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Abstract

As a field, system dynamics has made more progress in developing formal model evaluation
methods that use quantitative data than ones that use qualitative data. This article describes a for-
mal method for evaluating a causal loop diagram (CLD) in late-stage
conceptualization – referred to as rigorously interpreted quotation analysis – and illustrates its
application in a case study. The method uses a systematic and explicit interpretive process to
confirm or disconfirm all diagram elements in a CLD by comparing it to stakeholders’ verbatim
descriptions of their experiences in a complex dynamic situation. In so doing, this method
enables the resolution of discrepancies between a CLD and qualitative data, building confidence
in the structural aspects of a dynamic hypothesis. It does so via a process that is approachable
for experts and stakeholders alike.
Copyright © 2022 System Dynamics Society.
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Introduction

In the allegory of the blind people and the elephant, blindness hinders peo-
ple from accurately perceiving the elephant they encounter. Each person
touches only a part of the body, such as tusk, tail, or side, and believes that
an elephant is like a sword, snake, or wall. After much disagreement, they
conclude: all parts must be considered together to learn the truth.
Similarly, in social problems, our cognitive limitations hinder us from

accurately understanding a system’s structure and resulting dynamic behav-
ior. In system dynamics, we hope that we can create a more holistic
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understanding by (i) eliciting individuals’ experiences and (ii) diagramming
and simulating what has been shared. Validation techniques enable us to
interrogate the elicited data as we evaluate and revise this understanding be
it in the form of a diagram or a simulation model.

Just like our problem stakeholders, we are one of the blind people, with
our own perception of the elephant – a perception that is limited and inaccu-
rate. Through the modeling process, we seek to improve our collective per-
ception by bringing together the available, relevant data and correcting that
perception as we go.

As a field, system dynamics has made more progress in developing formal
model-evaluation methods that use quantitative data than ones that use qualita-
tive data (Andersen et al., 2012). Formal evaluation methods that make use of
high-quality qualitative data are needed. Innovating formal tools that employ
qualitative data will improve the field’s ability to triangulate and check our work
against empirical data to systematically mitigate the risk of bias introduced in the
modeling process (Sterman, 2018c). By creating explicit links between model ele-
ments and qualitative data and by systematically documenting the interpretive
process, system dynamics modelers can build confidence in models while
uncovering flaws in modeler interpretation that can lead to further structural
modifications. Formal methods used by qualitative researchers outside system
dynamics offer useful insights, but they are not designed with precise causal
diagramming conventions in mind. Therefore, the method introduced in this arti-
cle attempts to fill the need (inside system dynamics) for formal evaluation
methods that use high-quality qualitative data and the need (outside system
dynamics) for such methods to use precise causal diagramming conventions.

The rigorously interpreted quotation (RIQ) method is an analytical tool
that supports systematic analysis of qualitative data. In this article, we pre-
sent examples for conducting RIQ analysis in the conceptualization phase of
a system dynamics modeling process (although the method can also be used
for other purposes (c.f., (Tomoaia-Cotisel, 2018)). As will be further
explained later in the article, RIQ analysis builds on existing qualitative
methods in system dynamics and in the broader social-science literature.

What is the rigorously interpreted quotation method?

The RIQ method is one way of implementing structure-validating processes
(Barlas, 1996; Lane, 1995; Richardson, 2019; Saeed, 1992) where comparison
and reconciliation of system structures takes place. More specifically, the
RIQ method uses: (i) a causal loop diagram (CLD) developed during initial
conceptualization and (ii) purposive texti regarding the problem being

iAccording to Kim and Andersen (2012), purposive text data comes from stakeholders with extensive knowl-
edge about the system or problem at hand. Its descriptions are “frank and unfeigned,” and they reveal mental
models of the stakeholders “with a reasonable degree of confidence” (pp. 312–313).
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studied. Purposive text is used to evaluateii and modify the CLD during late-
stage conceptualization. The product of RIQ analysis is an improved version
of the project’s conceptualized system. This CLD becomes the basis of the
working model later used for behavior validating processes (Lane, 1995;
Richardson, 2019; Saeed, 1992). See Figure A1 in the online supporting
information for how this method fits into a system dynamics process. (See
the “future research” section for additional proposed applications of the RIQ
method.)

Motivation for development of the rigorously interpreted quotation method

The RIQ method was initially developed in Tomoaia-Cotisel (2018) for a case
study of primary-care transformation involving the use of CLDs and system
dynamics simulation. This study attempted to understand why it has been
so challenging for many primary-care clinicians inside one academic medi-
cal center to transform their clinics into ones that deliver comprehensive,
coordinated, continuous, and accessible care for their full panel of patients.
Using a system dynamics model, the author showed how the health-care sys-
tem structure, stakeholder preferences, and policies together shape the vari-
ety of trajectories experienced.
In this case study, which we refer to as the parent study, stakeholder pref-

erences and their mental models of the system played a key role in determin-
ing the system’s behavior. The author needed formal methods to elicit
individual mental models, combine these understandings to create a CLD,
and evaluate (and make any needed revisions to) that CLD before it was used
as the blueprint for simulation modeling and policy analysis. The RIQ
method was developed for this verification purpose.

Organization of the article

Our article is organized as follows: First, we review relevant literature in sys-
tem dynamics and in social science more generally – literature on different
qualitative methods that influenced the development of RIQ analysis. We
also discuss the gap that the RIQ method attempts to fill. Second, we briefly
introduce the research context in which the RIQ method was originally
developed and used. The goal is to illustrate where in the research process
the RIQ method was applied and how it contributed to the overall research
outcomes. Third, using simple examples from that research project, we
detail how RIQ analysis can be conducted. Fourth, we provide a summary of
CLD refinement results from RIQ analysis to illustrate potential value of
using the RIQ method. Fifth, we conclude by reflecting on contributions and

iiWhen thinking of evaluating a CLD, people might use different terms (e.g., to verify a CLD or to validate
a CLD).
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limitations of the current approach and propose future research areas. In so
doing, we present RIQ analysis as a useful guide for a broad range of
researchers and practitioners working with qualitative data and CLDs.

Literature review

In this section, we briefly review the system dynamics literature and the
broader literature on qualitative methods in social sciences which influenced
the RIQ method development. But before delving into this literature, we dis-
cuss the importance of qualitative data in modeling and how it relates to the
reliability and validity issues in qualitative research.

Qualitative model validation and research quality

Written and mental databases play an important role in system dynamics
research (Forrester, 1961, 1980). Since Industrial Dynamics (Forrester, 1961),
“descriptive information” has been essential for all stages of modeling—
encompassing model conceptualization, formulation, experimentation, and
evaluation. Forrester provided two reasons supporting the use of both quan-
titative and qualitative data in the treatment of validity: (i) many aspects of
system dynamics model development are based on qualitative mental data,
and the same type of data should be used to validate such a model, and
(ii) it expands the number of problems which can be studied. In Forrester’s
words: as “a preponderant amount of human knowledge is in non-
quantitative form… [therefore] model building and model validation do not
[need to] stop at the boundary where numerical data fail” (p. 129).

Similar calls for using nonnumerical data for validation can be found in
the broader field of modeling and simulation. For example, operations
researchers Oral and Kettani (1993) reaffirm Forrester’s observation that the
richest source of data for modeling is “mental data bases” consisting of men-
tal models, and that such data have a place in model validation (p. 226). Of
the formal methods for qualitative validation, these authors describe system
dynamics’ inherent advantages in conceptualization and conclude that,
when it is “using the cognitive capacities of the relevant actors fully [it] is
perhaps the most promising [method] … for determining the validity of a
given ‘conceptual model’” (p. 227).

