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ABSTRACT ARTICLE HISTORY
In recent years there has been growing interest in the policy Received 27 February 2022
community to apply insights from system dynamics modelling to Accepted 18 May 2022
address the complexity of many policy issues. This, however, has
occurred in parallel to recent developments in critical scholarship Evi
. e - . - . vidence-based
on the nature of evidence use within public policymaking. While policymaking; evidence-
system dynamics aims to assist in the analysis and solving of informed policy; system
complex policy problems, in doing so it also serves to identify dynamics modelling;
which pieces of data and evidence are considered policy-relevant, complexity; planning tools
or how pieces of evidence fit within a complex policy space. In
this paper, we combine insights from the fields of complex
systems modelling and critical policy studies in relation to these
issues. Scholars working on the use of evidence within
policymaking have explored how policy problems, and their
potential solutions, have a range of potential framings and
constructions. They further identify how processes are undertaken
to define problems, apply evidence, and choose solutions can
themselves specify which constructions become realized. As
system dynamics modelling is increasingly applied as a policy-
informing tool, it is critical to reflect on how policy issues and
their solutions are constructed or understood, as well as whose
values and views are represented in doing so.

KEYWORDS

Introduction

Understanding and capturing complexity is a major ambition within policymaking due
to the multifaceted nature of so many policy issues. Accordingly, complexity theory has
seen increasing attention in fields such as public administration and management. This
includes special issues in journals such as Public Management Review (Teisman and Klijn
2008) and Political Analysis (Goertz 2006), as well as systematic reviews undertaken to
analyse the use of dynamic models that attempt to capture elements of complexity in
fields such as health (Carey et al. 2015; Chang et al. 2017) or environment (Andersen,
Rich, and Macdonald 2020). Complexity-based framing is also widely used by
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government evaluators, think tanks, and research consultancies (see Bicket 2019;
Brandon et al. 2020).

There are, however, a range of potential issues for the policymaking community to
consider as planning tools informed by complexity thinking are increasingly adopted.
One particular set of concerns arises in relation to the nature and role of evidence in
shaping policy processes and decisions. This topic is captured in a parallel area of interest
in the public policy literature over recent years — with a growing field of critical policy
scholarship exploring political aspects and implications of evidence use. Traditional
calls for “evidence-based policymaking” or doing “what works” (UK Government
2013; Walter, Nutley, and Davies 2005) have increasingly been rejected as reflecting an
overly naive technocratic and depoliticized approach to understanding evidence use in
policymaking (Biesta 2007; Cairney 2016). Instead, policy scholars have noted that evi-
dence use can take many forms and meanings, and have undertaken analyses to under-
stand why or how particular uses of evidence arise — drawing on a range of social and
political theories to do so (see Cairney 2016a; Cairney, Oliver, and Wellstead 2016;
Gibson, Lin, and Gibson 2003; Head 2010; Smith 2014; Weed n.d.). Critical scholars
drawing on constructivist traditions (e.g. within the Sociology of Knowledge or
Science and Technology Studies) have further explored how the choices of evidence
and processes of evidence use can in themselves have critical implications for the way
that public policy problems are constructed, understood, or valued (Bracken and
Oughton 2013; Dahler-Larson 2011; Lancaster 2014). Such a perspective allows critical
consideration of which ideas, values, or concepts become realized within evidence-
informed policy processes, but further permits questioning around what might constitute
a “better” or “worse” use of evidence from different normative positions (Parkhurst 2017;
Pielke 2007).

Within complexity theory, system dynamics modelling (at times shortened to system
dynamics) is a methodological approach applied to problem-solving, providing a defined
technique aiming to specify and operationalize actionable elements of complex systems.
As such it has in itself become an increasingly popular method applied to understanding
policy problems and guiding policy decision-making, appearing in fields such as health
(Atun et al. 2007), sustainability (Stave 2002), and defence (McLucas and Elsawah 2020).
As a field, system dynamics has a strong research community of practitioners, confer-
ences, and stand-alone journals and receives sustained research funding worldwide.
However, like all problem-solving approaches, system dynamics has its own formalized
approaches to problem conceptualization and data utilization - approaches that will
direct how policy-relevant evidence is understood, applied, and used to reinforce particu-
lar constructions of both policy problems and solution sets.

