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ABSTRACT

Simulation models, in particular System Dynamics (SD) models, can be used in a group mod-
elling setting to communicate, integrate, learn, collaborate, organize knowledge and derive
new insights. Such models can play the roles of conceptual integrators, representations,
learning or predictive tools. In this ethnographic study of two in-depth SD group modelling
projects we discovered that SD models can be active agents in the group-model building
process by initiating cognitive transition on participants’ (model and case based) modes of
reasoning. We found that the cognitive transition was achieved through a series of surprises
or shocks that refuted participants’ prior conceptions and forced them to switch between
case-based and model-based reasoning during the model-building process. Based on these
insights, we present a framework that describes how simulation models change the mode
of reasoning in group modelling project and explains the model’'s agency role. The study
addresses the calls from earlier OR articles to contribute with more case studies using an
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ethnographic method looking into simulation artefact agency.

Introduction

Information (or software) technologies undertake sig-
nificant cognitive processing on behalf of the user and
thus are partners in what Pea (1993) calls "distributed
intelligence." Such intelligent technologies have a sig-
nificant effect on human cognition and learning
(Salomon et al., 1991) and can be seen as exerting
agency (Ueno et al., 2017). Simulation models in gen-
eral, and System Dynamics (SD) in particular, are
intelligent technologies that are effective in solving
complex ill-structured, fuzzy problems through their
systemic functions such as exploring scenarios, testing
hypotheses or predicting behaviour (Tako, 2008; Tako
& Robinson, 2010). Simulation modelling often
involves diverse groups of professionals in creating a
shared understanding encapsulated in an explanatory
story (or storyline) and testing scenarios.

Over the last decade, operational researchers have
paid increasing attention to the process of model
building (Tako & Robinson, 2010); in particular to the
process of groups building simulation models collab-
oratively and how the process is facilitated by model-
lers (Franco & Montibeller, 2010; Hovmand, 2014;
Tako & Kotiadis, 2015; Vennix, 1996). These studies
examined how to design a facilitated group-modelling
process in order to make explicit the implicit mental
models of clients (Andersen et al., 1997; Franco et al.,
2016), the roles of participants, their interactions and

engagement (de Gooyert et al., 2017), and how mental
models are shaped and influenced by participation in
the modelling process (Rouwette et al., 2002; Scott
et al, 2013). A further line of operational research
(OR) studies has extended this research to highlight
the interactions between simulation artefacts and
human participants in order to explain the OR process
(Burger et al., 2019; Ormerod, 2010, 2014, 2017, 2020;
Tavella & Lami, 2019).

The success or smooth progress of group model-
building projects is not a given and therefore there
is a need to reduce risks during the simulation-
building process (Andersen et al.,, 2007). The inter-
action between group model-building participants
and the model is important, particularly how partic-
ipants’ reasoning changes during the modelling pro-
cess. Our paper investigates the effect of the artefact
on changing participants’ thinking (cognitive transi-
tion). While there is significant research on technol-
ogy artefacts from perspectives such as Actor
Network theory, materiality and socio-materiality,
boundary objects and several studies in simulation
group-modelling processes, the link between simula-
tion agency and cognitive transition is not widely
explored. Our study is based on the principles of
the socio-technical perspective (Burger et al., 2019;
Ueno et al, 2017) and focuses on the cognitive
agency of the artefact (Laasch et al.,, 2020) in order
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to contribute to the OR studies that initiated work
on the artefact agency.

We examine the effects of simulation artefacts on
user reasoning in OR studies. Our premise is that it is
cognitive integration through interaction between
human and artefact that defines both their agencies.
We argue that cognitive transition takes place as a
result of the integration. This transition can be docu-
mented through an ethnographic method (Mingers,
2007). Doing so allows for discovering the influence
and agency of simulation artefacts while the model is
conceptualised, built, and experimented with by
model-building groups. Using the lens of artefact
agency, we ask: How do simulation models change the
mode of reasoning in group modelling projects?

In the remainder of the article, we first review
the literature on simulation group modelling, Actor
Network Theory, materiality, socio-materiality, and
boundary objects to discuss artefact agency, and
then discuss project phases and cognitive processes.
Then we present our ethnographic method and case
studies. In the discussion section, we provide two
analytic tables with the comparison of the case stud-
ies. We conclude by offering a framework that
exhibits the process between the simulation artefact
and cognitive reasoning.

Literature review: Artefact agency and
cognitive transitions in the group model-
building projects

Human participants can treat an artefact as a com-
munication partner, as an active part (or actant) of
an activity, or as a component of activities. A cen-
tral question in philosophical and sociological
accounts of technology artefacts is how artefact
agency should be conceived; that is, how we under-
stand their constitutive roles in the actions per-
formed by assemblages of humans and artefacts
(Rosenberger, 2014). There are three perspectives
that discuss artefact agency using different lenses:
the actor-network, the socio-technical, and the
socio-material.

In order to study the agency of simulation arte-
facts and the cognitive transition of humans in
group model-building projects, we adopt the defin-
ition of artefact agency from the socio-technical per-
spective (Burger et al, 2019)—that it is the
interaction between human and artefact that defines
their agency. Therefore, the focus of the study is
that there is cognitive integration happening as a
result of this interaction and it can be documented
through an ethnographic method. From this per-
spective, the simulation artefact has the ability to
challenge and change individuals’ modes of reason-
ing and eventually leading to the integration of both

model- and case-based modes of reasoning using
the structure of the artefact.

Our study takes a socio-technical perspective
(Burger et al., 2019; Ueno et al., 2017) and, by
focusing on the cognitive agency of the artefact
(Laasch et al., 2020), contributes to the OR literature
on artefact agency (Burger et al., 2019; Ormerod,
2010, 2014, 2017, 2020; Tavella & Lami, 2019). Our
premise is that it is cognitive integration through
interaction between human and artefact that defines
both their agencies and the focus of the study is the
cognitive transition that occurs as a result of this
integration, documented through an ethnographic
method (Mingers, 2007).

In order to examine cognitive transitions in
group model building using the concept of artefact
agency we draw on diverse streams of literature. We
have structured the literature review in the following
way. We begin by examining the discourse on cog-
nitive reasoning from a story-making perspective to
introduce our theoretical basis of case and model
based reasoning. Then we provide two review sec-
tions focused on the concepts we draw on: First, we
review the agency of models from an Actor
Network perspective. Second, we look into the
group model-building literature. This includes a
brief review of facilitation and mental models, an
examination of the concept of simulation as an arte-
fact and a discussion of project phases in simula-
tion projects.

Cognitive-reasoning functions through the lens
of story-making

The modes of thinking in empirical sciences include
inductive and deductive thinking. According to
Develaki (2017a, 2017b) induction is the inference
of general conclusions about a phenomenon from
observations and experiments within a limited num-
ber of systems. Deduction derives specific proposals
or predictions about a phenomenon from a general
hypothesis/model, which are then compared to
empirical data to check the validity of the initial
hypothesis/model (Popper, 1959). Inductive and
deductive modes of thinking are fundamental to
simulation modelling (Develaki, 2017b) and the
interplay of case- and model-based reasoning. The
two related modes of reasoning are found in experi-
ments when participants interact with intelligent
technologies and simulation (Parnafes & Disessa,
2004; Zhang & Alem, 1996).

Case-based reasoning happens when experiences
of prior episodes are recalled and adapted to inter-
pret a similar situation. It is the process of learning
and abstracting from storied cases and adapting
them to interpret and structure similar problems



(Graham et al, 2004) and emphasises the role of
prior experience (i.e., new problems are solved by
reusing and, if necessary, adapting the solutions to
similar problems that were solved in the past)
(Gonzalez et al., 2013).

Model-based reasoning happens when people
correlate data using a mental model that can then
be used to make sense of the “real world” (Develaki,
2017a, 2017b). Model-based reasoning is a creative
process that includes as part of deductive reasoning
a series of practices, including simplifications, justi-
fications, modifications, and adaptations of models
to empirical and theoretical constraints (Gilbert &
Justi, 2016). Parnafes and Disessa (2004) posited
that model-based reasoning also includes imagery,
and not only inferences. In this sense, model-based
reasoning adopts elements of the process of
“envisioning” in the context of qualitative simula-
tion. When utilising model-based reasoning, one
creates a mental model of a scenario, and “inspects”
this mental imagery (Schwartz & Black, 1996a,
1996b) through testing.

It is important to understand the cognitive transi-
tion between case- and model-based reasoning
modes in order to understand the active ways in
which simulation models exert influence on the way
people make sense of complex problems and sys-
tems. Cognitive transition occurs in both inductive
(case-based) and deductive (model-based) reasoning,
for the formation of hypotheses, experimentation
tests and analogues (Meadows & Robinson, 1985, p.
419). When human cognition and artefacts interact
(Hernes & Maitlis, 2010, p. 31) inductive (case-
based) (Graham et al., 2004) and deductive (model-
based) reasoning (Develaki, 2017b, p. 1003) occur
simultaneously or iteratively. In the process of
story-making, cognitive transition occurs when peo-
ple switch between two types of reasoning: case-
based and model-based.

The process of making a story is the process of
turning facts or information into meaningful stories
(Gabriel, 1991). Story making is more than describ-
ing facts or events—it is a process of symbolic
reconstruction (Gabriel, 1991) through which we
assimilate bits of knowledge, technical language,
anecdotes and story fragments (terse stories or ante-
narratives; Boje, 1991) from the retrospective inter-
pretation of events (Weick, 2012) and we abstract
meaningful causal links to create a story. Therefore,
story-making is predominantly a discursive process
of “emplotment” (Ricoeur, 1984) in which strings of
knowledge are constantly compared, contrasted,
combined, corroborated or refuted to construct a
bigger story. Story-making is an intermediary
between human sense-making and discursive arte-
facts (Hernes & Maitlis, 2010, p. 31), and it is
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applicable to apply this concept to the case studies
where inductive (case-based) and deductive (model-
based) reasoning occur.

Story-making is also a polyphonic incomplete
process, unfolding during the interplay between
conceptual and illustrative empirical material
(Cunliffe & Coupland, 2012, p. 65) that involves
contestation and overlap between sense-making,
sense-giving and emotions resulting from respond-
ing to and taking into account the voices of others
(Weick, 2012, p. 80). The process is prone to
“counterfeit coherence,” where order amongst (frag-
ments of) stories is imposed inappropriately and
explanations are shaped by multi-layered experien-
ces and desires (Boje, 1991). Humle and Pedersen
(2015) proposed an antenarrative approach to make
sense of fragmented stories using discontinuity, ten-
sions and editing.

Group model building can be seen as a process
of story-making, because it abstracts the individual
stories into a shared cognitive model that looks pre-
cise and legitimate (Abolafia, 2010). Johansson
(2004a) posited that a consultancy process is a co-
creative and reflective act between the parties, in
which plot lines and characters are constructed and
negotiated. Johansson (2004b) emphasised the dif-
ference between the storytelling and the story-mak-
ing approaches—consultancy processes exemplify
the latter. Storytelling presumes a story which fits a
plot which already exists. Story-making presumes a
story that needs to be devised, and a plot (or story-
line) which must be invented. While storytelling can
be associated with communication and persuasion,
story-making emphasises reflection and action.