Nonnumerical data are made up of various types of qualitative information
that are found jumbled in terms of their forms, topics, sources, styles, and
purposes. Qualitative analysis involves sorting out the data that are more
informative for the study purpose from the rest (Forrester, 1980; Guest
et al., 2012a; Hodgkinson and Clarkson, 2005; Kim and Andersen, 2012; Van
Maanen, 1979). Qualitative researchers across the social sciences have devel-
oped a variety of formal interpretive processes in order to analyze qualitative
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data, and they can be applied with varying degrees of quality (Harding and
Seefeldt, 2013).
According to Creswell (2014),iii quality in qualitative research combines

both validation and reliability. Validation is about using multiple activities
that enhance the researcher’s ability to check the accuracy of findings
(cf. Chapter 9). As the purpose of validation in qualitative research is to con-
vince researchers, participants, and/or readers of their findings’ validity, it is
a social, judgmental process; this is in line with the system dynamics notion
of validity as a qualitative, social, confidence-building process (Lane, 2015).
Reliability is about having a consistent and transparent process. A consistent
process would include double checking the transcription of recorded discus-
sions as well as sharing and evaluating coding (Creswell, 2014). A transpar-
ent process involves reporting the process’s step-by-step procedures, so that
others can follow (Yin, 2009).
As we hope to illustrate in this article, the RIQ method contributes both to

the validity and reliability of the modeling process. It provides a structured
approach to assessing the accuracy of findings and enhancing buy-in from
problem owners (clients, stakeholders) and interested readers. Furthermore,
the RIQ method provides a formal procedure for researchers to use reliably
across projects and research team members. In the following section, we dis-
cuss how the RIQ method draws from and improves upon the existing quali-
tative techniques used in system dynamics.

Relating rigorously interpreted quotation analysis to four formal qualitative
techniques in system dynamics validation

In system dynamics, the development of more formal processes for using
qualitative data to validate the structure of conceptual and simulation
models has long been perceived to be an important, yet challenging task
(Barlas, 1996; Luna-Reyes and Andersen, 2003). Before relating RIQ analysis
to processes and standards in social science more generally, we will first
explore how it relates to four formal qualitative techniques used in system
dynamics: (i) the inductive system diagrams method, (ii) purposive text anal-
ysis, (iii) the disconfirmatory interview, and (iv) group model building.

Inductive system diagrams

The inductive system diagrams method (Burchill and Kim, 1993; Burchill
and Fine, 1994; Burchill and Fine, 1997) develops a CLD using grounded
theory-based coding of field notes (see also “strategy 1” in deGooyert’s
review of SD methods in organizational theory (de Gooyert, 2018)). After
grounded theory coding is completed, one CLD is developed for each key

iiiOther authors suggest a more nuanced concept of trustworthiness when discussing validity (Creswell and
Miller, 2000) and reliability in qualitative research (Crabtree and Miller, 1999).
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variable with its associated links. Before combining these CLDs together, the
diagram is evaluated against qualitative data to ensure that all links and
loops are supported by evidence, that the diagram explains the study situa-
tion, and that the variables share a common level of abstraction (Burchill
and Kim, 1993). The RIQ method shares the similar model-validation activ-
ity of ensuring each link and loop is supported by evidence. Unlike the
inductive system diagrams method, RIQ analysis is designed to occur after
one CLD has already been developed and uses raw transcript data rather
than coded field notes. Also, the inductive system diagrams method men-
tions comparing the diagram with data in a “review” (Burchill and
Kim, 1993, p. 14), and authors using this method describe this step as
“returning to the data” (Perlow et al., 2002, p. 934). This process is described
as involving a “constant comparison” where revisions to a diagram result
when a data element that is compared with the diagram points to a revision
such that the resulting diagram contains the “accumulated knowledge” and
“clearly and concisely display[s] the current state of accumulated evidence
and inferences” (Burchill and Fine, 1997, pp. 469–470). The RIQ method can
support and improve this comparison process by providing a transparent
and systematic tool, allowing analysts to document and present what they
have found and allowing stakeholders to evaluate evidence supporting dia-
gram elements as well as how analysts interpreted that evidence.

Purposive text analysis

Purposive text analysis (Eker and Zimmermann, 2016; Kim and
Andersen, 2012; Turner et al., 2013) uses qualitative data in its text form to
develop stock and flow diagrams. Purposive text analysis assumes availabil-
ity of reliable data (i.e. purposive text) that can provide rich information
about the system structure, and model elements emerge from the data
through a systematic process of coding. By documenting clear linkages
between model elements and their source texts, purposive text analysis
allows the coder’s interpretive process to be traced and recorded. While this
may present an opportunity for models to be validated against their source
data (Turner et al., 2013), this method has been used primarily in early con-
ceptualization of model development (cf. Eker and Zimmermann, 2016;
Turner et al., 2013). The RIQ method expands this application to the later
stage of model conceptualization by coding a fresh set of data against the
existing conceptual model, looking for information that either validates or
disconfirms model elements.

The disconfirmatory interview

The disconfirmatory interview (Andersen et al., 2012) is a formal method for
working with stakeholders to validate simulation-model structure and
behavior. Interviews with individual stakeholders involve the presentation
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of key model features showing structure and behavior alongside textual
descriptions, or narratives, describing structural assumptions and the elicita-
tion of participants’ input for what needs to be changed in the model. Ander-
sen et al. (2012) explain common challenges faced by disconfirmatory
interviews as (i) the need to validate system dynamics models with non-
modelers, (ii) ensuring correct interpretation of stakeholder input, and
(iii) the need to have live interviews. While the RIQ method shares similar
model validation goals with disconfirmatory interview techniques, it may
offer ways to overcome the described challenges. For example, the RIQ
method utilizes descriptions of stakeholders’ experiences as shared in their
natural language and therefore does not require the stakeholders to under-
stand the modeling language. Also, the RIQ method involves a thorough doc-
umentation of the modeler’s interpretative process, allowing its assessment
to take place if needed. Furthermore, the RIQ method does not require the
interviewee to be present while the validation takes place and therefore
offers much flexibility in the research process. Finally, the RIQ method eval-
uates models at the conceptualization stage, something which has yet to be
explored in the disconfirmatory interview literature. It is also worth noting
that the RIQ method focuses both on confirmation and disconfirmation
whereas the Disconformity Interview focuses strongly of the latter (Andersen
et al., 2012).

Group model building

Group model building (Andersen et al., 1997; Hovmand, 2014; Richardson
and Andersen, 1995; Vennix, 1999) engages stakeholder groups throughout
the modeling process, and this practice allows model formulation to take
place implicitly with model validation. Group model building scripts
(Andersen and Richardson, 1997; Hovmand et al., 2012) illustrate how to
select key stakeholders and how to design sessions to elicit valuable data for
building and assessing a model. The use of documented group model build-
ing processes allows best practices to be implemented in a consistent and
systematic way. In group model building, the role of an experienced facilita-
tor is critical in reducing bias resulting from counterproductive group/power
dynamics and maintaining a healthy level of disagreement in open conversa-
tions (Andersen et al., 2012; Vriens and Achterbergh, 2006). While group
model building is a preferred modeling method for many modelers, holding
multiple group model building sessions throughout a project may not be fea-
sible due to various organizational constraints. In such cases, the RIQ
method can complement the modeling process by facilitating model formu-
lation and validation where session transcripts, interview transcripts, and
other qualitative data provided by stakeholders are available. Furthermore,
the RIQ method can support explicit evaluation in group model building,
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which has been a challenge due to difficulty of documenting and curating
the evidence behind structures generated during sessions (Farr, 2017).

Summary

In sum, the system dynamics field has developed several formal processes
that leverage the strengths of qualitative methods for model evaluation. With
the growing use of CLDs,iv the need is as great as ever to address the call
made by Richardson:

[The] future could prompt us to develop a more robust catalogue of qualitative
‘methods’–ways of using qualitative maps in complex dynamic situations that
minimise the potential for spurious insights and maximise the likelihood that
practitioners will know what can be reliably inferred from a given map without
further analysis, and when further work, presumably involving modelling and
computer simulation, is required. (Richardson, 1999, p. 441)

… the increasing use of qualitative maps will pressure us toward creating a set
of more or less reliable principles of qualitative system dynamics…
(Richardson, 1999, p. 442, emphasis added)

Urging further progress on this front, Sterman (2018c) called for the field to
continue “innovat[ing] to develop new methods that are appropriate for the
models we build” (p. 36) p.36) and that promote “rigor, reliability, relevance
and impact” (pp. 7, 37). With respect to the uses of qualitative data and test-
ing conceptual models, he calls for the use of rigorous methods, grounded in
formal social-science techniques to mitigate the risk of bias entering from
qualitative datav or from the modelervi (pp. 26–27) and for qualitative dia-
grams to be based in evidence and rigorously tested (p. 39). This echoes pre-
vious calls for cross-pollination with other social-science methods
(Kopainsky and Luna-Reyes, 2008; Luna-Reyes and Andersen, 2003).

