresponds to a 

reduction and order of the complexity of a system. Models are then epistemological 

instruments produced due to observing systems that express the structure and dynamics by 

compressing their characteristics (Moe & Kaivo-oja, 2018). These models cover qualitative 

tools, semi-quantitative tools, and detailed quantitative modeling methods (Voinov et al., 
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2018b). Thus, systemic thinking provides tools that allow proper modeling of systems and 

their subsequent analysis.   

One of the most frequently used modeling tools is system dynamics. A system 

dynamics model represents the behavior structure of our world (Groff, 2013). Moreover, 

system dynamics tools are means to recognize the knowledge that underlies our mental 

models as representations of a system’s complexity. However, Forrester (1989) reminds us 

that these models are applicable only if judged from their structure and clarity to 

communicate our thinking. Data and mental models are necessary for a correct 

representation of a system. Given the above, the use of system dynamics allows the 

understanding of causal relationships between its different elements, which generate 

specific dynamics from emerging structures (Allender et al., 2015). 

Inside the tools of system dynamics, causal loop diagrams stand out (CLDs). 

Haraldsson et al. (2006) define these diagrams as a systematic tool for identifying, 

analyzing, and communicating the structure of a system through cause-and-effect 

relationships between variables. These diagrams have been used to study different types of 

systems such as health  (Baugh Littlejohns et al., 2018), education (Groff, 2013), and even 

pandemics (Sahin et al., 2020). Moreover, Olaya points out (2019) that system dynamics 

tools are based on engineering, opening the door to CLD as artifacts for decision-making, 

policy, and system design, showing the significant uncertainties of a problem or 

challenging mental models towards paradigm shifts. Given the above features, CLDs are 

valuable tools for studying social systems and, in particular, the pursuit of their well-being. 

Some of the things to see of causal loop diagrams are that it allows the study of 

complex systems and problems, facilitates stakeholder participation, generates collaborative 
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learning, and requires few resources (Voinov et al., 2018b). First, given the nature of the 

issues to be studied, causal loop diagrams can handle uncertainty, making their construction 

more effortless, without specific expert knowledge of the modelers. Hence, these models 

can be made from qualitative and quantitative information. Second, CLDs enable people 

with different knowledge or expertise to contribute to the development of the model, 

facilitating its subsequent discussion and validation. Third, these models allow an in-depth 

understanding of participants' mental practices and models, enabling improved proposals 

and joint action. Finally, the implementation requires low costs and time.  

Concurrent with the focus of incorporating systemic thinking into the concept of 

well-being is a call to implement these concepts within engineering (Burnham, 2009). As 

shown in this document, considerable research has identified engineering practices from 

social approaches as a viable alternative to build this bridge (Trevelyan, 2010). Leydens 

and Lucena (2016) mentioned that engineering ideologies had prioritized technical 

approaches, excluding the social dimensions of their practice. On the one hand, movements 

such as engineering for social justice or humanitarian engineering argue that it is possible to 

transform engineering from the understanding of the fundamentals of its practice (El-Zein 

& Hedemann, 2016). On the other hand, studies in engineering education have explored 

approaches focused on practice-oriented to social problems (Monteiro et al., 2019). 

However, there are no studies that have conceptualized engineering practice systems 

through systemic tools. To contribute to this discussion, this chapter aims to critically 

examine the system of engineering practices involved in projects that seek the well-being of 

society and understand how these systems help or hinder practices to solve social and 

environmental challenges.  
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This chapter addresses this objective as follows: Section 5.2 presents the 

methodology and case studies selected; highlighting the importance of the causal loop 

diagram for conceptualizing practices, section 5.3 describes both the map made and the 

feedback loops found, which are discussed in section 5.4 and the conclusions presented in 

section 5.5. 

5.2 METHODOLOGY 

 

The systemic representation of the engineering practices studied in this thesis requires an 

adequate tool. As explained in the previous section, CLDs represent systematically mental 

models from the union of variables through causal relationships. The resulting structure of 

the CLD allows to critically analysis the practices using strategies based on the dynamics of 

the system and the causal cycles present in the model. This section presents the 

implementation of a systemic diagram for three case studies in applying engineering 

practices that contribute to the solution of social and/or environmental problems. The first 

part of this section describes the approach to the case study and indicates the system 

elements, levels, and limits defined for this case. Afterward, data collection and analysis 

methods are explained, including document review, interviews, coding, and how feedback 

mechanisms were identified. 

5.2.1 CASE STUDY 

 

This research has three case studies and uses qualitative methods. An approximation of 

causal loop diagrams was used to analyze engineering practices that promote community 

engagement and social justice in Colombia. Furthermore, the study was carried out with 

participants from three engineering projects. The selected cases are a project to improve 
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water use in a paramo region, a project to replace mercury in gold mining technologically, 

and a project of production sustainability transformation in rural areas of Cundinamarca. 

The projects, as mentioned above, were selected based on the following attributes: 

(1) It is delimited in terms of geography and institutional governance structure by 

engineering organizations working with communities; (2) There are numerous and diverse 

sectors and elements of the system with roles in projects; (3) There is a history of support 

and action in engineering projects with communities, including collaboration with public 

and private entities. By the time of this research (2019), some of the projects had already 

been developed, and others were fully implemented, each with different structures and 

execution times. Section 3.3.1 provides a brief description of the characteristics of each of 

the three selected projects. 

5.2.2 DATA COLLECTION 

 

First, a documentary analysis was carried out to evaluate how engineering practices are 

represented through literature. Moreover, this review made it possible to conceptualize the 

objectives, actions, and strategies carried out in different engineering projects throughout 

the world. Interviews were then conducted with stakeholders in each project to explore their 

perspectives and experiences with engineering practices for social justice. A semi-

structured interview was used to ask questions in the following areas: Details of individual 

and organizational roles within engineering projects, descriptions of practices carried out by 

engineers in these projects, and perspectives related to crucial factors influencing 

engineering practice for social justice. The stop criterion for this study is data saturation, in 

which the research did not receive new information during the last interviews, and 
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redundancy was generated. A total of 22 interviews were conducted, which provided 

contextual information and explored the practices in these projects. 

Table 5.1 provides all codes for the variables selected from the encoding made from 

the review of documents and interviews. Using excel to merge the results, documents and 

transcripts of interviews were codified according to their reference to the objectives, 

actions, strategies, and structures of engineering practices for social justice. The definitions 

of the variables were adapted according to the literature review. In addition, some variables 

were not included in the scheme when these were related to other sectors, volunteer work, 

or unrelated to engineering practices. 

5.2.3 DATA ANALYSIS. 

 

Based on the main findings, a systemic thinking lens was applied to identify causal 

relationships, feedback structures, and emerging properties in engineering projects 

regarding practices for social justice. The process suggested by Jhon Sterman (2000) was 

adapted to carry out the analysis of the results, and the procedure was carried out as 

follows: 

1. A variable was identified when a topic was dominant in the interview.  

2. We identify causal relationships between pairs of variables. Each of these causal 

relationships can be directly supported by at least one quote from the interviews. 

3. The polarity of each of the relationships was determined. Polarities can be positive 

or negative according to the effect of the independent variable on the dependent 

variable. 



95 
 

4. To simplify the model, two methods were used. First, the encapsulation of the 

variables was carried out, which consists of joining variables that another variable 

can replace. To determine the polarity of the relationship, the number of 

relationships with negative polarities between the encapsulated variables was taken 

into account (Bureš, 2017). Additionally, endogenization was carried out; that is, all 

the variables outside the established limit for the model were selected, and the 

importance of each of them was evaluated, eliminating those that did not provide 

meaningful information.  

5. The causal loops were identified when a causal relationship proved to be reciprocal, 

and a feedback loop was created. Each feedback loop was evaluated in terms of its 

polarity (positive polarity or negative polarity). In this way, it was established when 

a loop was a factor that facilitated or inhibited engineering practices. 

6. Each one of the loops was encoded by assigning a number and letter to them.  

7. The entire model was assembled in a causal loop diagram to create a visual model. 

The Vensim PLE software was used to perform this visualization, where the loops 

and their routes were indicated. 

8. Two model validation techniques were used. First, a triangulation of the results 

obtained from the existing literature on engineering practices for social justice and 

community work in engineering was performed. Furthermore, verification was 

carried out with some of the people participating in the project to ensure the model's 

validity. 

5.3 RESULTS 
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From the previously presented methodology, selecting the variables that should be included 

within the model was made. These variables were selected based on the dominant topics 

included in each one of the interviews. In the first iteration of the selection procedure, 29 

variables were found, presented in table 5.1. The dominant themes were 4: Activities 

related to the economy, related to the environment, associated with the social system, and 

technological development. Among the selected topics, 87 interview sections were 

identified as relationships between some of the variables presented, 17 of them with 

negative polarity and 70 with positive polarity. An average of 7.1 ± 4 relationships among 

6.6 ± 2.4 variables were identified and coded in each interview. Nevertheless, this model 

presented a high level of complexity, and its operationalization was impossible. 

Table 5.1 Variables regarding Factors that influence Engineering Practices 

Number Name First time 

quoted 

Other quotes 

1 Tourism C001  

2 Sustainability C001  

3 Environmental 

concerns 

C001 C002, I001, I002, I003, I004, 

I006, I007, I008, I009, NI003, 

NI004, NI005, NI006. 

4 Social concerns C001 C002, I001, I003, I005, I006, 

I007, I010, I013, NI001, NI002, 

NI003, NI005, NI007. 

5 Economic concerns C001 C002, I002, I007, NI001. 

6 Technological 

development 

C001 I001, I002, I004, NI001, NI002. 

7 Engineering Practices C001 All interviews. 

8 Team commitment C001 I001, I002, I003, I004, I005, 

I006. 

9 Support C002 I012. 

10 Learning C002 I007, NI007. 

11 Context I001  

12 Money relevance I001 I002. 

13 Respect I001  

14 Political operation I001 I003, NI003. 
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15 Corruption I001 I002, I005, I006, I007, I009, 

I013, NI001. 

16 Ethics I001 I005. 

17 Collaboration I002 NI001. 

18 Soft Skills I003 I006, I009, I010, NI001, NI003, 

NI004, NI005, NI006. 

19 Institutional Support I003 I005, I006, I007, I010, I013, 

NI001, NI002, NI003, NI004. 

20 Community 

engagement 

I003 I004. I007, I008, I010, NI001, 

NI004, NI005. 

21 Honesty I004  

22 Interdisciplinary 

work 

I004 NI003, NI004, NI006. 

23 Industrial Operation I006  

24 Systemic Thinking I007 I010, NI005. 

25 Design Thinking I007 I009. 

26 Resources I008  

27 Needs I011 I013 

28 Participation I001 NI004 

29 Creativity NI004  

Note: C: Community member; I: Engineer; NI: Other professional 

 

To simplify the initial model, the following changes were made:  

(1) Variables 1, 2, 12, 13, 21, 23, 26, 27, and 29 were eliminated since they were 

exogenous to the problem to be worked on. In other words, these concepts were out of the 

system limit, and they do not include helpful information to represent in the mental models. 

