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Abstract 
Public health involves the development and application of strategies and interventions to 
promote and protect the health of populations. Evidence-Based Public Health (EBPH) is 
currently a landmark methodology in research and policy design in public health. Thousands 
of studies are conducted in order to find the evidence required by EBPH to design and 
implement interventions to improve the health of communities all over the world. However, 
many public health issues are still a burden to many communities and are crossing boundaries 
to others; such is the case of obesity and overweight for example, which has become a public 
health priority in Colombia as stated by the “Obesity Law” approved by the Colombian 
Congress in 2009.  

What can we do when the strategies and interventions thought to be the appropriate ones, are 
not as effective as we thought or at all? Is the methodology we are implementing for policy 
design and research appropriate? How do we know what to do about it? This thesis explores 
these questions and after a critical assessment of the current epistemology of health research 
and practice of EBPH, concludes that the assumptions underpinning EBPH rely upon a 
narrow view of knowledge based on empirical observations, and the invariability and 
homogeneity of populations. This discussion is developed and concludes that this stance 
hinders the effectiveness of EBPH when dealing with chronic disease due to its static view of 
the world. Thus, this thesis explores how to consider the complexity and evolutionary nature 
of social systems to help achieve effective research and policy design in chronic disease 
public health. Consequently it suggests the outline of a framework for research and policy 
design in chronic disease public health based on epistemic elements of engineering and on an 
evolutionary economics framework, and supported on simulation modelling; all of which are 
consistent with a perspective that acknowledges change and diversity in the world in order to 
achieve more effective policies, interventions and strategies.   

 

 

 

 

 

 

 

 

 



4 

 

Resumen 
La Salud Pública involucra el desarrollo y la aplicación de estrategias e intervenciones para 
promover y proteger la salud de las poblaciones. La Salud Pública Basada en la Evidencia 
(EBPH por sus siglas en inglés) es reconocida hoy como una metodología importante en la 
investigación y el diseño de políticas en salud pública. Miles de estudios se conducen para 
generar la evidencia requerida por esta metodología para el diseño y la implementación de 
intervenciones con el objetivo de  mejorar la salud de comunidades en todo el mundo. Sin 
embargo, muchos problemas en salud pública aún agobian a muchas poblaciones y además 
cruzan fronteras como en es el caso de la obesidad y el sobrepeso por ejemplo. La obesidad y 
el sobrepeso fueron designadas por el congreso colombiano como una prioridad en salud 
pública con la aprobación de la “ley de la obesidad” en el año 2009.  

¿Qué podemos hacer cuando las estrategias e intervenciones que creemos apropiadas no 
resultan ser tan efectivas como esperamos? ¿Es la metodología que estamos usando la más 
adecuada para la investigación y el diseño de políticas? ¿Qué podemos hacer al respecto?  
Esta tesis explora estas preguntas y luego de realizar una evaluación crítica de la 
epistemología de la Salud Pública Basada en la Evidencia, concluye que sus supuestos se 
fundamentan en una perspectiva limitada basada en observaciones empíricas y en la 
invariabilidad y la homogeneidad de las poblaciones. Esta discusión se desarrolla en este 
trabajo y se concluye que este enfoque restringe la efectividad de esta metodología al 
enfrentar enfermedades crónicas debido a su visión estática del mundo.  Por consiguiente, 
esta tesis explora cómo considerar la complejidad y la naturaleza evolutiva de los sistemas 
sociales para lograr mayor efectividad en la investigación y el diseño de políticas en relación 
con enfermedades crónicas en salud pública. Así pues, sugiere los lineamientos de un marco 
metodológico para la investigación y el diseño de políticas para enfermedades crónicas 
basado en elementos epistémicos de la ingeniería y en un marco de la economía evolutiva, y 
con el apoyo de la simulación; lo cual es consistente con una perspectiva que reconoce el 
cambio y la diversidad en el mundo para el logro de políticas, intervenciones y estrategias 
más efectivas.  
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CHAPTER 1 Introduction 

Public health practice is understood as “the development and application of preventive 
strategies and interventions to promote and protect the health of populations (Turnock, 2009, 
p. 517).”  But what can we do when the strategies and interventions thought to be the 
appropriate ones, are not as effective as we thought or at all? Is the methodology we are 
implementing for policy design and research appropriate? How do we know what to do about 
it? These questions may apply for the entire public health field; however, this thesis focuses 
on chronic disease public health because it is not a matter of developed countries anymore. 
Chronic disease has crossed boundaries to the developing countries where infectious diseases 
used to be the main concern; yet, today developing countries such as Colombia are beginning 
to suffer chronic health problems such as obesity and overweight. Hence, it is important to 
call the attention of public health researchers and practitioners, both in developed and 
developing countries, on the relevance of effectively addressing chronic disease. This thesis 
gives a new perspective for this field to answer the questions above, particularly in the field 
of chronic disease public health, taking as an example overweight and obesity which has 
become a public health priority in Colombia as stated by the “Obesity Law” approved by the 
Colombian Congress in 2009 (Congreso de la República de Colombia, 2009).  A broader 
argument of this motivation and the problem definition of this project are presented in 
Chapter 2. Also in Chapter 2 the research question is presented together with the objectives 
and the methodology followed to develop this thesis.  

In order to develop this project the research question defined is how to consider the 
complexity and evolutionary nature of social systems to help achieve effective research and 
policy design in chronic disease public health. This thesis seeks to propose the outline of a 
framework for research and policy design in chronic disease public health based on the 
epistemological foundation of engineering and evolutionary economics and a critical 
assessment of the current epistemology of health research and practice of EBPH, in order to 
achieve more effective policies, interventions and strategies.  

The research question will be answered through several elements: first, by critically 
evaluating Evidence-Based Public Health (EBPH) which is one of the widely followed 
approaches in public health research and practice today. This entails examining its 
underpinning assumptions regarding the nature and scope of knowledge about the problems it 
deals with, which requires an epistemological examination. This critical evaluation is 
presented in Chapter 3. Also in this chapter, the assumptions of an engineering approach 
together with an evolutionary economics approach are examined to compare them to EBPH 
regarding their epistemological foundations, and as elements of an alternative methodology to 
that one of EBPH as a means to achieve more effective research and policy design in chronic 
disease public health as stated in the research question for this project.  

Chapter 4 presents the second element to answer the research question which involves the 
design and building of an agent-based simulation model to help illustrate and compare the 
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two methodologies under study—EBPH and an evolutionary engineering approach— through 
in silico experimentation regarding cases of overweight and obesity. The experiments allow 
analysing the assumptions of each of the methodologies and their differential effectiveness in 
dealing with overweight and obesity in a diversity of virtual contexts. Moreover, these 
processes of model design, model building and experimentation using a simulation model are 
in themselves a central element in an engineering perspective which will serve as a base to 
the framework outline for research and policy design in chronic disease public health 
proposed by the end of this thesis in Chapter 5. This framework outline integrates an 
engineering approach and an evolutionary economics approach that considers the complexity 
and evolutionary nature of social systems to help achieve effective research and policy design 
in chronic disease public health. This is done through questions that focus on how the system 
to be transformed works, how system and problem relate, and how people within the system 
behave and interact with each other and with the system. This complex learning process is 
proposed to be managed through simulation modelling in order to design effective ways to 
address chronic disease issues.       

Finally, Chapter 6 presents concluding remarks and summarizes the contributions and 
limitations of this thesis and some pathways for future research. References and appendices 1 
and 2 can be found in sections 7, 8 and 9 respectively. Appendix 1 contains the model code 
and Appendix 2 a basic user guide for the model.  
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CHAPTER 2 Motivation and Problem 
Definition  
Currently, Evidence-Based Public Health (EBPH) is a landmark methodology in research and 
policy design in public health (Brownson, et al., 2009). Thousands of studies are conducted in 
order to find the evidence required by EBPH to design and implement interventions to 
improve the health of communities all over the world. However, many public health issues 
are still a burden to many communities and are crossing boundaries to others; such is the case 
of obesity and overweight for example. Obesity and overweight were once a problem unique 
to developed countries, yet today developing countries such as Colombia are beginning to 
suffer the social and economic burden of obesity and overweight, even generating an “obesity 
law” in 2009 that declares obesity and related diseases as a public health priority in Colombia 
(Congreso de la República de Colombia, 2009).  

A question arises: Why has not EBPH been able to deal effectively with such problems? 
Some authors have stated that it might be because there is not enough evidence about 
effective interventions, or there is enough evidence, but practitioners do not engage 
appropriately in evidence-based practice, or there are not enough resources to implement 
evidence-based interventions (McMichael, et al., 2005; Green, 2006).  However, the 
assumptions that underpin EBPH have not often been explicitly evaluated as a possible 
reason to why it has not been able to address the issues it attempts to solve. There is literature 
written about the epistemology of health research; however, it usually does not stand beyond 
the current inductive approach or its limitations nor has there been a thoughtful discussion 
about the implications on effectiveness of this approach for public health research and policy 
design (Weed, 2001; Battersby, 2006). 

This thesis seeks to propose the outline of a framework for research and policy design in 
chronic disease public health based on the epistemological foundation of engineering and 
evolutionary economics and a critical assessment of the current epistemology of health 
research and practice of EBPH, in order to achieve more effective policies, interventions and 
strategies. This will give as a product both the outline of an alternative methodological model 
for research and policy design in chronic disease public health, and a computer simulation 
model as a means to illustrate its contributions and limitations through the case of overweight 
and obesity. Moreover, the processes of model design, model building and experimentation 
using the simulation model are central to an engineering perspective which will serve as a 
base to the framework outline to be proposed.  

2.2 Research question 

How to consider the complexity and evolutionary nature of social systems to help achieve 
effective research and policy design in chronic disease public health? 
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2.3 Research objectives 

i) To make an epistemological critique of Evidence-Based Public Health (EBPH) as 
a research and policy design approach in chronic disease public health.  

ii) To outline an engineering methodological framework for research and policy 
design in chronic disease public health. 

iii) To design and implement a computer simulation model to formalise and  illustrate 
the methodologies of engineering and EBPH as research and policy design 
approaches in chronic disease public health, through the case of overweight and 
obesity; and to highlight the processes of model design, model building and model 
use as central to an engineering methodology.  

 2.4 Thesis methodology 

To be able to answer the research question it was necessary to understand a widely followed 
approach in public health research and practice today: Evidence-Based Public Health 
(EBPH). In order to do that a comprehensive literature review about this approach was done 
together with the enrollment and participation in several public health graduate courses. This 
activity allowed identifying Dr. Ross Brownson, as a world leading authority on EBPH and 
chronic disease research who is recurrently cited since he is mostly the main author 
concerning health research and practice based on the EBPH approach; reason why it will be a 
main reference throughout this project.  

Following this, questions arose about its appropriateness to deal with chronic disease public 
health issues due to the identified lack of success and increasing burden of issues like 
overweight and obesity in developed and developing countries, including Colombia. Hence, it 
was necessary to examine the underpinning assumptions of EBPH regarding the nature and 
scope of knowledge about the problems it deals with, which required an epistemological 
evaluation, which aims at the accomplishment of the first objective described in section 2.3. 
Figure 1 shows this process in which the starting point is the ineffectiveness of public health 
policies and interventions to address chronic disease issues such as obesity and overweight 
and their pervasiveness and increasing burden, followed by the examination of the 
assumptions of EBPH concerning how we know about these issues, what we do and how we 
do it; linking it with objective 1.  Subsequently, EBPH assumptions were confronted and 
compared to the assumptions of an engineering approach and an evolutionary approach 
through a critical epistemic evaluation based on several readings on engineering 
epistemology, the evolutionary epistemology of Karl Popper and Donald T. Campbell, and 
the framework for evolutionary economics of Kurt Dopfer, as a result of my participation in 
an engineering graduate course where these topics were discussed.   

Although necessary and helpful, the comparisons of the EBPH approach and the alternative 
engineering approach did not seem enough to accomplish the objective of developing and 
outline of a new framework to achieve more effective research and policy design in chronic 
disease public health. Hence, it appeared necessary to show in a more tangible manner how 
the two approaches differed and dealt with a problem such as overweight and obesity. It 
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seemed necessary to formalise the concepts and ideas drawn from the epistemological 
evaluation.  However, doing some sort of experiment about this in the real world would not 
only be costly but it would have taken a long time since overweight and obesity are problems 
that have shown to be pervasive and complicated to deal with due to the amount of elements 
that are involved. How to do it and why? Through simulation modelling; Figure 1 shows a 
connection between the engineering and evolutionary approaches to agent-based modelling. 
This is central to the methodology of this thesis since it concerns a core element of an 
engineering methodology to answer the research question. Simulation modelling comprises 
the design, building and use of a simulation model.  

The model design was guided by a purpose: in this particular case to formalise and illustrate 
the methodologies under examination in this thesis—EBPH and an engineering approach— 
dealing with overweight and obesity; objective 3 in Figure 1. Nonetheless, when building the 
model one is engaged in reflective and auto-reflective activities about the problem and the 
system that is being modelled. This building process involved the formalisation of the ideas 
and concepts learnt through the epistemological critique by operationalizing the assumptions 
and the methodological aspects of both approaches. This was done by reflecting on how the 
methodologies work: how are they implemented, how do people that follow each of the 
methodologies act and make decisions. This allows operationalizing and formalising the 
decision rules used by both researchers and practitioners using EBPH engineering. It is not 
easy to understand systems where people are involved because they are complex, among 
other reasons, due to the existence of dynamic complexity: “the often counterintuitive 
behavior of complex systems that arises from the interactions of the agents over time 
(Sterman, 2006, p. 506).” Simulation modeling is helpful for overcoming these limitations. 
Experimentation in the real world is not always feasible for different reasons. As mentioned 
earlier, a real world experiment would be costly and lengthy, but also ethically constrained. 
Simulation is handy to overcome these limitations (Sterman, 2000). The simulation model 
built for this thesis was used as an experimentation tool to be able to accomplish objective 3.  

Finally, an engineering framework for research and policy design in chronic disease public 
health is outlined (objective 2) based on the previously explained elements as shown in 
Figure 1. The outline integrates an engineering approach and an evolutionary economics 
approach to answer the question of how to consider the complexity and evolutionary nature 
of social systems to help achieve effective research and policy design in chronic disease 
public health. 
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Figure 1: Conceptual map of thesis 
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CHAPTER 3 Epistemological critique of 
Evidence-Based Public Health and epistemic 
aspects of an engineering methodology  

This chapter includes a literature review of the currently most used methodology for research 
and policy design in public health as well as of engineering and evolutionary economics. The 
first section discusses what is understood by Evidence-Based Public Health (EBPH), what it 
entails, and the framework that should be followed in order to comply with this approach.  
The second section presents a literature review on the current criticisms to EBPH regarding 
the concept of evidence and its selection process as well as an epistemological analysis of 
EBPH regarding the Humean problem of induction and justificationism. The third section 
presents a discussion on the relevance of a systemic perspective in public health. The fourth 
section discusses the traditional approach of determinants of health in public health research 
and epidemiology. The fifth section presents the problem of overweight and obesity in Latin 
America and Colombia and the approach that has been used to study and address it together 
with its core epistemic elements. Finally, the sixth section discusses the methodological 
framework of engineering and evolutionary economics.  

3.1 Evidence-Based Public Health (EBPH) 

Policy design and decision making in public health usually involve crises and concern a 
diversity of organizations, communities, and interests; therefore, decisions are often based on 
short term demands than on long term study (Brownson, et al., 2003). In order to address this 
problem and to respond to the challenge of achieving a more rigorous approach to public 
health issues, eyes were turned to evidence-based medicine (EBM) and its fundamentals as 
the model to follow. Medicine has been influenced mainly by “[C]lassical physics, it is 
mechanistic, materialistic, [and] deterministic… (Weiner, 1998)”; thus, the methods used by 
medicine involve the concepts of scientific method, rigor, analysis, and scientific reasoning. 
EBM entails the idea that evidence, understood as a body of facts that prove if something is 
true or not, should be the basis of clinical practice in order to deliver “optimal individual 
patient care” (Brownson, et al., 2003, p. 5). 

Public health took these ideas and adapted them creating the concept of evidence-based 
public health (EBPH) declaring its key concepts as: “making decisions on the basis of the 
best available scientific evidence, using data and information systems systematically, 
applying program-planning frameworks, engaging the community in decision making, 
conducting sound evaluation, and disseminating what is learned (Brownson, et al., 2009, p. 
175)”. EBPH defines a sequential framework for decision making which is shown in Figure 3 
which is based on the figure taken from the book “Evidence-Based Public Health (Brownson, 
et al., 2003).” The first step involves the definition of the problem at hand. The practitioner 
should describe the gap between the current health status and the desired goals. This 
definition should specify the target population, the potential stakeholders, the health problem 
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or risk factors of interest, and the prevention opportunities. The second step entails the 
quantification of the problem; this means to show the epidemiological data regarding the 
health issue and/or risk factors associated with it.  The third step can be understood as the 
search for evidence to inform the process of decision making and intervention design. The 
practitioner should search the scientific literature for information regarding the issue of 
interest and to collect evidence of successful interventions and programs that could serve as 
base for the program design.  The previous steps give the practitioner the information 
necessary for the fourth step. Many programs, interventions, and policies can be found in the 
literature and should be examined by the practitioner. This evidence can be summarised and 
prioritised according to its objectivity as shown in Figure 3. In step five, the practitioner must 
develop an action plan; this means to establish short-term and long-term objectives, and the 
activities by which these objectives will be achieved.  The last step talks about program 
evaluation which involves the assessment of the degree to which the goals of the 
program/intervention have been met (Brownson, et al., 2003).  

 

Figure 2: Framework for enhancing evidence based public health (Brownson et al., 2003) 

Figure 3 shows different forms of evidence ranked from most objective to subjective 
according to the EBPH paradigm which establishes a hierarchy among forms of evidence so 
that objectivity implies better quality over subjective forms of evidence. The framework in 
Figure 2 and the categorisation of evidence in Figure 3 show the intrinsic idea that 
“information for decision making is founded upon science, and science is based on the 
collection, analysis and interpretation of data (Brownson, et al., 2003, p. 28)”; therefore, 
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systematic reviews1 are on the top of the scale of evidence for they provide more reliable 
results as they involve high quality study designs.  

 

Figure 3: Forms of evidence (Brownson et al., 2009) 

The quality of evidence is assessed based on the quality of the study which depends on 
aspects such as internal validity and generalizability also called external validity, which are 
the landmarks for better evidence. A study or program evaluation is said to be internally valid 
if the observed differences in dependent variables are attributed to the hypothesized effects 
under study. Internal validity is threatened by all types of systematic error (Brownson, et al., 
2003). External validity relates to whether unbiased inferences can be drawn about other 
populations beyond that one in the study (Friis & Sellers, 2009). Within this categorisation, 
there is also a hierarchy of study designs which establishes that randomized control trials 
(RCT) are the strongest type of study, followed by case-control studies. The least suitable 
types of study design are the cross-sectional study and the ecological study (Brownson, et al., 
2003) as shown in Figure 4.  