We believe the RIQ method we introduce in this study builds toward these
ambitious goals. Based on the above literature, we see a need for formal tools

ivA search for “causal loop diagram” on App.Dimentions.AI shows a steady increase in publications using this
term since 2011.
vMitigating the risk of bias from qualitative data does not mean that qualitative data is inherently more prone
to bias than quantitative data. For example, on the quantitative side, bias can be introduced by what the ana-
lyst decides to measure and how they decide to measure it. To mitigate bias from qualitative data, it is helpful
to consider data segmentation in validation efforts (see the “sampling considerations” section below). It is also
helpful for the reader to have the opportunity to see examples of the qualitative data on which the model is
based, to see for themselves whether it is indeed purposive text. And, while not the subject of this article,
Tomoaia-Cotisel (2018) shows how RIQ analysis can also be used to assess saturation – the point at which we
have gathered enough qualitative data to be reasonably confident that we have heard enough of what we
needed to hear.
viMitigating the risk of bias from the modeler does not mean removing the modeler from the process, rather it
means transparently documenting the modeler’s perspective so that the modeler and others can evaluate
(at least some of) the qualitative data and modeler’s interpretation and thus have the opportunity to discon-
firm that interpretation.
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to confirm and disconfirm model elements by interrogating reliable purpo-
sive text data. Such tools would be capable of dissecting stakeholder experi-
ences as they are shared in their natural language. Such tools would also
facilitate documenting and curating the evidence to transparently and sys-
tematically ensure that each link and loop is supported by evidence.

Relating rigorously interpreted quotation analysis to processes and
standards in social science more generally

As indicated above, formalizing tools for qualitative research involves going
beyond system dynamics literature. Below, we briefly discuss standards and
methods used by other social-science approaches using similar data for simi-
lar goals; specifically, we explore: (i) mixed methods for causal inference,
(ii) thematic analysis, (iii) causal mapping, and (iv) sampling considerations.

Mixed methods for causal inference

Mixed-methods (Miller et al., 2013) studies are often commissioned to build
understanding of both the structure and the dynamics of social systems and
to do so in an empirically rigorous way. For example, Miller et al. (2013)
argue that their purpose is to “fully capture the complex interactions among
components, including interactions among multiple levels of analysis and
over time” (p. 2125, emphasis added). Mixed-methods studies integrate qual-
itative and quantitative elements in study design, methods, and interpreta-
tion (Fetters et al., 2013; Miller et al., 2013; Tashakkori and Teddlie, 1998).
When used for causal inference, mixed methods can be seen as triangulation
that includes not just multiple methods but also multiple sources of evi-
dence (Reiss, 2009). Qualitative evidence for complex causal processes and
unmeasured factors provides a useful complement to quantitative analysis
concerned with causality (Harding and Seefeldt, 2013). This evidence often
comes in qualitative form. Best practice involves the use of process tracing
(developing causal chains from detailed descriptions) and pattern matching
(evaluating the extent to which behavior descriptions match those predicted
by a given causal link) (Andersen). By using system dynamics diagramming
conventions, RIQ analysis facilitates precisely tracing complex dynamic pro-
cesses and interactions between variables as expressed in verbal descriptions
of experiences.

Thematic analysis

Thematic analysis uses chunks of text data as a proxy for stakeholders’ expe-
rience with the problem being studied (Guest et al., 2012b; Ryan and
Bernard, 2000). The concepts and relationships envisioned may include
causal links between variables, but more often, broader types of relationships
are considered (Ryan and Bernard, 2000). One fundamental task shared by
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all formal thematic analysis is “constructing models (relationships among
codes) and testing these models against empirical data” (Ryan and
Bernard, 2000, p. 274). Validation involves looking for so-called negative
cases that can “disconfirm parts of a model or suggest new connections”
(p. 278). An early application of this negative case analysis method was in
the classic work of Becker et al. (1961) which suggests that negative case
analysis involves two stages: in the first stage, researchers continually recraft
a “provisional hypothesis” (p. 28). In the second stage, they evaluate a “final
statement” (p. 39) of the hypothesis using the “careful inspection of all nega-
tive instances” (p. 39). These negative instances include ones where part of
the hypothesis is omitted in a quotation and the researchers believe that this
is due to lack of knowledge, and others where elements different from the
hypothesis are identified. Each of these latter cases is evaluated to see if it
represents an outlier or if it merits revising the hypothesis (p. 44). However,
if the first stage is done right, there are usually few negative cases remaining
unaccounted for (p. 39). RIQ analysis as used in this article is akin to evalu-
ating the final statement and facilitates careful inspection by using a system-
atic tool designed for system dynamics diagramming conventions. RIQ
analysis encompasses negative case analysis by identifying instances of dis-
confirmation and omission (whether by ignorance, willful omission, or sim-
plified description). RIQ analysis also complements negative case analysis
by documenting evidence that confirms diagram structure.

Causal mapping

Causal mapping (Nakayama and Armstrong, 2005) is an interdisciplinary
field of social scientists interested in mapping participants’ descriptions of
causality in the form of diagrams. In this field, validating causal maps
derived from primary interview transcripts is referred to as a “vexed ques-
tion” (Hodgkinson and Clarkson, 2005, p. 53) due to common data-quality
problems—especially for unstructured text data—such as “sentence frag-
ments, incomplete thoughts, and over-elaborate explanations” (p. 53).
Instead of using such data, researchers prefer to directly elicit participants’
input for what needs to be changed in the model by showing them maps
(Armstrong, 2005). RIQ analysis is designed with the understanding that
people’s experiences with complex dynamic systems do not naturally pro-
duce tidy descriptions of causal structure. RIQ analysis confronts this prob-
lem directly and addresses it successfully. For example, Table 4 below
provides an example of how it does so for an overelaborate quotation. The
RIQ method prepares text data before causal analysis, sorts out specific
phrases that relate to specific variables in a quotation, and shows the mod-
eler’s interpretation for the causal structure identified. RIQ analysis also pro-
vides more flexibility by relying on descriptions of stakeholders’ experiences
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as shared in their natural language rather than having to ask stakeholders to
engage with maps.

Sampling considerations

Before we close, we provide a note on samplingvii as it relates to qualitative
methods for diagram evaluation. Sampling is a relevant consideration when
assessing the internal and external validity of findings (in this case, in the
form of a diagram/simulation and derived insights). In ethnographic decision
modeling for example, interview data are used to develop decision
trees(Ryan and Bernard, 2006). The internal validity of the model is assessed
using a second set of qualitative data from the same population that was
used in developing the model(Ryan and Bernard, 2006). The external valid-
ity of the model is assessed using a third set of qualitative data from other
populations (Ryan and Bernard, 2006). To our knowledge, the (system
dynamics and) social science methods described above have largely been
used to improve and/or assess internal validity of diagrams and/or simula-
tion models. RIQ analysis is able to assess both internal and external validity
(depending on the sampling design of the study) so long as the data that is
collected is purposive text.

Summary

In sum, these social-science approaches have developed formal processes
that permit comparing qualitative data to hypothesized mechanisms. How-
ever, similar to the qualitative methods in system dynamics, these methods
present gaps that RIQ analysis can fill. We need a tool that facilitates careful
and systematic inspection for confirmation as well as disconfirmation, rely-
ing on descriptions of stakeholders’ experiences as shared in their natural
language. RIQ analysis does so using precise causal diagramming
conventions.