Section one: Operations research and artefact
agency—perspectives from actor network theory

A number of papers published in JORS have high-
lighted artefact agency as an area for future OR
research. Zhu (2011) discussed socio-technical ana-
lysis to look at the subject-object agency as rela-
tional and distributed. Richard Ormerod wrote a
series of articles raising the issue of agency in OR.
Drawing on Pickering (1995), Ormerod (2014, 2017)
suggested that OR case studies will be enhanced by
applying concepts emerging from the schools of
sociology of scientific knowledge (SSK) and
Actor-Network Theory (ANT), and in particular the
concept of material agency of objects. Ormerod
(2014) suggested that ANT treats human and mater-
ial (non-human) agency symmetrically. Mingers
(2007) pointed to the fact that the application of
sociological perspectives in OR, such as ANT, dis-
course analysis or ethnography, promise interesting
insights but first have to be applied to practical
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cases. Ormerod (2017) suggested a need for OR case
studies to help behavioural OR researchers ground
their theories, and proposed the “performative idi-
om” (Pickering, 1995, p. 144). Such a view expands
the concept of agency from the human-centred view
of OR with the claim that material technology (such
as computer software) can also possess agency.
Ormerod (2017) encouraged the use of perspectives
such as ANT and material agency in OR, in both
technical and non-technical cases, although he com-
mented in a later paper (Ormerod, 2020) that the
idea of material agency seems far from obvious.
How could an inanimate object be considered as an
“actor” on an equal footing to human actors, and
not simply an add-on to a model of human behav-
iour? Tully et al. (2019) used ANT to support
empirical analysis of the OR consulting sales pro-
cess. Tavella and Lami (2019) found that models
exert agency because they trigger particular group
behaviours and determine the performativity of
Problem Structuring Modelling processes. Although
these studies have moved forward the process per-
spective and incorporated agency from both human
and artefact, they did not investigate the connection
with human reasoning.

This study contributes to this debate by further
exploration of the impact of artefact agency. From
an ANT perspective, artefacts are placed on the
same ontological level as human agents, forming a
person-artefact dyad; therefore analysis focuses on
their interactions (Knouf, 2007). Callon (2006)
argued that agency is a hybrid of humans and arte-
facts and these should not be considered as separate
entities in this interaction. Recent research has dem-
onstrated that there are two important shifts in
human-computer interaction (Wiberg et al., 2013):
(1) a move away from treating both as two separate
entities toward bringing them together as one
whole, and (2) a move away from how computing is
used and interpreted toward a focus on the agency
of technology. Laasch et al. (2020) identified five
types of artefact agency in these interactions: cogni-
tive, action, interpersonal, development,
and material.

Therefore, from an ANT approach, artefact
agency is constructed from within an ongoing inter-
action between the human and the artefact agents.
Researchers have taken different approaches to ana-
lyse these interactions. For example, Krummheuer
(2015) used a conversation analytical perspective on
situated practices to analyse the interaction between
human-artefact agents. Ormerod (2010) provided a
case example how an IBM/Compower system
exerted agency when interacting with operatives by
analysing the relational activity formed by focusing
on the processual aspect of the interaction.

Ueno et al. (2017) expanded on the ANT per-
spective of agency. They argued that integrated
human-artefact arrangements are socio-technical
systems, and both human and artefact agencies
depend on the level of cognitive integration between
the two. Human agents and artefacts form inte-
grated systems, performing information-processing
tasks together. In such systems, intelligent technolo-
gies undertake some of the cognitive processing,
therefore sharing and affecting the cognitive proc-
essing undertaken by humans. Human cognitive
ability therefore emerges from this integrated
arrangement (Ueno et al., 2017, p. 95). Wachowski’s
(2018) studies show how human-artefact interaction
stimulates cognitive action, for example reflection,
and even morality. Wachowski argued that shared
agency relies on the degree to which humans and
artefacts are cognitively integrated. Cognitive inte-
gration depends on the nature and intensity of
information flow, accessibility, durability, user trust,
degree of transparency, and ease of interpretation of
the information.

Section two: Group model building

Facilitation and mental models

Within operational research, in the past decade
increasing attention has been paid to the process of
simulation model building (Tako & Robinson, 2010)
and in particular, collaborative model building with
stakeholder groups where the modellers act as facili-
tators (Franco & Montibeller, 2010; Franco, 2013).
Researchers have discussed processes for participa-
tive model building, not only in regards to System
Dynamics (SD), where group model building has
been a well-established and highly valued practice
(Hovmand, 2014; Vennix, 1996), but also for
Discrete-Event Simulation (Tako & Kotiadis, 2015)
where participative modelling is less common.
Studies in SD focus more on the modelling process,
examine the role of stakeholders (de Gooyert et al.,
2017), and emphasise facilitation.

Andersen et al. (1997) designed an improved
facilitation process for group modelling in order to
make explicit the implicit mental models of deci-
sion-makers. Their starting assumption was that the
causal structures of simulation models could
improve on and make these implicit mental models
more precise. However, the same authors concluded
that “this is not the case...” (Andersen et al., 1997
p. 188) as other authors (e.g., Vennix, 1990) and
have opined. Further, Verburgh (1994) argued that,
even after extensive training in modelling, no real
improvement of participants’ mental models was
observed. Therefore the link between a group mod-
elling process and an improvement in group mental



models is not automatic. In order to establish a pro-
cess to refine mental models through group model
building, Andersen et al. (1997) focused on how to
improve the facilitation processes using specific
activity scripts. Studies on the facilitation process
also look how the visual representations of simula-
tions facilitate shared understanding and socially
constructed shared meaning (Black, 2013). Andersen
et al. (2007) claimed that SD models impose a con-
siderable level of formalism and analytic burden on
participants’ interactions in group model building
by stifling and blocking emergent conversation pat-
terns in the construction activities while the reified
(concrete) version, i.e., the model itself when coded
in SD software, imposes an empirical constraint on
their conversations. There is an assumption that
participants cannot integrate their reasoning with
the artefact in a flexible way, since the focus seems
to be on the rigidity of the model technical struc-
ture. In response to this, scholars suggest the use of
more conceptual artefacts such as maps in the mod-
elling process (Howick et al., 2006;
Richardson, 2006).

Scott et al. (2013) explored how individual men-
tal models are shaped and influenced by participa-
tion in the modelling process. They observed that
group interaction changed participants’ views such
that they became more alike. Similarly, Rouwette
et al. (2002) observed that the modelling process
results in group mental model refinement, align-
ment, consensus, and commitment to a decision.

This body of research considers the process of
modelling and participation in relation to individual
or group mental models. A mental model is “a rela-
tively enduring and accessible, but limited, internal
conceptual representation of an external system”
(Scott et al., 2013, p. 216). According to this defin-
ition a mental model resembles a stereotype or an
internal representation, and is quite different from
our focus on reasoning types which is essentially a
cognitive function.

Simulation as an artefact

Previous studies from a socio-material perspective
and studies on boundary objects and simulation
provided
insights for the understanding of artefacts such as
simulation models. These studies identify the effects
of human action and interpretation of the artefact,
the boundary roles the artefact can play, and the
effects of the artefact on human and organisational
action. These studies however do not include an

modelling processes have important

investigation of the cognitive transition that happens
within  the
and artefacts.

interaction between humans
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Materiality and socio-materiality —perspectives
assign agency to both humans and technologies
through a relational lens (Leonardi & Barley, 2008).
Barad (2003, p. 801) dispensed with the distinction
between subject and object and calls for “agential
realism" that emphasizes “the ontological insepar-
ability of intra-acting agencies” (Barad, 2007, p.
206). Artefact agency in this perspective emerges
through intra-actions and is based on their relation-
ships. Despite variance in methods, different formu-
lations of materiality and socio-materiality have two
common premises.

First, materiality and socio-materiality perspec-
tives focus on the artefacts’ transformative capacity
on human action, without an analytical interest in
ascertaining causal relationships. Second, they build
on a relational ontology, meaning “people and
things only exist in relation to each other” and
therefore “entities have no inherent properties, but
acquire form, attributes, and capabilities through
their interpenetration” (Slife, 2004, p. 455). Socio-
material research questions any separation between
artefacts and people, and instead focuses on their
mutual constitution. Artefacts facilitate new practi-
ces by bounding the performing of work practices
through their material properties (Orlikowski &
Scott, 2008) so their roles in work practices are not
given a priori, but are emergent both temporally
and situationally. Taking into account these material
properties, social actors enact technology-in-practice,
as a set of rules and resources. Artefacts “enframe
predictable and coordinated action” (Kallinikos,
2005, p. 199) or materialise into a tool for the tem-
poral structuring of tasks and routines (Orlikowski,
2007) because they are deployed as platforms sup-
porting predictable interactions. This practice is
influenced by technological hindrance or affordance.
The initial concept of affordance (Gibson, 1977) is
tied to the material properties of an artefact, but
also stems from the unique ways users make sense
of it, because each individual may consider it useful
for a different set of activities (Jarrahi & Nelson,
2018). From a socio-material perspective, the
materiality of the artefact affords or constrains
human agency: “the materiality of an object favors,
shapes or invites, and at the same time constrains, a
set of specific uses” (Jarzabkowski & Kaplan, 2015;
Zammuto et al., 2007, p. 752). This approach does
not examine whether (and if so, how) intelligent
artefacts can affect cognitive transition that comes
as a result of the combination of both artefact and
human agency.

The branch of research that investigates the roles
of technology artefacts as boundary objects perceives
them as complementary organising tools which may
enhance or hinder collaboration depending on the
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complexity of interfaces, knowledge creation and
codification involved (Bresnen et al., 2003; Hoegl
et al., 2004) or the strength of interdependency
among group members. Artefacts are attached to
the broader framework of managerial practices and
partially reflect and embody hierarchy (Eriksson-
Zetterquist et al., 2009). Other studies suggest that
artefacts are representations of the interactions
between agents in different parts of routines
(D’Adderio, 2008). Artefacts as boundary objects,
for example, mediate the relationships between the
group and the organisation (Garrety et al., 2004). As
such, they are used in aligning objectives and han-
dling conflict, negotiations, creativity and contracts
(Alderman et al., 2005; Jensen et al., 2006; Koskinen
& Makinen, 2009). A second approach suggests that
boundary objects are used to create, integrate, codify
and sustain knowledge and symbolic value (Swan
et al., 2007) which supports learning (Scarbrough
et al, 2004; Yakura, 2002) and sense-making
(Papadimitriou & Pellegrin, 2007) among stakehold-
ers. However, artefacts can also serve to intensify
tensions, divisions and information asymmetry and
to enhance roles, norms, identity, power or status
within group relations (Carlile, 2002; Dodgson et al.,
2007) thereby reifying cultural boundaries (Barrett
& Oborn, 2010). This line of research does not con-
sider artefacts’ agency (Chongthammakun &
Jackson, 2012) and sees them merely as carriers or
representations of knowledge, meaning, learning
and organising structure (Ewenstein & Whyte, 2009)
but not as an agent that integrates with the
human agent.