Figure 4: Hierarchy of study designs adapted from (Brownson, et al., 2003) 

 

 

                                                             

1  Systematic reviews are syntheses of comprehensive collections of information on a particular topic. 
(Brownson, et al., 2009) 

Quality Study design examples Characteristics 

Highest  Randomised control trial 
 Prospective cohort study 

Simultaneous comparison groups and 
prospective measurement of exposure and 
outcome 

Moderate  Case-control study Retrospective designs/ pre or post 
measurements and no simultaneous 
comparison groups. 

Lowest  Cross-sectional study 
 Ecological study 

No comparison groups 
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3.2 Current criticisms to EBPH 

Several authors state that “increased focus on EBPH has numerous benefits, including access 
to more and higher-quality information on what works, a higher likelihood of successful 
programs and policies being implemented, greater workforce productivity and more efficient 
use of public and private resources (Brownson, et al., 2009, p. 176).” However, there are 
other authors who do not think EBPH is idoneous for policy design and decision making. For 
instance, Kemm (2006) makes various criticisms involving its foundations, as well as 
Yamada et al. (2008) and Dobrow et al. (2004). These criticisms comprise the concept of 
evidence, and the selection process of the evidence. 

3.2.1 Concepts of Evidence and its Selection Process in EBPH 

3.2.1.1  Approaches and Concepts of evidence 

The question of what constitutes evidence has not been widely discussed (Kemm, 2006) in 
the context of EBPH. This is an epistemological question on how we relate to the world in 
terms of creation, interpretation, and evaluation of information and knowledge (Dobrow, et 
al., 2004), but it is also practical in terms of justification in the decision making process. 
According to Dobrow et al. (2004), there are two orientations to what constitutes evidence: 
the philosophical-normative and the practical-operational. The former tends to see context 
and evidence as mutually exclusive; the latter is context-based, defining evidence with 
respect to a specific decision making context and therefore mutually inclusive. 

The normative evidence based approach considers evidence as a function of quality, standing 
in the supposition that higher quality implies better decisions as shown previously with the 
categorisation of the evidence (Figure 3) and the hierarchy of study designs (Figure 4).  
Nowadays, The Cochrane Collaboration is one of the most respected review databases 
between EBPH practitioners, and echoes this approach. In this sense, evidence such as 
randomized control trials and systematic searches are understood as scientific; hence, 
appropriate as evidentiary sources for decision making. However, they leave a void in terms 
of the importance of context and its variability in decision making (Dobrow, et al., 2004). 
Kemm (2006) asserts that the problem of context lies in the notion that methods found to be 
effective in one setting could be assumed to be effective in another; hence, not accounting for 
the complexity of communities and the differences between them: “For example a health 
education message that is highly effective in a risk averse community may have precisely the 
opposite effect with a risk-tolerant one (Kemm, 2006, p. 322)”.  Consequently, it is important 
to consider not just the intervention and outcome but the difference of time and space in 
which the intervention takes place.  

Instead, the practical operational approach recognizes the non-static nature of evidence 
characterizing it as emergent and provisional (Dobrow, et al., 2004). Therefore, inevitably 
incomplete and inconclusive, and directly influenced by contextual and temporal variability; 
therefore, evidence might just describe the current state of knowledge at a particular space 
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and time (Achinstein, 2001). In this sense, this approach focuses more on the relevance and 
applicability of the evidence to a specific context rather than just an alleged quality (Dobrow, 
et al., 2004).   .  

For example, in considering a certain intervention or policy, the normative approach would 
look at the so called gold standard for evidence such as randomised control trials (RCT)  and 
would not take into consideration any other non-experimental evidence for decision making 
while the operational perspective would still use the RCT as a primary source of justification 
for policy decision making, it would consider other aspects such as cultural differences, 
and/or acceptability of the intervention by the population (Dobrow, et al., 2004).  
Nevertheless, it continues to rely on evidence as a source of knowledge and proof for 
intervention design.  

3.2.1.2  Evidence selection process  

In relation to the selection process of evidence various issues arise. Particularly, the idea of a 
categorisation of evidence from ‘subjective’ to ‘objective’ (being this last one considered the 
‘best’), as shown in Figure 3, brings up questions about the impracticality and poor suitability 
of random allocations when the unit of intervention is a community rather than an individual. 
This becomes a problem since the randomized control trial (RCT) is seen as the most valid 
scientific study, and therefore, the first selection criterion of evidence. Kemm (2006) affirms 
that RCTs do not provide any assurance that a particular treatment will produce the best 
outcome for a particular patient. Also, that taking the results of these studies as guidance on 
individual treatment requires to assume that the context of the trial is relevant to the patient’s 
one. Related to this discussion, Green (2006) considers these types of studies as “not very 
practiced-based” (italics in original) as they are focused on controlling certain variables and 
aspects relevant to the public health practice and context; hence, making the trials artificial 
and not fit to realities of practice.  

Furthermore, analytic tools such as systematic reviews and meta-analyses that follow the high 
quality and “objectivity” criteria are applied to establish the effectiveness of interventions and 
policy and to make decisions whether it is worth to implement them. Specifically, systematic 
reviews base the selection of evidence on rules which in theory provide the certainty that any 
researcher following them would retrieve and select the same articles. Consequently, expert 
knowledge of the subject becomes irrelevant since the application of selection rules are 
enough (Kemm, 2006).  Meta-analyses are based on the idea that there are comparable 
interventions, outcomes and contexts, thus it provides a procedure for combining the results 
of different studies to produce a combined estimate of the effect (Kemm, 2006). Yamada et. 
al. (2008) claims the importance of other forms of knowing to practice medicine and public 
health because these criteria assume that the studies and evidence which do not use the 
favoured methods are weak and do not have anything to contribute falling, into a dogmatic 
interpretation and the manifestation of representationalism: the philosophic stance that some 
ways of looking at the world give a more privileged and unmediated view of reality than 
others. Rapport (1997) agrees by sustaining that: “[…] in the complex world we face 
‘hardness’ may not be the best test of ‘goodness’. In a world imperfectly known, laboratory-
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driven, tightly-controlled experimentation no longer applies and deterministic models must 
give way to pluralism in which contributions from many fields of knowledge are given their 
due (Rapport, 1997, p. 289)”.     

Hence, context and the recognition of differences between communities are relevant for 
public health and policy design making these analytic tools not frequently appropriate. It also 
raises the question about the real comparability between the studies meant to be compared: is 
it really possible to compare these interventions and contexts? The assumptions underlying 
these methods overlook change within and between communities making it difficult to rely 
on for the policy design process. These concepts will be further addressed in the following 
sections.  

3.2.2 The ‘Humean problem of induction’: May the course of nature 
change?  

 
“The re-emergence of Bacon’s naïve views of induction—of the belief that science is the collection and 

tabulation of instances, and especially of confirming instances—must be combated by those who believe in 
human reason (Popper, 1983, p. 260).” 

 

Physics and a particular interpretation of physics―Phenomenalism― have dominated 
philosophy of science (Bartley III, 1993).  This interpretation is rooted in the eighteenth 
century empiricism2  and argues that the subject matter of science cannot go beyond our 
sensations; therefore, “the aim of science is seen not as the description and explanation of that 
independent external reality but as the efficient computation of perceptions (Bartley III, 1993, 
p. 11).” This then became the philosophical basis for contemporary physics and hence 
science and its philosophy, rendering the authority to logical positivism3, making it seem to 
apply to all of science.   

Health sciences and research have not escaped from this influence, and as a result, in the so-
called scientific method (Weiner, 1998). Public health practitioners including epidemiologists 
affirm that part of the uniqueness of this field compared to other “social movements” is its 
grounding in science; particularly, medical and physical sciences that help understand the 
biological aspects of humans, vectors and microorganisms (Turnock, 2009). Although, it is 
acknowledged that management sciences and behavioural sciences are basic to public health, 
and that there have been important contributions from the social sciences, these are seen as 
“less robust”, “softer” sciences (Bambra, 2009; Turnock, 2009).  This has implications 

                                                             

2 It is “the theory that all knowledge is based on experience derived from the senses. Stimulated by the rise of 
experimental science, it developed in the 17th and 18th centuries, expounded in particular by John Locke, 
George Berkeley, and David Hume (Oxford University Press, 2013).” 

3 It is “a form of positivism, developed by members of the Vienna Circle, which considers that the only 
meaningful philosophical problems are those which can be solved by logical analysis. Also called logical 
empiricism (Oxford University Press, 2013)”. 
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regarding the mode of thought and action that dominates public health and epidemiology and 
their approach to knowledge ‘production’, mainly empiricism and inductivism. Induction can 
be summarized as the process of inference of generalities from the observation of particular 
instances. This has been the heart of analytical epidemiology wherein the search for ‘causes’ 
and associations of disease in populations is done through inferences from available samples, 
under the assumption (and hope) that these conclusions apply to the whole population from 
which the sample was obtained and even to other populations. For example, a study done by 
researchers at Universidad de Antioquia in Colombia wanted to evaluate the exposure to risk 
factors associated with cardiovascular disease in children from Medellín according to sex, 
age and socioeconomic status. The sample for the study was 2166 children aged 6-18 years 
old; lipid profile, blood pressure, body mass index, diet, exercise, alcohol intake, and 
smoking were evaluated. In the discussion and conclusion the authors establish comparisons 
with children from other regions in Colombia and even other countries such as Spain 
(Uscátegui Peñuela, et al., 2003). However, the socioeconomic context of Medellín is of a 
very different kind compared even within Colombia due to the high prevalence of violence 
particularly in the lower socioeconomic status; for example, homicide has been the first cause 
of morbidity and mortality in Medellín for a long period of the history of that city having a 
historically higher rate than other main capital cities in Colombia. Most victims have been 
identified as young males between the ages of 15 and 34 years old (Cardona, et al., 2005). 
Hence, comparing these populations to others in Colombia or European countries such as 
Spain might not be appropriate due to contextual differences which may have relevant effects 
in the populations under study.        

EBPH relies on Epidemiology as the scientific base and source of reliable, and high quality 
evidence to design policy (Brownson, et al., 2003); this entails following the induction 
paradigm as it states that evidence (past events and occurrences) should be used as reference 
for decision making today and in the future. J.N. Morris in his classic Uses of Epidemiology 
states that “For many the main interest of history is the light it can throw on the future” and 
highlights the importance of the use of Epidemiology to forecast and project ahead (Morris, 
1955, p. 396). It is precisely this idea of generalisation from previous experience which 
brings to light the problem of induction. 

The ‘problem of induction’ stated by Hume is in simple words, the problem of generalisation 
based on observation of instances, it is “the problem of whether and why [inductive] 
inferences (…) should be considered rationally acceptable or justified from an epistemic or 
cognitive standpoint (Dancy, 1992, p. 391)”. Induction is founded on the idea that “the future 
will resemble the past or, somewhat better, that unobserved cases will resemble observed 
cases (Dancy, 1992, p. 391)”; hence, it neglects change. EBPH is therefore framed in the 
assumption of invariability; thus, it presumes there is no change in the context where an 
intervention or policy has been implemented thus it can be re-implemented afterwards in the 
‘same’ or a different context. 

But why is the concept of change and temporality relevant to research and policy design in 
public health?  The answer to this question can be philosophical and practical. From a 
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philosophical perspective it has been concluded by several philosophers (Heraclitus, Darwin, 
Mayr, Campbell, Popper, Bartley) that the so-called inductive reasoning is not rationally 
acceptable (this will be expanded later), particularly outside the realm of physics; hence, its 
assumptions such as generalisations from instances and the overlook of change are rejected. 
From a practical point of view, it is useful to exemplify: some years ago it was globally 
accepted that the use of chloroquine was a good treatment for malaria, nowadays, the 
emergence of drug-resistant parasites have made this compound useless in various locations 
of the world (D'Alessandro & Buttiëns, 2001); another example can be the disparities in 
terms of contraceptive uptake and sexually transmitted disease prevention between certain 
populations within the same country due to particular cultural differences e.g. religious 
backgrounds (Sangi-Haghpeykar, et al., 2006); the same argument follows for the developed 
world experiencing a decrease in vaccine uptake (where it used to be high) due to concerns 
about safety (Wilson & Marcuse, 2001). Hence, nature and populations are not static, that is, 
there is temporal and contextual variation; thus, observations of them shall also change and 
vary, which makes evidence not static and therefore, in the best of scenarios, just a 
description of “the state of knowledge at a particular time and place” (Dobrow, et al., 2004, p. 
209).  It was indeed true that some years ago there was evidence that chloroquine was an 
effective treatment for malaria; however, that evidence was subject to that specific moment 
―time and conditions― and epistemic situation (Achinstein, 2001). Nowadays the evidence 
turns out to have changed to suit the new environment (place and time) and state of 
knowledge.  This renders the notion that evidence is provisional in nature and that that which 
constitutes evidence is influenced by such variation (Dobrow, et al., 2004). 

However, this is not the only epistemological weakness that EBPH faces. Together with the 
mentioned ‘problem of induction’, EBPH entails the necessity of proving or justifying the 
‘induced evidence’ and the decisions made based on it. In practice and policy wise, 
justification is actually one (if not the main) of the drivers for the movement of EBPH. The 
practitioner needs to give proof that what is being recommended will work and will not be 
detrimental to the population; consequently evidence is thought to be fundamental. Moreover, 
under this approach, it is scientifically unacceptable if something cannot be proved or 
verified.    

Evidence is understood, as mentioned earlier, as the body of facts that prove if something is 
true or not (Brownson, et al., 2003). This assertion shows the idea of proof, of verification 
within EBPH; it shows the sought of reasons to justify and verify the 
theories/recommendations/policies/interventions that are proposed. This urge of justification 
and verification is characteristic of the inductivist epistemology which was discussed 
previously and argued not rationally acceptable. As it was mentioned in section 3.1, EBPH 
aims to make public health research and practice more rigorous, to avoid error and therefore, 
there is a need and a preoccupation for justification derived from the available evidence.  

However, correspondingly with some philosopher’s conclusion about the rational unviability 
of induction discussed previously, the focus of inductivism on justification is found to be 
unreasonable too. However, there is another path proposed by philosophers such as Karl 
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Popper and Donald T. Campbell through the development of an evolutionary epistemology. 
In his “Evolutionary Epistemology” Campbell (1993) states that, within induction, 
knowledge is identified as a “true belief” which should also be “rationally justified” or “well 
grounded”; accordingly, Popper argues that “we cannot give any positive justification or any 
positive reason for our theories and our beliefs. That is to say, we cannot give any positive 
reasons for holding our theories to be “true” (Popper, 1983, p. 19).” Cited by Campbell 
(1993) Popper also states: “Our method of research is not to defend [our anticipations] in 
order to prove how right we were. On the contrary, we try to overthrow them (Campbell, 
1993, p. 53).” Here Popper refers to his solution to ‘justificationism’ which rejects the idea of 
justifying or verifying scientific theories, and instead calls for a process of refutation using 
critical reason in order to defend a preference for a theory which does not imply it to be true, 
it just means that our attempts to refute it have not been successful yet (Popper, 1983).  This 
stance states that scientific knowledge encoded in theories grows and develops following the 
evolutionary processes of trial and error, as Popper proposes, through conjectures and 
refutations; therefore, a critical ―provisional―acceptance of testable scientific theories 
(Popper, 1992)  together with the purpose of revising them if we succeed in designing tests 
which they fail, is reasonable since there is nothing irrational in relying upon well-tested 
theories (through refutation tests rather than verification tests) for practical purposes (Popper, 
1969). Practice means a choice, a decision; therefore, we may choose to act in a way or 
another or not act at all (which is also a possibility). In that position to choose and decide, it 
is rational to choose the option which has survived critical discussion, including tests 
(Popper, 1983). 

This epistemologically opposes the assertion that “(…) activities in public health practice are 
explicitly linked with the underlying scientific evidence that demonstrates effectiveness 
(Brownson, et al., 2003, p. 4)” since evolutionary thinking sees justification of a theory as 
irrelevant the same way as trying to justify a particular mutation in nature; rather it is its 
viability which becomes the issue, and this is resolved through its exposition to the pressures 
of natural selection, that is, to critical reasoning: criticism and refutation (Bartley III, 1993).  
Thus, knowledge growth is achieved by the processes of variation and selection, by Popper’s 
conjecture and refutation; hence, even though sense observation, which in this context shall 
be called evidence, is not the source of knowledge, it may have an important role in terms of 
criticism and consequently in the process of selecting it (Bartley III, 1993).   

Section 3.2 presented the current criticisms to the EBPH approach through an examination of 
the concept of evidence, its selection process, and its epistemological foundations. It was 
discussed that the concept of evidence is supported on assumptions of determinism and 
invariability of contexts and situations which guide the use of tools and methods for research 
and policy design through the establishment of standards regarding the quality and hierarchy 
of evidence which not necessarily acknowledge the complexity and variability of the issues it 
tries to deal with and their contexts.  The next section discusses the relevance of recognising 
and considering complexity and change of contexts and problems in public health. It presents 
a review of initial postures regarding this topic such as the ecological perspective which was 
developed due to the recognition of the diversity of aspects that are involved in public health 
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issues and the limitations of current models. Next, a discussion about the limitations of these 
ecological models is presented from a systemic perspective which is explained and 
considered to be necessary to deal with public health issues.  

3.3 Public Health: A matter of social systems… 

It was stated in section 3.2 that due to its reliance in an inductive epistemology, EBPH 
approach and framework assume invariability. This entails a static view of the context 
wherein decision making takes place; this is problematic from the definition of epidemiology 
itself4 to the presumption that there is no variation where an intervention or policy has been 
implemented, and thus it can be re-implemented afterwards.   

Some authors acknowledge related limitations of current models and methods in public health 
and epidemiology as a means for effective policy design and implementation due to 
contextual change and the difficulty this entails. For example, J.M. Satterfield et al. (2009) 
propose a transdisciplinary model for medical and public health practice where “context is 
incorporated into decision making (Satterfield, et al., 2009, p. 382).” Likewise, Levins & 
Lopez (1999) highlight the importance of examining the variabilities of epidemiological 
phenomena rather than the traditional public health interest in estimating average effects of 
events and treating variance as noise which echoes the mental models that “Variations in 
health within a population are an epidemiological issue (Levins & Lopez, 1999, p. 283).”     

3.3.1 A first attempt: ecological models 

In order to improve effectiveness of public health policy and interventions, some authors 
have proposed alternative models such as ecological frameworks. The ecological model idea 
is not new in public health. This approach goes back to the 1960’s when Aldous Huxley 
introduced it (Rayner, 2009). Afterwards, Leo Kartman conceptualized it in an essay 
published in the American Journal of Public Health in 1967 titled “Human Ecology and 
Public Health.” In this work, Kartman (1967) explains the relationship between these two 
fields and recognises the importance of variability in public health regarding both “system” 
and knowledge:  

“Human ecology and public health cannot be either objective or amoral but must accept the 
concept of change as a sacred morality. The consequences of this view are not only the 
acceptance of, but the built-in need for, directed change as an organic factor in the "system." 
Applying this temper to the field of human disease, I suggest that the practice of public health 
must square with the precept in science that creative research holds within itself the future 
obsolescence of the products of its own creativity (Kartman, 1967, p. 748).” 