Research context for method development

Figure 1 below shows how the RIQ method was used in relation to other for-
mal qualitative and quantitative techniques in the parent study. The parent
study was undertaken as a dissertation (Tomoaia-Cotisel, 2018). (See
Figure A1 in the online supporting information for how this method fits into
a system dynamics process.)

viiSome readers may be more familiar with sampling in quantitative analysis, where quantitative data is
selected from a larger pool of data. Similar to quantitative analysis, sampling in qualitative analysis refers to
how study sites and participants are chosen from the larger pool of sites and participants experiencing the
problem being investigated.
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Elicitation of purposive text was carefully designed to sample across the
range of experiences found within the 10 primary-care clinics in the organi-
zation (for more information on sampling design and rationale, see Tomoaia-
Cotisel (2018)). Individual semistructured interviews were conducted with
health-services stakeholders – each focusing on the individual’s experiences
as they wrestled with their own primary-care transformation journey. The

Elicita�on
•Sampling considera�ons
•Accessing stakeholder understanding
•Crea�ng individual-specific diagrams

Diagram simplifica�on & combina�on
•Standardiza�on
•Ge�ng from many diagrams to one diagram

Diagram valida�on using qualita�ve data
•Confirma�on, disconfirma�on and revision
•Satura�on
•Stakeholder dialogue

Building the simula�on model
•Using diagram as a blueprint for simula�on 
•Standard method modeling and valida�on

Simula�on valida�on using qualita�ve data
•Confirma�on, disconfirma�on and revision
•Satura�on
•Stakeholder dialogue

Policy analysis
•Standard method policy analysis
•Stakeholder dialogue

Meta-level reflec�ons
•Contribu�on to theory in the domain
•Meta-level valida�on reflec�ons

RIQ Analysis 

Fig. 1. Location of RIQ
Analysis in the Parent
Study. This figure shows
the location of RIQ
analysis in the parent
study using a yellow call-
out box next to
“confirmation,
disconfirmation and
revision.” The methods
used (and the results
obtained) in the parent
study are described
further in Tomoaia-
Cotisel (2018) [Color
figure can be viewed at
wileyonlinelibrary.com]
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interviews from a portion of these clinics (n = 5 clinics) were used for model
development (i.e. development data set), and the rest were set aside for
model validation (i.e. validation data set). RIQ analysis uses one clinic from
this validation data set which included interviews of the center manager,
medical director, and nurse manager, as well as one clinical staff member
and one clinician from each care team.
The RIQ method (shown with a star in Figure 1) was one of many valida-

tion methods introduced in the parent study. The RIQ method aims to sub-
ject the contemporary dynamic hypothesis that is the CLD generated from
the first portion of interviews to additional purposive text. It does this to
confirm, disconfirm, and revise that CLD (and thus to revise the dynamic
hypothesis). The scope of this article focuses on this specific role of RIQ
analysis. However, it is worth noting that the parent study uses the RIQ
method beyond this validation purpose, and additional methods such as sat-
uration analysis and stakeholder dialog were also used to evaluate the CLD
generated (Tomoaia-Cotisel, 2018).
Once sufficient confidence was obtained, the revised CLD was used as the

blueprint for the building of the simulation model. The validation data set
was used again later to validate the simulation model. After undergoing the
additional set of standard system dynamics validation tests (Barlas, 1996;
Lane, 1995; Sterman, 2000), the simulation model was used for policy analy-
sis and to facilitate stakeholder dialogues to discuss the results obtained and
their policy implications. Finally, a series of reflections were undertaken to
contribute to relevant theory and to methods development.

Methods for rigorously interpreted quotation analysis

In this section, we describe how our interview data was analyzed using the
RIQ method to extract evidence that either confirms or disconfirms the ele-
ments of an existing CLD (these include variables, links, delays, and feed-
back loops). We present the logic for RIQ analysis using a table. After each
table, we present a figure that visualizes what the table accomplishes in
terms of CLD evaluation, such as what is verified and what revisions are
proposed.
For the purpose of illustrating the method, we present four quotations

from primary-care clinicians. We define a quotation as a chunk of text
expressing a cohesive story. The first quotation presents the simplest exam-
ple of the RIQ method, where the data confirms some elements in the exis-
ting CLD while also suggesting a need for revisions. The second quotation is
slightly more complex than the first. It not only provides further support for
the confirmation and structural revision identified in the first quotation, but
it also illustrates the confirmation of the perception of a delay and a feed-
back loop identified in the CLD. The third quotation presents a case, referred
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to as an implicit mention, where a simple causal structure identified in the
quotation is matched with more complex, detailed structure in the existing
CLD. By assuming that what is implied in the third quotation does not refute
the existing CLD’s structure and by documenting this assumption, we cap-
ture the amount of evidence for each link in the existing CLD. The fourth
quotation is an example illustrating how structures evaluated using the RIQ
method are often complexly embedded within stories that meander through
different parts of the system.

The quotations presented here relate to a small section of the CLD gener-
ated from the initial conceptualization process, referred to as the “pre-RIQ”
CLD (see CLD inset in Figure 2). The simulation modelviii that was ultimately
produced also has a section that corresponds to this one. This particular
section was chosen for illustration of the RIQ method for two main reasons:
(i) it shows a core mechanism of the simulation model developed in the par-
ent study, and (ii) this section of the CLD was substantively revised using
the RIQ method before serving as a blueprint for that simulation model. This
section of the CLD has a reinforcing loop labeled “Trust,” where the more
trust clinicians have in their clinical staff members, the more tasks will be
shifted to the clinical staff members, providing more opportunities for the
clinicians to build trust in their clinical staff members. With task shifting,
clinical staff members can further develop their capabilities. Formal training
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Fig. 2. Pre-RIQ CLD with
Zoomed-in Portion for
Illustration of the RIQ
Method. Arrows that are
straight in the zoomed-in
box are not in loops, and
ones that are curvy are in
loops when viewing the
entire diagram. This is
done so that links in the
inset CLD follow best
practice (Sterman, 2000,
2018a, 2018b). This figure
is adapted from the
original version found in
Tomoaia-Cotisel (2018)
[Color figure can be
viewed at
wileyonlinelibrary.com]

viiiThis simulation model was built using a revised CLD as a blueprint, as described in the “Research Context
for Method Development” above. See Figure 8 in “Results of CLD refinement” section below for discussion of
the section of the simulation model that was informed by the section of the CLD discussed in this article.
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can also increase these capabilities. Having a higher care-team ratio (clinical
staff members to clinician ratio) allows for an increased amount of task
shifting, and, over time, once training is completed, it also results in having
enough time to do what is needed inside the visit time. Turnover would
reduce this ratio.

How rigorously interpreted quotation analysis works

To illustrate the RIQ method, we use interview data from primary-care clini-
cians. Each interview is labeled with a data source code, and for these clini-
cians, the codes are CL01, CL03 and CL04. Like the other primary-care
clinicians, these clinicians work on teams with other clinicians and clinical
staff members. Each shared their perspective on the transformation efforts in
primary-care service delivery.
In the quotation below, CL04 describes why they do not delegate more

tasks to clinical staff members on the team. This quotation went through a
minor clean-up and is referred to as a truncated quotation. Duplicate words
or conversation fillers are removed to enhance readability, and personal
identifiers are removed to protect identity.

If I send out a note to call this patient … sometimes I will go back and look …

days later and no one’s called them. That worries me quite a bit. Sometimes I
feel like I do more things than I probably should just because I would just
rather just do it myself and get it done correctly… I try and stick with basic
things for the [clinical staff members] to do and if [it is at all] complicated …

then I just do it… I guess I can mostly rely on people but some things I don’t
trust them with and I would rather just do it myself.

From the quotation, we can infer that while it would be preferred to shift
tasks to clinical staff members, when clinical staff members fail to perform
these tasks, the clinician loses trust in them and avoids shifting tasks. This
quotation is now ready for RIQ analysis.
Table 1 shows the basic set up of RIQ analysis. The left side shows the

quotation, and the right side shows how the quotation is interpreted in rela-
tion to the CLD. More specifically, the upper-right side breaks down the quo-
tation into small phrases from which each phrase is interpreted in relation to
the CLD elements (i.e. variables, causal relationships including arrow direc-
tion and polarity, delays, feedback loops). The lower-right side summarizes
the coder’s interpretation of the quotation into a causal statement that can be
tied to the CLD.
The quotation is entered into the left side of the RIQ table. When entered,

we keep track of who said the quotation (CL04) and where this quotation
appears in the interview (quotation number 30). In the quotation entered,
phrases that are relevant to an element in the CLD are underlined for
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interpretation. They would be double underlined if used more than once in
our interpretation. Finally, we keep track of the current word count of the
truncated quotation as well as the total word count of the untruncated, origi-
nal quotation. This is provided for transparency. Furthermore, if a truncated
quotation’s interpretation raises a question, the word counts may flag that it
might be worth reviewing the original transcript to see what has been
removed in the truncation.

