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Overview

1. Context for understanding structural violence as a complex adaptive 
system

2. Overview of system dynamics as a method for understanding 
systems from an endogenous or feedback perspective

3. Introduction to participatory systems modeling using Community 
Based System Dynamics

4. Insight on generic structures underlying structural violence 
5. Opportunities for research and action



Structural violence

Personal violence or event

Underlying 
pattern

Time

Violence
level

Structural 
violence

Prevention 
goal

Johan Galtung (1969). Violence, peace, and peace research. Journal of Peace Research, 6(4), p. 171



Iceberg metaphor for structural violence
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Seeing systems underlying structural violence
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Different ways to structure of systems
Metaphors of systems

Maps of systems

Formal models of systems
Multilevel statistical models
Spatial models
Network models
Simulation models

Analog, Discrete event, microsimulation, agent-
based modeling, system dynamics
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System dynamics and the 
endogenous perspective



“Reality”
Complex adaptive systems

Perception 
of reality

Mental models

Focusing on improving the mental models in 
cycles of planned action

Planned 
action

Johnson-Laird, P. (1983). Mental models: Towards a cognitive science of language, inference and consciousness. Cambridge, MA: Harvard 
University Press.

System dynamics 
as an intervention



System dynamics is the use 
of informal maps and formal 
models with computer 
simulation to uncover and 
understand endogenous 
sources of system behavior 
(Richardson, 2011)

Richardson, G.P. (2011). Reflections on the foundations of system dynamics. System Dynamics Review, 27(3), 219-243.

System Dynamics

Foundations
• Endogenous perspective
• Stock or level (state) variables 

representing accumulations
• Flow or rate variables representing activity

• Using computers to simulate more 
realistic mathematical models



System dynamics is the use 
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System Dynamics

2012 2020 2025
0%

30%

Children < 72 months tested

Children BLL ≥ 5 ug/dL
Children BLL ≥ 10 ug/dL

95%

Based on data from https://www.cdc.gov/nceh/lead/data/state/ohdata.htm
(retrieved February 22, 2021)

Problem definition or “reference mode” for 
lead exposures for Cuyahoga County 

https://www.cdc.gov/nceh/lead/data/state/ohdata.htm


System dynamics is the use 
of informal maps and formal 
models with computer 
simulation to uncover and 
understand endogenous 
sources of system behavior 
(Richardson, 2011)

Richardson, G.P. (2011). Reflections on the foundations of system dynamics. System Dynamics Review, 27(3), 219-243.

Stock and Flow DiagramCausal Loop Diagram

System Dynamics



Linear cause-effect perspective Endogenous or feedback perspective

Endogenous sources of system behavior

���������

	
�����


���
������
���


�������
�

���
�����������


��
���

���
�������
���

����
���

���
�����
���

�����
��
����	�����

�����������

�����������

�����������	�����

���������������


� ������
�!��

�
�

�

� �

�

�
��

�

�

�
�

������	
�

�����	������

������	
�	��
���

��������

�
������

����
���

����������	
�

��������	
�	�����

��
�����

��������

����������

�����

���������

�����	�	�

 
��	�!������

"��

������	
�

������

�#

�$
%#

%&

���������
��	�
�������

�������������
��������������
�

�����
������	
�

��������
�������������



Richardson, G.P. (2011). Reflections on the foundations of system dynamics. System Dynamics Review, 27(3), 219-243.

Formal models with computer simulation
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System dynamics is the use 
of informal maps and formal 
models with computer 
simulation to uncover and 
understand endogenous 
sources of system behavior 
(Richardson, 2011)
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Formal simulation model of discrimination, cumulative risk 
from environmental exposures, and disparities in children’s 
cognitive development

Payne-Sturges, D. C., Cory-Slechta, D. A., Puett, R. C., Thomas, S. B., Hammond, R., & Hovmand, P. S. (2021). Defining and Intervening on Cumulative 
Environmental Neurodevelopmental Risks: Introducing a Complex Systems Approach. Environmental Health Perspectives, 129(3), 35001. 
doi:10.1289/EHP7333



There is a system

The components of a system

How the components are related through feedback

How people might think about a system

Where one could intervene

What is transformation

What is the generic structure

What are the implications of accumulations and nonlinear 
relationships

What systems can generate the dynamic behavior

Where are the leverage points

When do boundary conditions determine behavior

Why do things happen

Levels of system insight
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Community Based System Dynamics



Diversity of local contexts

In collaboration with Foundation for Ecological Security, India and Gautam Yadama (Boston College)



Community Based System Dynamics (CBSD)

Király, G., & Miskolczi, P. (2019). Dynamics of participation: system dynamics and participation—an empirical review. Systems Research and Behavioral 
Science, 36(2), 145-247.