                                                             

4 Epidemiology has been defined diversely; however, the following definition was found to be common of 
mostly all epidemiology textbooks according to Bhopol (1999): “[E]pidemiology is about the study of health 
and disease in populations, that there is a population group variation in disease that is worth of scientific study, 
and that such variation is important to public health policy and practice (emphasis not in original (Bhopol, 1999, 
p. 1163).” 
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Furthermore, Kartman (1967) defines human ecology as “the science of man-made systems, 
their heritability and mutability, and their relation to the biophysical environment (Kartman, 
1967, p. 749)” which entails the study of variability itself and the conceptualisation of the 
human being as a biological system and related with an external biophysical system. 

Following these ideas, Rayner (2009) states that “current models of public health are no 
longer sufficient as a means for understanding the health challenges of the anthropogenic 
age” and argues the need of an ecological model which “[…] addresses questions of 
complexity, individuality, uniqueness and interdependence […that] encompass[es] both 
natural ecology and human ecology, but in each respect, acknowledge[s] interdependency 
between each of these dimensions […] (Rayner, 2009, pp. 587, 589)”. Similarly, Levins & 
Lopez (1999) propose an ecosocial view of health since “Individuals are imbedded in several 
kinds of larger units, each with its own unique impact on health” and then assert that “[…] we 
must adopt a holistic dynamic approach informed by philosophy and systems theory that can 
reeducate our intuitions […] taking a more complex whole-system view of health problems. 
(Levins & Lopez, 1999, pp. 268-270).” However, the concept of human beings as 
actors―decision-makers― and constituents of social systems (Olaya, 2012) has not clearly 
been conceptualised in public health. 

3.3.2 A systemic perspective 

It turns out that public health and epidemiology deal with people in social systems. Before 
moving forward it is relevant to establish what it is understood here by system. According to 
Ackoff (1994), “a system is a whole that cannot be divided into independent parts or 
subgroups of parts (Ackoff, 1994).” Additionally, there are four types of systems: 
mechanistic, organismic, social and ecological (Ackoff, 2001) , any of which can be thought 
of as any entity i.e. hospital, community, university; however, systems in which people have 
a main role cannot be well understood and managed if viewed other than as social ones 
(Ackoff, 1994). In many occasions social systems have been treated and studied as 
mechanistic or organismic systems, such as the sociological mechanistic interpretations of P. 
Sorokin cited by Ackoff (1994), and more recently Turnock (2009) in his book “Public 
Health: What it is and How it works” in which the author makes an analogy of the public 
health system with an industrial automotive system (Turnock, 2009); or the organismic view 
of firms by Beer cited by Ackoff (1994) and in a more modern version by Morgan (Morgan, 
2006). However, social systems are purposeful entities and contain parts that are also 
purposeful i.e. people or other social systems, are usually parts of other larger social systems 
(Ackoff & Gharajedaghi, 1996). Hence, interpreting individuals and social systems through a 
deterministic perspective ─or as deterministic systems─ entails the assumption that these 
entities have no intrinsic purpose, but just that one of a provision of a service or function to 
an external purposeful entity (Ackoff & Gharajedaghi, 1996), which is therefore not 
appropriate.  Nor is it appropriate to interpret these systems as merely ecological ones for an 
ecological system does not have a purpose as a whole (Ackoff, 2001), which is clearly not 
accurate for organisations, communities and society itself.    
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Because social systems and people have a purpose, they have choice and decision capabilities 
guided by motivations, interests, and the information they have about themselves and the 
systems and other parts of the systems with which they interact. Thus, both system and 
people may display a variety of behaviours that change in and over time (Ackoff, 1994), that 
is, they are not static but dynamic. Figure 5 shows a depiction of the previously discussed 
general characteristics of a social system which include the interdependencies between its 
elements, that is, between people and between them and the environment, its boundary as 
well as its changing nature together with the concept of purposefulness of both whole and 
parts, which together produce the observed patterns and behaviour of people and system. 
Also it shows how it is not a closed system but one that interacts with the outside through 
receiving inputs e.g. information, resources, etc., and producing outputs regarding its purpose 
as a whole. 

 

Figure 5: Social System depiction 
Consequently, to effectively understand social systemic behaviour, both the epistemological 
underpinnings and the associated methodologies, should acknowledge the relevance of the 
study of the interactions and interdependencies existent between and among parts and 
systems as well as the decision capabilities of the system as a whole and its elements i.e. 
people; which is not congruent with the epistemological assumptions of EBPH as it was 
shown in section 3.2. 
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Moreover, in order to be able to understand such interactions, the system must not be taken 
apart since the study of its parts cannot lead to the understanding of the whole (Ackoff, 
1994), the same way the properties of water cannot be understood by studying hydrogen and 
oxygen separately; this will be expanded in the next section which continues to discuss 
problematic aspects of the traditional approach in public health, particularly the concept of 
the determinants of health, also an important element of EBPH, and its implications from a 
systemic perspective. Consequently, this thesis will propose an alternative methodological 
model that acknowledges that public health is a matter of social systems and that people are 
active constituents of these systems, in order to achieve effective research and policy design. 
This will be developed throughout the following sections. 

3.4 The determinants of health: A traditional perspective on EBPH 

The conceptualisation of a set of factors which produce health outcomes ―the -determinants 
of health― is not new nor is it old in the field of public health and epidemiology. It is 
believed that one of the first people to talk about “determinants of health” was Thomas 
McKeown in 1972 (Glouberman & Millar, 2003). McKeown emphasized the importance of 
economic growth, living standards and nutrition on health populations and was a critic of the 
curative and medical paradigm of that moment (Szreter, 2002).  This became important to 
health promotion advocates since he argued that there were a large number of influences on 
health apart from the usual medical and healthcare services and that these other aspects 
should be considered in health policy to improve the health of the people (Glouberman & 
Millar, 2003).   

It was not until 1974 with the Lalonde Report5 that the ideas that the health of an individual 
and a community are a function of several factors such as human biology, the social and 
physical environments, and healthcare among others, were made relevant, and the focus on 
prevention and health promotion instead of a curative biomedical approach was encouraged 
(O'Neill, et al., 2007).   

Nowadays, the World Health Organization (WHO) establishes that: “Many factors combine 
together to affect the health of individuals and communities. Whether people are healthy or 
not, is determined by their circumstances and environment. To a large extent, factors such as 
where we live, the state of our environment, genetics, our income and education level, and 
our relationships with friends and family all have considerable impacts on health, whereas the 
more commonly considered factors such as access and use of health care services often have 
less of an impact (emphasis not in original) (World Health Organization, 2012).”  There are 
basic groups of determinants that are recognized by the WHO which include: 1) the social 
and economic environment; 2) the physical environments, and 3) the person’s individual 
characteristics and behaviours (World Health Organization, 2012). It is undeniable that the 

                                                             

5 The Lalonde Report is a document written in 1974 by Marc Lalonde who was the Canadian Minister of Health 
and Welfare. This document is considered the first modern government document to recognize the importance 
of looking beyond the biomedical healthcare perspective to one more focused on prevention.   
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ideas that several aspects are related to the health of populations and individuals were 
important, particularly because it made relevant the preventative dimension of health and 
gave it the position it deserves. However, it was stated in the previous section that public 
health is a matter of social systems; this entails the need to think systemically, that is to 
recognise that in order to better understand these systems, it is important to consider the 
capacity of people and systems to choose, decide, and interact with one another. Furthermore, 
to think systemically implies developing certain skills. Richmond (1993) describes seven in 
his article “Systems thinking: critical thinking skills for the 1990s and beyond”. Of particular 
interest in this section is dynamic thinking.  

Social systems change in time, they are dynamic in nature; therefore, the study and 
understanding of social systems entail the engagement in dynamic thinking, which is “the 
ability to see and deduce behavior patterns rather than focusing on, and seeking to predict, 
events. It’s thinking about phenomena as resulting from ongoing circular processes unfolding 
through time rather than as belonging to a set of factors (emphasis not in original) 
(Richmond, 1993, p. 122)” or as usually understood in the field of public health and 
epidemiology, a set of determinants. Instead, it is the structure of the system that generates 
the behaviour of the system and its constituents i.e. people, and allows explaining it 
(Forrester, 1961; Sterman, 2000); hence, the explanations that result are endogenous rather 
than established by accounting exogenous factors.  This structure comprises the interactions, 
time lags, and interconnections between the parts of the system, but also the information and 
decision rules used and created by people and organisations (Sterman, 2000). The following 
example by Donella Meadows in her book “Thinking in systems: a primer” helps to illustrate 
how the structure of a system can shape choices and behaviours: 

“No one intends to produce a society with rampant drug addiction and crime, but consider the 
combined purposes and consequent actions of the actors involved:  

 desperate people who want quick relief from psychological pain. 
 farmers, dealers and bankers who want to earn money. 
 pushers who are less bound by civil law than are police who oppose them 
 governments that make harmful substances illegal and use police power to interdict 

them 
 wealthy people living in close proximity to poor people 
 non-addicts who are more interested in protecting themselves than in encouraging 

recovery of addicts 

Altogether, these make up a system from which it is extremely difficult to eradicate drug 
addiction and crime (Meadows, 2008, p. 15).” 

The same way the system structure of the previous example makes drug addiction and crime 
a complex problem to deal with; it is, from this systemic perspective, the structure of the 
system itself that has made overweight and obesity a difficult problem to control and 
eradicate both in developed and developing countries. However, a systemic approach is not 
considered when trying to deal with these issues from an EBPH approach. The following 
section describes the context of study of overweight and obesity in Colombia and Latin 
America, its current approach and discusses the relevance of a systems thinking approach for 
this particular problem as an example of a public health issue that will help illustrate the need 
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for an alternative methodological model (mode of thought and action) that can help achieve 
effective research and policy design and considers the complexity of the systems with which 
public health deals. Furthermore, it will allow summarising the epistemic aspects of EBPH. 

3.5  Overweight and obesity in Colombia and Latin America 

It is no news that overweight and obesity are not an exclusive problem of the developed 
world anymore (Rueda-Clausen, et al., 2008). According to the 2007 National Health Survey 
of Colombia 32% of the population was overweight and 14% was obese which were similar 
to the results of the 2005 National Survey of Nutritional Status in Colombia (ICBF, 2005; 
Ministerio de la Protección Social, 2009). Moreover, the 2010 National Survey of Nutritional 
Status in Colombia established that these percentages increased to 34.6% and 16.5% 
correspondingly, which means a 5.3% increase in five years taking the national prevalence6 
from 45,9% in 2005 to 51.2% in 2010 (ICBF, 2010) as shown in Figure 6. This means that 
around one of every two Colombians is overweight or obese according to the WHO standards 
and measurements7 which are the ones currently used in Colombia; however, it has been 
shown that these measures might not be appropriate for Latin American populations (Garcia, 
et al., 2006; López-Jaramillo, et al., 2007).   

 

 

Figure 6: Prevalence of overweight and obesity in Colombia (ICBF, 2010) 

Furthermore, it is worth noting that the highest prevalence of overweight and obesity is found 
in urban areas with 52.5%, and that out of the 32 departments in Colombia, the highest 
prevalence measures are found in San Andrés and Providencia (65,0%), Guaviare (62,1%), 
Guainía (58,9%), Vichada (58,4%) and Caquetá (58,8%) (ICBF, 2010). Thus, it can be seen 
that overweight and obesity have been changing in time and also that within Colombia there 
are differences between regions and populations which makes it a complex problem and a 
good example of an issue in chronic disease public health. 

                                                             
6 Prevalence refers to an epidemiological measurement that reflects the proportion of the population that has an 
existing condition (prevalent cases) (Gregg, 2008). 
7 According to the WHO a person is considered overweight if their Body Mass Index (BMI) is between 25 and 
29,9 and obese if BMI is greater than 30; BMI is calculated as the ratio between weight and the squared height  
(World Health Organization, 2012).  
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Moreover, cardiovascular diseases are in the first five causes of death in Colombia, being 
overweight and obesity a priority focus in the prevention of these diseases (Ministerio de la 
Protección Social, 2009). Ischemic heart diseases are a kind of cardiovascular disease and the 
mortality rate per 100,000 population associated with these diseases has been increasing in 
Colombia from the year 1998 with a rate of 51.64 to 64.45 in 2008 as shown in Figure 7. 
Hence, the case of overweight and obesity is relevant to public health decision and policy 
making in Colombia; thus, it is critical to identify and understand the underlying processes 
that can explain the increase of overweight and obesity over time in Colombia to determine 
the most appropriate way to address it.  

 

Figure 7: Mortality due to ischemic heart diseases per 100,000 population in Colombia (Programa 
Así Vamos en Salud, 2010) 

Specialised researchers recognise that the problems of overweight and obesity are complex 
and involve several embedded complex systems such as the food industry, the infrastructure 
of cities, families, public policy and politics, among others (Finegood, et al., 2008; 
Hammond, 2009; Newell, et al., 2007; Gortmaker, et al., 2011). Moreover, they recognise the 
relevance of considering context, heterogeneity, individuality, and interdependence when 
studying overweight and obesity and designing policy and interventions (Hammond, 2009). 
However, in practice most interventions continue to follow the inductive reasoning of the 
“evidence-based” approach and the idea of factors generating or influencing the health of 
populations without considering the dynamic complexity and uniqueness of every population 
and system involved, which has not lead to much success (Swinburn, et al., 2011). 

The following sub-section shows the current approach on the study of overweight and obesity 
in Colombia and Latin America through some examples of studies and discusses the 
epistemic problems through a critical evaluation from a systemic perspective versus the 
current approach which is an element of EBPH. 
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3.5.1 Current approach on the study of overweight and obesity in Colombia and Latin America  

The following table illustrates examples of published studies regarding overweight and obesity in Colombia and Latin America. The table 
numbers the studies analysed (first column) and shows the title of the study and the journal of publication on the second column. The third 
column describes the type of study and its objective. The fourth column summarizes the assumptions supporting the study, and the fifth column 
summarizes a critique about the assumptions identified in the fourth column, from a systemic perspective which considers the concepts of 
diversity, variability and change, the interdependency of elements within as system and the decision capabilities of people.    

CRITICAL EVALUATION FROM A SYSTEMS THINKING PERSPECTIVE 

ACADEMIC ARTICLES ON OBESITY AND OVERWEIGHT 

Nº Title and Journal Study type and objective Assumptions Critique 

 

1. Sobrepeso, inactividad física y baja 
condición física en un colegio de Bogotá, 
Colombia (Tovar, et al., 2008) 

 

Journal: 

Archivos Latinoamericanos de Nutrición 
(ALAN), Vol. 58 No. 3, 2008. 

Cross-sectional study. 

 
Objective: To determine the 
prevalence of overweight 
and its association with 
physical activity and fitness 
in male children in a school 
in Bogotá, Colombia. 

1. The analysis is based on three 
diagnostic criteria for obesity and 
overweight: World Health 
Organization (WHO)-Centers for 
Disease Control (CDC) criteria, 
International BMI criteria, 
FITNESSGRAM criteria. These 
criteria make the assumptions that the 
standards or reference values used are 
valid for the Colombian population 
under study.  
2. It is assumed that the validated 
instruments in the US, used to collect 
the data are valid for the Colombian 
population, for example, the survey 
used (Youth Risk Behavior Survey - 
YRBS).  
3. It is assumed that the results and 

1 y 2. The study and its perspective do not 
acknowledge the difference in terms of the 
social, economic, cultural contexts (among 
others) between the standards and reference 
values used to analyse and evaluate the 
children from Bogotá.  The three criteria 
utilised in the study were designed according 
to data and populations that have very 
different characteristics than the population 
under study.  This is not necessarily valid 
since there are several contextual variables 
and aspects that are not considered by these 
criteria. For example, safety, nutritional 
status, cultural environment and attitudes 
toward sports and physical activity 
(differences between USA and Colombia), 
relevance of Physical Education in the 
schools (USA vs. Colombia) = 
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conclusions of the study can be 
generalised to the rest of Bogota`s 
children population which disregards 
the diversity in many respects, of the 
city's children population.  
4. Assumes physical activity or 
inactivity and fitness as a causal factor 
for obesity and overweight, based on 
existing literature. 

Heterogeneity of contexts and agents. 
3. Studies the problem of obesity and 
overweight as a problem "caused" by factors 
such as physical activity/inactivity and 
fitness, instead of a problem generated as a 
result of the multiple interdependencies of 
variables in the social system and the 
decisions of a diversity of actors in the 
system. This relates directly with the 
objective of the study which aims to know 
“what causes/is associated to what” but does 
not question “why and how”. 
Epidemiologists might argument that this 
study design does not have that purpose 
being a descriptive kind of study, however, 
most (if not all) analytical epidemiologic 
studies aim to establish a certain degree of 
causality or at least hard associations 
between factors. 

2. Prevalencia de sobrepeso y obesidad en 
adolescentes del municipio de 
Floridablanca, Colombia. (Gamboa, et 
al., 2007) 

 

Journal: 

MedUNAB, Vol.10, No. 1 (2007).  

Cross-sectional study.  

Objective: To determine the 
prevalence of overweight 
and obesity in school 
adolescents. (in 
Floridablanca, Colombia) 

 
 

1. The analysis is based on standards 
from the CDC – United States of 
America. However, the authors 
sustain that BMI cannot necessarily 
be valid for non- Caucasian 
population as the one under study.  

2.  This study assumes that the 
information obtained (prevalence of 
overweight and obesity in 
Floridablanca and association 
between alcohol intake and 
overweight and obesity), will be 
useful enough for health authorities 
and education institutions to plan 
strategies to address the overweight 
and obesity problem.  

1. Although this study uses BMI to 
estimate the prevalence of obesity and 
overweight in a Colombian population, the 
authors acknowledge that it might not be a 
valid measure for this particular 
population, and that there is a need for 
studies that establish the precision of this 
index for the Colombian population.  
Likewise, they affirm that there is a lack 
of intervention strategies and public policy 
based on local context; all of which is 
coherent with a perspective that considers 
context in social systems as central to the 
analysis.  

2. However, the focus of the study is one of 
causal factors of the problem, such as 
diet, physical activity, alcohol intake, 
socio economic status, etc., instead of 
viewing the problem as a result of the 
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multiple interdependencies of variables in 
the social system and the decisions of a 
diversity of actors in it. 

3. Obesidad en el niño en América Latina: 
situación, criterios de diagnóstico y 
desafíos. (Amigo, 2003) 

 

Journal: 

Cad. Saúde Pública, Rio de Janeiro, 
19(Sup.1):S163-S170, 2003.  

Literature review.  

 

Objective: to establish the 
prevalence of overweight 
and obesity of the Latin 
American child, and some of 
its etiologic factors, as well 
as the challenges to be faced 
regarding the prevention of 
childhood obesity. 

1. Bases the analysis on the 
diagnostic criterion of WHO.  
 

1. Although it acknowledges that the most 
used diagnostic criteria might not be 
adequate for the Latin American 
populations, it argues the need for 
consensus in the diagnostic criteria for 
obesity and overweight in children, which 
contradicts the notion that particular 
populations, such as the Latin American 
ones, might need a particular criterion. 
However, it states the relevance of 
considering socioeconomic and cultural 
aspects when defining the reference so 
that it corresponds to the reality of the 
populations.  

2. Again, the focus of the analysis and the 
conclusion are centred on certain factors 
seen as the causes of the problem. 

4.  The impact of cash transfers to poor 
women in Colombiaon BMI and obesity: 
prospective cohort study (Forde, et al., 
2011). 