The right side of the RIQ table shows the interpretation of the quotation in
four subsections: Phrases, CLD Elements, Causal Chain, and Coder’s Inter-
pretive Notes. In the Phrases section, we copy and paste the phrases from
the quotation that are relevant to the CLD being assessed. A phrase may con-
firm variables already existing in the CLD. Matching variables are listed next

Table 1. RIQ example:
analysis resulting in
adding a new link

Quotation Interpretation

CL04-30) “If I send out a note
to call this patient …
sometimes I will go back and
look … days later and no
one’s called them. That
worries me quite a bit.
“Sometimes I feel like I do
more things than I probably
should just because I would
just rather just do it myself
and get it done correctly… I
try and stick with basic
things for the [clinical staff
members] to do and if [it is at
all] complicated … then I just
do it…
“I guess I can mostly rely on
people but some things I do
not trust them with and I
would rather just do it
myself.” (110/188)

Phrases CLD Elements
• no one’s called them Clinical staff member

capabilities
• That worries me quite

a bit
• I would just rather just do

it myself and get it done
correctly

• I guess I can mostly rely
on people but some things
I do not trust them with

• just do it myself

Clinician and clinical staff
member relationship (trust)

• If I send out a note to call
this patient

• I do more things than I
probably should

• stick with basic things for
the [clinical staff
members] to do and if [it is
at all] complicated … then
I just do it

• just do it myself

Task shifting to clinical staff
members

Causal Chain
Clinical staff member capabilities à+ Clinician and clinical
staff member relationship (trust)à+ Task Shifting to clinical
staff members
Coder’s Interpretive Notes
The clinician makes the decision to shift tasks by considering
how much they trust clinical staff members. When clinical
staff member performance on assigned tasks is poor, then trust
is low.
There is a basic level of tasks that clinical staff members can
do which do not require the clinician’s trust.
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to the phrase in the CLD Elements section. If the phrase mentions new CLD
elements or contradicts the existing CLD elements, the revised elements are
listed and marked to show a revision (highlighted yellow). We have found it
helpful to list the phrases and CLD elements in order of the causal chain,
even if the conversation starts somewhere downstream of the identified
causal chain. This aids the reader of the RIQ table to better follow what is
being documented.
In the Causal Chain section, the CLD elements and the causal relationship

(s) among them are summarized in the form of the causal link (s) with polar-
ity and delays. If the causal chain includes a revision, then it is marked to
show the revision (highlighted yellow). This chain is the result of the rigor-
ous interpretation of the given quotation. Later, we also show how to orga-
nize an RIQ table if a quotation identifies multiple causal chains (See
Table 4). In the Coder’s Interpretive Notes section, the coder writes their rea-
soning for the causality that is documented – it is crucial that the coder gro-
unds their notes in what is shared in the quotation rather than just restating
the causal links in sentence form.
The above quotation from clinician CL04 was able to confirm existing ele-

ments in the CLD and proposed a new causal link to be added to the CLD.
Below we summarize the result and visualize them in Figure 3:

• The quotation verified the following elements existing in the pre-
RIQ CLD:
• three variables: Task shifting to clinical staff members, Clinical-staff-

member capabilities, and Clinician and clinical-staff-member relation-
ship (Trust)

• the positive relationship from Clinician and clinical-staff-member rela-
tionship (trust) to Task shifting to clinical staff members [bolded in
blue in Figure 3]

• The quotation proposed a revision to CLD:
• the addition of the positive relationship from Clinical-staff-member

capabilities to Clinician and clinical-staff-member relationship (Trust)
[shown in maroon in Figure 3]

• The quotation did not verify the following pre-RIQ CLD elements:

Clinical staff
member capabilities

Clinician and clinical
staff member

relationship (trust)

Task shifting to
clinical staff

members

+

+

+

R

Trust

Fig. 3. RIQ Example: CLD
Visualizing RIQ in
Table 1 [Color figure can
be viewed at
wileyonlinelibrary.com]
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• the positive relationship from Task shifting to clinical staff members to
Clinician and clinical-staff-member relationship (trust) [dashed laven-
der in Figure 3]

• the Trust loop [shown in lavender in Figure 3]

How delays and feedback loops are identified

The first example illustrated how variables and causal relationships are
extracted from a quotation. In this section, we show the process for identify-
ing a delay and a feedback loop using RIQ analysis. For simplicity of expla-
nation, we continue to use interview data focusing on the same region of the
CLD, from another clinician (CL01).

In the same way that a phrase may confirm a variable, a phrase can also
confirm a delay or a feedback loop already existing in the CLD. Matching
feedback loops and delays are listed next to the phrase (s) in the CLD Ele-
ments section. These CLD elements are entered in parentheses to distinguish
them from the variables found in the CLD. They are also listed before vari-
ables in this section since they highlight key dynamics existing in the
quotation.

As shown in the Quotation section of Table 2, CL01 explains what they do
when clinical staff members do not exhibit the capabilities needed to per-
form shifted tasks. The clinician notices there is a learning curve. After some
time, capabilities would improve, and the clinician would shift more tasks.
Notice that in addition to the CLD verification and restructuring proposed in
the first example, this quotation also explicitly identifies a delay and a
feedback loop.

To be coded as the CLD element of “(Feedback Loop),” the phrase does not
need to use the word “feedback” or to give a description of communicating
opinions (colloquially referred to as providing someone feedback). The
phrase does need to indicate the presence of a causal loop. In this quotation,
the clinician describes working to develop capabilities as they shift tasks to
clinical staff members and part of that capability development is communi-
cating about how shifted tasks are being performed (providing that feedback
when performance is not up to the standard). As those capabilities are dem-
onstrated, trust is enhanced and further task shifting takes place. This is the
“(Feedback Loop)” that the clinician is explicitly identifying in this quote.

RIQ analysis pulls out these phrases and labels them accordingly.
The above quotation from CL01 was able to confirm existing elements in

the CLD. Some of these elements were verified in the first example, and they
were verified again here. One CLD element was newly verified, with ample
evidence that CL01 perceives the delay in the link. The quotation supports
the new causal relationship proposed in the first example and also shows
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evidence of CL01’s perception of the new feedback loop that this added link
creates. Below, we summarize the results and visualize them in Figure 4:

• The quotation verified the following elements existing in the pre-
RIQ CLD:
• the three variables: Task shifting to clinical staff members, Clinical-

staff-member capabilities, and Clinician and clinical-staff-member rela-
tionship (Trust)

• the positive relationship from Clinician and clinical-staff-member rela-
tionship (Trust) to Task shifting to clinical staff members [bolded in
blue in Figure 4]

Table 2. RIQ example:
analysis verifying delay &
feedback loop

Quotation Interpretation

CL01-31) “I certainly like to
give feedback when
something wasn’t done up to
my standards and normally
that helps… I am a stickler
about always [doing x, for
example,] … and usually,
with new [clinical staff
members], they never [do x].
And then, after a couple of
times, that usually changes…
If I can find them … [then] I
do it face to face. [It]
normally [takes] a day or
two…
“[In this department] we all
like things done a different
way… So usually it takes
[MAs] a little bit … to get
used to that. But normally
they learn.” (99/188)

Phrases CLD Elements
• after a couple of times
• It normally takes a day

or two
• it takes [clinical staff

members] a little bit

(Delay)

• I certainly like to give
feedback when something
wasn’t done up to my
standards and normally
that helps

(Feedback Loop)

• something wasn’t done up
to my standards

• with new [clinical staff
members] they never do x
… that usually changes

• they learn

Clinical staff member
capabilities

• I certainly like to give
feedback

• If I can find them, then I
do it face to face

Clinician and clinical staff
member relationship (trust)

• I am a stickler about
• we all like things done a

different way

Task shifting to clinical staff
members

Causal Chain
Clinical staff member capabilities à+ Clinician and clinical
staff member relationship (trust)à+ Task Shifting to clinical
staff members --jjà+ Clinical staff member capabilities
Coder’s Interpretive Notes
Capabilities development takes time. This includes 1) the time
for the clinicians to find the clinical staff member to bring up a
deficiency and 2) the time for the clinical staff member to learn
to get it right.
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• the positive relationship with a delay from Task shifting to clinical staff
members to Clinical-staff-member capabilities [bolded in blue)]

• The quotation proposed a revision to the pre-RIQ CLD:
• the positive relationship proposed from Clinical-staff-member capabili-

ties to Clinician and clinical-staff-member relationship (Trust) [shown
in maroon)];

• addition of a new Trust loop [shown in maroon)]
• The quotation could not verify the following pre-RIQ CLD elements:

• the positive relationship from Task shifting to clinical staff members to
Clinician and clinical-staff-member relationship (trust) [dashed
lavender]

• the original Trust loop [shown in lavender]

How implicit structures are identified

It is not uncommon for a participant’s description to skip steps in a causal
chain. In these cases, it is useful to evaluate if a more complex mechanism
existing in the CLD can suitably capture that experience, or if in fact the par-
ticipant’s description is a distinct mechanism that should be added. In this
section, we illustrate how variables and links on the CLD may sometimes
only be implicitly mentioned in a quotation, and how we document such
variables in RIQ analysis. For simplicity of explanation, we continue to use
interview data focusing on the same region of the CLD, from another clini-
cian (CL03).