Process and phases

Tako (2008) and Tako and Robinson (2010) found
that because of the systemic model structure of SD
(i.e., built on relationships and interactions within a
whole system) SD modellers are compelled to con-
sider the broader aspects of a problem in a more
holistic manner. SD does not always involve the
development of a quantitative model, but if one is
to be developed, the model-building process consists
of two distinct phases which typically are iterated
cyclically a number of times. The first is the con-
struction of a shared conceptual frame: the model
structure. Here, the whole group identifies model
elements and links between them from diverse sto-
ries, and these links are used to develop the model
structure and define the data that need to be col-
lected. The construction phase includes activities in
problem definition and in building, testing and for-
malising the model structure. In the second phase,
reification, the modellers determine the equations
describing the mathematical relationships, codify
and complete the model in a simulation package or

programming language, and parameterise the model
with the data. The results from the computer model
are then discussed with the whole group and vali-
dated against real data. Typically, this leads to
another iteration of the construction phase, followed
by reification. The process repeats until agreement
is reached among the group. After this, the model

can be wused to explore different experimen-
tal scenarios.
Problem definition is the most important,

intense, time-consuming and risky activity in the
construction phase (Cochran et al,, 1995). Systems
that are modelled are usually complex, problems are
“fuzzy” or ill-structured, and the problem is often
not well-defined (Simon, 1978). In the reification
process, this can be challenging if people react
towards models they disagree with.

During testing scenarios, models constrain the
ways in which output can be interpreted (Knuuttila
& Voutilainen, 2003), and can produce results that
collide with priors—i.e., conceptual preconceptions,
assumptions or expectations. The existence of priors
is a significant risk in achieving group consensus in
problem definition activities (Urban, 1974). A com-
plex model will often challenge people’s understand-
ing. Major hindrances include the lack of familiarity
with modelling, and the inability to think in abstract
terms or prioritise information from multiple sour-
ces (Cochran et al., 1995).

The success or smooth progress of the simula-
tion-building process is not guaranteed and there-
fore there is a need to identify and reduce risks
(Andersen et al., 2007). In addition to technical
challenges, a group model-building project might
face risks due to diversity in the representations of
knowledge and organisational domains among par-
ticipants, and their ability to develop, as a group, a
shared and collectively owned understanding of the
relevant features of the system. Group model-build-
ing projects fail when stakeholders develop separate
representations rather than a shared insight
(Black, 2013).

The lack of access to data or expertise can poten-
tially make it impossible for participants to develop
an adequate model and insight, either collectively or
individually (Rouwette et al., 2002).

A further risk stems from the need to decide how
detailed or abstract the model structure should be
(Urban, 1974). Unsuitable levels of abstraction or
disaggregation can impact the development of a
model. A mismatch between the level of abstraction
used by participants in their reasoning can lead to
disagreements and misunderstanding within the
group. Trying to bridge gaps in levels of abstraction
employed can bring its own challenges: for instance,
inappropriate disaggregation driven by the desire to



add excessive detail can significantly prolong the
effort required (Eskinasi & Fokkema, 2006).

Power relationships within the group may hinder
the sharing of expertise and joint decision-making.
Participants might not feel ownership of the model
either because the model is seen as being the facili-
tator’s model, or because they feel dominated by
other stakeholders and consequently disengage from
the process or reject the project outcomes.

Research design

The method of developing theory in this study,
referred to as theory elaboration, is based on the
works of Blumer (1969) and Glaser and Strauss
(1967). Theory elaboration is based on the applica-
tion of concepts borrowed from a theoretical per-
spective to explain a new phenomenon (Maitlis,
2005) and is therefore suited to this study since the
focus is to apply prior theoretical concepts on tech-
nology and simulation artefact agency and develop
them to explain SD modelling processes. We exam-
ined the agency of SD models as artefacts in two
different modelling projects. We used an ethno-
graphic approach, involving direct observation,
examination of secondary data (project documenta-
tion) and in-depth interviews. Our aim was to
examine, in each case, whether (and if so, how) the
SD model causes changes in the type of reasoning
(case vs. model) during different phases of the
group model-building project and then compare the
results. We base the research design, selection of
case studies and data analysis using the theory elab-
oration on the work of Blumer (1969) and Glaser
and Strauss (1967).

Data collection

We collected evidence from two group-modelling
projects undertaken by the same SD consultancy.
Both projects ran over the course of one year (Bolt
et al., 2020). We participated in a series of model-
ling workshops (11 sessions in total), in which we
observed how the groups worked. In the following
year, we conducted interviews with the participants
in both projects, including clients, consultants and
expert advisory members (17 interviews in total).
We also collected project documentation, including
minutes of their meetings and model ver-
sions shared.

Observations: The researchers produced observa-
tion notes in all group meetings. These notes
included direct quotations from the discussions
heard by the researcher, and any relevant comments
and reactions. In particular, the notes summarised
conversations about what should be included in the
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model (the scope of the model), how it was used,
type and sources of data, and any issues. The notes
also contained diagrams of the model while it was
being constructed.

Interviews: A semi-structured interview protocol
was agreed. The aim was to discover any changes in
participants’ experiences developing the model, their
understanding of its functionality, the way they
worked because of the model, and the ways they
thought about the problem before, during and after
the process. The additional intention of the inter-
views was to corroborate and check with our notes
and interpretations of what was really happening in
the group meetings. The interview protocol covered
five topics:

1. Participant’s background and role in the model-
ling process;

2. How the project activities were organised;

3. Participant’s experience of interactions in
group meetings;

4. A detailed account of the participant’s experien-
ces developing and then testing/using the model
(structure, effect, benefits or issues); and

5. Comparison with similar prior projects they
had been involved in.

Context and case studies

According to the method of theory elaboration, veri-
fication and discovery occur when suitable cases are
chosen because they refer to similar phenomena but
they also include well-defined differences (Glaser &
Strauss, 1967). According to the guidance of Bluhm
et al. (2011) we created an in-depth case design that
provides a strong foundation for elaborating theory
because the similarities between the cases allow for
meaningful comparisons, and their differences pro-
vide a basis for discovering new themes. The groups
we selected had two important similarities and two
important differences.

First, both groups were heterogeneous, in con-
tract with the majority of story-making studies
which have, to date, been only conducted in tightly-
coupled groups. Both groups were managed by
experts from the same consultancy who were experi-
enced in simulating the same health-care processes,
and both groups were organised in a similar way.
Group members had loose ties because they did not
belong to the same organisation and none were con-
tractually obliged to participate in the project.
Rather, they responded to the invitation of the pro-
ject owners, mostly out of professional interest.
Participation was inconsistent, low-risk, and minim-
ally coupled. The groups had a very simple, flat
structure and clear roles; hierarchical norms or
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power structures were lacking because there was not
enough time for a hierarchy to emerge.

The second similarity was that both groups
focused on modelling public health and healthcare
interventions for the same clinical problem. The
overall aim of both projects was to reduce utilisation
of NHS services and improve patient outcomes. The
results of the simulation models would then be used
for commissioning (procurement) decisions for
related services.

The first difference was geographical scope. In
group A, the client was a local health commission-
ing body and the task was to model the local serv-
ices in a specific area in England. Group B, in
contrast, had to develop a generic model that could
be used by local commissioning bodies across the
country. The owner was a Government Department,
and the aim was to make the model available across
the UK after completion in order to inform local
commissioning.

The second important difference between the
groups was their composition. In the local group
(A), the members worked in different parts of the
local healthcare system, mainly occupying oper-
ational or managerial positions, and therefore had a
“grassroots” view of services and the issues. In
group B, the members worked in research, in aca-
demia, policymaking and the Civil Service; therefore
they all had a “helicopter” view of the problem and
relevant services. Interestingly, the members of
group B had a better knowledge of each other’s
viewpoints through prior engagement in discussions,
while the members of group A had less prior know-
ledge of each other’s stance even though they
worked in the same local health economy.

Data analysis

As mentioned above, the method of developing the-
ory—theory elaboration—that we used in this study
is based on the work of Blumer (1969) and Glaser
and Strauss (1967). The pre-existing concepts within
this method remove the need to rely purely on
grounded analysis to develop theory (Bluhm et al.,
2011). According to Blumer (1969), using concepts
as a reference point and not as variables leads to the
refinement of these concepts by identifying the rela-
tionships among them and then to confirm, refute
or specify the circumstances in which they may or
may not have potential to be strong explanatory
tools for previously unexplained phenomena.
Theory elaboration is conducted through qualitative
analysis and depends on comparison; data from
each case are used to refine concepts and then to
compare the outcomes. We used content analysis
and comparative matrix analysis (Miles &
Huberman, 1994) to identify how participants

interacted with the SD model, and then mapped
what happened to capture the roles and effects of
the model.

Case study findings
Group A: From case to model-based reasoning

We begin with the first case, that of the local group
A, which had to produce a simulation for a specific
local health commissioning body. The project group
consisted of 12 people, including a project manager
organising the meetings and liaising with the client,
a simulation consultant, a data manager and nine
local modelling group members. These included a
commissioner at the local health commissioning
body, representatives of different NHS services (four
members) as well as of the local council (two mem-
bers) and from third-sector service providers (three
group members).The group met five times within a
period of five months, during which observations
were made by our team.

The composition of group A shaped the model-
building process in three respects. First, most mem-
bers were not familiar with modelling and their
views were mainly based on their operational
experience. Therefore, they were both unfamiliar
with the type of abstraction required for modelling
and they came to the project without strongly
defined expectations: “we were more open-minded
because we didn’t know what to expect” (commis-
sioner). Second, because members worked in differ-
ent roles in different parts of the system, they had
diverse perceptions of the problem. Some partici-
pants focused on public health measures and pre-
vention while others cared mostly about service
provision and treatment.

The client’s primary objective was a reduction in
hospital admissions. This was the first in a series of
conflicts between their conceptual frames and iden-
tities; people had to consider: where am I in this
story and what is my significance?

PHASE 1: Construction
During the construction process, the group mem-
bers also disagreed about the definition of the con-
cepts and categories used: “... we did spend a lot
of time talking about definitions of the stocks, key
stocks in the model, and that was important because
everybody had come in with different definitions
about how best to define the groups of patients—
there was a national definition which differed from
the local definition and that was part of the debate
there were two meetings, at least, before we
determined what the stocks finally were...” (con-
sultant); “... the group had a different definition
for every word that you could possibly come up



with” (data manager). Because their backgrounds
varied significantly, the members did not share
common interpretations of the same issues. In add-
ition, the discussion was mainly among NHS partic-
ipants, while the third-sector service providers felt
left out of this discussion: “... A lot of it went
straight over my head, I'll have to admit because the
things they talked about... I understood the princi-
ples of what they were saying but a lot of it ... that
the NHS are talking to each other, so they under-
stand what they’re talking about NHS talk”
(manager 2). The discussion included arguments
largely caused by the differences in group members’
positions and experiences. The resulting partial
views, explanations and individual interpretations
were based on these position and personal experien-
ces, rather than systematically collected and robust
evidence. It was a challenge for the group to unite
these fragmentary snippets and abstract the “bigger
picture” “..., they were little in the big picture.
They had their views and were based on personal
experience rather than on proven science” (commis-
sioner). Therefore, the consultant decided to adopt
an inductive case-based approach from details in
their narratives to construct the model structure
from the details in the individual stories the group
members offered.