 

Journal: International Journal of 
Obesity; p.1 – 6, 2011 

 

 

 

 

Prospective cohort study. 

 

Objectives: to test the 
hypothesis that participation 
in Familias en Acción would 
be associated with increasing 
body mass index (BMI) in 
participating women. 

 

1. The context of the populations 
under study is isolated from the 
potential effect of the programme.  

2. The populations exposed to the 
programme use the money to buy 
food, and hence the association 
with obesity and increase in BMI. 

3. North American Standardized 
measurements (globally used and 
recommended) like BMI are used 
for the Colombian populations 
under study. 

1. Although the authors claim to take into 
consideration the context of the 
populations (treatment and control), the 
fact that the populations under study 
presented a large amount of overweight 
and obesity at baseline is not considered 
in the analysis disregarding its 
relevance. 

2. The discussion and concluding remarks 
state that the increase in BMI and 
obesity is due to the use of cash transfers 
in food; however, there is no inquiry 
about what kinds of foods these 
populations buy and eat. In fact, the 
authors cite a study where fruit and 
vegetable intake remained the same 
before and after the cash transfers; for 
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example. 
As a prospective cohort study, it seeks to 
identify causal associations; this study 
establishes that conditional cash 
transfers are causally associated with 
increasing BMI and a higher risk of 
obesity. Although the authors mention 
several aspects related to the system 
where these populations exist, none are 
considered in the analysis, which 
disregards the relevance of the systemic 
interdependencies and the complexity of 
the problem of obesity.  Again this study 
focuses in establishing that cash 
transfers are a factor that causes obesity. 

3. The study does not acknowledge that the 
BMI measurements used to analyse 
these Colombian populations might not 
be appropriate due to the differences 
regarding the social, economic, cultural 
contexts (among others).  

5.  Household motor vehicle use and weight 
status among Colombian adults: Are we 
driving our way towards obesity? (Parra, 
et al., 2009) 

 

Journal: Preventive Medicine 49 (2009) 
179–183  

Cross-sectional study. 

Objective: To determine the 
associations between 
household motor vehicle 
ownership and weight status 
among Colombian adults. 

1. The study uses globally 
standardised measurements for 
BMI and waste circumference. 

2. Population ages under study range 
from 18 years old to 64 years old. 

3. Household ownership of a motor 
vehicle implies its utilisation and 
a lack of physical activity; hence, 
the association with overweight, 
obesity and abdominal obesity. 
 

1. The use of these standards overlook the 
contextual differences of the 
Colombian population compared to the 
populations studied to create the 
standards, which are usually North 
American. These measurements might 
not be appropriate to study Colombian 
populations.  

2. The study does not consider the 
differences between people, both males 
and females, of different ages and their 
potential mix of behaviours, for 
example, physical activity.  

3. The study does not consider the 
possibility of motor vehicle use for 
transportation to physical activity 
facilities; nor the possibility of the non-
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Table 1: Critical evaluation of traditional studies on overweight and obesity from a systemic perspective 
  

 

The critical evaluation on Table 1, shows how the assumptions of the studies analysed overlook important elements characteristic of social 
systems. These elements, such as: the acknowledgment of heterogeneity of people and populations, the decision capabilities of people, and the 
interdependence of elements rather than the view of independent factors—determinants— are needed in order to be able to understand how the 
system works, how people make decisions and how these elements interact producing the patterns and behaviours that may be problematic from 
a public health standpoint; and to be able to design ways of addressing these issues.  It is clear, with this critical assessment that this current 
perspective as part of EBPH is supported on non-systemic assumptions; hence, problematic from a perspective that recognises that public health 
is a matter of social systems.  

use of the motor vehicle owned in the 
household.   
The authors establish a “direct link” 
between household motor vehicle 
ownership and obesity. This overlooks 
the heterogeneity of people and the 
decisions they make regarding the use 
or non-use of a motor vehicle. Again 
the study focuses on establishing that 
household motor vehicle ownership is a 
factor (“direct link”) that is associated 
with obesity.  
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Although, systems thinking has been acknowledged by the World Health Organization8 and 
some developed countries as an important approach in public health decision making, this has 
not always been translated into a critical perspective about the methodologies and tools used 
in epidemiological research and, hence, in public health decision making and practice9 .  
Consequently, and due to the focus on an EBPH approach and its inductivist underpinnings, 
public health and epidemiology are in constant search for a body of evidence that shows how 
factors determine the health or lack of health of people as was shown in Table 1. Thus, 
research and studies are designed to establish justificatory evidence of the association of 
certain determinants of health with a particular health outcome, for example: the association 
of physical activity with overweight and obesity in a certain sample of a population (Tovar, et 
al., 2008). As mentioned previously, this approach disregards the dynamic nature of the 
social systems it is studying in terms of the variability between and among populations e.g. 
American children vs. Colombian children, their ability to change over time, as well as the 
conceptualisation of health outcomes as results of ongoing processes that unfold through time 
within a social system.   

Public health has had great successes in its history, particularly in the realm of infectious 
disease e.g. smallpox eradication. These successes have produced somewhat of a 
confirmatory bias about the success of the current research and practice approaches such as 
EBPH. However, many other public health issues are still not solved regarding both 
infectious and chronic disease. Focusing on chronic disease specifically, practitioners and 
researchers recognize the difficulty and complexity these issues entail (Méndez, 2010). For 
example, public health research has found and understood several aspects associated with 
overweight and obesity such as physical inactivity (Tovar, et al., 2008), urban infrastructure 
(Gomez, et al., 2010),  and healthy food availability and prices (Swinburn, et al., 2011), 
among others. These findings have been used as a base for interventions and programs some 

                                                             
8 In 2009 the WHO published the report “Systems thinking for health systems strengthening” in English, French 
and Spanish. This report propounds to show health researchers, practitioners, and funders in developing 
countries the relevance and usefulness of systems thinking for public health research, decision making, and 
evaluation (World Health Organization, 2009). Relatedly, systems thinking has taken an important place in the 
research and practice agenda in developed countries such as the United States and Canada. However, most of 
the current systems thinking in public health fails to acknowledge core aspects of this approach; for example: 
publications and reports such as the previously WHO mentioned one, keep mentioning independent factors 
(determinants) instead of processes and interdependencies that can explain the “why” and “how” rather than just 
the “what”.  

9 In Latin American countries, and specifically in Colombia, systems thinking has not been as explored as in 
North America and Europe, although,  in past years several academics and non-governmental institutions have 
been engaging in the building of simulation models to gain understanding of particular systems e.g. justice 
system, and inform reforms and strategies (Olaya, 2010). Recently some Colombian government agencies e.g. 
Ministry of Defense and the Police, have become interested in this kind of models as tools for policy design; 
however, the way of thinking, that is, systems thinking, is still to be developed beyond the use of a model as just 
a tool. Moreover, the fields of public health and epidemiology in Colombia have not yet quite regarded systems 
thinking as relevant or useful in policy design and research.  
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of which have had limited effectiveness and some have not showed positive results. Forde, et 
al. (2011) state that: “Although the drivers of obesity are relatively well described, prevention 
and reversal of obesity trends remains poorly understood and a major public health challenge 
(Forde, et al., 2011, p. 6).” Moreover, overweight and obesity are still problematic in many 
countries around the world and the amount of populations suffering from this problem is still 
increasing. However, researchers and practitioners keep focusing on the same kinds of 
studies, and designing and implementing the same kinds of programs and interventions based 
on evidence.  

Thus, this commonly followed approach for research and policy design in public health—
EBPH— reveals significant epistemological, methodological and practical shortcomings 
which impact the effectiveness to address problems such as obesity in the real world. This 
makes it critical to find an alternative mode of thought and action that can address these 
weaknesses. It can be identified that EBPH epistemology assumes the necessity of knowledge 
justification and states that this knowledge should be attained through empirical observation 
and gives experience and evidence an authorative character. It is through confirmation by 
repeatability that generalisations (induction) can be made by the scientist and these theories 
become ‘scientifically valid’ for practice. Table 2 summarizes the epistemic aspects of EBPH 
that have been identified throughout this chapter and rely upon traditional science 
epistemology.  

Purpose Development of theories 

Theories Linear (causal) associations 
of independent factors 

Explanation Causality, associations 

Source of knowledge Observation, experience 

Knowledge Justified true belief, 
evidence 

Method Induction, generalisation  

Validity Empirical confirmation,  
verification  

Goal Prediction 

Table 2: Epistemic aspects of EBPH based on (Olaya, 2012) 
Because of the significant epistemological, methodological and practical shortcomings that 
these epistemic aspects of EBPH show to have, it is necessary to explore alternatives in order 
to effectively address problems such as obesity in the real world. The next section discusses 
an alternative methodological approach that involves an engineering perspective together 
with an evolutionary economics framework, which intends to overcome the previously 
mentioned weaknesses of EBPH. 
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3.6 An alternative methodological approach 

3.6.1 Engineering Science 

 
“The history of science, like the history of all human ideas, is a history of irresponsible 

dreams, of obstinacy, and of error. But science is one of the very few human 
activities―perhaps the only one―in which errors are systematically criticized and fairly 
often, in time, corrected. This is why we can say that, in science, we often learn from our 

mistakes, and why we can speak clearly and sensibly about making progress there (Popper, 
1969, p. 216) ” 

 

Engineering, like science, is an activity with specific objectives. However, while science —in 
its traditional positivist sense— seeks explanations through the development of theories, 
engineering aims to create artifacts to solve problems (Pitt, 2001; Olaya, 2012). Thus, while 
scientific knowledge is theory-bound and seeks to explain the way the world works, 
engineering knowledge “concerns the design, construction, and operation of artifices for the 
purpose of manipulating the human environment (Pitt, 2001)”    

Engineering’s core activity and method is recognised to be design (Hughes, 2009); and 
therefore, it serves a predetermined purpose and it is task-specific (Pitt, 2001), and as such it 
considers particular contexts and their contingencies (Olaya, 2012). Because of this, the 
questions an engineer asks are quite different from the questions a traditional scientist would 
pose: the engineer focuses on the know what and how to do, whereas the scientist focuses on 
the know that (Pitt, 2001). Consequently, objectives and types of knowledge are different in 
traditional science—as the one followed by EBPH— and in engineering.  Moreover, the 
engineer concentrates in the design and redesign of systems. Hence, systems thinking is 
employed to generate both knowledge and understanding of the systems in order to treat the 
problems in such a way that they are effectively eliminated—dissolved, rather than just 
solved, with the risk of reappearance (Ackoff, 2001).  

Engineers live in a “problem facing” atmosphere which requires them to be ingenious, and 
face situations usually different from previous ones that pose different problems that ask for 
different solutions (Olaya, 2012). Accordingly, engineers work under uncertainties and 
limited information which requires the engineer’s judgement and skill of innovating by 
engaging in trials and elimination of errors.  

A question that is important to address here is how engineering knowledge is produced, 
grows and accumulates. Since situations change, systems change, problems change, and 
designs change as well. “Every design is knowledge (Olaya, 2012, p. 31)” which renders 
engineers as knowledge creators that follow a trial and error approach to solve problems. This 
is coherent with the evolutionary epistemology proposed by Karl Popper which understands 
knowledge growth as an evolutionary process in which successful blind variations—
solutions— are selected and retained having gone through a process of testing and refutation 
where others—errors— are discarded (Popper, 1973). While currently public health and 
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epidemiology are theory-bound and demand “justified true belief” also known as evidence as 
a validity criterion for implementation, an engineering approach is unjustified, context-
bound, value-laden and problem oriented: if a solution is successful it means it satisfies the 
context-specific aspects and effectively solves the problem at hand, no justification expected. 
This pragmatic stance dismisses justification, and positivism alongside epistemic authority. 
The concept of blind variations entails the generation of trials as a process that is not 
dependent on previous observations or successful results (Campbell, 1993); therefore, their 
origin has no relevance and it can be the product of the engineer’s anticipation, best guess, 
intuition, and usually helped by the use of models or prototypes such as computational 
models (Olaya, 2012).   

Engineering knowledge, therefore, does not rely solely on empirical observations, that is, it 
does not passively depend on inductive inferences; rather it grows and accumulates through 
an evolutionary process of active trialling which results in effective solutions following the 
logic of natural selection. This process is an iterative one where contextual constraints and 
contingencies are considered when generating trials and eliminating errors, that is, there are 
means for controlling the trials and error-elimination. Both Popper and Campbell 
acknowledge these controls: “plastic controls (Popper, 1973, p. 239)” or “vicarious selectors 
(Campbell, 1993, p. 73)” which flexibly help regulate the process; examples of these controls 
are culture, norms, standards, protocols, etc.; nonetheless, it is important to clarify that this 
does not mean we are always called to submit to these controls, Popper states we can 
critically discuss them and either reject them or adopt them after deliberation (Popper, 1973).     

The following table (Table 3) summarises the differences mentioned before between 
traditional positivistic science followed by EBPH and engineering science.  

Traditional science - EBPH Engineering science 

Theory Practice 

Know-that Know what and how to do 

Justified knowledge, evidence Unjustified knowledge 

Theory-bound Task-specific 

Unconditional Contingent 

Disinterested Purpose 

Truth Effectiveness 

Universal, general Particular 

Homogeneity, normality Heterogeneity, uniqueness 

Prediction Anticipation 
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Atemporal Temporal, dynamic 

Absolute Relative 

Context-free Context-specific 

Value-neutral Value-laden, purposes, consequences 

Certain (known probabilities) Uncertain (unknown probabilities) 

Contemplation Action 

Table 3 Summary of epistemic differences between EBPH and Engineering science based on (Olaya, 
2012) 

In summary, engineering science and hence, engineering knowledge are underpinned by an 
evolutionary epistemology which entails an unjustified trial and error (blind variation and 
selection/elimination) process for the growth of knowledge which renders the epistemic 
aspects mentioned in Table 2 such as induction and evidence incongruous to the process. 
Thus, knowledge does not need to be based or supported on observations, verified nor 
generalised.  

Pitt (2001) adds to the definition of engineering by Vincenti: “Engineering refers to the 
practice of organizing the design, construction and operation of any artifice which transforms 
the physical and social world around us to meet some recognized need (Pitt, 2001).” What 
could be more appropriate than designing and operationalising something which transforms 
the world to effectively meet the public health needs of populations? This is what public 
health practice is all about: “the development and application of preventive strategies and 
interventions to promote and protect the health of populations (Turnock, 2009, p. 517).” 
Suffice it to say then that an engineering mode of thought and action seems quite appropriate 
for researchers and practitioners to confront the complexity of public health issues through 
the design of effective policies and interventions that allow the transformation—redesign— 
of systems. 

Public health is a matter of social systems as was discussed in section 3.3; hence, considering 
an engineering approach entails the engineering of social systems (Olaya, 2012). Engineers 
can deal too with social systems, and can help public health researchers and practitioners to 
better face the complexity of these systems through models. Engineers use models to gain 
insight about systems, understand processes and design (and redesign) systems. Models are 
task-specific, context-bound artifacts that engineers design, they are, in a Popperian sense, 
conjectures—hypotheses— about a particular situation in which specific actors (their 
decision-making processes, interests, and behaviours, etc.) are framed. Correspondingly, 
these models allow the engineer to generate hypotheses to address the specific problem at 
hand; hence, the model is a designed artifact that can inform the design process of other 
artifacts such as strategies, interventions and policies to transform the system so to achieve 
the a priori determined goal for which it was created. In order to be able to do that, the 
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engineer studies the decision-making processes of agents (decision rules) in that actual 
system, as well as other processes specific of the system that is going to be modeled.  This 
contrasts with the “evidence-based” approach which uses data to generate evidence 
(knowledge) so to generalise it through induction in the hope that this will produce general 
explanations with high predictive power that will result in effective interventions and 
policies. 

Because engineers build particular models of particular systems with specific purposes, they 
need to know how the systems work and how agents in the system make and use decision 
rules. Therefore, a core characteristic of an engineering mode of thought and action is 
operational thinking. Richmond (1993) coined the term as one of the critical thinking skills 
necessary in systems thinking: “[…] is thinking about it like it really is rather than dealing 
with abstractions that may bear little relation to what’s going on (Richmond, 1993, p. 128).” 
In other words this type of thinking entails knowing “the nuts and bolts” of the system and its 
actors in order to design effective policies.  

To answer the second question posed previously about how agents in the system make and 
use rules, the next section describes a framework that sets the underpinnings and assumptions 
of how agents interact within a social system through the making, selection and use of rules 
which follow an evolutionary perspective. This is relevant since engineering requires 
understanding these particular relationships within diverse social systems to be able to 
formalise and model them in order to create designs that allow transforming the system and 
effectively deal with the issues at hand.   

3.6.2 An evolutionary economics framework 

In section 3.3 it was stated that social systems and people have decision capabilities guided 
by motivations, interests, and the information they have about themselves and the systems 
and other parts of the systems with which they interact. Thus, both system and people may 
display a variety of behaviours that change in and over time (Ackoff, 1994), that is, they are 
not static but dynamic. Therefore, to be able to design effective policy—both in terms of 
design and implementation—engineering science needs to comprehend how people’s 
(communities, funders, politicians, etc.) interests and motivations are varied and changing, 
and how they influence each other’s decision-making processes; hence, it is germane to 
consider these plastic controls to design policies and interventions that anticipate them and 
can effectively cope with them while achieving the goal. 

The evolutionary perspective proposed by Kurt Dopfer in his theoretical framework for 
evolutionary economics recognises these aspects and develops an ontology in which agents in 
a system are information carriers, that is, knowledge carriers (Dopfer, 2005). Thus, a social 
system is understood not only as a complex of interacting agents, but as a complex system of 
knowledge where knowledge is understood as rules and hence, the social system is a complex 
rule-system (Dopfer & Potts, 2004). Consequently, understanding the evolution—creation, 
selection/abandonment and utilisation— of rules leads to understanding the behaviour of a 
system and its agents (Dopfer, 2005). Social agents create, select and utilise rules; they are 
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rule-makers and rule-users (Dopfer, 2004). Thus, understanding these processes allows 
explaining the interactions of agents within a system and the success or failure of rules.  

This perspective is underpinned by Darwinian concepts which are the ontological bases for 
evolutionary thinking, and they are explained by Dopfer (2005) as follows: 

1. Variety: is concerned with population thinking which focuses attention on the variety 
of characteristics within a population; hence, embracing variety and its distribution as 
the reality rather than a nuisance that hides it. 

2. Mutation or variation: is the change in variety, its mutability over time. 
3. Adaptation: is the non-arbitrary specific way in which entities relate rather than 

relationships following a deterministic invariant law. 
4. Selection: means not all relations can exist; hence it is a process that defines the 

relative existence of relations among entities. 
5. Retention: describes continuity of a selected entity, stability over time.   

Consequently, understanding any social system from an evolutionary perspective entails 
acknowledging these concepts as core processes that explain the dynamic behaviour of the 
system and its agents as a product of an evolutionary process. Moreover, because people are 
actually active and interact, it is necessary to make explicit the assumptions about the human 
being and its cognition and behavioural processes relevant to rule making and rule using.  