If we look at the pre-RIQ CLD in Figure 2, there are two causal paths speci-
fying both a short-term and a long-term effect of having a higher staff ratio:

• short-term effect of more training needs: Care-team ratio à+ Task shifting
to clinical staff members à+ visit time spent training clinical staff mem-
bers à- Having sufficient time allotted for the visit

• long-term effect of more time with the patient: Care-team ratio --jjà+ Having
sufficient time allotted for the visit

Clinical staff
member capabilities

Clinician and clinical
staff member

relationship (trust)

Task shifting to
clinical staff

members

+

+

+

+

R

Trust

R

Trust

Fig. 4. RIQ Example: CLD
Visualizing RIQ in
Table 2 [Color figure can
be viewed at
wileyonlinelibrary.com]
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As shown in the Quotation section of Table 3, CL03 describes what they
experience when clinicians shift tasks from themselves to their current team
of clinical staff members: those staff members do not have enough time to
get shifted tasks done in addition to their preexisting tasks so, instead, clini-
cal staff members just do not do those tasks. CL03 hypothesizes: if they had
an additional person specifically who would have time to do these tasks that
clinicians are shifting, then the task shifting would be possible and valued.
In this context, Task shifting to clinical staff members impedes Having suffi-
cient time allotted for the visit, because it makes clinical staff members too
busy to perform all of the tasks the clinician has assigned – that is:

• Task shifting to clinical staff members à- Having sufficient time allotted
for the visit

In such a case, the negative relationship may be added to the pre-RIQ CLD
as a new causal path. However, it is also plausible to assumeix that CL03 is
implying the following without explicit mention of the mechanisms:

A. in the short term, clinical staff members cannot keep up with all the tasks
shifted to them, because time is taken up participating in on-the-job train-
ing. As a result, patient visits are delayed (hence we are assuming an
implicit mention of training time in this specific quotation) and

B. in the long term, when on-the-job training is no longer needed, having
staff members designated for shifted tasks allows for sufficient time for
patient visits (as described in other interviews and visualized on the CLD
via other links with delays).

Based on this assumption, we determined the quotation does not require
modification of the CLD as it is captured by the existing causal paths. In the
Table 3, we mark this as an implicit mention by placing a “0” in the Phrases
section for the missing intermediary variable. In the Causal Chain section,
the part of the causal chain that is mentioned implicitly is highlighted
in gray.
In this quotation, the concept of capacity constraint is also implied, and it

led to revising the name of the variable Care-Team Ratio to Clinical-Staff-
Member Capacity for further clarification. Care-Team Ratio was the idiosyn-
cratic term used within this case to describe the ratio of clinical staff
members to clinicians; however, when applying it to a given situation, par-
ticipants exclusively talked about changes to the numerator of this ratio (the
number of clinical staff members).

ixIn the parent study’s CLD, there were multiple causal paths that could represent this particular quote. Here
we picked out one possible causal path as an example. Adding another causal path to this table was avoided
for parsimony.

A. Tomoaia-Cotisel et al.: Rigorously interpreted quotation analysis 21

© 2022 System Dynamics Society.
DOI: 10.1002/sdr



Table 3. RIQ example:
analysis including
implicit structures

Quotation Interpretation

CL03-21) “The potential is
there to … make a huge
impact on how we take care
of our patients… in terms of
the quality measures. … If we
had a designated person
[again]… going through and
calling every single patient
with diabetes … to come in
and get their labs … and
reminding … going through
my schedule … and [saying]
‘these 5 patients need [x]’
and giving the [clinical staff
member] a little note saying,
‘could you please order these
[tests]’… That’s what the
[clinical staff members] are
supposed to be doing but
they are doing so many other
things when they are going in
there, when that … reminder
pops up [on their screen
during the visit], they are just
like “oh, ok [the doctor] will
do it…” (129/300)

Phrases CLD Elements
• a designated person Clinical Staff Member

Capacity
• going through and calling

every single patient with
diabetes … to come in and
get their labs

• reminding… going
through my schedule…
[saying] ‘these 5 patients
need [x]’

• giving the [clinical staff
member] a little note
saying, ‘could you please
order these [tests]’

• they are doing so many
other things when they are
going in there

• what the [clinical staff
members] are supposed to
be doing

Task shifting to clinical staff
members

0 Visit time spent training
clinical staff members

• That’s what the [clinical
staff members] are
supposed to be doing but

• when that … reminder
pops up [on their screen
during the visit], they are
just like “oh, ok [the
doctor] will do it…”

Having sufficient time
allotted for the visit

Causal Chain
Clinical Staff Member Capacity à+ Task shifting to clinical
staff members à+ Visit time spent training clinical staff
members à- Having sufficient time allotted for the visit
Coder’s Interpretive Notes
Staffing on this team is constrained such that clinical staff
members do not have the time needed to complete all of the
tasks that they are asked to complete when there is task
shifting. They leave some tasks undone and they assume the
clinician will get to (at least some of) these tasks since they do
not have the time to do so. The clinician indicates that more
staffing (such as a designated person to do some of the
shiftable tasks) is needed for visits to have enough time.
Causal Chain
Clinical Staff Member Capacity --jjà+ Having sufficient time
allotted for the visit
Coder’s Interpretive Notes
This quotation identifies these variables and the link between
them: having an additional team member would allow the
team to have enough time in the visit; but it does not mention
the delay.
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Above quotation from CL03 led to the following results, and they are visu-
alized in Figure 5:

• The quotation verified the following elements existing in the pre-
RIQ CLD:
• three variables: Clinical-Staff-Member Capacity, Task shifting to clini-

cal staff members, Having sufficient time allotted for the visit [bolded
in Figure 5]

• the positive relationship from Clinical-Staff-Member Capacity to Task
shifting to clinical staff members [bolded in blue)]

• The quotation includes a variable in the CLD with a name change: Care-
team ratio is changed to Clinical-Staff-Member Capacity [variable shown
in maroon replaces lavender variable].

• The following CLD elements are implicitly supported by the quotation:
• one variable: Visit time spent training clinical staff members
• the positive relationship from Task shifting to clinical staff members to

Visit time spent training clinical staff members [link shown in gray]
• the negative relationship from Visit time spent training clinical staff

members to Having sufficient time allotted for the visit [link shown
in gray]

How structures are identified from meandering conversations

In a typical analysis of interview data, the RIQ method can be a more com-
plex process than what is presented with the previous quotation examples.
In our fourth example, we illustrate the degree of complexity one might
come across when interpreting semistructured data that flows as conversa-
tions often do – in a meandering way. This quotation comes from an earlier
part of the interview with clinician CL04. In this quotation, the clinician dis-
cusses facilitators and barriers to developing a high level of trust that enables
task shifting.