 (2) The variable number 12 was encapsulated in variable number 5 since they generate 

redundant information.  

(3) Variables 9 and 19 correspond to the same concept, so they were unified  

(4) Variables 8 and 17 were encapsulated in variable 22 because they correspond to 

components of this. 

 (5) Variables 15 and 16 correspond to the same concept but with opposite polarity  
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(6) Variable 28 is encapsulated with variable 20 since it corresponds to an activity carried 

out by the latter concept.  

Because of the simplification process, 14 variables were obtained, presented in table 

5.2, and 29 relationships, of which 22 have positive and seven negative polarities (Table 

5.2). The final causal loop diagram is illustrated in Figure 5.1. 

Table 5.2 Key Variables Regarding Factors that influence Engineering Practices 

Number Variable name First time 

quoted 

Other quotes 

1 Environmental 

concerns 

C001 C002, I001, I002, I003, I004, 

I006, I007, I008, I009, NI003, 

NI004, NI005, NI006. 

2 Social concerns C001 C002, I001, I003, I005, I006, 

I007, I010, I013, NI001, NI002, 

NI003, NI005, NI007. 

3 Economic concerns C001 C002, I001, I002, I007, NI001. 

4 Technological 

development 

C001 I001, I002, I004, NI001, NI002. 

5 Engineering Practices C001 All interviews. 

6 Learning C002 I007, NI007. 

7 Political operation I001 I003, NI003. 

8 Ethics I001 I002, I005, I006, I007, I009, 

I013, NI001. 

9 Soft Skills I003 I006, I009, I010, NI001, NI003, 

NI004, NI005, NI006. 

10 Institutional Support I003 C002, I001, I005, I006, I007, 

I010, I012, I013, NI001, NI002, 

NI003, NI004. 

11 Community 

engagement 

I003 I004. I007, I008, I010, NI001, 

NI004, NI005. 

12 Interdisciplinary work I004 C001, I001, I002, I003, I005, 

I006, NI001, NI003, NI004, 

NI006. 

13 Systemic Thinking I007 I010, NI005. 

14 Design Thinking I007 I009. 

Note: C: Community member; I: Engineer; NI: Other professional 
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The next step was to identify the loops of the model to investigate what combination 

of the variables presented offers possibilities to encourage engineering practices for social 

justice. Based on the model shown in figure 5.1, a total of 9 loops were identified, of which 

six are balancing loops, and 3 are reinforcement loops. Each loop was noted with colored 

dotted lines and included its number and polarity. 

Once the loops have been identified, it is necessary to describe each loop's 

characteristics. The exploration of the causal loops presented in figure 5.1 is presented in 

Table 5.3. 
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Figure 5.1 Causal Loop Diagram of the Engineering Practices System. 
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Table 5.3 Causal loops description 

Code Polarity  Color Route Description 

R1 Reinforcement Purple Community engagement – Soft 

Skills – Community engagement 

This loop shows the positive impact 

that soft/professional has on community 

engagement and how to develop these 

skills working with communities. This 

loop can be associated with 

communication skills inside these 

projects (van Vliet et al., 2010). 

B1 Balance Fuchsia Social concerns – Engineering 

practices – social concerns  

This loop shows how engineering 

practices tend to reduce the problems 

on social systems, and these concerns 

foster these kinds of practices. This 

loop can be associated with social 

responsibility movements inside 

engineering (Acevedo et al., 2009).  
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B2 Balance Neon Green Environmental concerns – 

engineering practices – 

Environmental concerns. 

This loop shows how engineering 

practices tend to reduce the problems in 

the environment, and these concerns 

foster these kinds of practices. This 

loop can be associated with 

sustainability movements inside 

engineering (Flórez et al., 2018). 

B3 Balance Aquamarine 

blue 

Social concerns – community 

engagement – Social concerns 

This loop shows how community 

engagement tends to reduce the 

concerns in social systems because 

there are being addressed, and these 

concerns tend to improve community 

engagement. The self-organizing 

communities that try to solve their 

problems can be associated with this 

loop (Mendiwelso-bendek, 2015). 

B4 Balance Orange Community engagement – Social 

concerns - engineering practices 

– community engagement 

This loop shows how community-

driven social concerns mobilize 

engineers to implement 

practices/artifacts with the community. 
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This loop can be associated with 

participatory movement in engineering 

(Acero López et al., 2019; Silva De 

Freitas, 2019; Spiegel & Veiga, 2005). 

R2 Reinforcement Dark green Community engagement – 

Learning – Engineering practices 

– community engagement 

This loop shows how community-

driven initiatives give technical learning 

and engineers space to implement 

practices/artifacts with the community 

based on this learning experience. This 

loop can be associated with movements 

like service learning in engineering 

(Vandersteen et al., 2009). 

R3 Reinforcement Red Community engagement – soft 

skills – engineering practices – 

community engagement 

This loop shows how personal-driven 

interest and skills development 

mobilize engineers to implement 

practices/artifacts with the community. 

There are not studies inside this thesis 

that can be associated with this loop. 
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B5 Balance Lavender Community engagement – 

Learning – Engineering practices 

– social concerns – community 

engagement 

This loop shows how community-

driven technical learning nudges 

engineers to implement 

practices/artifacts to reduce the impact 

of social problems on the communities. 

This loop is closely related to 

movements like engineering for social 

justice, focused on engineering 

practices to tackle social issues (J. Kabo 

& Baillie, 2009; Karwat et al., 2014). 

B6 Balance Brown Community engagement – soft 

skills – engineering practices – 

social concerns - community 

engagement 

This loop shows how skill development 

and education inside engineering can 

reduce the impact of social problems on 

the communities. This loop is closely 

related to movements like Engineers 

without Borders and Humanitarian 

Engineering, anchored inside 

engineering curriculums to train 

students with the required skills for 
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community work (Mehta & Gorski, 

2016; Ramírez et al., 2015). 
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5.4 DISCUSSION 

 

The causal loop diagram presented in the previous section can identify the complex 

interplay of factors that affect engineering practices and explain why the studied projects 

can be implemented effectively. This diagram represents a complex picture with numerous 

interactions and feedback mechanisms. The approach used in this study improves our 

understanding of the patterns in this shared practice system to identify potential 

opportunities to foster these kinds of practices inside engineering. 

According to Donella Meadows (2016), some points within a complex system (such 

as the one presented in this study) where a slight change in any element can produce 

significant changes in the entire system. She called them Leverage Points, twelve points 

organized based on the effectiveness they have to make a change and are subsequently 

studied to understand the structure, rules, and paradigms of a social system. These points 

are likely to be used in systems dynamics models, as the model of the engineering practices 

systems presented in this chapter. The strategies and recommendations presented in this 

section are based on the leverage points proposed in the literature. 

5.4.1 STRENGTHENING BALANCING FEEDBACK LOOPS. 

 

Balance feedback loops are intended to slow down a process and bring the variables to a 

stability level, a goal, with a monitoring system and a response system adjusting the 

behavior. Furthermore, the strength of a balancing loop depends on the combination of its 

parameters and relationships, which makes it valuable as a leverage point. Within the loops 

presented, some of the strategies that could be developed are: 
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1. For the B1 loop, it is necessary to determine when the stability goal is reached (the 

attractor of the variable behavior or when this behavior becomes regular and stable). 

In the case of engineering practices variable, social concerns make engineers want 

to act more and become involved in solving these problems. However, these 

concerns are reduced after some time for these actions, taking the loop to a 

stabilization point where practices are not fully developed. A reflection on personal 

practices associated with social problems will reduce the negative effect of the loop. 

This recommendation is tied to the conclusions reached by McIntyre (2002) on the 

role of critical thinking in the development of praxis and its relationship with 

individual responsibility in social and environmental problems.  

2. For the B2 loop, as in the last numeral, it is necessary to determine the level of 

stabilization of the loop. The exact mechanism of the B1 loop applies in this case, 

but environmental problems influence it. Thus, reflecting on personal practices 

associated with environmental issues will help reduce the negative effect of this 

loop. 

3. In the B4 loop, we see a similar effect to the B1 loop, in which engineering 

practices stabilize from their relationship with social problems. However, the B4 

loop includes community participation as a fundamental part of solving these 

problems. In this case, this loop evaluates an additional variable, the level of 

participation achieved in the projects. As indicated by Arias et al. (2016), active 

community participation in all phases of a social engineering project generates 

better results and, therefore, improves engineering practices. Thus, to eliminate the 

balancing effect of this loop, engineering practices must encourage community 

participation (Damart, 2010). 
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4.  In B5 and B6 loops, the structure is similar to that of the B4 loop, including 

learning and soft skills. Inside the literature, Gómez Puente et al. (2014) talks about 

the importance of experiential learning in developing professional skills in 

engineers, while Vanasupa et al. (2009) show us the relationship between the social 

domain, the cognitive domain, and engineering. These authors agree that the 

engineering practices development is associated with improved technical and 

professional skills, fundamental points of these loops. Moreover, the authors 

recommend putting these skills into practice in real situations, giving rise to spaces 

for collaboration and learning with communities. Thus, the recommendation to 

reduce the effect of these loops on engineering practices is to encourage constant 

reflection on the learning generated from these experiences of working with 

communities. 

5.4.2 EARNINGS AROUND REINFORCEMENT FEEDBACK LOOPS. 

 

A reinforcement feedback loop generates exponential growths on the variables involved. In 

contrast to balancing feedback loops, these loops do not have a limit, so they are sources of 

growth, explosion, erosion, and even collapse of a system. Thus, the more a loop works, the 

wilder and unpredictable its behavior may be. The function of the R2 and R3 loops within 

the model presented is to encourage the engineering practices development due to technical 

and professional learning. On the one hand, these loops reduce the negative effect of loops 

B5 and B6, promoting engineering practices. On the other hand, it is necessary to control its 

growth to avoid the system's collapse. Consequently, the recommendation is to ensure that 

engineering practices are based on real social problems, allowing B5 and B6 loops to act. 
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5.4.3 THE PARADIGM THAT ARISES FROM THE SYSTEM. 

 

A paradigm is a system of thought that underlies complex structures and gives rise to the 

behaviors and loops of the system. Paradigms are the sources of systems, so they are the 

most challenging aspects to change since it implies a complete reconstruction of the 

previous paradigm  (Allender et al., 2015). To produce these expected paradigm shifts, it is 

needed to share the new paradigm with other people within the system and insert the new 

paradigm in visibility and power. Therefore, the model presented is a challenge to the 

established paradigm on the teaching and practice of engineering (Halbe et al., 2015; 

Iacovos Nicolaou et al., 2017), so the strategy is based on opening engineers' mentality. As 

a result, this systemic representation of the engineering practice system is a mechanism to 

spread the new paradigm of engineering practices for social justice (Vandersteen et al., 

2009). The strategy here is to create means to show the results of this study and create 

space to discuss this new engineering paradigm with students and professional engineers. 