Dopfer’s evolutionary framework (Dopfer, 2005) demarcates through three propositions the 
neo-classical perfectly rational economic agent (homo oeconomicus) from the more realistic 
human who has a bounded-rationality (1.Non-separability), who is not part of a homogeneous 
population, but is different from other humans (2.Non-homogeneity); and whose actions have 
a very low probability of being repeated in an exact precise manner, thus anomalies or 
irregularities are the ‘normal’ case (3.Non-periodicity). This more humanly described agent is 
named by Dopfer as the homo sapiens oeconomicus (HSO).  

The HSO solves problems posed by the environment in which it is embedded. The way of 
doing so is through problem-solving mechanisms composed of acquired rules. There are two 
levels of cognition and behaviour for the HSO: the generic level and the operant level. The 
generic level refers to a generative level in which problem-solving rules are created, selected, 
adopted and retained. The operant level refers to how the agent acquires and utilises a set of 
rules (Dopfer, 2005). In this sense, a rule which is adopted by a carrier (generic level) can be 
used in a particular way different from another carrier that adopts the same rule in a different 
environment (operant level).  Consider the case of people that want to prevent overweight 
trying to solve this problem. There can be a set of rules R with generic levels i and operant 
levels j. Consider three possible generic levels:  

1. Physical activity 
2. Caloric intake 
3. Food selection 
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For now let us assume that each agent just selects one of the previous rules and that there is 
no overlap or mixing of rules yet.  Let us consider a group of agents An that can select and 
adopt any rule Ri,j. Imagine that A1 and A2 both select and adopt the rule of engaging in 
physical activity R1; however, while A1 enjoys trying out sports,  A2 hates sports but loves 
dancing. Furthermore, A1 decides to do it every other day, whereas A2 only budgets Sundays 
for this activity. Hence for the agents A1 and A2 the rule R1 is the same at the generic level 
but very different at the operant level which makes it R1,1 for agent A1 and R1,2 for agent A2.  
This distinction is important because it recognises the variety and diversity that can be found 
in every individual; thus the importance of acknowledging heterogeneity of agents in a social 
system. 

Dopfer establishes a general logic for the trajectory of economic processes: rule origination, 
rule adoption, and rule retention; each of which takes place in three different domains: micro, 
meso, macro (Dopfer, 2005).  Each of these domains offers a different perspective and hence, 
different information about the social system. It is important to analyse each of these domains 
in order to obtain an integral knowledge of the dynamics of the system and within the system.  

Micro domain 

This domain focuses on the HSO as individual carrier of rules; on how it selects from sets of 
possible rules, and carries and uses rules. It is also concerned with systems of connections 
that are generated through specific interactions of agents (Dopfer, et al., 2004). The previous 
example can be located in the micro domain of the economic process because it relates to the 
generic process of the individual. Table 4 summarises the phases of the micro-trajectory: 
according to Dopfer (2005), the origination phase (phase 1) relates to the creation of rules, 
the use of creative ability to generate new rules which entails variation in order for selection 
to occur. The adoption phase (phase 2) is where selection occurs and it involves adaptation 
and learning of the new rule. The retention phase (phase 3) refers to the recurrent use of the 
new rule and brings about a temporary stabilization; it is temporary because it is always 
susceptible to change and variation.  

Micro 

Phase 1: Rule origination Process of creation using imagination, creativity to originate novelty. 

Phase 2: Rule adoption Internal selection, it is the actual adoption of a rule in a given generic 
knowledge base. Involves learning and adaptation of the rule.  

Phase 3: Rule retention Refers to rule stabilisation and recurrent use. It manifests 
behaviourally in habits and routines. 

Table 4: Phases of micro domain based on (Dopfer, 2005) 
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Meso domain 

The meso domain “focuses on single generic rules and their populations of actualizations. It 
discerns two sorts of variety, in the generic rule itself and in the population (Dopfer, et al., 
2004).”  This domain is core to the understanding of economic processes because it describes 
the change in rule structures and its relationship with rule innovation. Therefore, the meso 
domain houses processes of boundary crossing from inventor to innovator (Dopfer, 2005) i.e. 
from individuals to a social context, this is the origination phase in the meso trajectory (phase 
1 in Table 5). The adoption phase (phase 2) in this domain relates to diffusion—adoption and 
adaptation— at a population level which is influenced by path-dependence and involves 
environmental selection and population learning (Dopfer, et al., 2004; Dopfer, 2005). The 
retention phase (phase 3) relates to the exhaustion of the adoption process, the maintenance 
or stabilization of collective knowledge or behaviour (Dopfer, 2005). Table 5 summarizes the 
meso-trajectory previously explained. 

Meso 

Phase 1: Rule origination Adoption, decision to innovate. First carrier adoption which 
generates a new rule population. 

Phase 2: Rule adoption Replication, adoption in a collective level. Environmental selection 
and population learning.  

Phase 3: Rule retention Dynamic of adoption is exhausted, stabilisation of rule adoption in a 
population.  Routine. 

Table 5: Meso domain 

Macro domain  

The macro domain deals with “interrelated rules and interconnected populations that exhibit 
features of structure (Dopfer, 2005).” This domain is about order among and between new 
and existing rules and rule populations; and it is this order that is disturbed by a new meso-
trajectory, which by the end of that trajectory will have become a new order (Dopfer, et al., 
2004). 

Table 6 summarises the macro-trajectory: the origination phase (phase 1) in the macro 
domain deals with the disturbance a new rule generates in the current coordinate relations and 
it brings about structural de-coordination. The adoption phase (phase 2) involves a 
continuous process of re-coordination since the new rule’s adoption takes place. Hence, there 
is de-coordination and re-coordination as parallel processes because while agents adopt new 
rules, new structural relations are instituted. In the retention phase (phase 3) the process of 
re-coordination is completed and a new coordinated structure is obtained.  
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Macro 

Phase 1: Rule origination Structural de-coordination due to new rule 

Phase 2: Rule adoption Structural re-coordination due to adoption and new relations 

Phase 3: Rule retention Structural coordination due to retention of adopted rules and 
relations. Meta-stable state of the system. 

Table 6: Macro domain 

 

Thus, complete understanding and explanation of the dynamic of a social system involves the 
three domains micro-meso-macro: “It starts with exploration and rule creation at the micro-
level, it proceeds with its macroscopic rule adoption in a population at the meso-level, and 
finally, at the macro-level, it copes with the issue of the de-coordination of a given stabilized 
structure (Dopfer, 2005).” Figure 8 summarises this scheme using the example 
aforementioned.  A meso-trajectory affects both macro and micro dimensions in a system. 
The three phase evolutionary scheme in Figure 8 characterizes this process using the example 
of agents that try to solve the problem of the prevention of overweight through a particular 
rule of physical activity. The first phase, origination is where an agent generates a rule that 
leads to the origination of an organized population. In this particular case a first adopter 
carries the rule of being physically active and originates a population of carriers of this rule. 
The second phase of diffusion involves the adoption and adaptation of the rule in a range of 
diverse contexts: the first adopter has the ability to influence the population and acts as a 
replicator of the rule in the environment so that other agents become physically active 
adapting this rule to their own preferences and motivations. This becomes a learning context 
in the population and variants of the rule arise to facilitate adaptations i.e. doing sports, 
dancing, going to the gym, etc.; in this way both micro and meso orders have transformed. 
On the third phase of retention, replication occurs and the stabilisation of the rule happens 
being reinforced continuously: the population uses the rule, is physically active and this 
becomes a routine or a habit within that population.  

The meso-trajectory is therefore “spreading” the new rule into the micro domain, with effects 
in the macro domain as populations of rules interact. In this case, for example, the population 
of the rule of sedentarism or physical inactivity (R2,j) interacts with the rule population of 
physical activity (R1,j). While in the micro domain an agent explores the new rule, learns and 
experiments, other agents also adopt the same rule which drives adaptation. This evolutionary 
process re-structures the environment. For this re-structuring to happen, there is a sort of 
rivalry between rule populations that entails a de-coordination process. Agents physically 
active versus sedentary agents where the sendentary rule does not have the monopoly 
anymore; towards a re-coordination where the interactions within the populations (Rn,m) in 
the system create new connections that allow for a new structure in the coordination phase 
where the agents are physically active and this rule becomes a routine in the community. 
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It is worth mentioning that in the example of the prevention of overweight an agent An could 
be a carrier of several rules and be part of several rule populations which would interact and 
overlap in the environment i.e. an agent could carry and use different rules such as physical 
activity, food selection of non-processed foods, eating more fruits and vegetables, reducing 
the use of video games and television, etc. 

 

 

Figure 8: Micro-Meso-Macro schema based on (Dopfer, et al., 2004) 

The evolutionary framework explained in this section is relevant to an engineering 
perspective because it acknowledges the heterogeneity of agents together with the dynamic—
evolutionary— processes that take place within a social system through the making, selection 
and use of rules by agents and groups of agents. Hence, it allows understanding these 
relationships and interdependencies within and between diverse social systems (people and 
environment) to be able to formalise and model them in order to redesign systems and 
effectively deal with problems in these systems. 

The next chapter presents a simulation model that allows comparing an engineering approach 
and the EBPH approach when dealing with overweight and obesity in a diversity of contexts. 
Moreover, it allows discussing the relevance and utility of simulation modelling as a central 
element in an engineering methodology. 
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CHAPTER 4 Modelling the methodologies of 
EBPH and engineering with an agent-based 
simulation model  

This chapter allows formalising and illustrating the methodologies of engineering and EBPH 
through the case of overweight and obesity. To do this, it presents one of the products of this 
thesis: an agent-based simulation model based on the methodological perspective described 
in the section 3.6. The first section explains why an agent-based model is appropriate to 
represent the evolutionary processes that characterise social systems, as well as the 
methodologies (modes of thought and action) of the EBPH approach and an engineering 
approach. The second section describes the simulation model. The third section describes 
how the micro-meso-macro structure that characterises social systems is modelled together 
with the methodologies followed by EBPH and engineering through ‘traditional’ experts and 
‘evolutionary’ experts. The fourth section shows a number of simulation experiments that 
allow illustrating and comparing diverse aspects of the ‘evidence-based’ methodology versus 
an engineering methodology. The fifth section presents concluding remarks about this 
chapter. 

4.1 Why a simulation model and why is it an agent-based model? 

In the previous chapter it was stated that public health is a matter of social systems and that it 
turns out that these systems are quite complex; hence, the problems with which public health 
deals exhibit all the hallmarks of a complex system, including delays, nonlinearities, and 
feedbacks. Sterman (2006) explains that the difficulty of learning in complex systems is due, 
among other reasons, to the existence of dynamic complexity: “the often counterintuitive 
behavior of complex systems that arises from the interactions of the agents over time.” In the 
context of this complexity, our bounded rationality and ability to understand that complexity, 
and our narrow mental models, hinder our possibilities of finding solutions for the problems 
we want to solve.  The result is policy resistance, “the tendency for interventions to be 
defeated by the system’s response to the intervention itself (Sterman, 2006).” Simulation 
modelling is a helpful and central element of engineering for overcoming these and other 
limitations like those identified for EBPH in previous sections such as the consideration of 
variability and change, and the rule making and rule use by people. Simulation models can be 
seen as virtual worlds in which investigators, decision makers, managers, program planners, 
etc., can conduct experiments and gain a deeper understanding of the systems with which 
they are dealing. By so doing, they can develop their capacity to make more effective, robust 
and efficient decisions (Anderson & Garnett, 2000; Sterman, 2002).  

Moreover, as part of an engineering methodology, model building entails several processes 
which involve the elicitation of the modeller’s and stakeholders’ existing mental models, the 
articulation of the problem, the definition of a model purpose and a model boundary; all of 
which requires an intellectual exercise and a critical deliberation about the issue, the system, 
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the decision rules and all other relationships and interdependencies to be considered 
(Sterman, 2000).   These processes result in a model; yet, another main product of model 
building is learning about the problem and the system which allows challenging mental 
models regarding the problem, the system, and the attitude towards policy design to 
effectively address the issues at hand (Andersen, et al., 1997).   

There are several types of simulation models, including agent-based models, and system 
dynamics models among others. Agent-based models are characterised by heterogeneous 
micro-entities (agents) that can interact and change/adapt over time in response to other 
agents and features of the environment (Auchincloss & Diez, 2008) following a specified set 
of rules and with characteristic attributes or parameters (Scholl, 2001). This makes these 
models suitable and appropriate to represent and characterise the evolutionary processes in 
social systems as according to the evolutionary ontology presented in section 3.6.2 since it 
allows modelling individuals with particular characteristics and sets of generic rules; hence, 
making it possible to typify the innovation, adoption and retention processes in the three 
domains. Moreover, it allows modelling environments with particular characteristics where 
individuals interact with each other and with the local environment without any central or 
“top-down” control over individual behaviour (Epstein, 1999). These types of simulation 
models and others are in increasingly broad use around the world in the field of public health 
and epidemiology for different purposes (Anderson & Garnett, 2000; Atun, et al., 2007; 
Auchincloss & Diez, 2008; Mabry, et al., 2010).  

4.2  The model 

The model was built using the simulation freeware NetLogo 5.0.4. The code can be found in 
Appendix 1. NetLogo uses ticks as a unit of time. The time unit used in the model is weeks, 
hence, 1 tick corresponds to 1 week and a year is understood as 52 weeks. This model seeks 
to formalise the epistemic aspects identified in previous sections for both EBPH and 
engineering and to compare them. The conceptualisation of the model intends to illustrate 
these methodologies and their implementation and effects on four different communities 
suffering from overweight and obesity. 

The four communities —social systems— follow Dopfer’s scheme of origination, adoption 
and retention, that is, agents are rule-makers and rule-users that are able to influence other 
agents e.g. an agent that adopts a rule may influence the selection of that rule by another 
agent in its community. Within these communities people will not just interact with each 
other but also with the environment which will be represented by a physical activity 
infrastructure and food sources that can be thought of as grocery stores or restaurants. These 
elements were chosen because although they do not characterise completely the problem of 
overweight and obesity they consider aspects that relate to decision making by the population 
such as to be or not physically active, to buy or not food and what kinds of food to buy 
depending on preference, income, etc., which make an adequate boundary given the purpose 
of the model. It is worth highlighting here that the purpose of this model is not to solve the 
problem of overweight and obesity but to illustrate the methodologies under examination and 
their effectiveness in addressing chronic disease public health problems; and also to enrich 
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the discussion about advantages and limitations of both approaches.  Hence, in the light of 
that objective, the boundary regarding obesity and overweight is enough since it considers a 
series of elements that give an adequate frame in which to try out both methodologies. 
Moreover, it provides the elements to discuss the usefulness and relevance of simulation 
modelling as a central constituent of an engineering methodology.  

Continuing with the description of the model, each community will be intervened by a type of 
expert in order to address the overweight and obesity issue. The model considers two types of 
experts; one type follows the EBPH approach and works under its assumptions, whereas the 
other one follows an engineering approach based on trials and elimination of errors.  The 
model allows observing the four communities simultaneously where two are intervened by 
‘traditional’ experts who follow the EBPH approach and the other two communities are 
intervened by ‘evolutionary’ experts following an engineering approach. Figure 9 shows the 
four quadrants that correspond to the four communities mentioned previously. The top 
quadrant to the left represents community 1 (C1), the top quadrant to the right represents 
community 2 (C2), the bottom quadrant to the left is community 3 (C3), and the bottom 
quadrant to the right is community 4 (C4).    

 

 

Figure 9: View of four communities in the Agent-based model 

 

Agents  

The agents have particular attributes that will allow characterising them as people with 
bounded rationality and decision capabilities (rule making and rule using) as described in 
section 3.6.2, and attributes required to represent the obesity and overweight issue. These 
attributes are: 

1. Community to which the agent pertains 
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2. BMI 10 : this attribute consists of three levels named “OB” (obese), “OW” 
(overweight), “NW” (normal weight). Each of which has a numerical value as 
follows:   18.5 ≥ NW< 25, 30 >OW ≥ 25, OB ≥ 30. Agents are easily identified on the 
model view by colour: red are obese, pink are overweight, and white are normal 
weight as shown below in Figure 10.   
 

 

 

 

 

Figure 10: Obese (red), overweight (pink) and normal weight (white) agents 

 

3. Age 
4. Physical activity level: describes the level of physical activity the agent has. It 

consists of three ranges: low (0-20), medium (21-45) and high (> 45) 
5. Income level: describes the income level of the agent which can be low (0-10), 

medium (11-70), or high (70-100). 
6. Food preference: describes the preference of quality food over processed food (Never 

(0), Seldom (1-2), Often (3-5), Always (> 5)) which is assumed to be of less nutritious 
quality. This attribute will be influenced by income level, the price of foods, and the 
food sources in the community (to be explained later on).  

7. Food literacy: Degree to which people are able to assess nutritional quality of food. It 
consists of three levels low (0-3), medium (4-7), and high (> 7). 

8. Risk of death: describes the risk of death of an agent depending on its BMI and age.    
9. Discontent: level of discontent with own BMI. It is a sort of measure for self-esteem. 
10. Frustration: level of frustration due to the availability of foods that satisfy the agent 

needs regarding food preference, income level, and price comparisons. 
11. Energy-level: represents the need of the agent for food intake.  

People (agents) interact with other people in their community by “infecting” each other with 
their food preferences, level of physical activity, food literacy and their perception about 
overweight and obesity (discontent). This communication process within a community 
characterises social and cultural interactions that can take place in a social system. Because in 
reality these sorts of interactions do not affect every individual in the same way, the model 
acknowledges this feature, and agents have different susceptibility to each of these 

                                                             

10 In this thesis the use of a standard BMI was criticised because it does not necessarily recognise the differences between 
and among populations; however, the definition of a new measurement is beyond the scope of this work.  

OB OW NW 
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interactions depending, particularly, on their discontent. This means that all potential 
influences are a function of discontent. 

Food sources 

The model design also considers food sources in a community which can be thought of as 
restaurants and grocery stores found in a particular community as was mentioned earlier. Not 
only they have certain characteristics but people interact with them. It is worth noting that 
when the frustration of a certain amount of people increase to a certain level due to the 
dissatisfaction regarding type of food or price, a new food source with the characteristics 
wanted by these people will be built. Food sources that are not used to a certain extent will 
eventually close and disappear.  This brings about a process of generation of new food 
sources that satisfy the needs and preferences of the community.  

These food sources have particular characteristics as follows: 

1. Community to which each one pertains 
2. Number of quality foods.  
3. Number of processed foods.  
4. Food ratio: defined as the ratio between the number of quality foods and the 

number processed foods.  
5. Price of quality foods 
6. Price of processed foods 
7. Price ratio: defined as the ratio between the price of quality foods and the price of 

processed foods.  
8. Success level: describes the success the store depending on the purchases made in 

that store by agents.  
9. Color: varies according to combinations of food ratio and price ratio. For example 

blue stores have a higher food ratio and lower price ratio. Figure 11 shows the 
three types of food sources in the model.  

 

 

 

 

Figure 11: High quality (blue), medium quality (yellow), low quality (orange) food sources 
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Physical Activity Infrastructure 

The model design also considers other type of infrastructure different from the food sources. 
It considers areas where people can engage in physical activity such as parks or gymnasiums, 
etc. These areas are represented initially in the model as green squares. Additionally, agents 
interact with these areas by using them reducing their quality. The more the quality of these 
areas decreases their colour changes to darker green and eventually to brown. The quality of 
this infrastructure has a direct impact on the benefits of the physical activity of the agents: the 
higher the quality of the infrastructure, the higher the benefits of using it.  Figure 12 shows 
the three types of physical activity infrastructure in the model.  