Task shifting to
clinical staff

members

Visit time spent
training clinical staff

members +

Clinical staff
member capacity

+

Care team ratio

+

Having sufficient
time allotted for the

visit

-
+

Fig. 5. RIQ Example: CLD
Visualizing RIQ in
Table 3 [Color figure can
be viewed at
wileyonlinelibrary.com]
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Table 4. RIQ Example: Analysis of a Meandering Conversations

Quotation Interpretation

CL04-29) “But when I was at [another clinic] …
it was kind of working… some [clinical staff
members] worked better with certain providers
than others so, that was kind of nice because
certain [clinical staff members] you just clicked
with, and you could get things done a lot
quicker. They knew how to … [do] things …
while we were talking, and they could start your
note for you… If we could train all the [clinical
staff members]to do that and have enough
staffing to do it, then that would be great. But it
seems like that takes a lot of work because some
of them aren’t trained or willing to learn…
“Staff turnover … is a big issue … we have
changed … the [clinical staff members] … [None
of the 7 on the team have] worked here [more
than 2 years]
“I have to tell [clinical staff members] little
things about what I would like to have done [for
x, prepare y] … I just feel like I continually have
to tell people that. So, it does take a lot more
time and patience…
“Yeah, they get plenty of training, but they do
not get training on specifically what I like…
because I just have to tell them constantly.”
(204/444)

Phrases CLD Elements
• it seems like that takes a lot of work
• it does take a lot more time and patience

(Delay)

• get things done a lot quicker
• they knew how
• some of them aren’t trained

Clinical staff
member capabilities

• some [clinical staff members] worked better
with certain providers than others so

• certain [clinical staff members] you just
clicked with

• willing to learn
• I just feel like I continually have to tell

people
• I just have to tell them constantly

Clinician and
clinical staff member
relationship (trust)

• get things done
• do things while we were talking, and they

could start your note for you
• to do it

Task shifting to
clinical staff
members

Causal Chain
Clinical staff member capabilities à+ Clinician and clinical staff
member relationship (trust)à+ Task shifting to clinical staff members
--jjà+ Clinical staff member capabilities
Coder’s Interpretive Notes
The choice to place trust in a clinical staff member is sensitive to the
clinician’s assessment of the clinical staff members ability to learn.
Without passing this test, CL04 will not initiate task shifting, even with
experience in the model and substantial buy-in.
CL04 admits the true time required to train is unknown, but it seems
long. Because of the high rate of turnover, CL04 experiences it to be
infinitely long.
Phrases CLD Elements
• If we could train all the [clinical staff

members]
• they get plenty of training

Off-the-job clinical
staff member
training

Causal Chain
Off-the-job clinical staff member training --jjà+ Clinical staff member
capabilities à+ Clinician and clinical staff member relationship (trust)
Coder’s Interpretive Notes
There are two types of training: training done by the clinician on-the-job,
and training done by the organization. The clinician sees the
organization led training as an easier, faster way to develop capabilities
such that clinical staff members can be trusted to perform at a higher
level of task-shifting. Otherwise, task-shifting feels burdensome because
it requires so much time spent in on-the-job training.

(Continues)
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Unlike the previous examples, Table 4 has a long quotation which results
in four causal chains. We are not able to split the quotation into four shorter
quotations, each with one causal chain, because the main subject of the quo-
tation is linked to different causal chains scattered throughout the quotation.
In this case, keeping the subject matter together makes the interpretation
more useful. Quotations often meander through dispersed ideas, as brief bits
of verbal expression provide only a glimpse of one’s underlying mental
model. In such a situation, the coder must tease out CLD elements from the
data and make causal relationships explicit. With multiple causal chains in
a quotation, each distinct chain is given a separate row and interpreted one
at a time in the same table. The Coder’s Interpretive Notes section is particu-
larly important for such quotations as it requires the coder to stop at each
individual causal chain, reflect on the interpretations made, and document
the reasoning.
The RIQ shown in Table 4 verified many of the same CLD elements from

the previous examples. It also verifies other variables found in the pre-RIQ

Table 4. Continued

Quotation Interpretation

Phrases CLD Elements
• I have to tell [clinical staff members] little

things about what I would like to have done
[for x, prepare y] … I just feel like I
continually have to tell people

• but they do not get training on specifically
what I like

Visit time spent
training clinical staff
members

Causal Chain
Task shifting to clinical staff members à+ Visit time spent training
clinical staff members
Coder’s Interpretive Notes
The clinician feels compelled to explain their preferences for how each
task that is shifted should be performed. This on-the-job training takes
time and patience.
Phrases CLD Elements
• Staff turnover … we have changed … the

[clinical staff members]
Clinical staff
member retention

• have enough staffing Clinical Staff
Member Capacity

Causal Chain
Clinical staff member retention à+ Clinical Staff Member Capacity
à+ Task shifting to clinical staff members
Coder’s Interpretive Notes
The choice to shift tasks is sensitive to the amount of staffing, and to the
length of tenure of clinical staff members. High turnover has been a big
issue for this team.

A. Tomoaia-Cotisel et al.: Rigorously interpreted quotation analysis 25

© 2022 System Dynamics Society.
DOI: 10.1002/sdr



CLD. Furthermore, this quotation supports changing the name of the variable
Training clinical staff members to Off-the-job clinical-staff-member training.
The quotation clarifies that on-the-job training involves clinicians spending
visit time providing this training and that one-time trainings done by the
organization might also be useful. In so doing, this quotation supports dis-
tinguishing between these two types of training. The variable name is chan-
ged to include an indication that it is referring to organizationally provided
training.

New contributions from this quotation are summarized below and they are
visualized in Figure 6.

• The quotation verified the two additional variables from the pre-RIQ CLD:
Clinical-staff-members retention and Visit time spent training clinical
staff members.

• The quotation includes a variable in the CLD with a proposed name
change: Training clinical staff members is changed to Off-the-job clinical-
staff-member training [variable shown in maroon replaces lavender
variable]

Results of CLD refinement with rigorously interpreted quotation
analysis

Substantive changes to the “Pre-RIQ” CLD

In comparing our “pre-RIQ” and “post-RIQ” CLD, we see that substantive
changes were made to the initial understanding of this section of the dia-
gram. For instance, this process led to the recognition that capability

Clinical staff
member capabilities

Clinician and clinical
staff member

relationship (trust)

Task shifting to
clinical staff

members

+

+

+

Off-the-job clinical
staff member training

+

Visit time spent
training clinical staff

members
+

Clinical staff
member retention

Clinical staff
member capacity +

+

+

R

Trust

R

Trust

Care team ratio

+

+

Training clinical
staff members

+

Fig. 6. RIQ Example: CLD
Visualizing RIQ in
Table 4 [Color figure can
be viewed at
wileyonlinelibrary.com]
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development is endogenous to the feedback process of developing trust – a
structure that was highly impactful in the simulation model. Figure 7 is the
inset section of the “post-RIQ” CLD that was generated as a result of the con-
firmations and revisions made from the RIQ analysis. This figure visually
illustrates the CLD elements that were verified and those that were modified
during RIQ analysis. Table 5 provides counts of the CLD elements existing
in the entire “pre-RIQ” CLD that were verified and the modifications made to
create the “post-RIQ” CLD. It is important to note that the magnitude of
changes reported (i.e. elements dropped and/or added) is not the focus of
Table 5. This table is provided to suggest that the RIQ analysis improved the
quality of the product.
The revised Trust loop (shown in Figure 7 above) that resulted from the

RIQ process became a powerful feedback mechanism that is core to the

Key: 
• CLD links verified (blue)
• CLD variables verified (bold) 
• CLD links implied (gray) 
• CLD links not verified (dashed lavender)  
• CLD variables and loops not verified (lavender) 
• CLD proposed variable, link, and loop revisions (maroon) 

Clinical staff
member capabilities

Clinician and clinical
staff member

relationship (trust)

Task shifting to
clinical staff

members

+

+

+

Off-the-job clinical
staff member training

+

Visit time spent
training clinical staff

members
+

Clinical staff
member retention

Clinical staff
member capacity +

+

+

R

Trust

R

Trust

Care team ratio

+

+

Training clinical
staff members

+

Having sufficient
time allotted for the

visit

-

+

Fig. 7. Post-RIQ CLD
Visualizing Results of RIQ
Analysis in this Article.
Key: CLD links verified
(blue). CLD variables
verified (bold). CLD links
implied (gray). CLD links
not verified (dashed
lavender). CLD variables
and loops not verified
(lavender). CLD proposed
variable, link, and loop
revisions (maroon) [Color
figure can be viewed at
wileyonlinelibrary.com]

Table 5. Results of RIQ analysis – comparing pre-RIQ and post-RIQ CLDs

Pre-RIQ CLD
RIQ Analysis Post-RIQ CLD

CLD Elements Total Counts Verified Not Verified Dropped Added Total Counts

Variables 22 20a 1 1 0 21
Relationships 31 24 3 4 3 30
Delays 11 7 1 3 0 8
Distinct Feedback Loops 10 7a 1 2 2 10

aFour variables were renamed during this process. Two loops were renamed.
This table is based upon results reported in Table F.16 in (Tomoaia-Cotisel, 2018).
Pre-RIQ count = Verified + Not Verified + Dropped.
Post-RIQ count = Verified + Not Verified + Added = Total Counts Prior to RIQ + Added – Dropped.
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simulation model’s structure and its policy insights.x See Figure A2 in the
online supporting information for a diagram of the structure of the Trust
loop in the simulation model.