The critical policy studies literature on evidence use recognizes that what is considered
policy-relevant evidence can be both shaped by, and influential in shaping, how policy
problems and solution sets are understood. Yet, as a discipline, system dynamics has
not explicitly engaged with these evidence-informed policy debates. Instead, discussions
of policy relevance, evidence use, and stakeholder goals or representation have occurred
concurrently across these two fields. Here, we seek to remedy this by exploring the impli-
cations of applying system dynamics approaches within policy processes in relation to
evidence-informed policymaking.
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Materials and methods

In this paper we first outline system dynamics modelling and its increased use in policy-
making, considering how evidence and data are understood within this approach. We
then apply a critical lens to consider the embedded understanding of the policy
process found in many applications of system dynamics with the implications this has
for the consideration of policy-relevant evidence. We select three key conceptual
issues commonly considered in the public policy literature in relation to evidence use
that particularly map onto the implications of using system dynamics modelling to
inform policy and planning in relation to the bounds of rationality of policymaking;
problem framing, agenda setting, and choice opportunities; and the governance of
decision-making - in terms of representation and accountability within decision-
making processes. This results in a critical discussion reflecting on where the literature
on systems dynamics shows insights into this area as well as the further considerations
that may be important for democratic policymaking which the critical policy scholarship
brings to bear.

Results
System dynamics modelling in policy settings

System dynamics serves as a methodology for delineating, describing, and analysing
complex systems and problems; as well as to help define and select solutions to those pro-
blems when applied in decision-making contexts. It was primarily developed out of the
field of management, with an initial focus on issues in corporate firms such as patterns of
inventory and corporate development (Forrester 2007). So, while early system dynamics
primarily addressed production concerns arising in private companies, by the end of the
1960s it began to be used to address public challenges such as transport and healthcare.
System dynamics models may be used in different ways, however. They can be used
theoretically, without involvement of stakeholders, in which the objectives are driven
by researchers themselves. Such would be seen perhaps through development of a
model that was based on publicly available data but did not consult with stakeholders
(de Gooyert and Grofller 2018). System dynamic models can also be applied to active
issues with the objectives driven by relevant stakeholders, such as with models built in
consultation with stakeholders (de Gooyert and Grofller 2018). When applied to
public policy problems, system dynamics is typically used with the intention to deliver
greater clarity in policymaking - allowing decision-makers to understand or identify
multiple interacting factors that affect a policy problem, as well as to develop interven-
tions or solutions based on the insights from the model (Sterman 2000, 2006). Indeed,
system dynamics is often attractive for policymakers because of its general applicability
to many policy areas, and the potential to conceptualize interconnected issues across
policy areas including housing, electricity use, and environmental impact (see Eker, Zim-
mermann, and Carnohan 2018).

In recent health sector examples, system dynamics has been applied to communicable
diseases such as HIV/AIDS (Dangerfield, Fang, and Roberts 2001; Weeks, Li, and Liao
2013), tuberculosis (Atun et al. 2007; Lebcir, Atun, and Coker 2010), chlamydia (Teng,
Kong, and Tu 2015; Townshend and Turner 2000; Viana, Brailsford, and Harindra
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2014), and COVID-19 (Jarynowski, Wojta-Kempa, and Platek 2020). In the environment
policy space system dynamics approaches have been applied to areas such as wetland
management (Chen, Chang, and Chen 2014), shifting mining in sustainable directions
(Maluleke and Pretorius 2013), and forest management (Hossain, Ramirez, and Szabo
2020; Thompson and Dunn 2019). It is also applied in other policy areas such as trans-
port (Fontoura, Chaves, and Ribeiro 2019; Haghshenas, Vaziri, and Gholamialam 2015;
Liu, Benoit, and Liu 2015) and crime (Bianchi and Williams 2015; Jaen and Dyner 2008;
Newsome 2008).

It is worth noting that within the category of systems methodologies (which them-
selves are part of the broader research paradigm of complexity science), what is referred
to as system dynamics is not always clearly defined. Some define system dynamics strictly
as research that results in a quantitative computer simulation model (Homer and Oliva
2001), whereas others include qualitative modelling processes that are informed by key
concepts such as casual loop diagrams and stock and flow diagrams (Coyle 2000).
System dynamics is not a self-contained field, and the approach is regularly used in inter-
disciplinary or transdisciplinary ways, blurring the boundaries of the discipline itself.
Thus it has been described as taking “harder” directions where system dynamics
researchers work to integrate the approach with other highly quantitative mathematical
approaches such as agent-based modelling (Martin and Schliiter 2015) or fuzzy logic cal-
culations (Karavezyris, Timpe, and Marzi 2002; Nasirzadeh, Afshar, and Khanzadi 2008).
It also has been taken in so-called “softer” directions, such as integration with method-
ologies like critical systems thinking or operational research, in which authors reject the
positivist implications of some modelling approaches and instead reflect on how values
are embedded in system definition (Checkland 1995; Ulrich 1994; Ulrich and Reynolds
2010).