 

 

 

 

Figure 12: High quality (light green), medium quality (dark green), bad quality (brown) physical activity 
infrastructure 

 

Environment 

The environment of the communities is constituted by the food sources and the physical 
activity infrastructure. Figure 13 shows an instance of the initial conditions of the model and 
the interface of the model with which the user can interact. Each of the quadrants can be 
thought of as a “sub-world” in the world of NetLogo. Each community has particular 
characteristics. The simulation duration can be set by the user by typing the number of ticks 
(“A” on Figure 12). The amount of food sources may be different in each community 
according to user preferences set through the model interface (“B” on Figure 12). The initial 
number of physical activity areas can also be set by the user (“C” on Figure 12). The time 
interval for evaluation of interventions and implementation of new interventions can be set by 
the user by typing the number of ticks (“D” on Figure 12). The location of each of the four 
experts can be established by the user by typing the number of the community (“E” and “F” 
on Figure 12). More details about how to use the model can be found on the Agent-based 
model User Guidelines in Appendix 2. 

 



54 

 

 

 Figure 13: Interface and initial conditions instance of the model 

 

Public health experts  

A public health expert  is associated to each community. These agents can be of two 
types ‘traditional’ experts who follow an EBPH methodology or ‘evolutionary’ experts who 
follow an engineering methodology. Each of the experts has a set of rules that constitute a set 
of strategies which represent an intervention package. This intervention package is a vector 
with six positions starting from zero to six, that is, there are seven strategies or rules in total. 
An example is shown in Figure 14. The black numbers in square brackets represent the 
intervention package, the red numbers show the positions in the vector and the green numbers 
show the number associated to each strategy. The set of strategies (set of rules) in green can 
be understood as the generic levels of the rules whereas the specific numbers in the brackets 
can be understood as the operant levels or actualisations of the rules.  

 

Figure 14: Intervention package vector 
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Both ‘traditional’ and ‘evolutionary’ experts have the same set of strategies (generic rules) 
available to them. However, ‘traditional’ experts follow an EBPH methodology in which 
their selection and adoption of rules depend on the success of the strategy (both generic and 
operant level) in the past either in the community where the expert is or in other 
communities. In contrast, ‘evolutionary’ experts follow an engineering-like evolutionary 
process for rule selection in which although success in the past is considered, it is not the only 
and mandatory criterion for a strategy to be tried; instead, rules that were not successful can 
be temporarily discarded; however, they can be eventually tried again since conditions in the 
system may have changed. All experts calculate baseline measures and do evaluation using a 
sample of the population in the community. The experts observe the performance of the 
strategy’s indicator in the community e.g. average physical activity, and if the strategy is not 
improving the state of the system (increasing towards the desired value) the strategy is 
changed, modifying the intervention package. While ‘traditional’ experts change the 
strategies based on the evidence that it worked somewhere before, ‘evolutionary’ experts 
engage in the trial of different operant levels without the justification of evidence.  

The following set of available strategies was designed in order to comprise several aspects 
regarding decision making by agents, and also their interaction with the environmental 
features such as the physical activity infrastructure, and the food sources: 

1. Increase physical activity:  can be understood as a strategy that intends to increase 
the physical activity level of the agents in a certain amount or goal.  

2. Increase amount of quality foods in food sources: this strategy is directed towards 
the food sources, although food sources as such cannot make decisions, their 
managers can; hence it intends to influence these actors, that although not explicit, 
still have agency and decide according to how successful the store is.  

3. Increase price of processed foods: similarly to strategy 2, this strategy also intends to 
modify the environment by directing efforts towards the food sources.     

4. Build infrastructure to increase physical activity: this strategy also directs its efforts 
towards the environment by increasing the amount of physical activity (PA) areas in 
the community. It considers the initial amount of PA areas and the total obesity and 
overweight prevalence. 

5. Fix current infrastructure to increase physical activity: this strategy intends to 
modify the environment by actively fixing a certain amount of PA areas before they 
become low quality (brown). It considers the total obesity and overweight 
prevalence, and the amount of PA areas that are not high quality anymore.  

6. Campaign to increase preference for quality foods: this strategy intends to influence 
agents’ food preference towards quality foods in a certain amount or goal.   

7. Educate people regarding food quality (increase food literacy): this strategy intends 
to influence agents’ food literacy in a certain amount or goal.   

It is important to note that each of these seven strategies may have different degrees or levels 
in which they can be implemented by each of the experts, for example, two experts can adopt 
strategy 1 (which operant levels go from 1 to 10) in each of their communities but expert a 
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may decide to use this rule on level 1 while expert b may decide to use it on level 10. 
Regarding this particular strategy these levels represent the desired amount of increase in 
physical activity in the population; however, not every individual will select and adopt the 
rule originated by the expert at all or in the same way due to their particular preferences, and 
discontent with their own BMI.  

Notice that the strategies are not all directed to the population, but also to other stakeholders 
not explicitly mentioned here, for example, food source managers. Strategies regarding food 
prices and food quantities are not directed specifically to the general population; nonetheless, 
this strategy (rule) may introduce a change process leading to a de-coordination and a new 
meta-stable state of the system. 

In this way, the model characterises the micro-meso-macro structure through the origination, 
adoption and retention of rules by people and by public health experts in four different 
communities.  

4.3 Modelling the methodologies of EBPH and engineering  

The protagonists of the model are both the ‘evolutionary’ experts and the ‘traditional’ EBPH 
experts. These experts are individuals that characterise Dopfer’s homo sapiens oeconomicus 
(HSO). They have a bounded rationality and are both rule-makers and rule-users. They 
follow the evolutionary process of origination, adoption and retention; however, these 
processes are quite different for ‘traditional’ experts than for ‘evolutionary’ experts. As 
mentioned in the previous section, ‘traditional’ experts seldom originate a rule; rather they 
adopt rules that are being successfully used in other contexts. This adoption process uses a 
criterion of success; hence, if the rule has been successful in the past, it is adopted. After 
using (implementing)it, if it is found to be unsuccessful, it is discarded and hardly adopted 
again. Moreover, when a rule is evidenced to be successful in several other contexts it is 
adopted and retained. In this sense, there is variation; yet, there is very little mutation. These 
experts engage in a process which, although trial and error, it intends to generalise rules 
adopted and retained, it is based on induction: what was useful ‘there, before’ will be useful 
‘here, now’.   

In contrast, ‘evolutionary’ experts often originate rules which they adopt and retain regarding 
just the context where they intervene. They engage in a trial and error process that considers 
the particular contingencies of the system they intend to transform— an engineering mode of 
thought and action. These two processes described previously can be thought of to be part of 
the micro dimension as summarised in the row “Micro” in Table 7. However, intervention 
packages (sets of strategies) may result in actualisation populations at the meso level that can 
generate de-coordination and coordination processes at the macro level. There can be 
interventions that are directed to affect high level leverage points in the system that can 
reinforce the restructuring of the system: for example, the population of actualisations of a 
strategy (rule) to change the infrastructure in the community together with the population of 
actualisations of encouragement to be physically active could drive the system to a self-
organization trend towards a physically active community. Table 7 summarises the 
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previously explained micro-meso-macro structure of both ‘traditional’ and ‘evolutionary’ 
experts.  

Dimension ‘Traditional’ experts  
(EBPH) 

‘Evolutionary’ experts 
(Engineering) 

Micro 

 Origination occurs seldom and 
it depends on previous success 
in own context or others. 

 Adoption occurs by selecting 
strategies (both on the generic 
and operant level) that have 
been shown to be successful in 
own context or others. 

 Retention occurs when 
strategy is successful in own 
context or others.  

 Origination occurs randomly, 
although it only considers to a 
certain extent the previous 
success in own context. 

 Adoption occurs by selecting 
strategies that show to be 
successful in own context. 

 Retention occurs when strategy 
is successful in own context. 

Meso 

 Origination of populations of 
actualisations of rules depend 
on previous success in own 
context or others. 

 Adoption occurs by selecting 
populations of actualisations 
that have been shown to be 
successful in own context or 
others. 

 Retention occurs when 
populations of actualisations 
are successful in own context 
or others. 

 Origination of populations of 
actualisations of rules are 
random, although it only 
considers to a certain extent the 
previous success in own 
context. 

 Adoption occurs by selecting 
populations of actualisations 
that have been shown to be 
successful in own context. 

 Retention occurs when 
populations of actualisations are 
successful in own context 

Macro 

 De-coordination occurs when 
populations of actualisations 
are not successful in own or 
other context and requires to 
be changed. This process 
happens seldom, since usually 
populations of actualisations 
are successful in other contexts 
even if not in the own context. 

 Re-coordination occurs when 
new populations of 
actualisations are introduced 
(adopted).  

 Stabilisation occurs when the 
adopted populations of 
actualisations are retained due 
to success in own context or 
others.    

 De-coordination occurs when 
populations of actualisations are 
not successful in own context 
and requires to be changed. 

 Re-coordination occurs when 
new populations of 
actualisations are introduced 
(adopted).  

 Stabilisation occurs when the 
adopted populations of 
actualisations are retained due 
to success in own context.    

Table 7: Micro-meso-macro structure of experts 

Nevertheless, the interests and motivations of individuals in the communities are determinant 
in the success of an intervention, as will be shown in the next section. Hence, not all 
individuals will adopt and retain the rules the experts make in the same manner. Individuals 
can influence each other through communication; therefore, not only desirable habits (from 
the public health standpoint) can be “passed on” between individuals. For example, a person 
with very low physical activity level who is not unhappy with her BMI will hardly change her 
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physical activity habits/routines, whereas a person who is unhappier might progressively 
change her routines if in contact with active people or under the effect of an intervention.   

Figure 15 summarizes these micro-meso-macro dynamics in the model. In the micro domain, 
agents can adopt and select rules through “infection” by other agents e.g. food preference; 
and experts originate, adopt and implement rules to be adopted and retained by agents e.g. 
increase physical activity. In the meso domain, populations of rules are originated, adopted 
and retained by groups of agents e.g. creation of new food sources that satisfy their needs and 
preferences. Also, experts originate, adopt and retain populations of actualisations of rules to 
intervene the communities so that they are potentially adopted and retained by agents e.g. 
intervention packages. Finally, in the macro domain, populations of rules originated by 
experts and adopted and retained by agents go through a process of coordination with other 
rule populations. This could generate de-coordination of the status quo and restructure the 
system into a new meta-stable state e.g. preference for quality foods, moderate physical 
activity and fixing of infrastructure vs. existence of food sources that sell processed foods and 
physical inactivity, “battle” that could result in a change of obesity prevalence in the 
community. 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Summary of dynamics of micro-meso-macro structure in the model 
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4.4 Experiments: Comparisons of an engineering methodology and 
an EBPH methodology 

The following experiments intend to explore different aspects and assumptions of the two 
methodologies under study: the currently most followed approach for scientific research and 
policy design—evidence-based public health (EBPH), and the engineering methodology 
explained in section 3.6. The experiments explore certain assumptions as fundamental 
characteristics to be considered to effectively intervene complex social systems; assumptions 
such as the heterogeneity of populations, the relevance of context-bound strategies, and the 
roll of synthesis over analysis. A general purpose is to highlight the potential advantages the 
underlying assumptions of an engineering/evolutionary approach has over those underlying 
EBPH. Some limitations regarding an engineering approach are considered too.  

 Each simulation shows the initial conditions of each community regarding obesity and 
overweight prevalence, number of parks, and number of food sources. Also, the experiment 
forms show the duration of simulation, the location where the ‘evolutionary’ experts and the 
‘traditional’ experts intervene and for how long an intervention package is implemented 
(intervention time) before being evaluated and changed if necessary. As mentioned in section 
4.2, the time unit of the model is weeks, hence, 1 tick corresponds to 1 week and a year is 
understood as 52 weeks.  

 

4.4.1 Experiment 1 

Table 8 shows the characteristics of this experiment, particularly, the initial conditions of the 
simulation regarding the obesity prevalence and overweight prevalence in each of the four 
communities. It also shows the location of each both ‘evolutionary’ and ‘traditional’ experts, 
as well as the initial number of parks (physical activity infrastructure) and the initial number 
of food sources for each community. The time of duration of this simulation is 2000 ticks and 
the intervention time is 156 ticks, which means that the intervention package will be 
evaluated and changed if necessary every 156 ticks during the simulation duration.  Under 
“Final Conditions” the table shows the obesity prevalence and overweight prevalence by the 
end of the simulation for each of the four communities; as well as the final number of parks 
and food sources.  
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Table 8: Experiment 1 

This experiment illustrates the relevance of context which is a central assumption of an 
engineering approach. Let us observe the intervention packages adopted and used by the 
‘traditional’ experts in community 3 and 4 in Figure 16. This figure shows the intervention 
packages implemented by the experts following the ‘evidence-based’ approach. Each of the 
group of numbers in square brackets represent the operant level for each of the strategies. 
When a number is zero, it means that this especific strategy is not implemented. The repeate 
square brackets represent the times the especific strategy has been adopted by a ‘traditional’ 
expert depending on the success it has evidenced to have. The first intervention package is 
random to initialise the simulation; however, it can be observed how the experts influence 
each other to follow only the strategies that seem to work in each of their communities. The 
figure shows the ideal scenario for EBPH: one in which regardless of the community, public 
health practitioners implement, with high fidelity, the interventions evidenced to work. As 
has been mentioned throught this thesis, particularly in chapter 3, this methodology is 
underpinned by the assumptions of homogeneity and unchangeability of populations and 
therefore, it seeks to generalise effective strategies to address public health problems.Thus, 
those found to work recurrently are taken as evidence to be applied elsewhere. 
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Figure 16: Intervention packages in communities 3 and 4 (Experiment 1) 

This example shows the consequences of these assumptions. As has been discussed in 
previous sections, public health issues are framed in social systems, which are complex and 
dynamic; and populations are heterogenous which makes it problematic to assume the 
contrary. Figure 16 shows a snapshot of communities 3 and 4  where ‘traditional’ experts 
intervened by the end of the simulation. It can be observed that both communities have food 
sources of different kinds and parks too. This figure shows the results regarding obesity and 
overweight prevalences for these communities. In community 3 (quadrant on the left) it can 
be observed that the whole population has normal weight (white agents) whereas in 
community 4 (quadrant on the right) the whole population is overweight (pink agents).  The 
results are quite clear: the ‘evidence-based’ methodology was used and it complies with the 
assumptions and desires of generalisation of strategies known to work in a certain context, 
showing that the expert in community 3 was quite successful (0% obesity and  0%  OW 
prevelences); yet, although expert in community 4 followed the successful intervention 
package, this resulted with a whole population suffering from overweight (100% prevalence). 
This is an example of an intervention that clearly works in a particular context but fails in a 
different one. Reasons for this can be several, people’s sensitivity to the intervention, 
people’s preferences, etc.; this is exactly why an engineering approach considers relevant to 
design interventions for particular contexts acknowledging the heterogeneity of communities 
and their particular characteristics. 

 

 

Figure 17: Results of experiment 1 for communities 3 and 4 
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Public health researchers and practitioners usually face the dilema of tailoring and adaptation 
vs. fidelity to evidence; however, this “issue” has no place within an engineering 
methodology since it is exactly the tailoring according to particular contingencies what 
characterises this approach. The following figure (Figure 18)  shows the intervention 
packages adopted and used by ‘evolutionary’experts in communities 1 and 2. The numbers in 
brackets show the operant leveles for each of the seven strategies (a zero means no 
implementation of the strategy).  Clear differences can be observed between the two experts. 
Although both ‘evolutionary’experts follow the same engineering methodology, the 
intervention packages that they implement are quite different. This is due to the attention paid 
to the particular contexts rather than the success of any strategy in any other context. The 
generalisation of any intervention or strategy is not a concern, nor the justification of the 
interventions based on evidence. The dilema of tailoring and adaptation vs. evidence is 
dissolved,  it disappears, and effectiveness in each especific context becomes the main 
criterion for intervention design. 

 

 

Figure 18: Intervention packages in communities 1 and 2 (Experiment 1) 

 

Figure 19 shows a snapshot of communities 1 and 2 by the end of the simulation duration. It 
shows the view of the results of ‘evolutionary’ experts’ interventions regarding obesity 
prevalence and overweight prevalence for communites 1 and 2. It can be observed that 
although the interventions have not yet dealt completely with the overweight issue (there are 
still pink agents), it is progressively addressing the problem. It is important to highlight that 
by this time, both communities have effectively reduced obesity in 100% and overweight in 
33.05% and 67% respectively. Meanwhile, in community 4, which was intervened by a 
‘traditional’ expert, overweight has increased in 79%. 
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Figure 19: Results of experiment 1 for communities 1 and 2 

 

Figure 20 shows a graph of the overweight prevalence trends in the four communities during 
the simulation period. Community 1 is plotted in blue, community 2 in red, community 3 in 
green, and community 4 in purple. This graph illustrates what was commented before with 
previous figures for experiment 1. It shows that even though experts in communities 3 and 4 
followed the ‘evidence-based’ approach and that it was rapidly effective in community 3, the 
intervention package failed to address the overweight problem in community 4: it can be 
observed how the purple trend representing the overweight prevalence for community 4 
increases through time. It can also be observed in this graph (Figure 20) that, for this 
particular experiment, the positive effects of interventions in communities 1 and 2, take 
longer than the positive effects in community 3. It is important to consider here a limitation 
that an engineering methodology might encounter in some cases. This limitation is related to 
efficiency, which should not be mistaken for effectiveness. Efficiency is generally concerned 
with how fast goals are accomplished; however, it does not consider sustainability or in what 
degree was the goal accomplished  necessarily. Effectiveness on the other hand, is concerned 
with speed too, but also with actually attaining a result that is sustainable and deals with the 
issue in a high degree. Ackoff (2001) paraphrases Peter Drucker: “(…)there is a big 
difference between doing things right and doing the right thing. Efficiency is concerned with 
doing things right; effectiveness with doing the right thing (Ackoff, 2001).”  Then he states: 

“The righter one does the wrong thing, the wronger one becomes. If one corrects an error in 
the pursuit of the wrong thing one becomes wronger. Therefore, it is better to do the right 

thing wrong than the wrong thing right because it offers the possibility of improvement 
(Ackoff, 2001, p. 345).” 

When ‘traditional’ expert in community 4 tried following what seemed right because it was 
working in community 3, then she was doing very well the wrong thing, and ended up being 
wronger with a 100% overweight prevalence. However, ‘evolutionary’ experts in 
communities 1 and 2 achieved to do the right thing even though it took longer.  

It is clear that in some contexts, efficiency might be of great importance (controlling an 
outbreak of E.Coli in a school); nonetheless, when dealing with pervasive, chronic issues 
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such as obesity, there is not really a “fast fix”. Hence, a focus on effectiveness, without 
overlooking a certain reasonable efficiency, is propounded by an engineering approach. 