The greater goal of this thesis is, then, to contribute to this leverage point through this 

systemic diagram. 

5.5 CONCLUSIONS 

 

The main contribution of this paper is the application of systemic analysis to an 

understanding of engineering practice drivers. The systemic nature of this approach allows 

the practices that engineers have inside engineering with positive social and environmental 

impact to be considered in terms of their inner complexity and a model to be built based on 

participants' perceptions. Another critical point of the systems of practices analysis is the 

diversity among these participants. The systemic analysis approach considers a more 

significant number of stakeholders in three projects, contrary to the current approaches that 
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only consider one case study. It also confirms previous works by showing that CLD can be 

drawn across multiple projects, with each person speaking about his/her system of practices 

(Vanwindekens et al., 2013). Consequently, the approach could be applied in further work 

in engineering studies to characterize people's perceptions. 

In terms of the leverage points addressed in this chapter, they provide a tool that 

policymakers could use to engage communities in engineering projects and provide the 

basis for planning community-based interventions from engineering to applying a whole 

system approach. It also provides a comprehensive vision about how organizations that 

offer support in engineering endeavors could participate and improve the results and 

practices of the stakeholders. Finally, these strategies have the potential to guide 

community-based activities that they can join in. 
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CHAPTER 6. PATHS TO ENGINEERING FOR SOCIAL JUSTICE PRACTICES: 

A QUALITATIVE COMPARATIVE ANALYSIS 

 

In the previous chapter, we studied engineering practices as systems 

using a systemic approach. The results show the structure of this 

system, its causal relationships, and its loops. We keep trying to 

understand these practices from the causal relationship, and in this 

chapter, we will unveil the specific causal strategies that underlie this 

system of practices. Using qualitative comparative analysis, we 

studied the causal paths that enhance or hinder engineering practices 

inside these projects, using the causal variables as factors. A deeper 

look into these paths helps us to develop several strategies that can 

be used in other projects. 

6.1 INTRODUCTION 

 

More than just a linear explanation or a single path, engineering practices tend to follow 

complex patterns. Engineers interact daily with others, build relationships, and use design 

skills at the service of humanity (Monteiro et al., 2019). However, concerns about the role 

of engineering in society continue to grow as we learn about the power used and deployed 

through artifacts and organizations (Basart et al., 2015). Rapid improvements in technology 

capabilities over the past century have forced engineers to wonder about domains such as 

ethics (Campbell & Wilson, 2010), sustainability (Halbe et al., 2015) or social 

responsibility (Baillie, 2006), and social researchers have also contributed to understanding 

the effects of technologies on social dynamics. Moreover, complex social phenomena, such 

as community participation, rely primarily on the dynamics of social groups and the 
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conditions that enable/disable emerging behaviors (Ball & Helbing, 2012). Thus, a deep 

understanding of the inherent causality in engineering practices would contribute to 

developing strategies that help expand their advance. 

The need for new approaches and initiatives to study professional practices continues to be 

particularly important, as mentioned in objectives 2 and 3. As shown in the previous 

chapters, there are many approaches to the study of these practices from areas such as fuzzy 

logic (Vanwindekens et al., 2013), reflective principalism (Beever & Brightman, 2016), 

discourse studies (Pawley, 2009), or engineering education (Trevelyan, 2007). In Chapter 4, 

the description categories associated with engineering practices in projects with community 

work were explored, and in Chapter 5, we studied the dynamic structure of these practices. 

However, it is necessary to examine the minimum and essential characteristics for these 

practices to be carried out effectively. A suitable method to meet this objective is 

qualitative comparative analysis (QCA). This method combines qualitative and quantitative 

information and serves as a bridge to contrast or compare variables between different case 

studies (between 20 and 200) (Schneider & Wagemann, 2010).  

Qualitative Comparative Analysis is based on Boolean algebra, an algebraic 

structure that outlines logical operations through binary values (0 and 1) in a series of 

logical operations between them. The method is based on the assumption that the 

observable effects of an outcome factor depend on a combination of causal factors (Jorga et 

al., 2018). According to Rihoux et al. (2013), this method helps to identify multiple causal 

recipes between different conditions that generate the same final result. Based on this, the 

QCA tries to reduce the complexity of the factors to systematically find commonalities and 

differences between the cases (Ragin & Rihoux, 2004).  
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QCA has been used in different fields of study. For example, in the administration 

area, it has been used in studies on female entrepreneurship (Ma & Fu, 2020; Wu et al., 

2019), trying to understand what factors would make it easier for women to own 

companies. Other examples from the administration have been attempting to understand 

how ICTs influence business exports (Johansson & Kask, 2017; Mozas-Moral et al., 2016) 

or what factors affect the creation of new businesses (Santos et al., 2018). In psychology, it 

has been implemented in studies on risks in children for language development (Short et al., 

2019), emotional intelligence and empathy (Guasp Coll et al., 2020), and affective 

commitment (Fernandez & Enache, 2008). Finally, the field in which the most significant 

number of studies using QCA has been implemented is political science in studies on 

gender inequality (Epple et al., 2014), the collaboration between municipalities (Lagendijk 

et al., 2021), or institutional evaluation (Balthasar, 2006), among others. Nevertheless, 

QCA has not been used in the field of engineering education or to study engineering 

practices. 

Therefore, QCA presents an innovative approach to study the causal factors that 

affect engineering practices. As seen in Chapter 5, a group of critical factors that affect or 

are directly related to the development of engineering practices in the selected projects was 

chosen. Furthermore, these key factors directly correlate with these practices, allowing the 

exploration of additional tools to understand how to promote these practices in engineers. 

Finally, due to the amount of available data, this method is suitable to identify specific 

properties among the cases, as mentioned in objective #2, and propose specific 

recommendations, as mentioned in objective #3.  
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This chapter is structured as follows. First, a review of the theories on engineering 

for social justice, which serves to draw the spectrum of conditions to be studied, is shown. 

This section is followed by an explanation of the configurational method (QCA) and data 

collection. Finally, in the last quarter, the results and conclusions of the study are shown. 

6.2 KEY VARIABLES THAT INFLUENCE ENGINEERING FOR SOCIAL JUSTICE 

PRACTICES 

 

Understanding the variables that affect engineering practices for social justice is not an easy 

task. According to Trevelyan (2013), engineering practices depend on social, political, and 

economic factors immersed in a context. Baillie et al. (2011) discuss the influence of 

diversity, interdisciplinarity, and change management to improve engineering education 

practices. Reich et al. (2015) recognize the importance of professional learning and discuss 

the importance of materiality, social relationships, and purpose development as features 

that stimulate this type of learning. Finally, Moreloc (2017) found three types of factors, 

constructive, detractive, and directional, that influence engineering identity. However, there 

is no consensus in the literature about the factors that affect engineering practices, making 

it necessary to determine the factors for this specific study. 

According to table 5.2, there are 14 key variables in the causal loop diagram, 11 of 

them directly causal relationships with engineering practices. Engineering practices will be 

the variable to study as the outcome factor. A value of 1 was assigned when solving 

problems in a community, co-design, social justice in engineering, or eliminating systemic 

barriers were mentioned three or more times. Otherwise, the cases were assigned a value of 

0.  Though, QCA required that only a reduced number of factors be included, so only five 

variables were selected. The selection criteria were the variables that appeared in most of 
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the interviews: Environmental Concerns, Social Concerns, Ethics, Soft skills, and 

Institutional Support. Each of them will be defined in detail and the levels to be used in the 

QCA. 

6.2.1 ENVIRONMENTAL CONCERNS 

Concerns about environmental problems in engineering projects with communities are an 

essential part of developing technical solutions. These concerns are represented in terms 

such as environmental sustainability (Brauer, 2013; Martin, 2005), environmental 

protection (Flórez et al., 2018), climate change (Karwat et al., 2014), and environmental 

justice (Velicu, 2019) becomes an essential part of the engineer's work and, therefore, 

critical factors influencing engineering practices. In those interviews where the previous 

topics were mentioned three or more times, 1 was assigned. Otherwise, the other cases were 

given a value of 0. 

6.2.2 SOCIAL CONCERNS 

 

Engineering is not unfamiliar to the problems of social groups and their relationship with 

engineering. As Baillie (2009) mentions, engineering is not in a vacuum, and technology, 

understood as a practice, is the answer to social problems. Nevertheless, technology can 

also be the origin of many of these problems, and the most vulnerable communities are 

those affected (Chen et al., 2019). Therefore, the engineering practices of the interviewees 

focused on the effects of the lack of access to resources (Martinez et al., 2018), the negative 

consequences of environmental problems inside the society (Jayasinghe, 2015), and 

community disorganization (C. Smith, 1990). In those interviews where the previous topics 

were mentioned three or more times, a value of 1 was assigned, while the other cases were 

assigned a value of 0. 
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6.2.3 ETHICAL CONSCIOUSNESS 

 

The connection between ethics and engineering has been studied extensively in the 

literature. For example, Buccciarelli (2008) mentions that ethical questions require a critical 

study of engineering, moving subjects within their rights to understand the fundamental 

characteristics of their practices. On the other hand, Riley and Lambrinidou (2015) propose 

social justice as an aspirational vision of ethics and emphasize the role of community-

engaged practices' moral and technical imperatives. However, the interviewees emphasize 

ethics, corruption, and their relationship with the political world. The interviews show a 

concern for the effects on professional practices of the close relationship between 

engineering projects and their dependence on public funding. Therefore, those interviews in 

which ethics or corruption were mentioned three or more times were assigned a value of 1, 

while the rest of the cases were assigned a value of 0. 

 

6.2.4 INSTITUTIONAL SUPPORT 
 

Institutions of engineers play a fundamental role in the development of their practices. 

Some institutions generate disincentives for engineers' participation, such as increased 

workload, technical and administrative problems, and inadequate distribution of resources 

(Olcott & Wright, 1995). Studies have shown that there is a direct relationship between 

public service activities and institutional support (Hinck & Brandell, 2015), reflected in 

professional development activities, release time, financial aid (Havener & Stolt, 1994), as 

well as institutional tools and incentives (Lion & Stark, 2010). The interviewees 

highlighted the relationship between the institutional mission, the development of 

engineering projects, and the elimination of financial and personnel resources barriers. In 
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those interviews where the importance of institutional support was mentioned three or more 

times, a value of 1 was assigned, while the other cases were assigned a value of 0. 

6.2.5 SOFT/PROFESSIONAL SKILLS 

 

As Mehta and Gorski (2016) mention, it is necessary to cultivate soft/professional skills to 

develop engineering practices. Given the type of challenges that engineers perform in their 

working environments, increasingly complex, global, and interdisciplinary, communication 

and relationship skills become the fundamental element for the success of projects(Gilbert 

et al., 2015; Reich et al., 2015). Trevelyan (2007) shows that coordination with other 

people is the most crucial aspect of engineering practice. Akeel and Bell (2013) show us the 

need to have excellent personal skills and social competencies for systems engineering 

practice. Interviewees highlighted the need for communication skills, writing skills, 

empathy, time management, and project management to carry out projects with 

communities. In those interviews where the topics mentioned above were mentioned three 

or more times, a value of 1 was assigned, while the rest of the cases were assigned a value 

of 0.  