In this paper, we will primarily reflect on the use of evidence within applied system
dynamics approaches that include a quantitative modelling component, although we
recognize that some of the soft systems approaches might begin to address the conceptual
issues discussed here as well. We also particularly focus on system dynamics applications
in public policy contexts, rather than those developed in the private sector.

Over the decades, authors have characterized the model building process in different
ways, with Luna-Reyes and Andersen (2003, 275) summarizing the way key authors have
described classic modelling procedures in the following table. The final stage of
Implementation has been particularly highlighted in bold to flag where it has impli-
cations for policy decision-making:

Accounts of the system dynamics modelling process thus involve some form of (i)
problem articulation or problem framing, (ii) system conceptualization, (iii) model
building, (iv) simulation and evaluation, and ultimately (v) introduction of solutions
to the policy space. This unique approach to problem framing has implications,
however, for both the data chosen as evidence for the model, and the application of
that evidence to identify or select policy solutions (Table 1).

Data and evidence in system dynamics

The application of system dynamics to inform public policy is in many ways a process of
evidence utilization, although the language itself may differ from the public policy
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Table 1. The system dynamics modelling process across classic literature, reproduced from Luna-
Reyes and Andersen (2003, 275) with emphasis added (note references in table are from the
original source).

Richardson and Pugh

Randers (1980) (1981) Roberts et al. (1983) Wolstenhome (1990) Sterman (2000)
System Problem definition Problem definition Diagram construction  Problem articulation
conceptualization ~ System System and analysis Dynamic hypothesis
conceptualization conceptualization
Formulation Model formation Model representation Simulation phase Formulation
Testing Analysis of model Model behaviour (stage 1) Testing
behaviour
Model evaluation Model evaluation
Implementation Policy analysis Policy analysis and Simulation phase Policy formation
Model use model use (stage 2) and evaluation

literature - for example, there is a tendency within system dynamics to speak about
“data” rather than evidence. Yet the motivation behind much system dynamics work
is to identify the pieces of information to inform a decision that solves a problem or
achieves a more desirable endpoint (Bérard 2010; Sterman 2000). There is often an
assumption that not all relevant information is known to policymakers, or that it is
not understood how it all fits together — with the system dynamics process (and the
process of modelling) giving decision-makers new ways of seeing, with which to concep-
tualize problems and institute solutions based on decision-relevant data (Newell and
Proust 2012). Sterman (2003) has described the way data from experiments informs
models as follows:

Experiments conducted in the virtual world inform the design and execution of experiments
in the real world; experience in the real world then leads to changes and improvements in
the virtual world and in participants’ mental models. (Sterman 2003, 28)

According to widely cited works in the field (e.g.: Forrester 1980; Sterman 2000), a system
dynamics model draws on three main types of data or evidence: (i) numerical data, (ii)
written reports (policies and procedures, manuals, published works, etc.), and (iii) the
knowledge of stakeholders or experts in the system that is being examined (Forrester
1980). Sterman (2000) again explains:

usually the modeller develops the initial characterization of the problem through discussion
with the client team, supplemented by archival research, data collection, interviews, and
direct observation or participation. (Sterman 2000, 90)

The “stakeholders” or “experts” in the system refers to those who actively take part in the
group modelling process, facilitated by the systems modellers. These stakeholders
provide details about the “system structure”, a term that refers to the ways that
different factors in the model are connected. Modellers will work then with stakeholders
to translate their knowledge about the policy problem into a system’s structure. Where a
system dynamics model is to be quantified, there will typically be a further process of
assigning available numerical data (data type i) to variables in the model, and also
drawing on existing reports (data type ii) to inform system structure (Homer and
Oliva 2001). In doing so, modellers and stakeholders work to collaboratively establish
the definitions, structures, and meanings of policy problems being addressed and
modelled.
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From this perspective, the application of system dynamics modelling within policy-
making spaces can potentially play an important knowledge translation role. Knowledge
translation itself has become a burgeoning area of work to consider how actors, pro-
cesses, or whole systems function to transfer or apply pieces of evidence to decision-
making spaces (Shaxson, Ahmed, and Brien 2012). Yet some have challenged whether
these efforts reflect critically enough on whether knowledge being “transferred” or
“taken up” are appropriate to the specific needs and goals of decision-makers. In
theory, if the systems modelling process accurately captures the concerns and values
of the decision-makers, then it could help to identify the most appropriate forms and
applications of evidence to achieve policy goals. Formalizing the use of modelling pro-
cesses could thus work to institutionalize a system that aids in the identification and
application of policy-appropriate evidence to solve established policy problems.