CBSD is an approach to 
Group Model Building for 
engaging communities in 
system dynamics that 
places the emphasis on 
developing a common 
language for understanding 
the endogenous sources of 
system behavior.



Scriptapedia (https://en.wikibooks.org/wiki/Scriptapedia)

■ Research Paper

Group Model-Building ‘Scripts’ as a
Collaborative Planning Tool
Peter S. Hovmand1*, David F. Andersen2, Etiënne Rouwette3,
George P. Richardson2, Krista Rux1 and Annaliese Calhoun1
1Washington University in St. Louis, Washington, MO, USA
2University at Albany, State University of New York, USA
3Radboud University Nijmegen, Nijmegen, The Netherlands

Group model building (GMB) is a participatory method for involving stakeholders in the
process of developing system dynamics models. GMB has historically consisted of undocu-
mented structured small-group exercises. This paper describes an effort to document GMB
scripts called Scriptapedia, and how documented GMB scripts can be used to design more
effective GMB sessions that address cultural and ideological barriers to collaboration. A case
study of a project to develop a coordinated community response to domestic violence is used
to illustrate the use of scripts for planning collaboration. The paper concludes with a discus-
sion of potential limitations of scripts and implications for future research. Copyright © 2012
John Wiley & Sons, Ltd.

Keywords group model building; scripts; participatory system modelling; system dynamics

INTRODUCTION

Developing effective collaborations often entails
identifying and aligning the incentives specific
to a given problem (Barrett, 2007). This can be
especially challenging in dynamically complex
systems where the incentives evolve over time.
People typically invoke a set of mental models
(e.g. Johnson-Laird, 1983; Doyle and Ford, 1998)
to solve problems that consistently underestimate
the effects of delays, accumulations, nonlinear

relationships and the interaction of feedback
mechanisms (Dörner, 1997; Sterman, 2000). For-
mal models1 help stakeholders improve their
mental models by seeing and simulating the
behavior of a system better. This allows stake-
holders to develop collaborations by gaining sys-
tem insights into a problem through the
development and analysis of a common model.2

There are a variety of approaches for developing
and simulating formal models of complex systems
(for an overview, see Pidd, 1998; Gilbert and

1 Examples of formal models that allow stakeholders to see and simu-
late a system include discrete event simulation models, agent-based
models and system dynamics models.
2 A model is ‘common’ in the sense that it is objectively and indepen-
dently available to all stakeholders. This does not imply that all stake-
holders endorse a common model.

*Correspondence to: Peter S. Hovmand, Social System Design Lab,
George Warren Brown School of Social Work, Washington University
in St. Louis, Box 1009, 700 Rosedale Ave., St. Louis, MO 63112, USA.
E-mail: phovmand@wustl.edu

Copyright © 2012 John Wiley & Sons, Ltd.

Systems Research and Behavioral Science
Syst. Res. 29, 179–193 (2012)
Published online in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/sres.2105



2019

GMB
GMB CoP

Topics:
Addiction and recovery
Climate change
Domestic violence
Emotional support
Energy insecurity
Environmental health
Family planning
Food security
Foster care
Gun violence
Health access
Housing
Inclusive education
Maternal mortality
Mental health
Neonatal mortality
Obesity
Overdose deaths
Sexual assault
Smoking
Stigma
Suicidal ideation
Undernutrition

Spread of GMB/CBSD and communities of 
practice



Insights on generic 
structures



RESEARCH Open Access

Community based system dynamic as an
approach for understanding and acting on
messy problems: a case study for global
mental health intervention in Afghanistan
Jean-Francois Trani1* , Ellis Ballard1, Parul Bakhshi2 and Peter Hovmand1

Abstract

Background: Afghanistan lacks suitable specialized mental healthcare services despite high prevalence of severe
mental health disorders which are aggravated by the conflict and numerous daily stressors. Recent studies have
shown that Afghans with mental illness are not only deprived of care but are vulnerable in many other ways.
Innovative participatory approaches to the design of mental healthcare policies and programs are needed in such
challenging context.