6.3 METHODOLOGY 

6.3.1 DATA COLLECTION. 

Data from this study were collected from 22 participants, of which 13 were men and nine 

women. All responses were anonymous and conducted through semi-structured interviews 

where participants answered questions (available in the annex section) about their roles in 

the three projects that are a case study in this thesis, whose experience in these projects 

ranges between 6 months and 48 months. Finally, regarding the types of participants, they 

were two community members, 13 were engineers, and seven were from other areas. 
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Community members were encoded with the letter C, engineers with the letter I, and the 

other professionals with the letter NI, all followed by a consecutive number. 

6.3.2 METHODS 

 

The method selected in this chapter is qualitative comparative analysis (QCA). This method 

is an approach from set theory that connects the complexity of each of the cases with the 

generality of the study based on variables (Schneider & Wagemann, 2010). This study uses 

crisp data, in which values of 1 and 0 were assigned to each case on the selected variables. 

According to section 6.2, the factors were scored with binary values (1 or 0) based on the 

times the factor was mentioned within each interview.   

Subsequently, all the scores were combined into a truth table. This table is the union 

of all possible combinations between the causal and outcome factors (Short et al., 2019). 

The number of possible rows corresponds to two raised to the k number of conditions (2k). 

However, not all conditions are observable in the data; therefore, only those combinations 

in our cases are presented. If there are conflicts between the possible configurations, they 

are fixed by reviewing the cases to verify which is more likely to happen.  

The third step relates to reducing the truth table using an algorithm based on 

Boolean algebra called logical minimization (Rihoux et al., 2013). The main result of this 

analysis is one or more causal routes that allow the outcome factor. Each of these routes 

comprises one or more of the individual conditions that promote engineering practices or, 

in the case of predicting zero values, the conditions that hinder these practices.  

To verify the results of the configurations, there are two main concepts: sufficiency 

and necessity (Fernandez & Enache, 2008). A condition or set of conditions is sufficient 
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when by themselves they can explain the outcome factor. Sufficiency is measured through 

consistency, representing the degree to which cases share a specific condition or 

combination of conditions, with values between 0 and 1. A condition is necessary if it is 

present in all instances of an output. The necessity is measured through coverage, 

representing the importance or relevance of that condition for the result and is comparable 

with the R2 in statistics.  

 

6.4 RESULTS 

 

The truth table is presented in Table 6.1. Table 6.2 shows the minimum formula of all 

outcome variables, their corresponding cases, and the coverage and consistency of the 

configurations. 

Table 6 1: QCA truth table for the engineering practices 

Cases 

EC 

(Environmental 

Concerns) 

SC 

(Social 

Concerns) 

ETH 

(Ethics) 

IS 

(Institutional 

Support) 

SSk 

(Soft 

Skills) 

OUT 

(Engineering 

Practices) 

Sufficiency 

Inclusion Score 

I8,NI3 0 0 0 1 1 1 1 

I11 0 1 0 0 1 1 1 

C2,I4,I7,I10 1 1 0 1 0 1 1 

NI4 1 1 0 1 1 1 1 

I5,NI1 0 0 1 1 0 0 0.5 

NI2,NI5 1 1 0 0 1 0 0.5 

NI6 0 0 0 1 0 0 0 

I13,NI7 0 1 0 0 0 0 0 

I3 0 1 0 1 1 0 0 

I1 0 1 1 0 0 0 0 

I6 0 1 1 1 1 0 0 

I12 1 0 0 1 0 0 0 

C1 1 1 0 0 0 0 0 

I9 1 0 1 0 0 0 0 

I2 1 1 1 1 0 0 0 
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The qualitative comparative analysis analyzes were carried out using R Software through 

the statistical package QCA (Duşa, 2019). Once all the cases were assigned to a 

configuration within the truth table (Table 6.1), the next step was to perform the logical 

minimization. Noteworthy QCA has three forms of calculation, namely complex, 

intermediate and parsimonious. Since this research provides a comprehensive solution as a 

recommendation, the complex version is chosen. This process produced nine possible 

configurations to achieve the target factor. To determine which configurations are 

informative (Ragin, 2008), consistency and coverage were used as decision criteria. For 

consistency, the chosen threshold was 0.8, and for coverage, the selected threshold was 0.1. 

The final verification results in 6 configurations, presented in Table 6.2. A detailed analysis 

of configurations will be carried out in the next section.  

Table 6 2:  Solution table for configuration of factors for engineering practices (effective 

and less effective) 

Engineering practices (outcome=1, effective) 

Factors 

A. Personal and 

institutional coherence 

B. Skilled 

social work 

C. Focused 

mission 

Environmental Concerns ● ○ ○ 

Social Concerns ● ● ○ 

Ethics ○ ○ ○ 

Institutional Support ● ○ ● 

Soft Skills - ● ● 

Consistency 1 1 1 

Raw coverage 0.5 0.1 0.2 

Unique coverage 0.5 0.1 0.2 

Cases C2, I4, I7, I10, NI4  I11  I8,NI3 

Overall solution consistency 1 

Overage solution coverage 0.8 

 

Engineering practices (outcome=0, less effective) 

Condition 

D. Limited social 

vision 

E. The importance of the 

environment 

F. Personal 

traits 

Environmental Concerns ○ ○ - 

Social Concerns ● ● ○ 
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Ethics - - ○ 

Institutional Support ○ ● ● 

Soft Skills ○ ● ○ 

Relevance of necessity 1 1 1 

Raw coverage 0.25 0.167 0.167 

Unique coverage 0.083 0.167 0.167 

Cases I13, NI7, I1 I3, I6  NI6, I12  

Overall solution consistency 1 

Overage solution coverage 0.833 

Note: Black circles ("●") indicate the existence of a factor, and white circles ("○") indicate its nonexistence. A 

hyphen ("–") indicates a factor that is not relevant to that particular configuration. 

 

6.5 DISCUSSION 

6.5.1 FOSTERING ENGINEERING FOR SOCIAL JUSTICE PRACTICES 

 

6.5.1.1 Personal and Institutional Coherence (A: EC[1] + SC[1] + IS[1] + ETH[0]) 

 

The prevailing configuration for promoting social-justice-oriented engineering practices 

depends on social and environmental concerns and institutional support. This configuration 

covers five of the ten positive cases found (Coverage = 0.5), showing a personal and 

institutional orientation within the engineering projects studied. In general terms, the results 

show us that a greater connection with social and environmental problems is required 

within the work environment, giving space for personal reflection on the engineer's role in 

these problems. In addition, the resources of time and money must be ensured for the 

effective execution of technological solutions for these problems. Finally, it should be 

noted that ethics does not play a fundamental role within this configuration. Even without 

specific training in this field, it is possible to promote engineering practices. 

6.5.1.2 Skilled Social Work (B: SC[1] + SSK[1] + ETH[0] + EC[0] + IS[0])  

 

The second configuration explains the engineering practices oriented towards social justice 

through personal relationships with social problems. The strengthening of written and oral 
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communication allows the engineer to carry out his professional practice in social contexts 

and facilitate effective community involvement. Knowledge from the field indicates that 

those engineers who have strengthened their soft skills have an easier time working with 

communities with cultural, social, and historical differences. In addition, in the interviews, 

the most influential engineers have a certain charisma, generating empathy and closeness 

with other people. Even when none of the other conditions are present, these two factors 

appear to be sufficient to promote engineering practices. 

6.5.1.3 Focused work (C: IS[1] + SKK[1] + EC[0] + ETH[0] +SC[0]) 

 

The last effective configuration stands out for the impulse that the institutions give to the 

individual abilities of the engineers. When a professional is involved in an institution 

whose mission is focused on social or environmental problems, the individual does not 

need to act individually. On the contrary, the institution enhances the results of its projects 

through the individual skills of the engineers involved, giving space for soft or professional 

skills to be the engine for the solution of social or environmental problems. Even when the 

engineer does not show a particular interest in these issues or deep ethical training, 

promoting the growth of engineering practices for social justice through these two factors is 

possible. Finally, in the interviews, the relationship between these two variables was 

evidenced in the computer science professionals, whose work was not directly involved 

with people but in the development of the solution. 

6.5.2 HINDERING ENGINEERING FOR SOCIAL JUSTICE PRACTICES. 

 

6.5.2.1 Limited Social Vision (D: SC[1] +SSK[0] + EC[0] + IS[0]) 
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The first configuration tells us about the importance of not limiting engineering practices to 

recognize social dynamics. Many engineers have focused their practices on solving social 

problems that do not exist in a particular context but are, on the contrary, immersed in a 

theoretical world. This behavior is reinforced by the lack of skills for community relations 

or institutional development, making the effect of these practices even more limited. This 

configuration is directly related to the first category of description found in 

phenomenography, in which only social problems are solved at a theoretical level. 

6.5.2.2 The importance of the environment (E: SC[1] + IS[1] + SSK[1] + EC[0]) 

 

This configuration shows the less effectiveness of engineering practices when there is no 

recognition of the relationship between social and environmental problems. In contexts of 

vulnerability, such as those presented in the projects studied, it is impossible to separate the 

social factors that affect a community from the effect that environmental problems have on 

it. An engineer who belongs to an institution that promotes his work with the communities 

and interacts effectively with them can contribute to technology construction. However, if 

this engineer ignores the impact of said technology on the environment, it can worsen the 

initial condition. Therefore, the environmental dimension cannot be ignored or may affect 

social justice engineering practices. 

6.5.2.3 Personal Traits (F:IS[1] + ETH[0] + SC[0] + SSK[0]) 

 

The last configuration reminds us that there must be a personal disposition to carry them 

out for effective engineering practices to exist. Not all the engineers who are part of these 

projects are involved by a genuine interest in solving social problems. Many of these 

engineers do not have the necessary skills to work effectively with the communities. 
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Therefore, although institutional support is given in the absence of the personal conditions 

to carry out engineering practices for social justice, these will not have the expected effect 

or will not even be carried out. In the interviews, it was mentioned that this practice could 

affect the dynamics of the group or the project results. 

6.5.3 RECOMMENDATIONS   

 

From the presented results, it is possible to generate methodological recommendations for 

engineers who belong to projects with positive social impact and projects that wish to 

promote social-justice-oriented practices in their employees. These recommendations 

complement the results presented in chapter five, providing a methodological framework 

based on a study of causal relationships and the accompanying structures. The advice given 

is as follows:  

 

1. In the case of institutions, the first recommendation tells us that we must provide the 

necessary resources for those engineers who show a particular interest in solving 

social and environmental problems. Said resources can be financial, working hours 

dedicated to these problems, professional training, or incentives. In the case of 

employees who wish to develop professionally in solving social or environmental 

issues, they must strive to link to an institution under their interests. 

2. The following strategy reminds us of the need to develop relationship skills for 

working with communities. Both institutions and individual engineers must make a 

conscious evaluation of the listening skills in context, oral expression, and the 

presentation of results. The development of this strategy must be a necessary 
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condition for working with communities since it promotes technical solutions to be 

close to social problems. 