Selecting and transforming evidence in modelling processes

While the intention is clearly to capture the realities of the stakeholder’s experiences, cru-
cially, pieces of evidence used to inform system dynamics models will also need to be
selected and potentially transformed in key ways to fit within the confines of the model-
ling process. For instance, data typically need to fit the “stock and flow” and “feedback”
concepts that form the core elements of all system dynamics models. A stock refers to the
accumulation of something at a given point in time - be that money, water, numbers of
people with a disease, and so on. A flow refers to movement of stocks. For example, Chen,
Chang, and Chen (2014) provide an environmental model in which a stock consists of
pollutants in water, and the flow is the rate at which these accumulate. Another stock
in the example is the number of yachts in the wetland area, with the flow being of
tourism to the area (Chen, Chang, and Chen 2014). In a healthcare example, Weeks
et al. modelled HIV spread in Chinese female sex workers. In this model, a stock was con-
sidered to be the number of sex workers using female condoms, and the flow is the rate of
change between workers choosing to use or not use a female condom. These were pre-
sented as influenced by a range of factors depicted in the model including positive
relationships with the workplace, public health interventions, and network/peer pro-
motion of female condom use (Weeks, Li, and Liao 2013). It is worth noting, however,
that the need for quantitative data, either empirically defined or estimated, to construct
a mathematical system dynamics model can pre-select for variables that fit within the
confines of stock and flow concepts. Thus concepts that might have weight within pol-
itical analysis, such as the cultural power of groups, or charismatic authority, might be
less easily quantified in system dynamics modelling.

The concepts of feedback, stocks, and flows are regarded as cornerstone concepts
that enable both the system dynamics models themselves to work and provide the
unique perspective to problem-solving that system dynamics claims for itself (Forres-
ter 1969; Sterman 2000). Within a quantified system dynamics model, stocks, and
flows are assigned quantities and rates by the modellers and stakeholders drawn
from existing data if possible, or estimated by the group if no existing data are avail-
able (Sterman 2000). It is through the interaction of stocks and flows, with influence
from feedback, that the “dynamic” structure of the system can be conceptualized
(Sterman 2000).
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So, for example, in the aforementioned model of HIV transmission through commer-
cial sex work, information about the social networks of sex workers is transformed into a
“stock”, a “flow”, or a “feedback variable” through the application of the method. This
collapses a concept that might have numerous social meanings into a simplified form
to fit the model needs. Doing so raises potential questions about whether the correct con-
cepts are ultimately specified into model parameters — but the applicability of the stocks,
flows, and feedback ideas to a wide range of public policy issues is indeed part of the
appeal of the approach. When applied to private sector purposes (e.g. cost containment,
or profit maximization), there may be little objection or importance for critical reflection
on how socially constructed concepts are reified. Yet when system dynamics is used in
public policy spaces, this can have important political implications, e.g. on the resourcing
of sex worker education or policies to balance tourism and pollution in waterways —
many of which may be politically contested, prioritized, or understood in different ways.

The role of evidence in the policy process

The political implications of the formalization of system dynamics within policy decision
spaces can be seen to be linked to a number of key challenges that have been raised more
broadly by critical policy scholars who have studied the use of evidence from an explicitly
political lens. Such scholars have typically taken issue with the underlying assumptions
within much knowledge translation work that policy is simply a rational process of tech-
nical problem-solving. As highlighted by Cairney (2016), different assumptions about the
role of evidence in the policy process derive from corresponding understandings of the
policy process itself. Thus, rationalist perspectives of the policy process are associated
with understanding of evidence as objective and apolitical. In contrast stand those
who study evidence use in relation to the political, complex, and contested nature of pol-
icymaking, who take issue with such assumptions.

Lancaster, for instance, explains that: “/policy-relevant knowledge’ may not be a stable
concept but rather one which is itself constructed through the policy process, and,
through a process of validation, is rendered useful” (Lancaster 2014, 948). From this per-
spective, the evidence used to build a policy-informing system dynamics model, and thus
the evidence considered to be “policy-relevant knowledge”, is established throughout the
system dynamics process itself — including the sub-processes of problem framing and evi-
dence selection necessary to have the data fit the model structure. Critical policy scholars
have further noted how evidence use in decision-making must be considered within the
context of the values and agendas of those in decision-making power (Cairney 2016; Par-
khurst and Ghilardi 2021; Weiss 1979). Such works explore how the creation, selection,
and utilization of evidence (or science more broadly) for policymaking serves to both
construct, prioritize, and valuate policy problems and their solutions (Hoppe and in’t
Veld 2010; Jasanoff 2004).