 

 

Figure 20: Overweight prevalence in communities 1 (blue), 2 (red), 3 (green) and 4 (purple)-Experiment 1 

 

4.4.2 Experiment 2 

Table 9 shows the characteristics of this experiment. It presents the initial conditions of the 
simulation regarding the obesity prevalence and overweight prevalence in each of the four 
communities. The time of duration of this simulation is 2080 ticks and the intervention time 
is 156 ticks, which means that the intervention package will be evaluated and changed if 
necessary every 156 ticks during the simulation duration.  Under “Final Conditions” the table 
shows the obesity prevalence and overweight prevalence by the end of the simulation for 
each of the four communities; as well as the final number of parks and food sources. It also 
shows the location of each both ‘evolutionary’ and ‘traditional’ experts, as well as the initial 
number of parks (physical activity infrastructure) and the initial number of food sources for 
each community.  
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Table 9: Experiment 2 

Thisexperiment also illustrates the relevance of a context-based approach for policy design. 
This assumption is core to an engineering methodology proposed in this thesis. This 
assumption is relevant because it encompasses several other assumptions characteristic of an 
engineering approach such as heterogeneity between populations, and the changeability and 
adaptability of a social system, that is, its dynamic and evolutionary nature.  

Figure 21 shows the intervention trials for ‘evolutionary’ experts in communities 1 and 2. It 
can be observed that the intervention packages (numbers in brackets) for both experts are 
different even though they follow the same context-based approach based on an engineering 
methodology.  Rather than basing their intervention design on the justification of success in 
other contexts, these experts base their designs in a trial and error process with plastic 
controls such as the particular social characteristics of their own community, and the specific 
physical environment of the community, together with the previous success in their own 
context. This methodology allows this experts to have the adaptability and flexibility to 
respond to changes in each of their communities and their especific environments 
consequently designing better and more effective interventions. 
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Figure 21: Intervention packages for communities 1 and 2 - Experiment 2 

 

Figure 22 shows a snapshot of the view of communities 1 and 2 by the end of the simulation 
duration. It can be observed that both communities have a population majorly with normal 
weight (white agents) although very different intervention packages were implemented. 
Obesity prevalence and overweight prevalence for community 1 are 0% and 3.92% 
respectively. ‘Evolutionary’ expert in community 2 was able to eliminate obesity and 
overweight completely by the end of the simulation (2080 ticks).  

 

 

Figure 22: Results of experiment 2 for communities 1 and 2 

 

Figure 23 shows the intervention packages (numbers in brackets)  implemented by the 
‘traditional’ experts in communities 3 and 4 during the simulation duration in experiment 2. It 
can be seen that these two experts share the evidence about what strategies are succesful 
depending on the success in any of the two communities where they intervene. When there is 
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no evidence of success in either community then evidence needs to be found to be able to 
justify the strategy before implementing it.  This generation of evidence takes some time, and 
it is obtained from the rest of the world, that is, the successful experiences in the other two 
communities (C1 and C2) where the ‘evolutionary’ experts intervene.  EBPH assumes and 
expects the generalisability of strategies between communities, so that practitioners 
implement the ‘evidence-based’ justified strategies wherever they need to intervene.  It can 
be observed in Figure 23, the noticeable resemblance of the intervention packages designed 
and implemented by the ‘traditional’ experts due to the previously mentioned assumptions.  

 

Figure 23: Intervention packages for communities 3 and 4 - Experiment 2 

 

However, following this ‘evidence-based’ methodology, is not always effective everywhere. 
Figure 24 shows a snapshot of the view of communities 3 and 4 by the end of the simulation 
presenting the results regarding obesity and overweight prevalences.  This figure shows that 
although expert in commmunity 3 was quite successful eliminating the problem, expert in 
community 4 still ended up with an overweight prevalence of 10.34%, the highest among the 
4 communities. This highlights the advantages of a context-based approach such as the one 
followed by ‘evolutionary’ experts over the ‘evidence-based’ approach. 

 

Figure 24: Results of experiment 2 for communities 3 and 4 
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Another important assumption that is illustrated with this experiment and can be discussed, is 
the relevance of synthesis versus analysis. This assumption is based on the concept that 
public health issues are framed in social systems; hence, they need to be understood from a 
systemic point of view. A systemic perspective entails understanding the unique 
characteristics of the system under study and acknolwedging its capability of change as well 
as the interdpendence of elements in the system rather than the independence of factors (i.e. 
determinants) that determine the state of the system. This requires to have a synthetic 
approach to this problems instead of an analytic (“taking apart”) perspective (Ackoff, 2001); 
therefore, the acknowledgement of each system and its particular interdependent elements 
and relationships between elements becomes germane, whereas the generalisation to other 
systems, irrelevant. The engineering methodology used by experts in communities 1 and 2 
rests on this assumption, while the ‘traditional’ experts following EBPH assume 
independence of factors and determinism, hence it is “logical” for them to try to engage in 
generalisations. However, as shown in this experiment, it seems that the engineering 
approach is more effective than EBPH since it works in different settings by tailoring the 
interventions according to context, even if the intervention package for each one is not the 
same or generalisable to other settings.  

4.4.3 Experiment 3 

Table 10 shows the setup for this experiment. It presents the initial conditions of the 
simulation regarding the obesity prevalence and overweight prevalence in each of the four 
communities. The time of duration of this simulation is 2080 ticks and the intervention time 
is 156 ticks, which means that the intervention package will be evaluated and changed if 
necessary every 156 ticks during the simulation duration.  Under “Final Conditions” the table 
shows the obesity prevalence and overweight prevalence by the end of the simulation for 
each of the four communities; as well as the final number of parks and food sources. It also 
shows the location of each both ‘evolutionary’ and ‘traditional’ experts, as well as the initial 
number of parks (physical activity infrastructure) and the initial number of food sources for 
each community.  
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Table 10: Experiment 3 

This experiment also illustrates the limitations of an ‘evidence-based’ approach compared to 
an engineering approach. Figure 25 shows a graph with the results regarding the overweight 
prevalence in the four communities. These results are very interesting because they show that 
EBPH can be effective in a particular community; however, even if the same successful 
intervention package is implemented in a different context it is not necessarily effective: the 
graph shows great success for the ‘traditional’expert in community 4 (purple), who by tick 
1092 had already decreased overweight completely; yet the ‘traditional’ expert in community 
3 failed (green) with the highest overweight prevalence (over 40%)  even though the same 
successful intervention used in community 4, was implemented.  Again, the importance of a 
context-based approache like the one followed through an engineering approach seems to be 
more effective in dealing with complex issues such as overweight as shown by trends blue 
and red for communities 1 and 2 which are intervened by ‘evolutionary’ experts.  

 

Figure 25: Overweight prevalence for communities 1(blue), 2(red), 3(green) and 4(purple) - Experiment 3 
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Figure 26 shows the interventions used by the ‘traditional’ experts following an EBPH 
approach. It can be observed that the interventions tend to be the same, this is explained 
because as one strategy is successful in one of the communities the other expert bases his 
intervention design in that success and copies the strategy. The squared brackes show the 
reinforcement of the adoption of a strategy depending on its success in the past. The more 
times a successful strategy is adopted (copied) the more squared braquets there will be.  

 

 

Figure 26: Intervention packages for communities 3 and 4 - Experiment 3 

 

It is worth highlighting again what Figure 25 shows: ‘traditional’ expert in community 4 is 
successful addressing the overweight issue in the population; yet ‘traditional’ expert in 
community 3 fails to do so effectively although he is implementing an intervention evidenced 
to work effectively in community 4. This illustrates recurrent situations in the public health 
field where although some interventions have been shown to be effective in certain 
populations, when implemented in different communities, they seem to encounter obstacles 
and difficulties to solve the same issues. This is the case of obesity and overweight around 
the world. An engineering approach, however, shows results that are consistent with the 
assumptions it relies on. Figure 27 shows the interventions implemented by ‘evolutionary’ 
experts in communities 1 and 2. It can be noticed that although the strategies’ actualisations 
are quite different, both experts achieve to reduce overweight consistently in their own 
communities as shown in Figure 25 by the blue and red trends.  
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Figure 27: Intervention packages for communities 1 and 2 - Experiment 3 

 

The assumptions that underpin an engineering approach include a context-based intervention 
design that acknowledges the uniqueness of every community (diversity, heterogeneity), and 
the dynamic and evolutionary nature of social systems (temporality); hence, it is flexible in 
order to adapt the design to changes in the system being intervened (synthesis, systems 
thinking) rendering justification through evidence irrelevant, and making effectiveness its 
core criterion.   

4.5  Concluding remarks 

4.5.1 Experiments 

The experiments presented here illustrate underlying assumptions of the two methodologies 
under study in this thesis. Through these experiments, it was shown that assumptions of the 
‘evidence-based’ approach such as homogeneity of populations and the concept of induction 
and generalisation of interventions from one population to others are not necessarily valid. 
On the contrary, the assumptions of heterogeneity of populations, and the implementation of 
context-bound interventions, show to be more effective when dealing with complex problems 
i.e. obesity and overweight, within the complexity of social systems like the communities 
generated in the simulation model.  

Although some limitations for an engineering approach can be identified in certain cases 
regarding efficiency, this is not a major concern, since issues in chronic disease public health 
e.g. obesity, are known for their pervasiveness and difficulty to deal with due to their 
complexity (Finegood, et al., 2008; Newell, et al., 2007). Instead, the focus is drawn to the 
effectiveness with which these issues can be addressed. This means not only the degree with 
which the issues are dealt but also the flexibility and ability to adapt to the dynamic 
environments characteristic of complex social systems in order to attain sustainable results 
that avoid problem re-emergence.  The EBPH premise that ‘what worked today will work 
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tomorrow’ lacks that flexibility. However, an engineering methodology which is context-
bound is based on that flexibility and propounds to recognise the continuous change and 
contingencies typical of the systems and problems public health researchers and practitioners 
need to face.    

4.5.2 Simulation Model 

Simulation modelling comprises the design, building and use of a simulation model, for 
example as an experimental lab. The process of model design entails the a priori 
specification of an objective—a purpose, and the evolutionary process of trial and error to 
accomplish that objective. As was mentioned before in section 4.2, the purpose of this model 
is not to solve the problem of obesity and overweight but to formalise and illustrate the 
assumptions that underpin an EBPH approach and an engineering approach as the one 
explained in section 3.6, and to compare the effectiveness of each of these approaches when 
dealing with a complex problem like obesity and overweight.  Moreover, it allows 
highlighting the relevance and usefulness of simulation modelling as a core element of an 
engineering approach. 

Building a model is not only about a technical process followed to obtain the tool. When 
building the model one is engaged in a learning process about the problem and the system 
that is being modelled. This building process involves the formalisation of concepts and ideas 
about the problem and the system; in this particular case, it required the operationalization of 
the assumptions and the methodological aspects of both EBPH and engineering that where 
identified through the epistemological critique. This process, hence, entails an intellectual 
activity on how the methodologies work: how are they implemented, how do people that 
follow each of the methodologies act and make decisions. This is not an easy process due to 
the difficulty to understand systems where people are involved because they are complex, 
among other reasons, due to their dynamic complexity and evolutionary nature which 
involves uncertainties, change and variability, nonlinear relationships and interdependencies, 
and the motivations, interests and preferences that guide decisions of rationally bounded 
people. However, engaging in the process of model design and model building asks one to 
think systemically and to consider the properties, attributes, dynamics and characteristics of 
the system and the problem, and how they relate to each other; thus, simulation modeling is 
helpful for overcoming these kinds of limitations. This agent-based model allows 
materialising the concepts and assumptions regarding both approaches and provides the 
possibility of controlled experimentation.  

Experimentation in the real world is not always feasible for different reasons. In this 
particular case, an experiment in the real world concerning the intervention of overweight and 
obesity using EBPH and an engineering approach would have been costly and lengthy, but 
also ethically constrained. A simulation model like this one presented here is handy to 
overcome these limitations (Sterman, 2000) through controlled experiments that grant the 
user (researcher, policy maker, etc.) the flexibility of testing a diversity of scenarios and 
‘what-if’ questions in order to better understand the problem, the system and the broad 
arrange of interventions and policies. In this particular case the experiments done with the 
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model show its usefulness as a tool to foster the understanding of complex social systems 
such as communities, and the complex problems that arise within them such as overweight 
and obesity. Furthermore, it helps visualize the effects of the use of different methodologies 
for intervention such as EBPH and engineering and to be able to conclude about their 
differential effectiveness when dealing with a complex problem such as overweight and 
obesity in a diversity of contexts.  

This simulation model was used both as a means and an end.  It was built following the 
methodology it is used to illustrate: to show the advantages of an engineering methodology 
for chronic disease public health through an engineering methodology; that is, through the 
design of an artifact—the simulation model— through trial and error elimination to open a 
discussion and potentially generate transformations in the mode of thought and action in 
chronic disease public health, particularly using the example of obesity and overweight.  
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CHAPTER 5 The 3 E’s Public Health: 
Engineering, evolution and effectiveness. A 
framework outline for research and policy design 
in chronic disease public health 

 
Figure 28: The 3 E's Public Health Framework 
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5.1 The 3 E’s Public Health Framework Outline 

Chapter 4 shows examples that illustrate the potential advantage of an engineering 
perspective over an evidence-based approach. This potential advantage rests on the 
methodological assumptions that underpin this mode of thought and action. This chapter 
outlines a framework for research and policy design in chronic disease public health that is 
based on this alternative methodology and that has three core elements to it:  1) an 
engineering perspective which requires systems thinking and follows an evolutionary process 
of trial and error elimination, and 2) acknowledges the complex and evolutionary nature of 
social systems, everything with the main objective of transforming systems through 3) 
effective designs.  

Figure 28 illustrates the 3 E’s public health framework for research and policy design. As 
was stated in section 3.6, when engineering science is faced with the challenge of solving a 
problem, the focus turns to how to design an artifact that allows the system transformation so 
to solve the issue at hand in a sustainable way that avoids its re-emergence. The figure shows 
that an engineering methodology comprehends the following main questions and 
corresponding processes: 

1. How does the system work? 
  Knowing and understanding how the system to be transformed works. 

2. How does the problem relate to the system? 
  Knowing and understanding how the issue relates to the system. 

3. How can be the system transformed? 
  Designing an artifact to transform the system and its relationships regarding 

the particular issue. 

Each of these elements involves iterative design processes: knowing how the system to be 
transformed works requires the engineer to investigate the system, its “nuts and bolts” so to 
understand how and why it behaves the way it does. In order to do this she engages in both 
analytic and synthetic thinking. Ackoff (2001) states that “Systems thinking employs analysis 
to generate knowledge of systems and synthetic thinking to generate understanding (Ackoff, 
2001, p. 344).” In this way an engineering approach based on systems thinking is able to 
consider and to manage the complexity of the problems and systems by handling quantitative 
and qualitative aspects rather than simplifying—reducing— the problems to be able to solve 
them. Instead, an engineering approach looks for problem dissolution through the knowing 
and understanding of the system to redesign it and eliminate the problem (Ackoff, 2001). 

Hence, in the case of chronic disease public health, the engineer works under the following 
core assumptions: 

a) The system is a social system: 
i. It is a complex system: it is dynamic and involves intricate 

relationships between elements. It changes, it evolves (temporality). 
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ii. It is a unique system with its own particular characteristics and 
coordination and de-coordination dynamics that describes it. Though 
these dynamics evolve too (contingency). It is different from other 
systems (heterogeneity). 

iii. A main element in the (social) system is the human being: who is an 
agent with bounded rationality, who is a rule-maker, and a rule-user, 
who has motivations, interests, and preferences that can be diverse; 
therefore, can be different from other agents (heterogeneity).  It is an 
“element” who has agency: who makes decisions and interacts with 
other agents and with other elements of the system.  

Because of these assumptions the engineer requires to be able to grasp the complexity of the 
system, acknowledge it, and embrace it if she is to find an effective way of transforming the 
system. To be able to do this, an artifact is needed to help the engineer understand this 
complexity. In general, the purpose of this artifact is to know and understand how the 
problem or issue at hand relates to the system and to formalise how the system works and the 
relationships between system and problem. Therefore, the artifact to be designed has an a 
priori purpose. This artifact needs to be able to characterise the complex system and the 
relationships that define the problem to be dissolved and that the engineer wants to 
understand. For example, in a certain community with particular characteristics and 
dynamics, the issue of obesity needs to be understood and policy is to be designed to address 
it.  In this case the engineer studies this particular community and how people interact in the 
community and with the community. The engineer asks the question of how this particular 
system i.e. community, works to be able to design an artifact that characterises the 
particularities of this system and how people make decisions and behave: how people make 
rules and use rules and what rules are there in place.  

This thesis proposes that the kinds of artifacts that better suit this purpose are simulation 
models. Chapter 4 discussed the usefulness of a simulation model as an effective tool to 
characterise and foster understanding of the complexity of systems and the problems that 
arise within them, such as those encountered by public health. 

The model building process engages the engineer in reflective and auto-reflective activities 
about the system and the problem she is trying to understand. It is not the model on its own 
the only way to know how the system works, but the building process itself involves learning 
from the system and about the system through an evolutionary process of trials and errors, of 
trying to characterise the particular decision rules that people in the community use and 
make, how they make them and how they use them. 

After having designed the model and gained understanding about how the system works and 
how the problem relates to it, this artifact —the model— becomes too a tool that informs the 
design process of the other artifacts— policies, interventions and strategies— that will allow 
the transformation of the system and its relationships with the issue at hand. In this context of 
chronic disease public health, these artifacts are the means by which public health researchers 
and practitioners can transform the systems so to promote and protect the health of 
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populations. The model informs this design process by allowing a diversity of simulations 
and experiments of scenarios and policies that can be tested and analysed. The model 
building process and the analysis of model results can guide and facilitate the decision 
making process.    

It is worth noting here that this design process for policies, interventions and strategies is 
dynamic and adaptive. The systems it intends to transform are always changing: going 
through de-coordination and coordination processes that alter the meta-stable states of the 
system. Due to its underpinning assumptions, this framework acknowledges this and the other 
aspects of social systems mentioned here; therefore, it allows responding to change and 
contingencies with effectiveness.   

5.2 Using the 3 E’s public health framework outline to address 
obesity and overweight in Bogotá, Colombia: an example 

This section attempts to illustrate the use of this proposed framework outline to address 
obesity and overweight specifically in Bogotá, Colombia. This example does not intend to 
give a solution to this problem rather it provides a sketch of the types of questions one would 
ask when using the proposed framework outline.  

To start it is important to recognise the complexity of the city’s context, the diversity of its 
populations and the geographical, economical, and social differences that characterise 
localities or neighbourhoods in this city. This relates to the blue squares on the framework 
outline: how does the system work and how does the problem relate to the system. As 
discussed in section 3.5, this could result in the acknowledgment of contextual differences 
like those identified for Medellín regarding violence for example. Hence, it could be difficult 
to design strategies for the whole city.  

Let us take a look at the possible questions that could be asked for these elements on the 
framework: 

 Are there commonalities between localities/neighbourhoods in Bogotá? What are 
those commonalities? 

 What differences are there between localities/neighbourhoods? 
 What are the specific characteristics of each of the localities/neighbourhoods that 

make them unique and/or different from the other ones in the city? 
 What are the mechanisms or processes that support these characteristics? 
 Is overweight and obesity equally problematic in all of the localities/neighbourhoods? 
 Is there a particular aspect regarding overweight and obesity that interests us the 

most? 
 How can the information flows in this locality/neighbourhood be characterised? 
 Are the differences and commonalities relevant to overweight and obesity? Why? 