3. It is necessary for the institutions that develop projects, such as those studied in this 

research, to carry out constant training for all their professionals in soft skills. The 

role of this professional is not relevant; for the success of engineering practices, an 

alignment of these skills is needed 

4. The theoretical solution of social problems should be avoided, and environmental 

dimensions within projects should be ignored. In addition, if you are aware that you 

do not have the personal skills to work on these types of projects, you should seek 

greater alignment with institutional interests. This last recommendation will lessen 

the effect of configurations that hamper engineering practices for social justice. 

 

To evaluate the effect of these strategies and the recommendations made in chapter five, it 

is necessary to apply them in a specific case. Chapter seven presents the results of an 

engineering project for social justice carried out in conjunction with the rural agreements of 

Teorama, Norte of Santander, where engineers and the community interact to solve social 

and environmental issues. Due to the COVID-19 restrictions in Colombia, this research was 

not able to perform more application cases. 

6.6 CONCLUSIONS 

 

This study shows us the importance of causal relationships to determine the engineering 

practices carried out in a project. According to the results found, at least six possible ways 

in which the causal factors generate the resulting factor demonstrating the principle of 

equifinality of the QCA. More generally, the range of causal routes allows us to think of a 
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series of strategies that can be implemented both personally and in engineering projects, 

seeking to promote engineering practices oriented to social justice. 

The results suggest that understanding social concerns and developing soft/professional 

skills are necessary conditions for fostering engineering practices oriented towards social 

justice. Furthermore, some of the configurations show that the lack of environmental 

consciousness can hamper the development of the full potential of the engineers working in 

community-engaged projects. Though this research showed short causal claims, our 

analysis takes a first step in this direction, indicating different “recipes” of personal and 

institutional factors for different projects. For future research, this highlights the importance 

of studying more traits that can affect engineering practices at a personal level. 
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CHAPTER 7: INTRODUCING ENGINEERING FOR SOCIAL JUSTICE 

PRACTICES INTO A SUSTAINABLE DEVELOPMENT PROJECT: AN 

APPROACH FROM ACTION RESEARCH 

 

Chapters four, five, and six show how the professionals involved in 

three engineering projects contribute to social and environmental 

justice practices. An exhaustive study of these practices allowed 

understanding their conceptualizations, systemic structure, and 

causal relationships. In addition, the results of these studies 

generated conclusions that will enable promoting social justice 

within the professional practice of any engineer. To study the 

usability of these strategies, a project was applied to build a technical 

solution in a semi-rural area of Norte de Santander, Colombia. Even 

with the restrictions imposed by COVID-19, this project allowed 

four engineers from the Universidad de los Andes to design a 

participatory strategy to improve the organization of rural aqueducts 

in Teorama. This study validated the results found and allowed to 

verify the recommendations of this doctoral dissertation.    

 

7.1 INTRODUCTION 

In 2015, the United Nations made an urgent call to the countries to intensify their work 

searching for sustainable development. Following the millennium objectives, this 

organization proposed the 17 sustainable development goals, which pursue strengthening at 

the institutional and community level actions to preserve and care for the planet (United 

Nations, 2016). Each of these objectives proposes concrete actions to ensure the use of 
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resources by future generations, the participation of rural and urban communities, and the 

strengthening of institutions. However, during the last five years, engineering has been one 

of the main components for consolidating these objectives both in the global North and 

South (Jahan et al., 2018). It is not for free that current governments need to promote and 

motivate engineering to support decision-making processes and solve general and specific 

problems in each region (Acero López et al., 2019). 

Currently, and given the conditions of globalization and high innovation 

environments, it is necessary to promote engineering in community-engaged work. 

However, there are many challenges for knowledge democratization, and, therefore, the 

design of appropriate technological solutions for each social group (Conkol, 2012) is 

required. The first challenge lies in the lack of strategies that support the development of 

public policies from scientific knowledge, which, in most cases, does not generate a direct 

relationship with decision-makers (Damart, 2010). The second challenge is to promote 

research agendas committed to regional dynamics and coordination in interdisciplinary 

work (Warren et al., 2013). This challenge is coupled with the lack of scientific capacities 

and technological infrastructure in the territories. Finally, state financing processes are not 

clear, consistent, and constant, and the productive sector is not interested in coordinating 

efforts with grassroots communities (Baugh Littlejohns et al., 2018). 

Consequently, the challenge is to communicate the world of engineering and 

community work, achieving integration and a decentralized dialogue with the capacity to 

appropriate and produce knowledge both in the South and in their interlocutors in the North 

(Fals Borda, 1996). Through chapters four, five, and six, it was evidenced that engineering 

projects associated with constructing technical solutions in conjunction with the 
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communities contribute to reducing the gaps mentioned above. In addition, the results show 

us that engineers working in vulnerable contexts generate strategies that allow them to 

dissolve problematic situations and create meaningful connections with the people around 

them. Even when the vision of technology is detached from artifacts, this approach expands 

it to the end-users and their knowledge, creating bridges that allow the transformation of 

the systems they interact with. Thus, the recommendations generated in this research 

develop bridges between the work carried out by engineers and the elimination of systemic 

barriers, understood as social justice. 

According to Fals-borda (1987), the integration between the world of academia and 

the world of life requires action-research processes, which entail integrative activities that 

combine social research, work, study, and action. Until the middle of the last century, 

research with positive social impact was carried out under a quantitative approach directed 

by a positivist vision based on the scientific method, separating the subject from the object 

of study to ensure objectivity, validity, and reliability (Stringer, 1999). After the 60s of the 

20th century, socio-critical approaches focused on a practical interest were generated, 

which were framed in emancipatory or liberating interests of the dominant paradigm within 

research. Expressly, action is understood as the series of practices and processes carried out 

within human activity systems in a social project (Jensen, 2016). This definition connects 

this doctoral dissertation about engineering practices with action research processes, 

especially those defined within participatory routes. 

   Based on this inquiry, this chapter will focus on analyzing the knowledge 

generated in chapters four, five, and six through the study of engineering practices. The 

results obtained, as well as the recommendations, will be contrasted with an additional 
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application case. This other project will be directly associated with engineering practices to 

solve the environmental or social problems of a community. Specifically, WASH (water, 

sanitation, and hygiene) is the research line of Ingenieros sin Fronteras (ISF) Colombia, the 

supporting organization of this research, which will guide this project's development. After 

a selection process, the participating community selected was Teorama, Norte de 

Santander, and the activities will be carried out in conjunction with Aguas de Teorama, the 

region's aqueduct. During one year, engineers and other professionals will work on the co-

design and co-construction of an engineering solution for a problem that exists in the 

territory. After this period, the practices and learning achieved with this experience will be 

evaluated and contrasted with the strategies mentioned in the previous chapters. To ensure 

the validity of these results, the evaluation will be applied to the participants, excluding this 

researcher. Finally, the researchers secured access to institutional support and financial 

resources for the implementation of the solution. 

The methodology for the current project will be based on participatory action 

research (PAR) to solve a community-specific problem. Based on the actions taken by 

engineers, the general recommendations will be given out for the professional and 

academic engineering community to apply their tools and knowledge. On the other hand, as 

in any current project, this project's scope is limited to the restrictions imposed by COVID-

19 and the level of interaction that can be achieved through digital platforms. Similarly, due 

to there are many projects with similar models to the one proposed here, the research does 

not guarantee the same conditions found in the case studies. Then, the recommendations 

issued and the analysis of the results will be based on a generalization of the findings 

obtained. Finally, other applied strategies are different from those studied in this 
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investigation, which can affect the success or failure of a particular system or group. These 

strategies will not be reviewed as they are beyond the scope of the venture. 

This chapter is divided into four sections. First, a proposed participatory 

methodology based on action research used in the application project is presented. Second, 

the application of this methodology and the processes that were carried out to design a 

solution for the efficient management of the aqueduct of the municipality of Teorama, 

Norte de Santander, is presented. Third, the strategies implemented by the involved 

engineers and their relationship with the strategies presented in the previous chapters are 

evaluated. Finally, the conclusions and recommendations that allow applying these 

approaches in different contexts and for other types of engineering projects are presented. 

 

7.2 METHODOLOGY 

The methodology implemented is based on participatory action research. The research 

processes are collaborative, and people participate as active subjects, investigating the 

problems that affect them, turning them into guides for the action, and endorsing the 

engineering process for transforming reality (Mackenzie et al., 2012). The purpose of PAR 

is to produce knowledge and conscious changes about the daily fact of social subjects, 

together with their collective learning (Ramírez et al., 2011). Then, in this application 

project, the permanent development of the community is hunt for, generating critical 

consciousness of its community and favoring social organization and self-management 

around production processes, goods, services, and knowledge (Arias et al., 2016). 

PAR applies systemic concepts within the projects to be developed. This 

methodology keeps people in contact with the whole (Flood, 2010), understanding the 
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intrinsic and structural relationship within social and natural systems. Furthermore, PAR 

makes design go beyond the simple artifact and connect with the four domains of 

collaborative design and construction (Rousseau & Wilby, 2014). First, at the interpersonal 

level, the design responds to the participant's identity, abilities, and expectations 

(Jimoyiannis, 2010). Second, in the interpersonal domain, PAR allows dialogue and 

collaboration with people within and outside their context to develop appropriate solutions 

to their needs, cultures, and values (Asaro, 1999). Finally, the design and construction of 

technology respond to the needs of sustainable development, giving rise to a sustainable 

domain and forward-thinking (Barile et al., 2014). In conclusion, PAR is helpful within the 

application project since it allows engineering tools application through a systemic vision 

and works with the community.  

 

Figure 7.1 the Participatory Action Research Cycle (Stringer, 1999) 

Ernest Stringer (1999) proposes the application of PAR through Look, Think and 

Act processes (Figure 7.1). First, looking corresponds to collect the relevant information 

that allows building an image about the current conditions of the system and describe the 

existing problem situations. Second, thinking allows exploring and analyzing the actions 
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and consequences of the current dynamics of the social system to interpret and explain the 

condition under study. Finally, acting summarizes the planning, implementation, and 

evaluation of technological solutions. As the participants finish the first loop, a new 

iteration begins through which they must review, reflect, and act again on the problem to be 

solved. 

7.2.1 METHODS 

Based on the methodological aspects described and the context of the application, the 

following activities were carried out:  

1. Generate a link with the community: An initial contact was generated with the 

participants in this first phase. In this first approach, the community's approval is 

required to apply the project and consolidate alliances with the entities in the 

territory. Moreover, the community and the engineers agree about the interaction to 

be carried out, the activities to be carried out, and the application context. 

2. Workshop for problematic situation recognition: During this stage, engineers work 

together with the community to identify possible situations that can be solved using 

engineering tools. Then, information-gathering tools, as well as community 

participation schemes, are defined. Furthermore, participants identify the actors 

involved and their relationship to the problematic situation. 