These perspectives thus raise particular questions in relation to the use and application
of evidence in system dynamics processes established to inform policymaking. Three par-
ticular overlapping considerations from the critical scholarship on evidence use in public
policy settings are identified here, to reflect on the use of system dynamics in the follow-
ing section. First is the way that evidence use, and thus the system dynamics modelling
process, relates to the bounded rationality of policymaking. Second is how planning
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processes that draw on evidence can serve to specify policy understandings to particular
constructions - collapsing the realities from a range of possible problematizations and
sets of solutions to a narrow formalization of “the problem” and solution choices. And
third, is the concern over representation and accountability when policy decision-
makers utilize evidence and undertake planning activities that have implications for
which social values and concerns are realized and prioritized in public policy spaces.

System dynamics and bounded rationality

The first concern derived from the policy studies literature on evidence use relates to the
nature of rationality in decision-making and how evidence use plays into this within the
policy process. Cairney in particular has explored the political aspects of evidence use
around the concept of bounded rationality (Cairney 2016). He notes that many tra-
ditional approaches to evidence use rest on assumptions of a linear policy process
informed by situations of comprehensive rationality. Yet these situations have been
long recognized in the policy sciences as an ideal type that fails to capture the realities
of most decision situates which are instead typified by gaps in knowledge, multiple com-
peting needs in limited time, and diverse incentives. Bounded rationality refers to the
limits on human thinking capacities, available information, and time to process these
in decision-making (Simon 1955, 1982).

This principle of bounded rationality challenges the assumptions that evidence can be
simply used as a problem-solving device, and rather point to the importance of under-
standing evidence use in relation to the cognitive limitations on decision-makers.
Cairney argues that this points to the need to understand the strategies (be they conscious
or unconscious) policymakers tend to enact in such contexts to apply evidence to policy
problems, rather than assuming evidence speaks for itself in policy terms.

Botterill and Hindmoor (2012) go further still applying the bounded rationality
concept to evidence utilization for policy, highlighting that bounded rationality
doesn’t simply affect decision-making once evidence has been collected, but also the
selection and collection of the evidence base. The decisions made in collecting an evi-
dence base are themselves subject to the bounded rationality of decision-makers: “The
very information that is available to policy-makers as an input into their decision-
making processes is itself subject to the constraints of summary and interpretation”
(368). Attempts to systematically collect and communicate evidence for policy use
necessarily involve a simplification process, a process of choosing and selecting
affected by bounded rationality. They further highlight that points that may be keenly
contested within the scientific community may be considered too complex for use in a
policy space, meaning that “Alternative interpretations and contradictory findings are
not simply ignored - they ‘remain unseen™ (Botterill and Hindmoor 2012, 368 citing
Fleck 1979 [1935], 27).

Thus, in relation to the use of evidence within decision-making, policy scholars have
highlighted two important aspects of bounded rationality — in relation to the limitations
and biases of the decision-makers themselves, but also in relation to collective processes
that serve to collect and present evidence to decision-makers. Both of these can have
important implications in relation to the use of system dynamics to inform policy
decisions which fundamentally relies on a set of experts collecting and synthesizing
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information for decision-making through a process that must in many ways simplify
complex realities.

The concept of bounded rationality in decision-making, however, is an area where
there has been some explicit reflection within the system dynamics literature — although
not in relation to evidence use per se. Despite a tendency to conceive of the policy process
as linear (with the associated treatment of evidence), some in the system dynamics field
have addressed the incomplete information available to those involved in model-building
processes. Grofiler for instance (referencing Sterman’s work) explains how:

modelling itself is affected by bounded rationality because the modeller is prone to possess
only limited capabilities to perceive and understand a real-world system. Because modellers
are themselves biased (Sterman 2000), the work they create, i.e. the entire model, will relate
to the referent system in a boundedly rational way. (Grofiler 2004)

Further, Grofller (2004) describes that the bounded understandings of the modeller are
subsequently transferred into the models through the process followed. He explains:
“Following system dynamics practice, this transformation implies that artefacts of
bounded rationality occurring in the real world have to be represented in the formal
model” (Grofller 2004, 325). Yet the author is optimistic that the system dynamics pro-
cesses can, in fact, overcome biases and limitations of this kind, arguing:

With the help of [system dynamics] understanding they [policymakers] can design new struc-
tures of the real system. By way of improved policies and reduced structural complexity, this
could lead to a mitigation of negative effects of bounded rationality. (Grofiler 2004, 325)

Whether or not the system dynamics modelling process imposes biases and simplifica-
tions, or provides a mechanism by which they can be recognized and overcome may
be a matter of how such issues are addressed in the process itself. What becomes clear
is that the bounded rationality of decision-making, and of the processes of evidence util-
ization, is something that can be explicitly discussed or addressed to ensure that system
dynamics processes reflect on potential biases in their goal to produce policy-relevant
information to inform decision-making.