The group members had different reactions to
the inductive approach from the specific to the gen-
eral. The members mistrusted more abstract and
conceptual explanations and they insisted that the
model structure should be made more detailed.
Instinctively, they also focused on some data and
deemphasised other to support their interpretations.
In addition, the majority of members took a more
short-term perspective than was needed for the
problem: “... what we’re looking at there was a
project that went well into the future” (manager 1).
Reflecting on this phase, some participants pointed
towards the diversity in the group which made
agreement both challenging and interesting: “... I
didn’t fully understand everything that was being
spoken of in there. It was interesting. It was, you
know ... It was an eye-opener to see all these differ-
ent people coming together to ... that are all real,
that I didn’t know existed and started there...”
(manager 3).

PHASE 2: Reification

During the reification process, similar issues
emerged. The members needed to find the data to
parameterise the model and start testing it. There
was a problem with finding available data sources,
and the data were not complete, so this stage was
protracted: “... it was difficult for me to sit there as
a local manager trying to link in your facts and
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figures with our facts and figures, because I didn’t
have those figures to hand” (manager 4). Some of
the data were not considered robust: “That research
basically sat on one of the clipboards in one hospital
ten years ago...” (commissioner)—so there was
doubt about the role of the model as a representa-
tion of what really happens. This doubt made the
members sceptical, reinforced their disbelief in the
abstract view of modelling, and revived the conflict
about definitions of the basic concepts and variables
in the model. However, chasing data made them
keep asking questions, and they continued in cycles,
immersing themselves into a re-examination of defi-
nitions as they tried to distil a coherent story from
the data “... I think that’s why we learnt so much
because we had to keep on looking for data...”
(manager, local health commissioning body). By
that point in the modelling process, the group
started to see a shared story, even as they acknowl-
edged that the story might not be completely accur-
ate because of data problems. It was considered at
least plausible and coherent, which let them revise
their previous more partial and anecdotal beliefs.

The group members also changed their previous
beliefs partly because they encountered a series of
“surprises” that challenged these prior beliefs. It was
both a confusing and illuminating turning point for
the members when simulation experiments with the
model generated scenario outcomes which were dif-
ferent from expectations. While the model was
being reified, it started to have a voice; it was as if it
kept on saying to them to not only look for differ-
ent, more robust data, but also to re-think how the
system works and which relationships affected dif-
ferent interventions. Some people started to feel that
they did not really know the answers anymore, ...
they thought oh, actually not, maybe our assump-
tions were wrong, and they later changed their
approach,” (manager, local health commissioning
body), and started asking themselves why “... there
was a little bit of why, because when we could see
that the effects of some of the things which we may
have logically thought would have had an effect,
didn’t, or because something else did at some point”
(data manager). This was a recursive process: as
they used more inductive case-based reasoning, they
changed the model, which in turn gave them results
they did not expect, triggering more analysis: “... I
saw their understanding change the resource for
certain things. They obviously see how it changed
the model...” (manager 2). An interesting dialogue
emerged in which people were speculating in terms
of what the model would say in response to their
explanations: in this “dialogue” the model was
changed—but the model also triggered a change in
the way participants offered explanations.
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The first surprise was that, when confronting it,
the service is more complex than group members
originally thought. Reflecting on this learning
experience, one participant considered: “Is it the fact
that it highlighted that actually it’s a lot more com-
plicated than what we think? You know, we think
working in this field, we think it’s quite simple”
(manager 3). Initially some had questioned the value
of modelling for what they perceived to be a simple
system “... I can see them working on this sort of
work with, you know, like BP and British Airways.
Do you know what I mean? I can see that, but for
the town, this little process of getting people into
treatment services isn’t that complicated...” (man-
ager 4). This prior expectation was challenged when
members saw that patients go in and out of remis-
sion and therefore g use the same services repeat-
edly, mixing across pathways that were initially
presumed to be linear. The consultant used the ana-
logy of the road network to describe the phenom-
enon: It surprised me, so then it would
surprise them even more, you tend to stay
within a cycle. It’s very, very difficult to get out of it
completely. The only way out of that true cycle is to
die...” (data manager). This insight of the complex
nature of the issues generated a lot of discussion on
“... where they were, what they were doing and
what needed to be done” (manager 5).

The second surprise was whether prevention or
treatment services would have a greater impact. The
members still struggled with the fact that the prob-
lem was about reducing hospital admissions; eventu-
ally a more holistic point of view won them over,
and they concurred with the storyline that prevent-
ive and treatment services are complementary: ...
I think the link-in with the different services was
helpful because it allowed them to understand where
we could action things from the front” (manager 1);
and “... I can see in the grand scheme of things
where we do fit in” (manager 2). The third surprise
generated strong arguments because the model high-
lighted the importance of the chronic, long-term
components of the condition as the main cause
behind hospital admissions. Previously all the group
members believed the cause to be short-term, acute
issues. The engagement with the model led them to
change their stories—the model refuted their prior
beliefs and triggered their questioning of why they
held these originally.

The final major surprise came when the model
challenged the presumption that established inter-
ventions were effective. The model showed that the
key intervention that could work long-term to
reduce admissions of chronic patients was a public
health measure, not changes to treatment services:
“ when people started to see the effect when

changing some of the parameters, some of the
things you might have expected to make a huge dif-
ference might have made a difference in the begin-
ning but then levelled out. I was very sceptical
about the whole thing, but when the model showed
what the effect was, it was quite surprising to me to
see that” (data manager); “We looked at a whole
range of interventions, both proactive and reactive,

and nothing really made too much difference.
That was another thing that was worth learning,
actually...” and “... they got out of that the single
most effective thing they could do is (identified spe-
cific policy intervention). ... There’s quite a bit of
resistance to that theory’ (consultant). Naturally,
there was much resistance to this revelation.
Interventions that were taken for granted to be
effective suddenly did not seem to be quite
so effective.

The results in the reification phase were so dra-
matic that group members questioned again the
accuracy of the model structure and the adequacy of
the available data. Whenever they saw surprising
results, they went back to almost the beginning to
redefine parts of the model structure: “... under-
standings were actually growing because each time
they put forward ideas ... they went back to almost
the beginning on a lot of occasions, you know...”
(manager). In the final analysis, many of the partici-
pants understood the value of inductive abstraction
whereby the truth in the model lies in how the ser-
vice is perceived, not in the results: “... It is not so
much an accurate tool but a way to think about
things—projecting ...” (manager 1). This iterative
process changed the way they made sense, turning
their specific views towards a more abstract under-
standing, “... but the most useful part of the whole
process was not what we had at the end; it was the
conversations we had along the way and the extra
research it made us go out to do to find out answers
to questions and ask more questions along the way,
helped everybody understand it a lot more. Every
time you come up with an answer, you end up with
another question, which is good for research” (local
commission body manager).

In the final presentation of the model to the
senior management in the client organisation, the
model surprised the members, but this time, the jus-
tification of what the model was showing was diffi-
cult because the board members did not participate
in the story-making process, so the way they rea-
soned was not changed in the way they did in the
groups and they did not have the same trust in
what the model was saying: “... Because the slides
were demonstrating there was a weakness in an area
and she (senior manager) was saying, no, we've
invested quite a lot of money in here and that those



figures can’t be right. I don’t think the presentation
captivated their attention enough” (manager 3). The
senior management questioned the validity of the
model citing data issues. As senior management had
not been part of the story-making process, they did
not trust what the model was telling them (client).

Group B: From model to case-based reasoning

We continue with group B, charged with developing
a simulation model for hospital admissions for use
by local health commissioning bodies across the
country. Group B consisted of 14 members, includ-
ing a project manager and a simulation consultant.
Of the 12 other group members, seven of the mem-
bers worked at the Department of Health
(Government Department) and the National Health
Service (NHS) in decision-making roles (clinical,
statistics and policy), two were local commissioners,
three were senior academics who were nationally
recognised experts in the specific health-care area,
one was from the third sector, and one was from
the National Audit Office. The group met six times
across six months, all of which we observed.

Most of the policy, academic and NHS group
members were acquainted with each other’s work
and had interacted previously (e.g., through confer-
ences). Most of the group members had a broad
overview of the relevant issues and deep knowledge
of scientific evidence around different interventions.
In addition, many had previous experience in mod-
elling the health service using other types of tools.
Although they were not close collaborators, many
members held a common understanding about the
system: “... you know, it’s something we've spent
our lives thinking about” (clinician). This common
understanding, however, was not shared by the
third-service providers, who expected that the
Government Department would direct the commis-
sioners to use their services through the model.
They all, however, had an abstract, “helicopter” view
of the service in question. The modelling consul-
tants felt that a more deductive model-based
approach was appropriate for this group because
there was a broad consensus about the system, and
underlying concepts and data for parameter values
were available to or even known by the participants.

Despite their holistic view, there was nevertheless
disagreement between them in the construction
phase, but this time the reason was disagreement
regarding the project’s objective: “... the debate was
about the brief, not about the model” (consultant).
Their disagreement was whether the model should
use hospital admissions as the outcome measure. It
was difficult for them to set priorities because the
policy agenda was ambiguous: the problem
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probably was the case that this is still an emerging
piece of work; a lot of hard work has gone into
developing the objective so far, but it is still devel-
oping, and will extend well beyond the end of the
2015 target” (consultant). An important factor was
the complexity of the NHS and the transition of the
NHS towards a system with more private provision:
“ So, I think there are problems because we
don’t really know what sort of healthcare system
we've got at the moment. We seem to be, you
know, in this transition from the NHS as we all
knew it, and a new kind of private sector, or at the
moment it’s a sort of quasi private sector with the
doctors’ management trying to paper over the
cracks, I think” (lead clinician).

PHASE 1: Construction

The construction phase started on model reasoning.
First, consultants sketched an initial model structure
(also assuming that data would be available to par-
ameterise the model). Then, they narrowed down
the structure to fit the service. However, “... nar-
rowing the scope just to the NHS service did not
paint the full picture of what other services in the
rest of the system can contribute” (policy analyst).

There were objections to this process by academ-
ics and clinicians who thought that the process
should be more exploratory and that this approach
resulted in an explanation that was too linear and
too simplistic. Others expected a fast process that
would produce a forecasting tool for commissioners
and also disagreed with the deductive process: “
start with a simpler explanation rather than the
more complex to the simple” (economic advisor).
Some thought “... that the group understanding of
the modelling process, and the group’s input at dis-
cussion was out of sync” (clinician). The objectives
of the group were disputed during the construction
phase and prolonged this, such that it took three or
four meetings to come up with a final
model structure.

The model structure produced was aggregate and
highly abstract. Initial simulation experiments pre-
dicted costs which seemed excessive to the group
members. For this reason, they did not trust the
model and assumed it was overly simplistic. They
then decided to alter the model structure and to dis-
aggregate some of the services.

PHASE 2: Reification

During reification, several data issues emerged. The
results obtained by simulating the revised model
seemed to be trustworthy, even though there were
issues with data availability. While the group had
access to databases and information resources from
the Government Department and academic research,
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some of the data were based on limited evidence, or
not available at a local level, or inconsistent
throughout the country. This lack of robust data
raised many questions: “does the data exist; is the
data correct; is the data suitable; is the data utilised
properly” (statistician, Government Department).