3. Planning sessions: In the PAR case, every engineering endeavor requires a design 

process or a co-design method. Starting with the challenge definition, the engineers 

and the community pick specific action to develop a relevant and plausible solution 

to produce positive changes in the people, communities, and territories. Therefore, 

the first session covers the ideation, in which participants propose solutions based 



 

134 
 

on their knowledge or other implemented solutions. The following sessions focus 

on developing the prototype or the first version of the solution selected during 

ideation sessions.  Such a prototype can be a physical device, a representation, or a 

model, even a simulation, and when these solutions do not fit with this prototype, 

adjustments should be implemented.   

4. Solution validation: There are three mechanisms to validate the technical solutions 

for the problematic situation. First, the engineering team determines the financial 

viability of the project. Some aspects considered are the costs for constructing and 

implementing the solution, financing sources, and operating costs. Second, the 

engineers evaluate together with the community the relevance of the solution within 

the context, ensuring the knowledge management required for community 

empowerment. Finally, the participants carry out a technical validation of the legal, 

environmental, and installed capacity aspects for the implementation.    

5. Implementation: The last stage of this methodology is centered on the co-

construction of the technical solution. 

7.3 CASE STUDY 

7.3.1 PROJECT BACKGROUND 

Teorama is a municipality located in the department of Norte de Santander, Colombia. The 

name of this municipality means "field of God" or "landscape of God" given the beauty of 

the region landscape (Alcaldía de Teorama, 2017). This municipality is part of the 

Catatumbo, an area that was declared a priority region and was selected after the final peace 

agreement with the FARC armed group. The objective of this prioritization, created in 

2015, is the transformation of Colombia's rural sector by generating participatory processes 

to promote alternatives to illicit crops. Some of the problems identified in Teorama are the 
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low coverage and quality of public services, extraction of non-renewable resources (oil), 

and lack of state presence (Defensoría del pueblo, 2006).  

Given the restrictions imposed by COVID-19, the project was not applied in person. 

On the contrary, the interaction with the community was conducted through Zoom 

meetings and instant messaging through Whatsapp. The collaborating entity at the 

territorial level was the aqueduct of the municipality of Teorama and CORPONOR 

(environmental authority). 

7.3.2. PARTICIPANTS 

Ingenieros Sin Fronteras Colombia did this project in conjunction with Aguas de Teorama, 

the municipality's urban area aqueduct. ISF Colombia is an alliance between Universidad 

de los Andes and Corporación Minuto de Dios that solves community problems in contexts 

of social and environmental vulnerability (Ramírez et al., 2012). The roles of these 

institutions were as follows: 

1. Universidad de los Andes: This institution was the primary executor of the project, 

as the activities and budget were centralized here. This institution involved doctoral 

student Andrés Acero, Professor Catalina Ramírez, and four undergraduate students 

in industrial engineering. Its primary function was the execution of the methodology 

and the implementation of the solution. 

2. Parque Científico de Innovación Social: This organization is a division of 

Corporación Minuto de Dios responsible for executing engineering projects that 

solve problems or community needs. This institution was responsible for managing 

the relationship with the community and providing technical advice for 
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implementing the project. This project involved engineers Mauricio Peralta and 

Sergio Galindo.  

3. Aguas de Teorama: This institution provides the aqueduct service in the urban area 

of the municipality of Teorama and the San Pablo and Aserrío villages. This 

aqueduct was the link for applying the solution in the territory and representing the 

community throughout the methodology. Anny Tatiana Navarro was the 

institution's representative for this project. 

7.3.3 IMPLEMENTATION OF THE METHODOLOGY   

7.3.3.1 Community link generation 

 

During June and July 2020, telephone contact was made with the director of Aguas de 

Teorama, the area´s aqueduct. In this call, they were invited to participate in the project, 

and the organizers asked them to a Zoom call to give the specific details of the work to be 

done. In addition, the representative of this aqueduct appointed Anny Navarro as the 

spokesperson to attend the meetings and did the project planning. 

Subsequently, during this synchronous meeting with Dr. Navarro, two stages of the 

project were defined: (1) the initial phase of design between September 7 and December 

17, 2020, and (2) the implementation phase between February 2 and June 11, 2021. As 

official communication channels, the Zoom platform was designated to develop meetings, 

workshops, calls, and instant messaging for coordination. Finally, a presentation was made 

for all members, and roles were defined as indicated in section 7.3.2.  

7.3.3.2 Workshops for the recognition of problematic situations.  

During August and September, two workshops were held through the zoom platform to 

identify the problematic situations existing in the context. In these workshops, a reference 
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framework was built on understanding the application context, possible problem situations, 

people involved or interested in the aqueduct, and the solutions implemented to date. 

First, the value chain of the Teorama aqueduct was defined by indicating existing 

cash and water flows (Figure 7.2). Los Aposentos, el Farache, Buga and Cuatro Esquinas 

were identified. The red line in Figure 7.2 represents involvement in the uptake, 

contamination by productive activities, and theft of the water resource. Finally, it was 

identified that the source of income comes from community payments, especially in social 

strata 1, 2, and 3. The latter receive subsidies from the mayor's office, money turned 

directly to Aguas de Teorama.  

 

Figure 7.2 Value chain of Aguas de Teorama (Original version in Spanish) 

During these first workshops, two situations could be identified and intervened 

through industrial engineering tools, namely: 

 The Teorama aqueduct has a financial debt of COP 200 million. This debt has 

hindered the growth and improvement of the aqueduct since the only existing source 

of income is the service payment from the population. Anny Navarro reported that 

this aqueduct is paying off these debts. By January 2021, they hope to have 
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sufficient financial strength to carry out these activities, so this problem was not 

prioritized.  

 The water quality offered by Aguas de Teorama is low. Three factors that can affect 

this problem were identified: (1) lack of maintenance and updating of the pipeline 

network, (2) insufficient infrastructure system to the current demand, and (3) lack of 

a culture of the community about the care of water sources. Furthermore, farms 

adjacent to the main water capture pipe have pig farming activities and other 

productive activities that release wastewater near this pipe. These factors affect the 

population's health, increase the risk of shortages in periods of drought, and damage 

the infrastructure. Therefore, Water quality was the problem selected to work on the 

project.  

7.3.3.3 Planning session. 

During September, October, and November, co-design activities were done to solve the 

selected problem. A collaborative ideation process was carried out throughout the sessions 

with Aguas de Teorama to develop a low-cost technological solution for water quality. The 

proposed objective was to reduce the number of pollutants that reach the water sources and 

affect the municipality's population. Some of the characteristics defined in the design stage 

were integrating the community into any possible solution and raising awareness in the 

community about environmental issues related to water consumption. 

From this work, the Teoralimpiadas was born, a project to teach about the proper 

management of garbage and recycling for the surrounding communities and the users of 

Aguas de Teorama. Based on a gamification scheme, this project looks forward to 

generating a commitment from the community to reduce the negative impact of pollutants 
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on the quality of the water delivered to the municipality of Teorama. At the end of these 

Olympics, the winners will receive prizes in kind (gift baskets).  

Two lines of work were defined for Teoralimpiadas. On the one hand, engineers 

will perform awareness-raising activities for the community at large. This line of work will 

seek a change in the mentality about water consumption and raise awareness in the 

population about its use on sustainability. On the other hand, the competition and training 

activities will be carried out for pig farmers and food producers. This line of work seeks 

improvement in environmental practices to reduce the impact of agricultural practices on 

the water resource. At the end of this activity, the awards are given at a lunch to which all 

participants and organizers are invited 1.  

7.3.3.4 Solution validation and implementation. 

In the latter phase, the social, environmental, and economic sustainability of the project was 

evaluated. Indicators were used in the ecological dimension to measure water quality 

periodically and the proportion of the population participating in the Theoralimpiadas. In 

the following steps, indicators will be measured throughout the competition, and a 

comparative study should be implemented between the versions of this activity. To 

determine social sustainability Aguas de Teorama accomplished a validation activity of the 

solution with members of the participating community who expressed their interest in the 

contest and proposed changes in the final design. Finally, a budget of COP 2.1 M was 

determined distributed in four phases, which included advertising, contest development, 

                                                           
1 More information about the prototype and the design stage can be found in this link: 

https://www.behance.net/gallery/109740423/Teoralimpiadas-Proyecto-Final 
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and awarding. These resources were guaranteed through the research fund associated with 

doctoral student Andrés Acero. 

Finally, during April and May, the implementation of the solution with the 

community was carried out. Aguas de Teorama guided the workshops and awareness-

raising activities in conjunction with the engineers in Bogotá. At the time of writing, only 

two pieces of training had been conducted, one for community members (Figure 7.3) and 

one for farmers and food producers (Figure 7.4). It is expected by the time of sustaining to 

present the results of this project. 

 

 

Figure 7.3. First meeting with the community participants of the Teoralimpiadas 
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Figure 7.4. First meeting with the producer participants of the Teoralimpiadas 

 

7.4 EVALUATION OF THE IMPLEMENTED STRATEGIES 

Chapters four, five, and six studied the engineering practices of three case studies 

conducted in different locations in Colombia. This seventh chapter shows the 

implementation of an engineering project of similar characteristics to the case studies to 

analyze the effect of the proposed strategies and compare the results. To study these 

differences, a survey was conducted on the engineers participating in the project in which 

the variables of the causal cycle diagram and comparative qualitative analysis were 

explored. Based on the collected data, an exploration of the implemented strategies 

proposed in Chapters 5 and 6 was performed, and, in the cases that they were met, selected 

excerpts were presented. The results of the survey scan based on the results of the causal 

cycle diagram analysis are as follows: 
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1. Personal reflections on social issues: As they explored with study participants on 

the application of engineering to social problems, some of them talked about their 

experience from the change that occurred in their practices: 

a. "I think one thing that stands out a lot is that it allows us to know the 

realities of certain municipalities and see that their reality is completely 

different from ours. It allows you to be more empathetic and use our 

knowledge as engineers to develop long-term sustainable solutions for these 

areas." 

b. "Behind these numbers and problems are people making decisions, actors 

being affected, and that through engineering you can find fields of 

application that help to solve these problems." 

These excerpts show us that engineers connected their practices with personal 

reflections on their impact on social systems. This result illustrates that this 

recommendation can be made in a project. 

2. Personal reflections on environmental issues: As with the previous strategy, the 

application of engineering to solve environmental problems was discussed. The 

results show us that participating engineers actively reflect on their practices in 

these contexts: 

a. "I really liked that this project allowed me to apply knowledge and see 

problems that I have been able to see only theoretically in environmental 

engineering." 

b. "I used to have the perception that the work I did was going to be divided 

into something industrial or something environmental, but from this project, 
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I was able to determine that what really brings me personally and work is to 

be able to mix the knowledge I have of my two careers of study." 

These excerpts show us that engineers connected their practices with personal 

reflections on their impact on the environment. This result shows us that this 

recommendation can be made in a project. 