How? 
 How do the mechanisms or processes that support the locality/neighbourhood 

characteristics influence overweight and obesity? 
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 What are elements relevant to overweight and obesity e.g. infrastructure, safety, etc., 
that can be identified in that specific locality/neighbourhood? 

 How do people interact with the previously identified elements? 
 Are there any particular attitudes, traditions, or habits, etc., that can be identified in 

that specific locality/neighbourhood that can be relevant to overweight and obesity?  
 Are there any commonalities regarding these attitudes, traditions, or habits, etc., for 

the whole city? 
 Apart from the populations, are there any particular stakeholders or leaders that are 

relevant to the problem of overweight and obesity? 
 What are the interests, motivations, etc., of these other actors? 

Note that some questions concern aspects that are more focused on the system as whole, be it 
the city or the localities, and there are others that focus on aspects that are more related to the 
individual level in the system like the general populations and other stakeholders. This 
reflective activity requires investigation to be able to answer the questions, and this may 
involve talking to experts on the city and the health issue, the application of surveys, talking 
to people in localities, etc., in short, to start knowing and understanding the dynamics of both 
system and problem. It is worth noting here that many aspects and processes might not be 
fully understood by this stage. This is an iterative process that requires time and dedication 
and this is a reason why the next element on the framework is quite relevant.  

As has been mentioned throughout this thesis, the systems with which public health deals are 
quite complex; hence, the first part of the framework allows starting to think systemically and 
in terms of processes, mechanisms and decision rules. However, our bounded rationality and 
mental models do not facilitate this learning process. Thus, to truly grasp this complexity 
simulation modelling is proposed.   It has been mentioned before, particularly in chapters 3, 4 
and 5, why simulation modelling is a central methodological element when dealing with 
complex social systems like Bogotá, and complex problems like overweight and obesity.  

The process of building a simulation model enhances the learning process that started with 
the first two elements on the framework because it requires the formalisation and 
operationalization of those elements, rules, mechanisms, and processes that are identified on 
that first stage. Hence, it demands the modeller to think about specifics regarding those 
decision rules, and the processes to be able to materialise them in the model. After a trial and 
error elimination process to build the model, it becomes an experimentation tool that will 
deepen and expand the knowing and understanding of Bogotá and its localities, and the 
problem of overweight and obesity or aspects of this problem within this particular system. 
This is achieved through controlled experiments that allow testing diverse scenarios and 
‘what-if’ questions that will increase the understanding of the dynamics of the system and the 
problem. Examples of scenarios can include different strategies or interventions too.For 
example, the improvement and construction of new parks where physical activity experts are 
available for the population to consult; or the taxing of certain foods and beverages like soda 
pop and junk food, etc. Also in the form of questions that could be tested in the model such 
as:  
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 What if soda pop and junk food is taxed? What would be the reaction of the 
population? What are the consequences regarding overweight and obesity prevalence 
and incidence11?  

 What if we made physical activity experts available at parks for people to consult? 
What would be the reaction of the population? What are the consequences regarding 
overweight and obesity prevalence and incidence? What would be the effect on 
prevalence and incidence of physical activity in the population? 

This experimentation can lead to the identification of leverage points to redesign processes 
within the system (e.g. Bogotá or its localities) or design new ones; as well as to design or 
redesign policies, strategies and/or interventions which can also be tested using the model in 
a faster and cheaper way and that effectively address the problem of overweight and obesity. 

5.3 The 3 E’s public health framework and EBPH  

The framework outline presented previously gives answers to the epistemological and 
practical shortcomings of EBPH that were identified and illustrated in chapters 3 and 4. 
These shortcomings are rooted in the underpinning assumptions of the ‘evidence-based’ 
approach which have been argued here to overlook the nature and characteristics of social 
systems where public health issues arise; therefore, hindering the effectiveness to address 
them. 

Through the critical evaluation of the epistemological assumptions developed in chapter 3, it 
was concluded that the EBPH methodological framework does not consider the dynamic 
complexity and evolutionary nature of social systems i.e. populations and communities, nor 
their heterogeneity, and the decision capabilities of individuals and groups of people, together 
with the concept of the human bounded rationality. Instead, EBPH is based on an 
epistemological stance that assumes the invariability, atemporality and homogeneity of 
individuals and populations. Moreover, it overlooks the systemic nature of populations and 
communities which, hence, loses sight of the complexity of interdependencies and 
relationships within these systems and their problems. All these assumptions make it difficult 
for EBPH to be effective in addressing public health problems in practice as was illustrated 
and discussed in chapter 4. 

Instead, the proposed framework is based on a different epistemological standpoint. It 
integrates several elements that help overcome EBPH’s philosophical and practical 
shortcomings. These elements involve: an engineering approach which entails a context-
bound systemic perspective together with the evolutionary underpinning processes of trials 
and error elimination (an evolutionary epistemology); and the conceptualisation of social 
systems and individuals through an evolutionary economics perspective which characterises 
human beings as rationally bounded autonomous individuals with agency who engage in 

                                                             

11 Incidence is an epidemiological measurement regarding the incident cases (new cases) over a defined period 
of time in a particular population (Gregg, 2008). 
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evolutionary processes of rule innovation, adoption, and retention that affect the different 
dimensions of the system (micro-meso-macro). Hence, this methodological approach 
acknowledges the variability, temporality, and heterogeneity of individuals, populations and 
communities, their decision capabilities and the complex interdependencies within these 
systems.  

Because of the dissimilarities between EBPH and the proposed methodology, methods and 
tools differ also between them. To be able to grasp the acknowledged processes and 
complexity of systems and problems at hand, it is necessary to undergo a learning process 
about these dynamics which requires eliciting, formalising and operationalizing them. Hence, 
rather than only relying on statistical inductive inferences, this new framework outline 
proposes the methodological element of simulation modelling which allows for the 
previously mentioned learning process (as discussed in chapter 4 and 5) in order to achieve 
the design of more effective policies, strategies and/or interventions through the identification 
of key leverage points that allow for system transformation result of a better knowing and 
understanding of its dynamics. 
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CHAPTER 6 Conclusion 

This chapter presents the final section of this thesis. It closes this work by presenting a first 
section with a final discussion and some concluding remarks about the two methodologies for 
research and policy design in chronic disease public health that were examined and compared 
throughout the thesis: EBPH and an engineering approach. The second section summarises 
the thesis contributions, the third section summarises the limitations of this work and the final 
section describes potential paths for future research.     

6.1 Discussion and final remarks 

Policy design and research in public health based on the methodology that frames EBPH 
was shown here to have epistemological and hence, practical shortcomings to deal 
effectively with chronic disease issues, mainly because its underpinning assumptions 
overlook the nature and characteristics of social systems where these issues arise.  
 
This thesis showed the potential advantages of an engineering approach over EBPH 
through a critical evaluation of the assumptions underpinning both approaches, and 
through an agent-based model that allowed comparing in silico the assumptions and 
differential effectiveness of the methodologies. It was clear in these examples that an 
engineering approach which considers the dynamic and evolutionary nature of social 
systems and people, the heterogeneity of populations, and the bounded rationality that 
characterise human beings (among others) can be more effective in dealing with chronic 
disease such as overweight and obesity in a diversity of populations. Moreover, this 
methodology highlights the relevance of a context-bound purposeful approach when 
addressing pervasive complex issues like those found in chronic disease public health.  
 
This proposed mode of thought and action allows designing policies and interventions 
through an analytic and a synthetic approach of communities and individuals as dynamic 
living systems that interact between them and their local environments by means of rule 
creation and utilisation that produce the observed behaviour. Hence, in order to be 
effective, policy design should focus on particular elements and attributes of populations 
and their environments that bring about the origination, selection and retention of rules. 
Furthermore, the design process should be flexible and be able to adapt to the changes 
and variability these systems go through.   
 
Nevertheless, this poses a great challenge to both researchers and practitioners because 
the proposed methodological framework entails a deep and thorough systemic 
understanding of the behaviour of populations and individuals which can take longer and 
may require more resources to implement the policies. However, this is a trade-off 
considering that great amounts of resources are currently being used but problems are 
still not solved. The proposed framework can reduce the use of resources in some aspects 
of policy design and research since it allows faster and in some cases cheaper a priori 
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experimentation through simulation models where a diversity of questions and scenarios 
can be put to test to generate policies and interventions that can consider the macro, meso 
and micro processes to transform the systems more effectively. 

6.2 Contributions  

This section presents a summary of the main contributions of this thesis.  

The assumptions that underpin EBPH have not often been explicitly evaluated as a possible 
reason to why it has not been able to address the issues it attempts to solve. Although there is 
literature written about the epistemology of health research, it usually does not stand beyond 
the current inductive approach or its limitations nor has there been a thoughtful discussion 
about the implications on effectiveness of this approach for public health research and policy 
design (Weed, 2001; Battersby, 2006).  This thesis presented a critical evaluation of EBPH 
which revealed epistemological shortcomings that result in practical weaknesses; therefore, 
supporting the need for an alternative philosophical and practical perspective to address 
public health issues. This critical assessment of the epistemology of EBPH enriches the 
discussion and research about the current limited effectiveness of health research and practice 
in chronic disease public health.  

Following this critique, this work presents a novel philosophical and practical standpoint 
based on engineering and an evolutionary economics framework that together consider both 
epistemological and ontological elements relevant to the conceptualisation of  a new 
framework outline for research and policy design in chronic disease public health. This 
allows taking the discussion of effectiveness in public health to a level beyond that of the 
availability or goodness of the evidence as the source of justificatory knowledge to make 
policy, to one that understands knowledge as a product of evolutionary processes of trial and 
error elimination, that acknowledges the necessity of recognising the complex systemic and 
dynamic nature of populations and communities, and hence, that each community is a unique 
purposeful system with particular characteristics and processes within which diverse people 
make decisions guided by information, interests, motivations and preferences among others. 
This involves several contributions: 

 A contribution is made to public health by opening the discussion to a different 
methodological standpoint that can improve the effectiveness of its policies and 
interventions and widens the current view in the field. 

 It contributes to research in engineering regarding its methodological aspects by 
showing engineering is not merely an applied science or technique, but that it is able 
to contribute to the growth of knowledge through purposeful designs—engineering 
knowledge.  

 It also contributes by building a bridge between engineering as a context-bound 
systemic approach and evolutionary economics. This entails the exploration of the 
integration of these two fields through their conceptualisation of social systems and 
individuals where time or temporality is a main element that is acknowledged by both 
of them through the concepts of change, variability and dynamic complexity; as well 
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as the rationally bounded decision capabilities of both system and individuals which 
is core to both fields.    

As part of the thesis methodology, an agent-based simulation model was designed, built and 
used to formalise and illustrate the two approaches under study and their differential 
effectiveness when dealing with a chronic public health problem, as well as to show the 
usefulness and relevance of simulation modelling as a methodological element in 
engineering. Hence, this thesis also makes a contribution by formalising and modelling 
methodologies which is a different application than the usual ones for simulation models, 
particularly agent-based models. Thus, it broadens the possibilities within simulation 
modelling showing the relevance and utility of this methodological element in engineering 
and other fields both as a learning method and an experimentation tool.   

Finally, this thesis makes a contribution to chronic disease public health through the design of 
a methodological framework outline that integrates engineering and evolutionary economics 
in order to achieve more effective policies, strategies and/or interventions through a novel 
perspective to the field. 

6.3 Limitations  

Although the objectives were met, this section summarises the main aspects that limit the 
scope of this thesis. 

Limitations of the model 

The main limitation identified for this model is regarding its boundary. It is clear that the 
problems of obesity and overweight are not fully characterised by the model; there are 
aspects such as public transit, safety and safety perception, socioeconomic aspects such as 
unemployment, education level, etc., that are not considered in the model. However, a critical 
evaluation of the model needs to consider its purpose. As it was mentioned previously, the 
purpose of this model is not to solve the problem of obesity and overweight but to formalise 
and illustrate the potential contributions of an engineering methodology in addressing chronic 
disease public health problems, as well as its advantages over a widely used approach 
(EBPH).  Hence, in the light of that objective, the boundary regarding obesity and overweight 
is enough since it considers a series of elements that give an adequate frame in which to try 
out both methodologies. Nevertheless, this model can be expanded to include more aspects 
regarding obesity and overweight as the ones mentioned previously. It is important to note 
that this simulation model can be easily modified and updated to include other aspects, 
generate a diversity of scenarios, and test different hypotheses.  

Another limitation of the model is the amount and type of strategies that compose the 
intervention packages. There are just seven strategies regarding both individuals and 
environment. It is acknowledged here that more strategies can be defined; however, these 
strategies appear to be appropriate for the purpose of the illustration example. Likewise, as 
mentioned previously, this simulation model presents the possibility and flexibility to be 
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expanded and updated according to the user needs and purposes; this includes the amount and 
type of strategies currently considered in the model.   

Regarding the modelling of the methodologies, both ‘evolutionary’ experts and ‘traditional’ 
experts are limited in their capabilities. The process of innovation and rule generation of the 
‘evolutionary’ experts is limited to the available strategies and not completely new rules can 
be generated. Regarding the ‘traditional’ experts, the generation and search for evidence is 
limited to the four communities and the strategies characterised in the model. Nonetheless, 
these limitations mentioned here do not pose a significant problem regarding the purpose of 
the model and hence, to the accomplishment of the objectives of this thesis.  

Limitations of the framework outline proposal 

Some limitations can be identified for the framework outline proposed in this thesis.  

A limitation that can be identified concerns the efficiency of the engineering methodology. 
The process of trial and error elimination may involve a higher time investment that may 
imply more use of resources with not evident results in the short term but effective results in 
the medium and long term. It is important here to highlight that the focus of this proposal is 
the achievement of policy effectiveness. It is important to distinguish between efficiency and 
effectiveness. As was mentioned in chapter 4, efficiency is generally concerned with how fast 
goals are accomplished, while effectiveness is more concerned with attaining a result that is 
sustainable and deals with the issue in a high degree avoiding its resurgence.   

Another limitation that can be identified relates to simulation modelling. Certainly not 
everyone is skilled in simulation modelling; hence, a collaborative approach might be 
required between engineers and public health experts to work under this framework together 
with some capacity building regarding this skill set. Although it is not in itself undesirable to 
work in interdisciplinary teams, it is not always viable logistically or financially. In such 
cases it can become a limitation.  

6.4 Future Research 

Considering the contributions and limitations mentioned previously, some general directions 
for future research are identified: 

 The discussion about the integration of an engineering approach and evolutionary 
economics is yet to be elaborated in more detail.  

 The potential applicability of the proposed framework outline regarding infectious 
disease issues can be examined.  

 The expansion of the model presented here; its use, and application in specific real 
contexts.   

6.5 Afterword 

This thesis extends an invitation to public health researchers and practitioners to evaluate 
alternative standpoints. This work criticised the perspective of EBPH towards knowledge and 



85 

 

policy design to deal with chronic disease, and suggested an alternative that responds to this 
critique. This alternative integrated elements that allow for a different view of reality as one 
in continuous change, rather than assuming invariability. It considers the concept of human 
diversity and calls for the need of recognising it and embracing it for policy design, rather 
than trying to control it.  This certainly opens a door for discussion and critical reasoning 
which is consistent with what this thesis has recognised to be the means for scientific 
discovery and knowledge growth.  
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8  Appendix 1: NetLogo Code 
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9 Appendix 2: Agent-based model user guidelines 

The following are basic user guidelines for the agent-based model presented in this thesis.  

The following figure shows the main interface of the model.  

 

WHAT IS IT?  

This model illustrates the Evidence-Based Public Health (EBPH) methodology and 
underlying assumptions and an engineering/evolutionary methodology and assumptions. Both 
methodologies are applied and comparisons can be made regarding their effectiveness 
addressing obesity and overweight in the communities where they are implemented.  

HOW IT WORKS  

Agents in the communities (quadrants) follow Kurt Dopfer’s Micro-Meso-Macro schema. 
This means they generate, adopt and use different rules while interacting with other agents 
and the environment.  

Experts are of two types: ‘evolutionary’ and ‘traditional’. The former follow an 
engineering/evolutionary methodology to intervene the communities where they are located. 
The latter follow an EBPH methodology.  

HOW TO USE IT  

The model has several options that the user can set and adjust.  

1. It is important to type in the amount of ticks the simulation will run. This can be done 
by typing the number of ticks in the input box “simulation-duration”.  

2. The user can set the initial number of food sources in each community using the 
sliders under “Initial # Food Sources”.  



137 

 

3. The user can set the initial number of parks (physical activity areas) in each 
community using the sliders under “Initial # Parks”.  

4. The time interval for the experts to evaluate and design intervention packages is typed 
in the input box “intervention-time”.  

5. Under “Where should the 2 ”Evolutionary“ experts go?” there are two input boxes, 
each for one of the “Evolutionary” experts. This will locate these experts on the 
corresponding communities. The user just needs to type the number of the community 
where he/she wants the experts to be located.  

6. Under “Where should the 2 ”Traditional“ experts go?” there are two input boxes, each 
for one of the “Traditional” experts. This will locate these experts on the 
corresponding communities. The user just needs to type the number of the community 
where he/she wants the experts to be located.  

7. After these steps, the user can click the “Setup” button to prepare the model to run 
under the specifications already set by the user.  

8. Click the “Go” button to run the model for how long the “simulation-duration” is. 
Clicking the “Go” button again will pause the simulation on the current tick. To 
continue the simulation click the “Go” button again.  

9. If the user needs to run the simulation one tick at a time, the “Go once” button can be 
used. The model will run just 1 tick and stop.  

10. There are several monitors on the interface that allow the user to observe different 
measures in ‘real time’ during the simulation. Monitoring obesity prevalence and 
overweight prevalence are some examples.  

11. Scrolling down, the user can observe some graphs that are plotted automatically when 
the simulation is running.  

12. Scrolling to the right, the user can observe other monitors related to the amount of 
parks, and food sources in each of the communities. Also a log window will show the 
intervention packages implemented by each of the experts in their communities.  

THINGS TO NOTICE  

Some aspects that are interesting noticing during the simulation are the changes in obesity 
prevalence and overweight prevalence easily viewed on the interface through the monitors, 
but also on the communities by observing the change of the populations colours. Remember 
red agents represent obese people, pink agents represent overweight people, and white agents 
represent normal weight people.  

Also interesting to notice is the dynamics of food sources in the four communities. You will 
notice changes in the food sources color and number due to agents preferences.  

THINGS TO TRY  

Try modifying intervention intervals, initial conditions and simulation durations.  

EXTENDING THE MODEL  

The model can be extended in several ways:  

1. More strategies can be added for the experts to implement.  
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2. More elements to the environment can be added to consider other aspects related to 
obesity and overweight regarding physical infrastructure in the communities.  

3. Income level is kept invariant in this model; employment dynamics could be added to 
the model to add variability and evaluate strategies and scenarios related to this.  

4. Regarding the methologies, some procedure that allows evolutionary experts to 
innovate outside pre-set strategies could be quite interesting although quite difficult to 
implement. Are you up for the challenge?  