Methods: We employed community based system dynamics to examine interactions between multiple factors and
actors to examine the problem of persistently low service utilization for people with mental illness. Group model
building sessions, designed based on a series of scripts and led by three facilitators, took place with NGO staff
members in Mazar-I-Sharif in July 2014 and in Kabul in February 2015.

Results: We identified major feedback loops that constitute a hypothesis of how system components interact to
generate a persistently low rate of service utilization by people with mental illness. In particular, we found that the
interaction of the combined burdens of poverty and cost of treatment interact with cultural and social stigmatizing
beliefs, in the context of limited clinical or other treatment support, to perpetuate low access to care for people
with mental disorders. These findings indicate that the introduction of mental healthcare services alone will not be
sufficient to meaningfully improve the condition of individuals with mental illness if community stigma and poverty
are not addressed concurrently.

Conclusions: Our model highlights important factors that prevent persons with mental illness from accessing
services. Our study demonstrates that group model building methods using community based system dynamics
can provide an effective tool to elicit a common vision on a complex problem and identify shared potential
strategies for intervention in a development and global health context. Its strength and originality is the leadership
role played by the actors embedded within the system in describing the complex problem and suggesting
interventions.

Keywords: Afghanistan, Causal loop diagram, Community based system dynamics, Complex problems,
Development intervention, Mental health

* Correspondence: jtrani@wustl.edu
1Brown School of Social Work, Washington University in St Louis, 1 Brookings
Drive, St Louis, MO 63130, USA
Full list of author information is available at the end of the article

© 2016 The Author(s). Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Trani et al. Conflict and Health  (2016) 10:25 
DOI 10.1186/s13031-016-0089-2

mental disorders. The opposite of course is true. As family
stressors decrease, they have more capacity and willing-
ness to prioritize the needs of a family member with men-
tal disorders.
The revised model in Fig. 3 contains multiple inter-

acting feedback loops. Table 2 summarizes the major
feedback loops that constitute a hypothesis of how
system components interact to generate a persistently
low rate of service utilization by people with mental
disorders.
The first balancing loop (B1) shows in Table 3 that if

persons with mental illness seek more treatment, adverse
symptoms might be reduced, encouraging them to seek
more treatment and show more medical compliance.
(B2) displays the vicious cycle between poverty and
mental disorders: people are poor and cannot afford to
spend even small amount on medical care for the PMI,
making the situation of scarcity of mental care within
the BPHS (supposedly free) even more daring for those
families. (B3) links this relationship between treatment
needs associated with mental illness and poverty to the
stressors caused by the risk of falling deeper into poverty
if the family has to spend resources for the medical needs
of the PMI.
The four reinforcing feedback loop demonstrate the

many ways in which public stigma impacts the wellbeing
of PMI. (R1) indicates that as understanding of mental
illness becomes more common, families’ stigmatizing
beliefs about mental illness lessen. Again the inverse is

true. As understanding is reduced, stigmatizing beliefs
increase. The second reinforcing loop illustrates a worry-
ing effect of stigma: mistreatment of PMI. As norms and
values reflect increasingly prejudice and discrimination
of PMI, likelihood of them being mistreated raises,
resulting in fear and isolation from the community to
prevent mistreatment. The third reinforcing loop shows
that as stigmatizing norms and values are more preva-
lent among the community, so are stigmatizing beliefs
about mental illness. The opposite is true; as community
stigmatizing norms decrease family stigmatizing beliefs
also decrease. Finally, (R4) shows how stigma, by fueling
practices of various forms of mistreatment (use of bad
language and bullying, harassment, physical violence),
has a negative effect of the mental state of the PMI
which in turn influences negatively beliefs and behaviors
towards PMI.
At the close of the sessions the facilitators initiated a

discussion about possible leverage points to change the
current dynamic and introduce interventions in the
existing system to improve access to mental healthcare
for PMI.
One participant argued, “the easiest intervention is

awareness with a lot of positive outcomes. If CBR
workers inform people through home training and com-
munity based sensitization intervention, this can reduce
existing fear. We probably need more psychologists to
train our CBR workers and scale up our awareness pro-
gram. And the EPHS/BPHS system lacks resources to