3. Importance of Community Participation: On working with communities, no direct 

survey was directly discussed on this point. However, one of the interviewees 

commented: "For my professional life, I take the learnings learned about the 

development of a project with a social focus, joint work, information consolidation 

and organization to develop it properly." Although not explicitly mentioned, this 

engineer shows a direct relationship between joint work and social approach. This 

strategy should be explored in-depth in future studies to validate the process. 

4. Reflections on personal learning: The survey researched personal understandings of 

work in this type of engineering project. The results show us that engineers 

connected their experience with the wisdom they will take for their personal and 

professional lives: 

a. "This allows us to be a professional and a person with the capacity to adapt 

to change, the capacity to work as a team and, above all, more humane and 

committed to the social problems of our country." 

b. "This project allowed me to guide what I want to do in my professional life 

(...) I like the topic of project management too much, and I feel that this 

project has been a great experience." 
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These excerpts show us that engineers connected their practices with personal 

reflections on the learnings in this experience. This result shows us that this 

recommendation can be made in an engineering project. 

5. Changes in the paradigm of engineering: No direct survey was conducted about 

working with communities. However, several of the engineers commented on the 

shift in mindset that occurred when participating in the project: 

a. "And it can highlight the importance of these careers in the social and 

environmental sphere as engineers usually have the mindset of large 

companies looking to sell, build or provide their services and move away 

from environmental problems." 

b. "Yes, from what was worked on in sustainable industrial engineering, I 

could understand things that I had seen theoretically in system dynamics and 

other courses, and that is that finally, problems arise from social problems, 

from people making or quitting certain decisions (...) I think it's a very 

important part and more important part of our country and a very human 

aspect that is sometimes lost in this industrial engineering career." 

c. "My career is often more focused on the private sphere. However, the course 

and the project developed to manage to expand those limits and take 

knowledge to many other spaces." 

These excerpts show us that engineers connected their practices with paradigms 

different from those established by critical discourses within academia and the 

business world. This result shows us that this recommendation can be made in an 

engineering project. Furthermore, it is possible to teach alternative practices from 

working on projects with communities. 
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Thus, we can see that applying engineering projects to solve social and 

environmental problems allows promoting professional practices oriented to social justice, 

as mentioned in chapter five of this research.  Chapter six now says conditions that enable 

or hinder the development of engineering practices. An exploration of the surveys yielded 

the following results: 

1. Personal and institutional coherence: About the union of social and environmental 

awareness with institutional support, the results show us that engineers found a 

connection between these two topics: 

a. "At the academic level, it is an opportunity that is not given very often, to be 

able to implement something that started at zeros, to be able to become 

something real that normally stays in books(...) This allows me to 

understand various aspects of the environmental problems that arise in the 

problems seen and thus be able to provide solutions that allow to cover both 

the social aspect and the environmental aspect." 

b. "I feel that this project allowed me to connect more with that relationship 

that engineering has with social and environmental problems." 

2. Skilled social work: Working on projects to solve problems at the social level 

requires personal and communication skills. Among respondents, we can see a 

generalized view of the importance of soft skills for the development of a project 

with a community: 

a. "Speaking only from my experience and my role in the project, I have had to 

communicate with too many people both by mail (written communication) 

and in virtual meetings (verbal communication) (...) I think one thing that 
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stands out a lot is that it allows us to know the reality of certain 

municipalities and see that their reality is completely different from ours." 

b. "For example, in this pandemic era, the ability of verbal and written 

communication is very important to be able to communicate things properly 

and avoid conflicts over ambiguities or misinterpretations. In addition, other 

skills such as leadership are important for achieving actor integration and the 

scope of goals." 

3. Focused mission: This causal structure reminds us that a correct alignment between 

soft skills and institutional support can foster engineering practices for social 

justice. Although the analysis carried out in Chapter 6 determined that this was a 

relevant strategy, the information provided by the interviews does not show a direct 

relationship between these variables. Future exploration of the project would be 

necessary to corroborate this recommendation. 

4. Limited social vision: Even if an engineer has the image to help solve society's 

problems, lack of skills or institutional support could affect his/her professional 

practice. Examples found in interviews on these limitations include: 

a. "I also did not know that bureaucracies had such an influence on such 

projects and that this can become a significant obstacle to the schedule and 

the activities to be carried out." 

b. "Finally, I believe that there are all the technical and logistical challenges 

that were presented in the development of the project, virtual 

communication in the pandemic era, the bureaucratic processes for the 

provision of economic resources, distances and the disposition of the 

population in some areas of the municipality." 
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5. The importance of the environment: Although an engineer has the vision to help 

solve society's problems and has institutional support, a lack of knowledge on 

environmental issues can impede the development of his professional practice. Even 

though this condition was not found recurrently within the surveys, one of the 

engineers commented: 

a. "Another challenge, more personal, was to delve into an environmental issue 

that I suddenly did not know much about, to inform myself so that I could 

develop together with my colleagues all the material that would be used in 

the project." 

6. Personal traits: Even if an engineer has the institutional support to execute social or 

environmental projects, the lack of soft or ethical skills can complicate their 

implementation. Interviews supported this statement: 

a. "This project has allowed us to talk to managers, directors, announcers, 

teachers, administrative staff, generally people with high positions and much 

more experience than one, and there are people who do not know how to 

dialogue properly with these people. It's time to speak with safety, respect, 

and kindness, more confidently than these people give you; I feel that you 

should not talk to them as they usually talk to our friends as they remain 

your superiors." 

b. "Also, in a country like the one we live in, it is very important to generate 

solutions that do not involve dubious ethics to set an example for the same 

communities that seek to help. This same ethic is what allows engineers to 

make difficult decisions and take into account aspects that guide solutions 

towards a common good without violating any aspect." 
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c. "Being engineers often our vocabulary and experience become technical so 

soft and professional skills are essential to work on projects like the one 

carried out in this course because through these you can achieve effective 

communication with the population you are looking to help." 

Therefore, the excerpts presented before support five out of the six strategies 

resulted from the QCA. Furthermore, the interviews show that these nine recommendations 

could explain the success of the implementation of the project, but these results are just a 

slight grasp on the systemic causal structure of this endeavor. More analysis on the results 

of the surveys must be implemented to have a comprehensive framework to understand 

social justice-oriented projects.   

7.5 CONCLUSIONS 

The current project with Aguas de Teomara allows us to diagnose, understand, and 

implement an engineering solution to the poor water quality of this municipality. Through 

the Teoralimpiadas, two solutions were achieved. On the one hand, this solution will reduce 

the pollutants received by the water source by the wastewater management improvement. 

On the other hand, the other municipal actors will recognize the importance of their waste 

and water management, reducing, reusing, and recycling these resources. Therefore, the 

implementation of this gamified solution enables the social appropriation of knowledge and 

the self-organization processes around the use of natural resources 

 In terms of the activities, through this systemic process of PAR, an integral praxis is 

carried out, in which actions, goals, objectives, and reflection are part of the transformation 

process. These practices were achieved through virtual capacitation with the people in the 

area, conversations with actors, and a workshop in which engineering solutions were used 
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as an instrument to build collective knowledge about social and environmental problems in 

the contexts of vulnerability. Furthermore, the results obtained from this project show that 

engineering practices are complex systems involving different actors and variables. Thus, 

the decisions made about implementing engineering solutions cannot be based on a linear 

understanding of problematic situations but on considering the relationships and causalities 

of the variables. 

 Finally, when the practices of the engineers involved in the project are compared 

with the results of the previous chapters, three conclusions show up. First, these engineers 

implemented the proposed strategies from the identified causal loops to improve the 

positive impact of this project. Personal reflections and recognizing a mindset shift validate 

these strategies, which can be used further as exercises inside engineering projects. Second, 

fostering and hindering these professional practices can be pivotal for the success of any 

endeavor, as proposed in chapter six, and the results of the surveys validate this hypothesis. 

Third, the facilitating conditions and inhibition situations that can modify the engineering 

practices were identified inside the results, and more evidence was collected about their 

effect in any project. Consequently, the results of this study connect with all the previous 

conclusions, showing that a different kind of engineering can be achieved. 
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CHAPTER 8: GENERAL DISCUSSION AND CONCLUSIONS 

 

8.1 DISCUSSION 

 

In the research project discussed in this doctoral dissertation, the development of 

engineering projects with communities is recognized as a central problem. In light of the 

pressures that poverty, internal and external migration, climate change, and social conflicts 

have placed on our world, the way of doing engineering is changing, as shown in chapter 

one. Therefore, engineering practice must consider approaches that emphasize the 

relationship between social groups and the environment. One method to achieve this goal, 

explored in this dissertation, is through projects that explicitly relate engineering solutions 

to community problems using alternative visions such as social justice. Because this non-

traditional version of engineering has not been emphasized within the faculties and training 

programs. This study seeks to understand attributes and formulate strategies that encourage 

social justice implementation in engineering projects. All the research contributions are 

based on this objective, supporting the current lines and work on engineering studies. 

In line with Kabo's (2009) and Jayasinghe's (2015) research, social justice is a 

central concept for the transformation of engineering. Therefore, this document reviews the 

literature on different terms related to social justice in engineering. Chapter two shows, in 

extension, the importance of engineering practices, their relationship with human systems, 

and their impact on the problems studied by social justice. Furthermore, this chapter 

includes the basic concepts of systematic thinking that will serve as the foundation for the 

development of this project, resulting in a possible engineering approach to social justice 

that differs from the orthodox vision (Objective #1). From this review, the methodology 
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was built, which imitates the Systemic Thinking Loop and adapts it to study the mental 

models of engineers involved in projects with communities.  

The methodology of this project explained in detail in chapter three begins with an 

observation of reality from existing engineering projects. First, this research selected three 

organizations to get closer and closer to their application within engineering. The 

organizations Ingenieros sin Fronteras Colombia, the Humanitarian Engineering Center of 

the Universidad Sergio Arboleda, and the Social Innovation Science Park supported this 

research by sharing their engineering projects with social impact and the experiences of the 

participants. These institutions are examples of dedication in favor of generating a 

significant change in the reality of Colombian communities, bringing social justice to the 

practice of engineering. Chapters four, five, and six relies on the research on these three 

case studies. 

This doctoral research conceptualizes the practices of professionals in these projects 

as examples of the application of social justice in engineering, the opportunity to transform 

social, cultural, and political realities from the implementation of technologies. By mapping 

these engineering practices and understanding the lived experiences and daily struggles of 

professionals within these projects, the research connects advancements in engineering 

education and engineering studies into a broader framework of analysis. Giving these 

professionals a voice, allowing them to narrate what is essential, what makes them different 

from the rest of the engineers, is an emancipatory and empowering experience. In this 

thesis, they exposed their desire to resist the hegemony of knowledge, as seen in the 

analysis in Chapter 4. 
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 Using the in-depth interviews as data collection tools, the professionals involved 

(engineers and non-engineers) reported in detail the activities, routines, and structures of 

their work. In addition, community members involved in the projects shared their 

experience working with these professionals and the perceived benefits of this interaction. 