Problem choice, and the construction of problems and solution sets

Another concern in relation to evidence use for policy raised by public policy scholars lies
more fundamentally around problem choice and issue construction. The first of these is
captured by Kingdon’s classic definition of agenda setting as a “process of narrowing a set
of conceivable subjects to the set that actually becomes the focus of attention” (Kingdon
1995, 3). Thus, while many issues might become the subject of systems modelling, the
integration of system dynamics into policymaking will necessarily involve a process
through which a number of possible subjects are selected to be the subject of modelling
and become the focus of attention. The second issue, however, relates more specifically to
the importance of recognizing the constructed nature of both policy problems and their
potential solutions within critical policy studies (Bacchi 2009; Beland 2005). This tra-
dition of work recognizes that policy problems, and their potential solutions, have a
range of conceivable constructions, and considers how the political arena serves as
spaces in which policy issues can be (re)framed and ultimately become constructed as
problems to be solved.
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As described by system dynamics authors, systems modelling explicitly involves a
process of problem framing and definition (Luna-Reyes and Andersen 2003).
However, the generated model itself can be thought of as problem frame for a certain
understanding of the system (Midgley 1996). This idea of the model serving as a
problem frame, or a hypothesis for a certain understanding of the system, is a point
well recognized within the discipline itself. Within system dynamics, models are often
referred to as depicting a “dynamic hypothesis” (Sterman 2003, 2006). Here, the “hypoth-
esis” term is used as a concession that the model cannot be a fully complete represen-
tation of the system but is rather trying to get at the best possible set of ideas of how
the problem is playing out. This idea is also at the core of “soft” systems methodologies
that conceive of the model as a contestable object that is open to debate (Midgley 1996,
1997; Ulrich 1994; Ulrich and Reynolds 2010, 2020). Because a system dynamics model
can be thought of as an argument for a certain problem frame, it can also be interrogated
in the same way that any argument can be interrogated (Ulrich and Reynolds 2010, 2020)
and examined for its use of evidence to validate the argument.

Within the Sociology of Science, it is taken that choices about the form of evidence
that is deemed valid and meaningful are defined by particular social values (Merton
1973). Scholars have explored the interface between science, knowledge, and political
decision-making - reflecting on how the policymaking process can shape knowledge
claims while scientific knowledge or evidence can also play key roles in legitimizing
policy decisions (Fischer 1995; Majone 1989; Radaelli 1995). Similarly, within this
field, Bacchi’s (2009, 2016) work can be used to explore the role of evidence in relation
to the processes of problem representation — part of a process by which problems are
constructed and solutions specified (Walton 2016). Thus, the selection of evidence
from all available information into a supposed “evidence base” on which to inform
policy can serve to perpetuate or formalize the particular values informing that evidence
base (Parkhurst 2017; Stewart and Smith 2015). Evidence use can therefore play a cen-
trally productive function in the construction and understanding of policy problems,
and any formalized evidence utilization process - including the application of system
dynamics - can have an influence on the way that a policy problem is framed; formalizing
which stakeholders values, ideas, and goals are used to understand the policy problem
and potential solutions.

In these key ways, there is overlap in some concepts recognized in the system
dynamics literature with constructivist reflections of how policy problems and solutions
are produced in relation to evidence within decision-making processes. When a group of
stakeholders begins a system dynamics process there is a need first to prioritize which
issues will be selected, but beyond that, there will be a great number of possible policy
systems, problem frames, and solutions to be explored within the one group. As the
process of system dynamics continues, power dynamics within the room, combined
with the introduced mechanistic ways of understanding the problem such as “stocks
and flows” can intersect to effectively reduce or constrain the number of problem
frames and solutions explored (Ulrich and Reynolds 2010, 11). There are decision
points (Cohen, March, and Olsen 1972) reached within a group modelling process,
such as the naming of a variable, the decision to focus on a particular “system archetype”
(Senge 1990) or the identification of “emergent properties” (Meadows 1999) - each of
which will act to narrow and specify the problem frame that a group draws on in the
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session. The processes involved in selecting variables or populating models with data will
work to construct the understanding of what the problem is, and what the solutions may
be. Thus, elements of systems models can be seen to affect the bounds of rationality of the
decision-makers, while the processes of populating variables with evidence can further be
seen to construct and reify particular problematizations and solution sets for decision-
makers to consider. While the systems literature is aware of the constructed nature of
many such elements (Rouwette, Korzilius, and Vennix 2011), the critical policy literature
enables these insights to be linked to consideration of their political implications.