Questioning the data led to much creativity dur-
ing reification and, generally, this group experi-
mented with the model very actively. They raised
many questions as to how to utilise the data, ana-
lysed relationships, and experimented with param-
eter values. During experimentation, the participants
saw how the model reacted and that they were not
in control of the results. They also faced the fact
that the model commanded mental discipline which
constrained certain ways of thinking. One partici-
pant described this as the model exerting a
“gravitational force because of the focus it
commands,” although “sometimes the focus on
building the model overshadows the effort to learn”
(academic). While not everyone liked the modelling
process, most group members found experimenting
with the model stimulating: “... people would phys-
ically get up off the table and sort of go and point
at the screen and say you know, ‘why?” (consult-
ant). Testing was “... Absolutely fantastic! It was
an eye opener to me anyway ... useful in under-
standing the consequences of potential policies”
(clinician)—“... Yes, yes, yes, most definitely, most
definitely. I think being allowed to play with ideas,
to play with sort of ‘Monopoly’ money if you like,
well you know... It is primarily a creative tool”
(economic advisor)—“... Yeah absolutely, it’s the
ultimate “flight simulator” for the public sector; you
have a risk-free environment in which to play out
policy changes and see whether the indications are
going to work” (associate).

Some members arranged individual meetings
with the consultants to obtain more guidance for
testing the model themselves. This is the point
where people made sense of what the model was
saying and started to converse with the storyline,
creating new circumstances to see how they could
achieve lower hospital admissions. They had to “...
choose evidence, challenge it and make extrapola-
tions from it” (academic); they had to challenge and
let go of what they thought they knew. It was enjoy-
able for most and created new surprising insights
for the group members.

A surprising insight for them was to discover
which services were actually the most expensive,
contradicting what the members thought they knew
about the service. This discovery led to large
changes in their stories and “created a shift, and
people directed the shift within the model” (com-
missioner). After changing the model structure, and

despite the fact that the trials were based on quite
limited data, participants gained confidence in the
model: “... T felt reasonably comfortable, primarily
because what was coming out made intuitive
sense, and so from a purely sensecheck perspective,
you know, it held true...” (statistician, Government
Department). It took two months to digest what the
model was saying about the treatment, but during
this time, the model generated much discussion and
curiosity. Although it was difficult to structure ini-
tially, the model helped the group members to think
in a more sophisticated way: “... it’s about helping
people be more sophisticated about the
treatments ... ” (policy analyst).

The members of this group seemed more com-
fortable when the model generated surprising results
which contradicted their priors. They responded by
adopting a more case-based approach in the reifica-
tion phase. They identified one limitation of their
group; that the model was not an adequate repre-
sentation of front-line service delivery and pointed
out the impact that had on the level of aggregation
and usability of the model: “... the model is a
hybrid suitable to be used at the regional grouping
of” ... (local health commissioning bodies)
“since it is not specific enough or abstract”
(Government Department client). They also faced
new questions regarding how to convey these mes-
sages to local NHS organisations. However, the
members were satisfied that the model provided a
focus towards the right changes in commissioning
and that the model added to the body of knowledge
instead of just implementing it. Most importantly,
participants understood that problem solving is not
about using a forecasting tool that provides esti-
mates; rather, it changed the way they perceived a
complex system.

Discussion: The SD model as an agent and
the reasoning of people

As per our research question, How do simulation
models change the mode of reasoning in group mod-
elling projects, we observed the cognitive transition
of participants’ reasoning in the following ways.
Interaction with the artefact during each phase in
the modelling projects changed the reasoning of
participants that prevailed in each group (from case
to model reasoning, and vice versa). This first hap-
pened through a process of cognitive integration
between the two and, second, through a series of
shocks or surprises that challenged the participants’
a priori assumptions. These shocks were the
medium through which the model acted, causing
people to switch mode of reasoning. The artefact
calibrated their reasoning in a stepwise recursive



(a). The analysis of the artefact agency in the story-making process in Group A.

Table 1

Artefact agency

Participants’ reaction

Activities

Story-making phases

Reference for discussion about what is important for

Negotiation

Argue about problem definition and

Construction

the problem and the service
Inductive case reasoning, operational, short-term

Doubt priors

definitions about patients and

parts of the service
Induction—selecting the parameters

Problem definition /
stories

1.

views to service

Build, test &formalize

2.

from stories and build the skeleton

1st shock—the service is more complex
2nd shock—treatments and prevention are

Data problems
Blame data

Data search and data feed trial runs
Trials—shocks—results make sense

Reification

Experiment

1.

complementary
3rd shock—chronic patients are crucial

Doubting priors and
4th shock—the solution is pricing

Cycles—data collection and reconsider

Codify, complete

2.

redefinitions
Agree to the storyline

definitions
Verify the last trials and final skeleton

Changed to deductive model reasoning of the

service—no priors
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manner through a series of shocks by revealing the
flaws in their individual inferences and shared story-
lines. Cognitive transitions peaked during the for-
malisation and experimentation activities during the
reification phase in both groups, when the artefact
agency had the most impact. Specifically we
observed the following during the project activities
(Table 1a and 1b):

Table 1 compares the results from the two groups
and exhibits the incidents when cognition shifted.
The first observation is that the transitions in cogni-
tive switch were opposite. However, the process
upon which artefact agency developed and the way
it affected cognition was similar in both projects.
This process was twofold. First, interaction with the
model started during its construction while it was
still an abstract entity, and stimulated cognitive
action (Wachowski, 2018) reflecting on the artefacts’
dimensions and data needs. The agency of the
model in the construction phase depended on the
central control of the consultant who directed the
conversations. While the artefact was systematically
constructed, it gradually gained more independence.
As participants became more confident interacting
with it and cognitively assimilated the model’s logic,
the model changed to mode of reasoning of the par-
ticipants. Cognitive integration started to grow
when the model-artefact started to absorb more
information and became more explicit in its struc-
ture, more transparent in its function, and more
familiar and easier to interpret. Over time the rea-
soning process of the participants started to align
with the behaviour of the simulation experiments.
The interaction with the artefact eventually created
a socio-technical arrangement from where a
changed human cognitive mode of reasoning
emerged (Ueno et al, 2017, p. 95). This was the
gradual aspect of this process. The second element
in the process was a series of “shocks” or surprises
which were incidents that challenged a priori
assumptions and held storylines or expectations,
resulting in conflict that was resolved only when
people started thinking differently—and switched
from case- to model-based reasoning, and vice versa.
There were specific activities in the process where
the model exerted this type of agency which are
depicted in Table 1(a) and 1(b).

Table 1 shows that the difference of the transition
between the groups relates to the type of reasoning
the participants initially started with, and this is
related with the composition of each group. Group
A consisted of operational-level professionals, who
used case-based reasoning while strategic-oriented
professionals in Group B initiated the construction
process using deductive reasoning. Eventually,
through the process of integration and a series of
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Table 1 (b). The analysis of the artefact agency in the story-making process in Group B.

Story making phases Activities

Participants’ reaction Artefact agency

Construction
1. Problem definition / stories
2. Build, test & ormalize

Argue about objective and
parameters to hospital
admissions

Deduction—setting the agreed
parameters in order to build
the model structure

Data search and feed trial runs
Trials—shocks—results make
sense experimenting—playing
with parameters

Verify the last trials and
final structure

Reification
1. Experiment
2. Codify, complete

Negotiation
Disagreement
Skeleton too abstract

Reference for discussion about
what is important for hospital
admissions

Mapping general themes and
relations—questioning
the parameters

Disaggregate 1st trial—the representation is
Scope-down doubting priors and abstract
redefinitions 2nd trial—overcome data is never
Balance perfect
3rd shock—community treatment
cheaper

4th trial—the parameters are
correct

Balance between abstract and
operational

Inductive case reasoning

shocks, Group A (Table 1a) participants transitioned
to a deductive model-based reasoning while Group
B (Table 1b) switched to a case-based reasoning.
When the group followed a line of reasoning that
was too inductive or too deductive, the artefact cali-
brated their reasoning in a stepwise recursive man-
ner, by revealing the flaws in their inferences.

Cognitive transitions peaked during the formal-
isation and experimentation activities in the reifica-
tion phase in both groups, when the artefact agency
had the most impact. Therefore, we observed how
the model-artefact is more than a representation (or
mental model) of people’s stories as identified in
other studies (Scott et al., 2013, p. 216), but it also
made them think differently. SD models may (or
may not) create convergence of opinions and mental
models (Rouwette et al., 2002) particularly when
participants interact with the model long enough;
but the function of the artefact clearly transcends
these roles and exerts agency through the integra-
tion process and shock incidents as both
cases exhibit.

Contribution to theory

As a catalyst for cognitive transition, artefact agency
is a powerful construct to explain the process of
story-making emphasising the iteration between
reflection and action while the story represented by
the model is devised, and a plot (or story-line) is
invented. Group model building can be seen as a
process of story-making, because it abstracts indi-
vidual stakeholders’ stories into a shared cognitive
model that looks precise and legitimate (Abolafia,
2010). In story-making, plot lines and characters are
constructed and negotiated in a co-creative and
reflective way between humans (Johansson, 2004a,
2004b). Our study exhibits (Figure 1) how such a
process unfolds when humans interact with a simu-
lation model. Our investigation reveals what can be

described as a process of transformation through
“shocks.” These shocks can disengage participants
from the process but also motivate them to learn
more about the problem which they are attempting
to simulate.

In our earlier review section we discussed pertin-
ent work from different fields. Table 2 summarises
how we see the contribution of this study to each of
these fields.

The first contribution this study complements the
more typical focus in OR studies of group model-
building—i.e., facilitation and mental models. These
studies focus on the modelling activities and group
participation processes required to achieve consen-
sus between individuals, and develop a mental
model that is shared by the group. Our focus shifts
towards reasoning as an outcome of interacting with
the artefact, and shows how visual representations
facilitate understanding rather than consensus.
Thereby, we address earlier calls to demonstrate
how the visual representations of simulations facili-
tate shared understanding and socially constructed
shared meaning (Black, 2013).

We see our second contribution as bringing the-
orisation of the construct of “artefact agency” into
the discourse in the OR literature; this is a contribu-
tion that several studies published in JORS have
called for (e.g., Burger et al, 2019; Ormerod, 2010,
2014, 2017, 2020; Tavella & Lami, 2019). More spe-
cifically, this previous line of research has called for
more OR case studies using an ethnographic
method (Mingers, 2007), and with a new theoretical
direction focusing on human-artefact interaction
and shared agency (Burger et al.,, 2019; Ueno et al,,
2017) by focusing on the cognitive agency of the
artefact (Laasch et al., 2020). Our study responds to
this by exploring how human cognitive transition is
caused by artefact agency. We also show the triggers
within the different phases of model development
that instigate this cognitive transition.
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Figure 1. The “Simulation Agency” theoretical framework (the authors).

We also hope to contribute to the studies of
materiality and socio-materiality perspectives that
assign agency to both humans and technologies
through a relational lens. Our study examines how
changes in the type of reasoning are encouraged or
inhibited (afforded or constrained) by artefact
agency. While adopting a performative and process
perspective, we shift the focus from the effects of
individual or organisational behaviour to the cogni-
tive transition that precedes such behaviour.

Our fourth contribution is to the discourse on
risks at different phases of the group model-building
process. Previous studies have identified the need to
investigate human-artefact interaction in order to
understand how to overcome or mitigate such risks.
Our study shows how artefact agency relates to
these process risks.