This information obtained was contrasted and complemented with three sources of 

information: (1) public documents about the projects, (2) Theoretical and empirical reviews 

of application cases, and (3) the personal history of this researcher. The result of this 

process of scientific inquiry was a pool of knowledge on which we will apply different 

methods to extract meaning, as indicated in objective #2. 

The main result of these studies recognizes the dynamic nature of engineering work 

with communities as a foundation for the strategies proposed here. Although the three 

projects studied operated with a similar basic working model and seemed to successfully 

generate solutions that include critical thinking and joint work, the particular constellation 

of activities and visions of the participants facilitated the engineers in transforming their 

practices. In chapter 4, it was shown how engineers conceptualize their practices, giving a 

possible range of activities, visions, and involvement in five categories. In Chapter 5, once 

it is understood that this concept is not static, the use of CLDs showed that six causal loops 

balance or reinforce these engineers' behaviors over time. Finally, in Chapter 6, at least six 

combinations of conditions facilitate or hinder applying these practices fully. In summary, 

this research showed that practices are not static and change over time according to specific 

characteristics. 

Another aspect to highlight of the analysis of the case studies is a deep 

understanding of the engineers who challenge the dominant discourses through their 
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professional practice. Engineers in these projects usually identify with the communities 

with which they work and are subject to social and cultural representations that consider 

them different or "rare." Moreover, because these engineers operate within contexts where 

there is inequality, they are often denied technical skills and limited solely to their 

relationship and soft skills. However, chapters five and six showed a series of causal and 

non-linear relationships between the problems studied, work with the community, and soft 

skills. Furthermore, in chapter four, we offer that the role of design is not limited to the 

creation of technologies but to share knowledge with stakeholders. In conclusion, as we 

delve into the life and experience of those who do alternative practices, we can suggest 

improvements in the professional activity of other engineers, as proposed by objective # 3. 

The added value of this research is not limited to the study of practices. On the 

contrary, through the knowledge generated in chapters four, five, and six, a series of 

complementary strategies to the project management and personal challenges for the 

participants were designed. Some of these recommendations promote personal reflection, 

stimulating critical thinking, and understanding the relationship between technology and 

community work. On the other hand, other proposals focus on developing institutional 

capacities and eliminating obstacles to a deep understanding of social and environmental 

dynamics. Some of the recommendations even remind us that we are managing to change a 

paradigm and advancing in constructing a body of knowledge on alternatives in engineering 

practice. 

In the light of the first three studies, we understand engineering practices for social 

justice and suggest strategies for fostering them. However, as indicated by objective # 4, 



 

154 
 

this study carried out an application case to evaluate the practical viability of the 

methodological strategies proposed in this document:  

1. Generate personal reflections about social and environmental issues. 

2. Acknowledge the importance of community participation. 

3. Recognize the personal learning of these experiences. 

4. Foster changes in the hegemonic paradigm on engineering. 

5. Keep personal and institutional coherence. 

6. Connect soft skills with community work. 

7. Amplify the social vision of the engineers. 

8.   Include environmental perspectives for problem-solving. 

9. Strength the soft skills and ethics competencies of engineers.  

The real problem is not to develop new knowledge about these practices but to 

support improvements within social systems to reduce inequalities and provide 

opportunities or access to communities. This thesis project solved a social and 

environmental issue in a Colombian municipality in a vulnerable condition to attack this 

problem. The setting was chosen to implement a one-year assignment to develop alternative 

solutions to improve water quality and waste management, implementing a low-cost and 

replicable technology based on community work. When analyzing the practices of the 

engineers involved, it is evident that the strategies were implemented, strengthening the 

results of this project. 

The methodological framework developed throughout this document will motivate 

the implementation of social justice in our engineers' systems. Assimilation or integration 

of these engineers within formal projects is not expected; all engineers can learn about their 



 

155 
 

practices and improve their current impact through these methodological recommendations. 

Thus, this proposal will transform not only the engineer himself but also the engineering. 

8.2 CONTRIBUTION TO KNOWLEDGE  

 

Each empirical chapter presented in this thesis makes a specific contribution to scientific 

and engineering knowledge. In chapter four, as an entry point to the work in this thesis, the 

different qualitative ways in which engineers conceive engineering practices with 

communities were identified, investigated, and shown. A deep understanding of the 

variations in practice within these projects will develop alternative approaches to work with 

communities, as it guides field and training engineers in their professional development. 

Even more, the use of phenomenography as a methodological framework for research 

contributed to the use of this tool in the field of engineering studies, showing its 

effectiveness in analyzing complex social behaviors. 

 In chapter five, a systemic approach was used to study the dynamics that underlie 

engineering practices for social justice. This research provided a holistic description of the 

experiences lived by engineers participating in projects with communities, revealing the 

key concepts behind these experiences and their relationships. The combination of systems 

dynamics (Sterman, 2000) with the idea of a system of practices (Vanwindekens et al., 

2013) was essential to understand the structures and patterns underlying the three case 

studies' operation. Moreover, the study of the current loops within the causal loop diagram 

allowed us to generate specific strategies that respond to the particular dynamics of the 

system under investigation. Finally, the research in this chapter expands knowledge in 

systems science by including community-engaged professional practices within its scope. 
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 Chapter six presents a comprehensive approach to understand causal structures 

within engineering practices for social justice. By combining the results of chapters four 

and five, this study uses qualitative comparative analysis (QCA) to describe possible 

strategies that enable or hinder the development of professional engineering practices. 

Furthermore, identifying the relevant characteristics within these structures is vital to 

ensure the implementation of alternative approaches to engineering practice. Noteworthy, 

the use of QCA to study professional practices is novel, although it has been used on 

previous occasions related to system dynamics models. Therefore, this doctoral thesis 

combines complementary approaches to study engineering practices for social justice 

across the board. 

However, this researcher is studying in a doctoral program in engineering. Thus, 

this would not be complete until demonstrating the applicability of the results of the 

previous chapters for decision-making and process improvement within a particular system. 

Therefore, chapter seven contributes to solving a specific problem in the municipality of 

Teorama, Norte de Santander. Likewise, it contributes to scientific knowledge about 

applying methodological strategies to promote engineering practices for social justice. 

Hence, this chapter closes the circle by demonstrating the effectiveness of implementing an 

engineering project that involves the concepts developed in this research. 

 The combination of the results obtained in these chapters demonstrated that 

engineering practices "are greater than the sum of their parts.". The sophistication of 

systems thinking, the relevance of alternative engineering practices and the importance of 

social justice make this research a more robust and helpful tool for solving the problems 

that exist within our society. As mentioned earlier, each contribution adds to create a 
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systemic methodology for running projects improving the communities' life quality, 

reducing risks, and eliminating barriers within the system. Thus, the most outstanding 

contribution of this doctoral research to the scientific world is the development of a 

methodological approach based on practice for the implementation of engineering projects 

in contexts of social and environmental vulnerability. 

The present research allowed us to understand the attributes of engineering practices 

for social justice and formulate strategies to motivate their implementation in systems. This 

result is a set of tools for researchers and engineers involved in engineering projects with 

communities, especially those starting this professional path. Based on applying theoretical 

concepts and practical recommendations, this thesis document is expected to guide any 

project from the formulation stage, selecting personnel, the fieldwork, the development of 

activities, and the construction of technologies. Whatever the use of this information, this 

was the first approach to continue with further research.  

8.3 FUTURE WORK  

 

Given the constraints on time, resources, and COVID-19 situation, the investigation did not 

have the capacity or the resources to interview a more significant number of members of 

these projects. Future research must expand this doctoral thesis, mainly including a more 

significant number of community members inside engineering projects. This researcher 

proposes mixed methods to collect information, including interviews, focus groups, and 

surveys. Then, the results of this future study could complement the findings of the work 

presented in this doctoral thesis. 
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It was evident during fieldwork that the role of underrepresented groups was 

excluded from this study. The work with Afro-descendant, indigenous communities, 

LGTBI communities, women, and the disabled could cherish the results of this work since 

various projects in the Colombian territory are related to these populations. Future research 

on engineering practices should include these groups to improve the results found in this 

doctoral thesis. 

The interviews were conducted to respond to the nature of the research presented 

here but excluded local and regional authorities from this study. Given the results of 

chapters five and six, future studies on engineering practices should explore the influence 

of institutional support provided by government entities. Similarly, future studies should 

explore in greater depth the role of institutional support by the entities that execute 

engineering projects. The results of these two studies could broaden the recommendations 

and generate precise strategies to promote engineering practices for social justice 

institutionally. 

As explained at the beginning of this thesis, Colombia is undergoing a rapid social, 

political, and economic change process. Chapter 7 explored the application of this research 

in a particular territory of this country, and the participating researchers were linked 

through digital platforms to perform the project. This researcher considers relevant an 

application of the strategies generated in this thesis in other contexts of vulnerability. 

Besides, this researcher proposes that the strategy be carried out personally, strengthening 

the working bond with the communities. Projects similar to that of chapter seven can be 

carried out in other contexts and with different types of communities, expanding the field of 

action reached in this thesis. 
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Another aspect unexplored in this research is the relationship between engineering 

practices for social justice and education. The training of future engineers is equal or more 

important to the work in the field, and the classroom is a suitable space to promote the 

strategies found in this research. Therefore, future research could explore applications of 

the results of this thesis in educational contexts, expanding its impact. 

Finally, it is essential to highlight that the analyses carried out in chapters four, five, and six 

are only theoretical approaches that could be expanded from systemic methodologies or 

critical theories. Future research will explore another type of analysis for information 

similar to that collected in this thesis project. 

8.4 CLOSING REMARKS  

This thesis document compiles the vision, experience, and work that I have carried out 

during the last years. With this research, I am contributing to the growth of scientific 

knowledge that guides engineers to developing alternative practices or praxis. My research 

is based on the idea of deconstructing the dominant discourses on engineering practices, 

revealing the assumptions and rationale in existing projects. In addition, this thesis project 

recognizes the work of those professionals who have decided to dedicate their lives to work 

with communities.  

This thesis is based on practice, so I hope that this academic work can be replicated in 

many engineering projects. Then, I believe that the results of this research can be helpful 

for professionals, researchers, and organizations that work or want to work on engineering 

projects with communities, regardless of the context. In addition, research institutions or 

universities that wish to promote work to solve social or environmental problems within 

their collaborators can base their policies on the recommendations in chapters four, five, 
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and six. However, I do not reject the idea that curious engineers working on traditional 

projects may find the contents of this document useful. 

The construction of a better society requires that each of us contribute from work, personal 

life, relationships with peers, and the connection with students. As argued in this thesis, 

social justice is not an issue that should be relegated to the social or human sciences. On the 

contrary, regardless of the area of knowledge or the context in which one develops, we can 

all contribute to eliminate those barriers to access resources, opportunities, and learning. 

My invitation to the reader of this thesis document is to make a personal examination of his 

work, the impact of his professional activity, on concerns about the modern world's 

problems, or simply on how to be a different person. I hope this document is a starting 

point for this analysis and that it continues to contribute to those small steps necessary for a 

big change. 
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