Participation, representation, and accountability in system dynamics modelling

The final consideration explored here relates to how the utilization of evidence itself
within decision-making spaces has governance implications in terms of the nature of rep-
resentation and accountability of policymaking. The preceding section notes that when
policymakers utilize evidence within systems planning activities it will shape the
choice and construction of policy problems and potential solution sets. In doing so,
however, there will naturally be further implications in relation to which societal
values and public concerns are realized and prioritized in the resultant choices.

Within the critical scholarship on evidence use, these issues align with concerns
around representation and accountability within the processes of evidence utilization,
and growing calls for participation and deliberation in evidence-to-policy processes
(see Flitcroft and Gillespie 2011; MacGregor and Cooper 2020). In reflecting specifically
on using complexity theory for policy evaluation, Walton explains: “[a] key mechanism
for governance networks to produce solutions to complex problems lies in the ability to
bring multiple perspectives and knowledge into a deliberative decision-making process”
(2016, 82). Similarly, Biesta (2007) has raised concerns over how evidence-use practices
concerned with the application of effectiveness research can potentially limit opportu-
nities for democratic participation in education policymaking.

Parkhurst (2017) has further applied the concept of legitimacy in relation to evidence
provision systems, to ask whether the institutional bodies and advisory systems providing
evidence are accountable to, and representative of, the population served. Legitimacy can
arise through science-advisory bodies being established with a formal mandate from pub-
licly accountable authorities, but also depend on whether the process they follow is trans-
parent and subject to deliberative engagement by the public (to ensure that priorities and
value choices within evidence utilization systems reflect those of the ultimate population
beneficiaries). Parkhurst considers these issues within a broader “good governance of evi-
dence” framework which emphasizes the importance of both democratic and scientific
principles such as transparency, accountability, contestability, and rigour. Other scholars
have further explored the dynamic boundaries between science and policy, illustrating
that ideas of what constitutes expertise, the legitimacy of scientists, and what is seen as
policy-relevant science, can actually be continually constructed and redefined throughout
science-policy interactions (Cozzens et al. 1995; Hoppe and in’t Veld 2010; Jasanoft
1987).

When system dynamics modelling is used in policy areas, particularly drawing on the
input of selected stakeholders to inform the models, questions of representation in the
construction of model building, problem framing, and evidence selection therefore
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become significant. Who is included or excluded from the process of system dynamics
modelling, as well as the transparency and contestability of these processes are in turn
important to consider when utilizing system dynamics modelling to provide evidence
for policy decisions. Within the system dynamics literature, however, there is consider-
able variability in reporting on representation in stakeholder selection. For example,
Hossain, Ramirez, and Szabo (2020) give some detail about their stakeholder selection
processes including descriptions of group process and participant selection, and Achter-
kamp and Vos (2007) examine processes for identifying stakeholders for involvement in
systems approaches based on principles of boundary critique. Whereas other work, for
example, Chen, Chang, and Chen (2014) and Shen, Chen, and Tang (2009), both
papers producing system dynamic models, do not detail their stakeholder involvement
or selection in any way. These examples are characteristic of the variability found in
system dynamics in relation to detailing stakeholder selection. This variability in the
reporting and examination of stakeholder selection and democratic representation in
system dynamics raises challenges in the ability to evaluate representativeness and
accountability within the processes of system dynamics model construction and policy
influence.

While the system dynamics field does not have a unified stance on stakeholder selec-
tion and democratic representation, these issues are addressed explicitly in related
systems-based methods and methodologies such as critical systems thinking (Midgley
1996, 1997; Ulrich 1994) and operational research (Checkland 1995). Critical systems
thinking, for instance, offers a set of questions focusing on sources legitimacy, knowl-
edge, power, and motivation that are drawn upon to inform a system dynamics
model. Thus, the work of critical systems thinking potentially provides opportunities
to integrate more explicit political considerations within efforts to use system dynamics
modelling in public policymaking. Achterkamp and Vos (2007) make explicit the con-
nection between stakeholder participation in system dynamics and the problem analysis
and solutions that result from this: “What is and who are included or excluded is crucial:
a different system boundary may result in a different problem analysis and, accordingly,
in different solutions or changes.” (Achterkamp and Vos 2007, 6). However, at present
these questions still appear to be only rarely examined within system dynamics modelling
processes in public policy spaces, and only when informed by critical system thinking
discourse.