The final contribution is to the field of case-based
and model-based reasoning in simulation projects.
Our study provides an empirical theorisation of cog-
nitive transition as a process and describes how the
iteration of inductive (case-based) and deductive
(model-based) reasoning occurs as a result of arte-
fact agency, for the formation of hypotheses, experi-
mentation tests and analogues. We explore how
simulation artefacts challenge and change individu-
als’ modes of reasoning leading eventually to the
integration of both model- and case-based modes of
reasoning using the structure of the artefact

Implications for practice

The findings have shown how simulation exerts
artefact agency during the group model-building
process by causing cognitive transition. A knowledge

of simulation agency gives the important added
benefit of improving the understanding of human
interaction with the technological artefact held by
facilitators and modellers, who can now acquire
more information on how to use the model struc-
ture and data to support different and diverse
groups more effectively. This can help modelling
practitioners in two ways.

First, the modeller is not a passive observer in
this process: the modeller is the facilitator of the
whole process as well as instrumental in bringing
the participants together into a group. This study
shows which elements of the simulation structure
influence participants through the two phases—con-
struction of a shared conceptual frame and reifica-
tion. In addition, the modeller enables the model to
exert agency by eliciting ideas from the group and
modifying diagrams and models (Black, 2013).
However, the modeller could inhibit the model’s
agency, for example by “cherry-picking” certain
ideas or data, or privileging some participants over
others. Moreover, the modeller is a facilitator
because they direct the attention of the group who
depend on them to experiment with the model, and
can encourage certain types of experimentation over
others. The case studies showed that the under-
standing achieved through this process was not eas-
ily available to people who had not engaged with
the model.

It is important to point out that the theory of
simulation agency does not diminish the role of the
modeller: on the contrary, it emphasises the key role
the modeller plays in the group model-building pro-
cess. We suggest that awareness of the powerful role
of the model’s agency enables the modeller to use
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the model structure and data in the most effective
way, supporting the creation and transmission of
knowledge. This includes ensuring that group mem-
bers work together effectively, helping them to con-
ceptualize and build the model, and supporting
them in experimenting with the model.

Conclusion

Interaction with the artefact during each phase in
the modelling projects changed the mode of partici-
pant reasoning that prevailed in each group (from
case to model reasoning, and vice versa). This first
happened through a process of cognitive integration
between the two and, second, through a series of
shocks or surprises that challenged the participants’
a priori assumptions. The artefact calibrated partici-
pants’ reasoning in a stepwise recursive manner
through a series of shocks, by revealing the flaws in
their individual inferences and shared storylines.
Cognitive transitions peaked during the formalisa-
tion and experimentation activities in both groups,
when the artefact agency had the greatest impact.
Therefore, we observed how rather than being a
representation of the synthesis of participants’ frag-
mented stories, the model-artefact made them think
differently and change the storyline of the problem
being addressed. SD models are representations (or
mental models) as identified in other studies (Scott
et al., 2013, p. 216), and may create convergence of
individual representations (Rouwette et al., 2002) if
participants interact with the model long enough;
but they also clearly transcend these roles and exert
agency through the integration process and shock
incidents as both cases exhibit.

In order to study the agency of SD artefacts and
the cognitive transition of humans in group model-
building projects, we adopted the definition of arte-
fact agency from the socio-technical perspective:
agency is shared and emerges from the interaction
between human and artefact; that eventually become
a socio-technical arrangement where the human
cognitive mode of reasoning emerges (Ueno et al.,
2017, p. 95). The case studies provided documented
evidence through an ethnographic method that
shows how cognitive transition happens as a result
of first, a process of interaction and second, by a
series of shocks or surprises.

We therefore created a conceptual framework
(Figure 1) to show how and when artefact agency
causes cognitive transition to human modes of rea-
soning. The framework not only incorporates this
relation between the concepts but also the phased
activities during which the transition occurs (con-
ceptual-process model).

The agency perspective on simulation models
which we developed here allowed us to investigate
the connection between artefact agency and cogni-
tive transition. We registered several contributions
in prior literature that this framework offers. Future
research projects in these fields could look deeper
into the polyphonic interactions between human
and artefact during integration and shocks. Several
studies have ventured into human-artefact inter-
action and focus on the translation process within
human-artefact interactions but the addition of
human cognition would strengthen this investiga-
tion. Our study complements the research in simu-
lation group problem-solving by adding the
elements of simulation agency and human cognition
to the corpus of this literature, and points to an
additional direction that may provide more answers
to group modelling.

Acknowledgements

We are grateful to the consultants and their clients who
allowed us to interview them and observe their model-
ling work.

Disclosure statement

No potential conflict of interest was
the authors.

reported by

Funding

This work was supported by the Engineering and Physical
Sciences Research Council [EP/1029788/1].

ORCID

Maria Kapsali
Steffen Bayer

http://orcid.org/0000-0002-4275-7541
http://orcid.org/0000-0002-7872-467X

References

Abolafia, M. Y. (2010). Narrative construction as sense-
making: How a Central Bank thinks. Organization
Studies,  31(3), 349-367. https://doi.org/10.1177/
0170840609357380

Alderman, N., Ivory, C., McLoughlin, I., & Vaughan, R.
(2005). Sense-making as a process within complex ser-
vice projects. International Journal of Project
Management, 23(5), 380-385. https://doi.org/10.1016/j.
ijproman.2005.01.004

Andersen, D. F., Richardson, G. P., & Vennix, J. A. (1997).
Group model building: Adding more science to the craft.
System Dynamics Review: The Journal of the System
Dynamics Society, 13(2), 187-201. https://doi.org/10.
1002/(SICI)1099-1727(199722)13:2<187::AID-
SDR124>3.0.CO;2-O

Andersen, D. F., Vennix, J. A., Richardson, G. P., &
Rouwette, E. A. (2007). Group model building:
Problem structuring, policy simulation and decision


https://doi.org/10.1177/0170840609357380
https://doi.org/10.1177/0170840609357380
https://doi.org/10.1016/j.ijproman.2005.01.004
https://doi.org/10.1016/j.ijproman.2005.01.004
https://doi.org/10.1002/(SICI)1099-1727(199722)13:2187::AID-SDR1243.0.CO;2-O
https://doi.org/10.1002/(SICI)1099-1727(199722)13:2187::AID-SDR1243.0.CO;2-O
https://doi.org/10.1002/(SICI)1099-1727(199722)13:2187::AID-SDR1243.0.CO;2-O

support. Journal of the Operational Research Society,
58(5), 691-694. https://doi.org/10.1057/palgrave.jors.
2602339

Barad, K. (2003). Posthumanist performativity: Toward an
understanding of how matter comes to matter. Signs:
Journal of Women in Culture and Society, 28(3),
801-831. https://doi.org/10.1086/345321

Barad, K. (2007). Meeting the universe halfway: Quantum
physics and the entanglement of matter and meaning.
Duke University Press.

Barrett, M., & Oborn, E. (2010). Boundary object use in
cross-cultural software development teams. Human
Relations, 63(8), 1199-1221. https://doi.org/10.1177/
0018726709355657

Black, L. J. (2013). When visuals are boundary objects in
system dynamics work. System Dynamics Review, 29(2),
70-86. https://doi.org/10.1002/sdr.1496

Bluhm, D. J., Harman, W., Lee, T. W., & Mitchell, T. R.
(2011). Qualitative research in management: A decade
of progress. Journal of Management Studies, 48(8),
1866-1891.  https://doi.org/10.1111/j.1467-6486.2010.
00972.x

Blumer, H. (1969). Symbolic interactionism: Perspective
and method. Prentice-Hall.

Boje, D. M. (1991). The storytelling organization: A study
of story performance in an office - supply firm.
Administrative Science Quarterly, 36(1), 106-126.
https://doi.org/10.2307/2393432

Bolt, T., Bayer, S., Kapsali, M., & Brailsford, S. (2020). An
analytical framework for group simulation model
building. Health Systems, 1-14. https://doi.org/10.1080/
20476965.2020.1740613

Bresnen, M., Edelman, L., Newell, S., Scarbrough, H., &
Swan, J. (2003). Social practices and the management
of knowledge in project environments. International
Journal of Project Management, 21(3), 157-166. https://
doi.org/10.1016/S0263-7863(02)00090-X

Brey, P. (2006). The social agency of technological arti-
facts. In User behavior and technology development (pp.
71-80). Springer.

Burger, K., White, L., & Yearworth, M. (2019).
Developing a smart operational research with hybrid
practice theories. European Journal of Operational
Research, 277(3), 1137-1150. https://doi.org/10.1016/j.
€jor.2019.03.027

Callon, M. (2006). The role of hybrid communities and
socio-technical arrangements in the participatory design
Kagakuteki jissen no fieldwork: Hybrid no design
[Fieldwork in science practice: Design of hybrid]. Serika
Shobou.

Carlile, P. R. (2002). A pragmatic view of knowledge and
boundaries: Boundary objects in new product develop-
ment. Organization Science, 13(4), 442-455. https://doi.
org/10.1287/orsc.13.4.442.2953

Chongthammakun, R., Jackson, S. J. (2012). Boundary
objects, agents, and organizations: Lessons from e-docu-
ment system development in Thailand. 2012 45th
Hawaii International Conference on System Sciences
(pp. 2249-2258), IEEE.

Cochran, J. K., Mackulak, G. T., & Savory, P. A. (1995).
Simulation project characteristics in industrial settings.
Interfaces, 25(4), 104-113. https://doi.org/10.1287/inte.
25.4.104

Cunliffe, A., & Coupland, C. (2012). From hero to villain
to hero: Making experience sensible through embodied
narrative sensemaking. Human Relations, 65(1), 63-88.
https://doi.org/10.1177/0018726711424321

JOURNAL OF THE OPERATIONAL RESEARCH SOCIETY 1441

D’Adderio, L. (2008). The performativity of routines:
Theorising the influence of artefacts and distributed
agencies on routines dynamics. Research Policy, 37(5),
769-789. https://doi.org/10.1016/j.respol.2007.12.012

de Gooyert, V., Rouwette, E., van Kranenburg, H., &
Freeman, E. (2017). Reviewing the role of stakeholders
in Operational Research: A stakeholder theory perspec-
tive. European Journal of Operational Research, 262(2),
402-410. https://doi.org/10.1016/j.ejor.2017.03.079

Develaki, M. (2017a). Using computer simulations for
promoting  model-based  reasoning.  Science &
Education, 26(7-9), 1001-1027. https://doi.org/10.1007/
s11191-017-9944-9

Develaki, M. (2017b). Addressing science educational
issues and goals from a modelling-based perspective—
An integrating account. Science ¢ Education, 26(6),
719-734. https://doi.org/10.1007/s11191-017-9911-5

Dodgson, M., Gann, D., & Salter, A. (2007). The impact
of modelling and simulation on engineering problem
solving. Technology Analysis & Strategic Management,
19(4), 471-489. https://doi.org/10.1080/
09537320701403425

Eriksson-Zetterquist, U., Lindberg, K., & Styhre, A.
(2009). When the good times are over: Professionals
encountering new technology. Human Relations, 62(8),
1145-1170. https://doi.org/10.1177/0018726709334879

Eskinasi, M., & Fokkema, E. (2006). Lessons learned from
unsuccessful modelling interventions. Systems Research
and Behavioral Science, 23(4), 483-492. https://doi.org/
10.1002/sres.774

Ewenstein, B., & Whyte, J. (2009). Knowledge practices in
design: The role of visual representations as ‘Epistemic
objects’. Organization Studies, 30(1), 07-30. https://doi.
org/10.1177/0170840608083014

Franco, A. (2013). Rethinking Soft OR interventions:
Models as boundary objects. European Journal of
Operational Research, 231, 720-733.