Family Material
Poverty

Mental health
treatment received

Mental health
system capacity

Adverse
symptomology of
mental disorder

Family
stressors

Seeking
treatment

-
+

+

+

-

+

+ Fear

Isolation of
people with

mental disorders

MistreatmentFamily stigmatising
beliefs about mental

disorders

+

+

+

+

Understanding of
mental disorders

Individual
accumulated

stressors

+
+

Community stigmatising
norms and values

+

+

+

+

Awareness of
mental disorders in

community
-

Mental
disorder

+

B2

B1

B3

R4

R1

R2

R3

Treatment
expenses

+

+

+

-

Family willingness to
prioritize needs of

person with mental
disorders

-

+

Fig. 3 Final Causal Loop Diagram

Trani et al. Conflict and Health  (2016) 10:25 Page 6 of 11

Similar underlying generic structures across 
contexts (mental health)



Similar underlying generic structures across 
contexts (inclusive education)
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Dynamics of Cognitive Vulnerabilities and Family Support Among Latinx Children and Adolescents (version 2-2-9, online interface) in 
collaboration with Esther Calzada, Lauren Gulbas, Su Yeon Kim, Saras Chung, Jill Kuhlberg, Carolina Hausmann-Stabile and Luis H. Zayas

Developing novel hypotheses to identify 
underlying systems 

https://exchange.iseesystems.com/public/psh/developmental-transitions-and-cognitive-vulnerability/index.html


Dynamics of Cognitive Vulnerabilities and Family Support Among Latinx Children and Adolescents (version 2-2-9, online interface) in 
collaboration with Esther Calzada, Lauren Gulbas, Su Yeon Kim, Saras Chung, Jill Kuhlberg, Carolina Hausmann-Stabile and Luis H. Zayas
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Dynamics of Cognitive Vulnerabilities and Family Support Among Latinx Children and Adolescents (version 2-2-9, online interface) in 
collaboration with Esther Calzada, Lauren Gulbas, Su Yeon Kim, Saras Chung, Jill Kuhlberg, Carolina Hausmann-Stabile and Luis H. Zayas
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underlying systems 
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Opportunities for research 
and action



Initial core modeling team for the 
Cross-Sector Innovations Initiative (CSII) project

Patricia Terstenyak, 
Center for Health 
Affairs 

Andrea Lyons, United 
Way

Martha Halko, Cuyahoga 
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Systems Change for Racial Equity (SCORE) Model Prototype 
(August 9, 2021, online interface)

https://exchange.iseesystems.com/public/psh/score/index.html


Fogarty International Center Implementation Science 
Network (ISN) on clean cooking implementation

Cycles in Environmental Health Intervention Policies

At the policy level, we often see a pattern of initial success,
excitement, and hype around a potentially effective interven-
tion, followed by real-world failures or shortfalls and subse-
quent loss of political and financial support to the next big
thing. Even potentially important interventions are often rolled
out before there is sufficient evidence to guide them, and a
wave of premature enthusiasm and associated financing effec-
tively set them up for failure (Little et al. 2012). Clean cooking
and water filtration interventions illustrate this pattern ele-
gantly. Gartner’s Hype Cycle (Fenn and Raskino 2008) is a
widely employed conceptual tool from the technology business
community to describe and predict the path of development to
establishment of a new technology in industry. In Figure 1 we
map the history of HAP and WASH interventions onto
Gartner’s Hype Cycle to illustrate how a similar pattern has
unfolded in the environmental health intervention science and
policy communities.

The clean cooking movement received new impetus and rapid
increases in investment beginning in 2010 when the HAP disease
burden was recognized, and improved cookstoves were perceived
by the policy community to offer win-win-win solutions for health,
climate, and women’s empowerment (Bhattacharyya and Light
2010). As the scientific and development communities gradually
uncovered significant shortcomings in cookstove programs enthu-
siasm began to wane and international funding for this work
declined precipitously (Figure 1A). Today, some believe that we
may have lost important momentum because of these incautious
efforts (Ezzati and Baumgartner 2017). Ironically, this has

occurred as the field is maturing scientifically and greater under-
standing of what benefits are achievable as well as a greatly
improved understanding of the socioeconomic and environmental
conditions for successful and sustainable interventions are accru-
ing rapidly.