Discussion

The application of system dynamics offers decision-makers tools to try to manage
elements of complexity in their decisions. In doing so, system dynamics modelling pro-
vides a conduit through which policy relevant data and evidence can be better identified,
understood, and therefore utilized to help achieve programme goals. While system
dynamics modelling presents an opportunity to formalize evidence provision in some
problem-solving ways, there is a wide body of public policy work that has problematized
the idea that any use of tools can result in policy being a simple rational process of tech-
nical problem-solving. Indeed, this rationalist model has been rejected as an inaccurate
representation of policymaking since Lindblom described “the science of muddling
through”, over half a century ago (Lindblom 1959). In relation to evidence use, Carol
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Weiss similarly noted that “it probably takes an extraordinary concatenation of circum-
stances for research to influence policy decisions directly ... the problem-solving model
of research use probably describes a relatively small number of cases” (Weiss 1979, 428).

In this paper, we have explored three broad issues raised by public policy scholars of
evidence use to reflect on their implications when considering the increased application
of system dynamics to policymaking: the bounded rationality inherent in decision-
making; the selection and construction of policy problems and solutions; and the rep-
resentation and accountability of those stakeholders involved in evidence selection and
application. In all of these cases, political considerations relate not just to individuals,
but also to the systems themselves that shape the use of evidence in policymaking, includ-
ing any formalized processes followed within planning processes. We recognize,
however, that there are other critical policy perspectives that have been used to
explore features of evidence use which were outside the feasible scope to explore in
this article, yet could provide further areas of exploration in relation to the implications
of increased application of system dynamics in policy spaces. One example would be to
empirically explore how incorporating system dynamics modelling processes appears to
affect the spaces for public deliberation within evidence-informed policymaking.
Another area providing scope for further consideration lies in the work of scholars
who explore how evidence advice has been historically constructed or embedded into
policy and planning systems from an institutionalist perspective (see Elvbakken and
Hansen 2019; Kuchenmiiller and Boeira 2022; Nutley, Walter, and Bland 2002). Over
time, evidence provision systems are likely to evolve both in terms of their thinking
on the role of tools such as system dynamics modelling, or potentially the structural
arrangements facilitating their use — providing further areas for empirical and conceptual
work.

Indeed, while a historical institutionalist lens was not applied in depth here, it is clear
that when applied to real-world policy problems, system dynamics processes will be
embedded within existing political relationships and decision-making structures. It
may be that only certain policy problems are conducive to system dynamics modelling
processes, or that individuals facilitating system dynamics may be bounded in their
views of what issues to address. This implies a potential risk of bias to certain issues
over others which may need to be explicitly considered - what Parkhurst (2017) has
termed “issue bias” in terms of how the forms or applications of evidence can bias
attention to, or increase the priority of, particular issues. In its application, policy-rel-
evant evidence must further be transformed into the core concepts of system dynamics
— with the stocks, flows, and feedback themselves serving as rationality bounding con-
cepts inherent in the process. This has further political implications, as such transform-
ation necessitates this narrowing or collapsing of conceivable problem frames, or
solution sets, into this specific framework of system dynamics. Some of these are
elements which critical systems thinking has already recognized in some ways.
However, integrating systems modelling processes will embed new actors (such as mod-
elling facilitators) into planning structures, or invite particular stakeholders into model
building processes without necessarily considering how changing the orientation of sta-
keholders can have implications for representation, accountability, and legitimacy of the
decision-making process.
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Conclusion

In the search to better capture real-world complexity, public policymakers have
increasingly looked at tools such as system dynamics modelling to provide infor-
mation that can inform decision-making. The practice of system dynamics model-
ling, as a technical exercise that names stocks, flows, and variables, may appear
outside politics from a technocratic perspective. However, such exercises will
involve the issues of problem construction, political power dynamics, and value rep-
resentation as occur in other planning processes. When implementing or institutio-
nalizing the use of a particular policy-informing and evidence-utilization methods
such as these, we must remain critical of the boundaries that decide what is and
is not considered important in the depiction of a system. Thus, problems will con-
tinue to be constructed with limitations, values prioritized according to political
power structures, and solutions specified accordingly. It is, therefore, essential to
not obscure or depoliticize the inherently political acts that take place through the
policy-application of methods found in system dynamics modelling or complexity
theory more generally.

In this paper, we have highlighted some of the conceptual intersections between com-
plexity thinking and public policy discussions of the use of evidence in policymaking.
These include bounded rationality, the interplay between evidence selection and
problem definition, and issues of accountability and representation regarding who is
included in system dynamics modelling processes. Such perspectives can naturally lead
to further thinking about how to institutionalize the use of such tools, and the democratic
implications of doing so. As policy spaces continue to engage in system dynamics mod-
elling and the use of other such tools, attention on these issues associated with evidence
selection and use will be essential.
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