Franco, A., & Montibeller, G. (2010). Facilitated model-
ling in operational research. European Journal of
Operational Research, 205(3), 489-500. https://doi.org/
10.1016/j.ejor.2009.09.030

Franco, L. A., Rouwette, E. A. J. A, & Korzilius, H.
(2016). Different paths to consensus? The impact of
need for closure on model-supported group conflict
management.  European  Journal of Operational
Research, 249(3), 878-889. https://doi.org/10.1016/j.ejor.
2015.06.056

Gabriel, Y. (1991). On organizational stories and myths:
Why it is easier to slay a dragon than to kill a myth.
International Sociology, 6(4), 427-442. https://doi.org/
10.1177/026858091006004004

Garrety, K., Robertson, P. L, & Badham, R. (2004).
Integrating communities of practice in technology
development projects. International Journal of Project
Management, 22(5), 351-358. https://doi.org/10.1016/j.
ijproman.2003.08.003

Gibson, J. (1977). The theory of affordances. In
Perceiving, acting, and knowing: Toward an ecological
psychology, ed. R. Shaw and J. Bransfor (pp. 67-82).
Lawrence Erlbaum Associates.

Gilbert, J. K., & Justi, R. (2016). Modelling-based teaching
in science education (p. 264). Springer. ISBN: 978-3-
319-29038-6.

Glaser, B. G., & Strauss, A. L. (1967). The discovery of
grounded theory: Strategies of qualitative research.
Aldine.


https://doi.org/10.1057/palgrave.jors.2602339
https://doi.org/10.1057/palgrave.jors.2602339
https://doi.org/10.1086/345321
https://doi.org/10.1177/0018726709355657
https://doi.org/10.1177/0018726709355657
https://doi.org/10.1002/sdr.1496
https://doi.org/10.1111/j.1467-6486.2010.00972.x
https://doi.org/10.1111/j.1467-6486.2010.00972.x
https://doi.org/10.2307/2393432
https://doi.org/10.1080/20476965.2020.1740613
https://doi.org/10.1080/20476965.2020.1740613
https://doi.org/10.1016/S0263-7863(02)00090-X
https://doi.org/10.1016/S0263-7863(02)00090-X
https://doi.org/10.1016/j.ejor.2019.03.027
https://doi.org/10.1016/j.ejor.2019.03.027
https://doi.org/10.1287/orsc.13.4.442.2953
https://doi.org/10.1287/orsc.13.4.442.2953
https://doi.org/10.1287/inte.25.4.104
https://doi.org/10.1287/inte.25.4.104
https://doi.org/10.1177/0018726711424321
https://doi.org/10.1016/j.respol.2007.12.012
https://doi.org/10.1016/j.ejor.2017.03.079
https://doi.org/10.1007/s11191-017-9944-9
https://doi.org/10.1007/s11191-017-9944-9
https://doi.org/10.1007/s11191-017-9911-5
https://doi.org/10.1080/09537320701403425
https://doi.org/10.1080/09537320701403425
https://doi.org/10.1177/0018726709334879
https://doi.org/10.1002/sres.774
https://doi.org/10.1002/sres.774
https://doi.org/10.1177/0170840608083014
https://doi.org/10.1177/0170840608083014
https://doi.org/10.1016/j.ejor.2009.09.030
https://doi.org/10.1016/j.ejor.2009.09.030
https://doi.org/10.1016/j.ejor.2015.06.056
https://doi.org/10.1016/j.ejor.2015.06.056
https://doi.org/10.1177/026858091006004004
https://doi.org/10.1177/026858091006004004
https://doi.org/10.1016/j.ijproman.2003.08.003
https://doi.org/10.1016/j.ijproman.2003.08.003

1442 M. KAPSALI ET AL.

Gonzdlez, C., Burguillo, J. C., Llamas, M., & Laza, R.
(2013). Designing intelligent tutoring systems: A per-
sonalization strategy using case-based reasoning and
multi-agent systems. ADCAIJ: Advances in Distributed
Computing and Artificial Intelligence Journal, 2(1),
41-54. https://doi.org/10.14201/ADCAIJ2013244154

Graham, D., Smith, S. D., & Crapper, M. (2004).
Improving concrete placement simulation with a case-
based reasoning input. Civil Engineering and
Environmental Systems, 21(2), 137-150. https://doi.org/
10.1080/10286600410001688937

Hernes, T., & Maitlis, S. (2010). Process, sensemaking, and
organizing. OUP.

Hoegl, M., Weinkauf, K., & Gemuenden, H. G. (2004).
Inter-team coordination, project commitment, and
teamwork in multi-team R&D projects: A longitudinal
study. Organization Science, 15(1), 38-55. https://doi.
org/10.1287/0rsc.1030.0053

Hovmand, P. (2014). Community based system dynamics.
Springer.

Howick, S., Ackermann, F., & Andersen, D. (2006).
Linking event thinking with structural thinking:
Methods to improve client value in projects. System
Dynamics Review, 22(2), 113-140. https://doi.org/10.
1002/sdr.332

Humle, D. M., & Pedersen, A. R. (2015). Fragmented
work stories: Developing an antenarrative approach by

discontinuity, tensions and editing. Management
Learning, 46(5), 582-597. https://doi.org/10.1177/
1350507614553547

Jarrahi, M. H., & Nelson, S. B. (2018). Agency, socioma-
teriality, and configuration work. The Information
Society,  34(4), 244-260. https://doi.org/10.1080/
01972243.2018.1463335

Jarzabkowski, P., & Kaplan, S. (2015). Strategy tools-in-
use: A framework for understanding “technologies of
rationality” in practice. Strategic Management Journal,
36(4), 537-558. https://doi.org/10.1002/smj.2270

Jensen, C., Johansson, S., & Lofstrom, M. (2006). Project
relationships - A model for analyzing interactional

uncertainty.  International ~ Journal  of  Project
Management, 24(1), 4-12. https://doi.org/10.1016/j.
ijproman.2005.06.004

Johansson, A. W. (2004a). Consulting as story-making.
Journal of Management Development, 23(4), 339-354.
https://doi.org/10.1108/02621710410529794

Johansson, A. W. (2004b). Narrating the entrepreneur.
International Small Business Journal: Researching
Entrepreneurship, 22(3), 273-293. https://doi.org/10.
1177/0266242604042379

Kallinikos, J. (2005). The order of technology: Complexity
and control in a connected world. Information and
Organization, 15(3), 185-202. https://doi.org/10.1016/j.
infoandorg.2005.02.001

Knouf, N. A. (2007). Syngva: An object that raises ques-
tions of agency, relationship, and control. Proceedings
of the 6th ACM SIGCHI Conference on Creativity &
Cognition (C&C °07). Association for Computing
Machinery, New York, NY, USA, 288pp.

Knuuttila, T., & Voutilainen, A. (2003). A parser as an
epistemic artefact: A material view on models.
Philosophy of Science, 70(5), 1484-1495. https://doi.org/
10.1086/377424

Koskinen, K. U., & Makinen, S. (2009). Role of boundary
objects in negotiations of project contracts.
International Journal of Project Management, 27(1),
31-38. https://doi.org/10.1016/j.ijproman.2007.10.006

Krummbheuer, A. (2015). Technical Agency in Practice:
The enactment of artefacts as conversation partners,
actants and opponents. PsychNology Journal, 13(2-3),
179-202.

Kwon, Y.-J., Jeong, J.-S., & Park, Y.-B. (2006). Roles of
abductive reasoning and prior belief in children’s gen-
eration of hypotheses about pendulum motion. Science
& Education, 15(6), 643-656. https://doi.org/10.1007/
s11191-004-6407-x

Laasch, O., Moosmayer, D. C, & Arp, F. (2020).
Responsible Practices in the Wild: An actor network
perspective on mobile apps in learning as transla-
tion(s). Journal of Business Ethics, 161(2), 253-277.
https://doi.org/10.1007/s10551-019-04214-8

Lawson, A. E. (2003). The nature and development of
hypothetico-predictive argumentation with implications
for science teaching. International Journal of Science
Education, 25(11), 1387-1408. https://doi.org/10.1080/
0950069032000052117

Lawson, A. E. (2009). Basic inferences of scientific reason-
ing, argumentation, and discovery. Science Education,
94(2), 336-364. https://doi.org/10.1002/sce.20357

Leonardi, P. M., & Barley, S. R. (2008). Materiality and
change: Challenges to building better theory about
technology and  organizing.  Information  and
Organization, 18(3), 159-176. https://doi.org/10.1016/j.
infoandorg.2008.03.001

Maitlis, S. (2005). The social processes of organizational
sensemaking. Academy of Management Journal, 48(1),
21-49. https://doi.org/10.5465/am;j.2005.15993111

Meadows, D., & Robinson, J. M. (1985). The electronic
oracle: Computer models and social decisions. John
Wiley & Sons.

Miles, M. B., & Huberman, A. M. (1994). Qualitative data
analysis: An expanded sourcebook (2nd ed.). Sage
Publications.

Mingers, J. (2007). Operational research: The science of
better? Journal of the Operational Research Society,
58(5), 683-686. https://doi.org/10.1057/palgrave.jors.
2602333

Orlikowski, W. J. (2007). Sociomaterial practices: Exploring
technology at work. Organization Studies, 28(9),
1435-1448. https://doi.org/10.1177/0170840607081138

Orlikowski, W. J., & Scott, S. V. (2008). 10 sociomaterial-
ity: Challenging the separation of technology, work and
organization. Academy of Management Annals, 2(1),
433-474. https://doi.org/10.5465/19416520802211644

Ormerod, R. (2014). The mangle of OR practice: Towards
more informative case studies of ‘technical’ projects.
Journal of the Operational Research Society, 65(8),
1245-1260. https://doi.org/10.1057/jors.2013.78

Ormerod, R. (2017). Writing practitioner case studies to
help behavioural OR researchers ground their theories:
Application of the mangle perspective. Journal of the
Operational Research Society, 68(5), 507-520. https://
doi.org/10.1057/s41274-016-0011-8

Ormerod, R. (2020). The history and ideas of sociological
functionalism: Talcott Parsons, modern sociological
theory, and the relevance for OR. Journal of the
Operational ~Research  Society, 71(12), 1873-1899.
https://doi.org/10.1080/01605682.2019.1640590

Ormerod, R. J. (2010). Articulate intervention revisited.
Journal of the Operational Research Society, 61(7),
1078-1094. https://doi.org/10.1057/jors.2009.47