Parallels in WASH include household water filtration technol-
ogy (Figure 1B) and community-led total sanitation (CLTS), both
potentially transformative interventions initially supported by
substantial research and programmatic efforts, only to have rigor-
ous trial results reveal limitations to the approaches (Brown et al.
2019). Enthusiasm for household-level chlorination has been
tempered by challenges in supply chains, low adoption, and new
evidence on the prevalence of chlorine-resistant diarrheagenic
agents such as Cryptosporidium (Kotloff et al. 2019). The fact
that interventions may not live up to the initial hype should not
mask the real benefits such solutions can deliver: for example,
household water treatment technologies have shortcomings, but
systematic reviews of the evidence base reveal the approach’s
potential as an interim solution that can improve water quality
and reduce diarrheal disease in vulnerable populations (Clasen
et al. 2015).

Whether intervention shortfalls are due to efficacy, effective-
ness, implementation challenges, or changes to underlying ena-
bling conditions, failures may result in enormous social and
financial costs. Before the Clean Cooking Alliance focused their
efforts toward clean fuels, approximately 40 million homes
received improved stoves (ISO tiers 1–2) (Global Alliance for
Clean Cookstoves 2017) for which there is little to no evidence of
health benefits (although some reductions in greenhouse gas
emissions, quantity of fuel used, and time spent collecting fuels

Technology 
trigger

Peak of inflated 
expecta!ons

Trough of 
disillusionment

Plateau of 
produc!vity

Slope of 
enlightenment

time

expectations

Gartner’s Hype Cycle HAP – Clean Cooking History 

Stove R&D

Epidemiologists raise 
profile of HAP health 
burden

Companies and NGOs 
develop improved 
cookstoves (ICS)

Third-genera!on 
products and 
interven!ons

High-growth adop!on 
phase begins: 20 to 30 
percent of the poten!al 
audience has adopted 
the innova!on

Cookstove 
programs 
proliferate

Methodologies and best 
prac!ces developing

Less than 5 percent of 
the poten!al audience 
has adopted fully

Cri!cal reviews and 
press proliferate

Evidence that ICS 
aren’t clean enoughMass media 

hype begins

Cookstove 
Alliance forms

Exploring cleaner 
technologies and more 
sophis!cated approaches

Be"er understand role 
of ambient condi!ons

Discover that most 
people don’t use ICS 
exclusively

WHO issues 
Indoor Air Quality 
Guidelines

A

Figure 1. (A) Household air pollution (HAP)—clean cookstove history mapped onto Gartner’s Hype Cycle (adapted from Fenn and Raskino 2008). (B)
Water, sanitation, and hygiene (WASH)—point-of-use water treatment history mapped onto Gartner’s Hype Cycle (adapted from Fenn and Raskino 2008).
Note: HWTS, household water treatment and safe storage; NGO, nongovernmental organization; R&D, research and development; WHO, World Health
Organization.

Environmental Health Perspectives 105001-4 128(10) October 2020

Rosenthal, J., Arku, R. E., 
Baumgartner, J., Brown, J., 
Clasen, T., Eisenberg, J. N. S., . . 
. Yadama, G. N. (2020). Systems 
Science Approaches for Global 
Environmental Health Research: 
Enhancing Intervention Design 
and Implementation for 
Household Air Pollution (HAP) 
and Water, Sanitation, and 
Hygiene (WASH) Programs. 
Environmental Health 
Perspectives, 128(10), 105001. 
doi:doi:10.1289/EHP7010



NCI: Global cancer disparities

Figure 3: 
Model scope and subsystem diagram

Williams et al. Page 16
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Understanding global cancer 
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determinants from a system 
dynamics perspective. 
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Engineering and Science, 6, 11-
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Causal link between two 
variables where the + sign 
indicates that increasing the
cause increases the effect,
AND decreasing the cause
decreases effect

Causal link between two 
variables where the - sign 
indicates that increasing the
cause decreases the effect,
AND decreasing the cause
increases effect

Double line across a causal 
link represents a delay 
between causes and effects

Dashed line represents a 
causal link that is not yet 
established

Label for a balancing feedback 
mechanism or loop typically 
associated with goal seeking 
growth and decline

Label for a reinforcing 
feedback mechanism or loop 
typically associated with 
exponential growth or 
decline.
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powell, j. a. (2008). Structural 
racism: building upon the insights 
of John Calmore. North Carolina 
Law Review, 66(3), 791-816.
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Questions?
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