Papadimitriou, K., & Pellegrin, C. (2007). Dynamics of a
project through Intermediary Objects of Design
(IODs): A sensemaking perspective. International


https://doi.org/10.14201/ADCAIJ2013244154
https://doi.org/10.1080/10286600410001688937
https://doi.org/10.1080/10286600410001688937
https://doi.org/10.1287/orsc.1030.0053
https://doi.org/10.1287/orsc.1030.0053
https://doi.org/10.1002/sdr.332
https://doi.org/10.1002/sdr.332
https://doi.org/10.1177/1350507614553547
https://doi.org/10.1177/1350507614553547
https://doi.org/10.1080/01972243.2018.1463335
https://doi.org/10.1080/01972243.2018.1463335
https://doi.org/10.1002/smj.2270
https://doi.org/10.1016/j.ijproman.2005.06.004
https://doi.org/10.1016/j.ijproman.2005.06.004
https://doi.org/10.1108/02621710410529794
https://doi.org/10.1177/0266242604042379
https://doi.org/10.1177/0266242604042379
https://doi.org/10.1016/j.infoandorg.2005.02.001
https://doi.org/10.1016/j.infoandorg.2005.02.001
https://doi.org/10.1086/377424
https://doi.org/10.1086/377424
https://doi.org/10.1016/j.ijproman.2007.10.006
https://doi.org/10.1007/s11191-004-6407-x
https://doi.org/10.1007/s11191-004-6407-x
https://doi.org/10.1007/s10551-019-04214-8
https://doi.org/10.1080/0950069032000052117
https://doi.org/10.1080/0950069032000052117
https://doi.org/10.1002/sce.20357
https://doi.org/10.1016/j.infoandorg.2008.03.001
https://doi.org/10.1016/j.infoandorg.2008.03.001
https://doi.org/10.5465/amj.2005.15993111
https://doi.org/10.1057/palgrave.jors.2602333
https://doi.org/10.1057/palgrave.jors.2602333
https://doi.org/10.1177/0170840607081138
https://doi.org/10.5465/19416520802211644
https://doi.org/10.1057/jors.2013.78
https://doi.org/10.1057/s41274-016-0011-8
https://doi.org/10.1057/s41274-016-0011-8
https://doi.org/10.1080/01605682.2019.1640590
https://doi.org/10.1057/jors.2009.47

Journal of Project Management, 25(5), 437-445. https://
doi.org/10.1016/j.ijproman.2006.11.002

Parnafes, O., & Disessa, A. (2004). Relations between
types of reasoning and computational representations.
International Journal of Computers for Mathematical
Learning, 9(3), 251-280. https://doi.org/10.1007/s10758-
004-3794-7

Pea, R. D. (1993). Practices of distributed intelligence and
designs  for education.  Distributed  Cognitions:
Psychological and Educational Considerations, 11,
47-87.

Pickering, A. (1995). The mangle of practice. University of
Chicago Press.

Popper, K. R. (1959). The logic of scientific discovery.
Hutchinson.

Richardson, G. P. (2006). Concept models. Proceedings of
the 2006 International Conference of the System
Dynamics Society, Nijmegen, The Netherlands. System
Dynamics Society: Albany, NY.

Ricoeur, P. (1984). Time and narrative. University of
Chicago Press.

Rosenberger, R. (2014). Multistability and the agency of
mundane artifacts: From speed bumps to subway
benches. Human Studies, 37(3), 369-392. https://doi.
0rg/10.1007/s10746-014-9317-1

Rouwette, E. A. J. A, Vennix, J. A. M., & Mullekom,
T. V. (2002). Group model building effectiveness: A
review of assessment studies. System Dynamics Review,
18(1), 5-45. https://doi.org/10.1002/sdr.229

Salomon, G., Perkins, D. N., & Globerson, T. (1991).
Partners in cognition: Extending human intelligence
with intelligent technologies. Educational Researcher,
20(3), 2-9. https://doi.org/10.3102/0013189X020003002

Scarbrough, H., Swan, J., Laurent, S., Bresnen, M.,
Edelman, L., & Newell, S. (2004). Project-based learn-
ing and the role of learning boundaries. Organization
Studies, 25(9), 1579-1600. https://doi.org/10.1177/
0170840604048001

Schwartz, D. L., & Black, J. B. (1996a). Shuttling between
depictive models and abstract rules: Induction and fall-
back. Cognitive Science, 20(4), 457-497. https://doi.org/
10.1207/s15516709c0g2004_1

Schwartz, D. L., & Black, J. B. (1996b). Analog imagery in
mental model reasoning: Depictive models. Cognitive
Psychology, 30(2), 154-219. https://doi.org/10.1006/
cogp.1996.0006

Scott, R. J., Cavana, R. Y., & Cameron, D. (2013).
Evaluating immediate and long-term impacts of quali-
tative group model building workshops on participants’
mental models. System Dynamics Review, 29(4),
216-236. https://doi.org/10.1002/sdr.1505

Simon, H. A. (1978). Rationality as process and as prod-
uct of thought. The American Economic Review, 68,
1-16.

Slife, B. D. (2004). Taking practice seriously: Toward a
relational ontology. Journal of Theoretical and
Philosophical Psychology, 24(2), 157-178. https://doi.
0rg/10.1037/h0091239

Swan, J., Bresnen, M., Newell, S., & Robertson, M. (2007).
The object of knowledge: The role of objects in bio-
medical innovation. Human  Relations, 60(12),
1809-1837. https://doi.org/10.1177/0018726707084915

Tako, A. A. (2008). Development and use of simulation
models in Operational Research: A comparison of dis-
crete-event simulation and system dynamics (Doctor of
Philosophy). University of Warwick. http://go.warwick.
ac.uk/wrap/2984

JOURNAL OF THE OPERATIONAL RESEARCH SOCIETY 1443

Tako, A. A., & Kotiadis, K. (2015). PartiSim: A multi-
methodology framework to support facilitated simula-
tion modelling in healthcare. European Journal of
Operational Research, 244(2), 555-564. https://doi.org/
10.1016/j.¢jor.2015.01.046

Tako, A. A., & Robinson, S. (2010). Model development
in discrete-event simulation and system dynamics: An
empirical study of expert modellers. European Journal
of Operational Research, 207(2), 784-794. https://doi.
0rg/10.1016/j.ejor.2010.05.011

Tavella, E., & Lami, I. (2019). Negotiating perspectives
and values through soft OR in the context of urban
renewal. Journal of the Operational Research Society,
70(1), 136-161. https://doi.org/10.1080/01605682.2018.
1427433

Tully, P., White, L., & Yearworth, M. (2019). The value
paradox of problem structuring methods. Systems
Research and Behavioral Science, 36(4), 424-444.
https://doi.org/10.1002/sres.2557

Ueno, N., Sawyer, R., & Moro, Y. (2017). Reconstitution
of sociotechnical arrangements: Agency and the design
of artifacts. Mind, Culture, and Activity, 24(2), 95-109.
https://doi.org/10.1080/10749039.2017.1296467

Urban, G. L. (1974). Building models for decision makers.
Interfaces, 4(3), 1-11. https://doi.org/10.1287/inte.4.3.1

Vennix, J. (1996). Group model building: Facilitating team
learning using system dynamics. Wiley.

Vennix, J. A. M. (1990). Mental models and computer
models. Design and evaluation of a computer-based

learning  environment for policy making [Ph.D.
Dissertation]. ~ University =~ of = Nijmegen,  The
Netherlands.

Verburgh, L. D. (1994). Participative policy modelling:
Applied to the health care insurance industry.
Linschoten, Den Haag, the Netherlands: L.D. Verburgh.
ISBN: 9090069534.

Wachowski, W. M. (2018). Commentary: Distributed cog-
nition and distributed morality: Agency, artifacts and
systems. Frontiers in Psychology, 9(April), 490-491.
https://doi.org/10.3389/fpsyg.2018.00490

Weick, K. E. (2012). Organized sensemaking: A commen-
tary on processes of interpretive work. Human
Relations, 65(1), 141-153. https://doi.org/10.1177/
0018726711424235

Wiberg, M., Ishii, H., Dourish, P., Vallgirda, A., Kerridge,
T., Sundstrom, P., Rosner, D., & Rolston, M. (2013).
Materiality matters—experience materials. Interactions,
20(2), 54-57. https://doi.org/10.1145/2427076.2427087

Yakura, E. K. (2002). Charting time: Timelines as tem-
poral boundary objects. Academy of Management
Journal, 45(5), 956-970.

Zammuto, R. F., Griffith, T. L., Majchrzak, A., Dougherty,
D. J., & Faraj, S. (2007). Information technology and
the changing fabric of organization. Organization
Science, 18(5), 749-762. https://doi.org/10.1287/orsc.
1070.0307

Zhang, D. M., & Alem, L. (1996). Using case-based rea-
soning for exercise design in simulation-based training.
In C. Frasson, G. Gauthier, and A. Lesgold (Eds.),
Proceedings of the third international conference, ITS96.
Springer.

Zhu, Z. (2011). After paradigm: Why mixing-method-
ology theorising fails and how to make it work again.
Journal of the Operational Research Society, 62(4),
784-798. https://doi.org/10.1057/jors.2010.31


https://doi.org/10.1016/j.ijproman.2006.11.002
https://doi.org/10.1016/j.ijproman.2006.11.002
https://doi.org/10.1007/s10758-004-3794-7
https://doi.org/10.1007/s10758-004-3794-7
https://doi.org/10.1007/s10746-014-9317-1
https://doi.org/10.1007/s10746-014-9317-1
https://doi.org/10.1002/sdr.229
https://doi.org/10.3102/0013189X020003002
https://doi.org/10.1177/0170840604048001
https://doi.org/10.1177/0170840604048001
https://doi.org/10.1207/s15516709cog2004_1
https://doi.org/10.1207/s15516709cog2004_1
https://doi.org/10.1006/cogp.1996.0006
https://doi.org/10.1006/cogp.1996.0006
https://doi.org/10.1002/sdr.1505
https://doi.org/10.1037/h0091239
https://doi.org/10.1037/h0091239
https://doi.org/10.1177/0018726707084915
http://go.warwick.ac.uk/wrap/2984
http://go.warwick.ac.uk/wrap/2984
https://doi.org/10.1016/j.ejor.2015.01.046
https://doi.org/10.1016/j.ejor.2015.01.046
https://doi.org/10.1016/j.ejor.2010.05.011
https://doi.org/10.1016/j.ejor.2010.05.011
https://doi.org/10.1080/01605682.2018.1427433
https://doi.org/10.1080/01605682.2018.1427433
https://doi.org/10.1002/sres.2557
https://doi.org/10.1080/10749039.2017.1296467
https://doi.org/10.1287/inte.4.3.1
https://doi.org/10.3389/fpsyg.2018.00490
https://doi.org/10.1177/0018726711424235
https://doi.org/10.1177/0018726711424235
https://doi.org/10.1145/2427076.2427087
https://doi.org/10.1287/orsc.1070.0307
https://doi.org/10.1287/orsc.1070.0307
https://doi.org/10.1057/jors.2010.31

	Abstract
	Introduction
	Literature review: Artefact agency and cognitive transitions in the group model-building projects
	Cognitive-reasoning functions through the lens of story-making
	Section one: Operations research and artefact agency—perspectives from actor network theory
	Section two: Group model building
	Facilitation and mental models
	Simulation as an artefact
	Process and phases


	Research design
	Data collection
	Context and case studies
	Data analysis


	Case study findings
	Group A: From case to model-based reasoning
	PHASE 1: Construction
	PHASE 2: Reification

	Group B: From model to case-based reasoning
	PHASE 1: Construction
	PHASE 2: Reification


	Discussion: The SD model as an agent and the reasoning of people
	Contribution to theory
	Implications for practice

	Conclusion
	Acknowledgements
	Disclosure statement
	Funding
	Orcid
	References