Effort expended in rigorously interpreted quotation analysis

Various factors determine the resources required to implement RIQ analysis.
In the case of the research project discussed in this article, we identified and
conducted RIQ analysis for, on average, 24 separate quotations per interview
(where each interview had 20 pages of single-spaced text on average). These
interviews and quotations varied widely in their length, quality, and the
degree of relevance to the CLD structure being evaluated. In our case, an
experienced coder spent from 5 minutes to an hour on one quotation.

In general, the following factors increased the time needed to analyze a
quotation:

• the length of the quotation,
• whether the quotation contains proposed restructuring,
• how many variables the quotation relates to,
• the breadth of variety of the situations discussed in the quotation,
• how much meandering is happening in the quotation, and
• how much extra text (noncausal language) is there to be truncated.

In addition, several coder characteristics facilitated RIQ analysis:

• the coder’s skill at diagramming (i.e. identifying causal language in text,
following CLD diagramming conventions), and

• the coder’s familiarity with the problem context (i.e. with conceptual
information, descriptions of concepts that facilitated formulating variable
names).

Finally, the quality of the initial CLD was also an important factor in deter-
mining how much effort RIQ analysis might require. Revisions due to dis-
confirmation took more time to figure out than quotations that confirmed
existing structure.

A broader reflection on the return on investment of rigorously interpreted
quotation analysis

We found that RIQ analysis resulted in benefits that outweighed the effort
needed. The process of CLD verification and modification resulted in

xThe parent study (Tomoaia-Cotisel, 2018) provides the operational details of the Trust Loop in the final sim-
ulation model.
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insights that were not available in the earlier conceptualization phase.
Unlike the inductive process of analyzing data in the initial CLD generation,
RIQ analysis is a deductive process: whereas the initial CLD generation
involved a discovery of emerging constructs from raw data and capturing
patterns in the form of CLD, the process of RIQ analysis required one to look
for elements in the data that could verify or modify the existing CLD. This
shift generated valuable new information. It permitted revisiting each ele-
ment in the CLD, triangulating evidence regarding the element, and engaging
in deep reflection about its role in the CLD.
We also believe that, while RIQ analysis required additional time in the

conceptualization phase, it saved more than enough time in development of
a simulation model. Along with the initial pre-RIQ CLD, tentative simulation
models were also developed early in the project. It was challenging to bal-
ance the need to add structure only as necessary with the need to reconcile
differences across participants. RIQ analysis resolved these concerns to a
great extent as: (i) revisions to the initial CLD-clarified understanding of the
links surrounding important variables like task shifting and (ii) much of the
structure was repeatedly confirmed (Tomoaia-Cotisel, 2018).xi As long as it
is focused on the problem and uses purposive text data, RIQ analysis helps
to make revisions that improve the CLD’s quality. This is the case whether
revisions are the result of differences in context or from the modeler gaining
a new understanding about the original context from new data. These revi-
sions and supporting evidence from RIQ analysis bolstered confidence in the
suitability of the CLD’s variables and links and the adequacy of the model
boundary.
This confidence helped the modeler to focus on the problem rather than to

“model the system” (Sterman, 2000, p. 79). RIQ analysis helped the modeler
to abandon several preliminary simulation model structures that had led to
dead ends. RIQ analysis helped the modeler to feel confident that the post-
RIQ CLD was an adequate endogenous theory of the part of the system caus-
ing the problem and the timeframe over which important changes were
occurring. This confidence allowed the modeler to distinguish between the
prior model structures which were unintentionally pushing toward model-
ing “the system” and the ones that needed to be in the model.
Each RIQ table imitates a conversation between a modeler and a stake-

holder about the CLD. The table shows how the modeler is listening to a
unique perspective based in a specific experience. Assigning phrases to vari-
ables and writing interpretations about causal chains documents how the
modeler is interpreting similarities and differences in perspective across
individuals, coming from their varied experiences. Every quotation is an
opportunity to question the CLD and to figure out how to reconcile any dif-
ferences between the perspective in the quotation and the structure in the

xiSee Section 3.5.4.2 and Section 2.4.5.4.2.
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CLD. Ideally, the CLD should be able to describe the important dynamic
structures across sites. Focusing conceptualization on the interpretation of
one discrete experience improves the CLD’s quality. Performing RIQ analysis
many times also provides information that can be used to assess quality
more holistically; for example, via within-case and cross-case comparisons.
When a simulation model based in the post-RIQ CLD is developed, this
information makes possible further opportunities for improving quality.

Finally, the RIQ tables generated as part of the analysis facilitated discus-
sions with research stakeholders that were grounded in the field data. These
included discussions with the dissertation committee members (each with
diverse expertise), dissertation examiners, and experts in health-services
research. In so doing, the RIQ tables facilitated CLD evaluation and the
building of shared understanding and confidence in the content of the CLD
and, ultimately, in the simulation model and insights derived from it.

Conclusion and discussion

In this article, we present the RIQ method for comparing a CLD to qualitative
purposive text data. Using RIQ analysis to evaluate a diagram during the
conceptualization process has many benefits including: (i) enabling a sys-
tematic and transparent approach to dissecting reliable qualitative data
which communicates experience in natural language, (ii) documenting that
process, and (iii) documenting evidence that confirms prior conceptualiza-
tion and evidence that disconfirms and suggests revisions to prior conceptu-
alization (thus, backward looking, allowing for the tracing CLD elements to
evidence). Presenting RIQ results alongside a CLD allows researchers to
share supporting data in the natural language of the data source along with
documentation for how that data was interpreted to arrive at the results
obtained (thus, RIQ analysis is forward looking as it allows for reproducibil-
ity and further disconfirmation). We believe RIQ analysis offer an important
avenue for building confidence in the usefulness of the findings and
recommendations.

More specifically, RIQ analysis offers scientific and practical value for dif-
ferent project contexts and stakeholders. For a team of researchers, the RIQ
table’s systematic way of interpreting data and documenting the interpretive
process can enhance communication in the team. It reduces variability in
interpretation among team members and would make it easier to pick up
where previous system dynamics modeling efforts left off. For clients, RIQ
analysis ensures their voices are formally captured in the resulting model.
By being able to trace their own input in the model, clients experience a
greater sense of ownership of the overall modeling process. This is critical
for the clients to trust the final model outcomes as it will result in a higher
likelihood for model recommendations to be implemented. Broadly
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speaking, RIQ analysis allows qualitative modeling work to be evaluated,
replicated, and disconfirmed by peers. This allows CLD structures to be eval-
uated in diverse situations.
We believe our article will speak to those new to system dynamics (herein

novices) and system dynamics experts alike. RIQ analysis relies on thematic
analysis (broadly defined as coding chunks of text data) and CLDs, both of
which are widely used for their accessibility. Therefore, we expect RIQ anal-
ysis to be easily implemented by novices and experts alike. (In fact, along
with supporting empirical rigor, ease of use was a major motivation for the
full suite of methods developed in Tomoaia-Cotisel (2018).)
For novices, RIQ analysis can be especially useful for building one’s own

confidence that the conceptualization is rigorous. Returning to the elephant
story, RIQ analysis can mitigate (i) coming up with spears and snakes
(i.e. misinterpretation of evidence) and (ii) wasted time debating whether
one is seeing parts of an elephant or other things (i.e. searching for interpre-
tations without relying on evidence). Furthermore, for those planning to use
a CLD as a blueprint for simulation, RIQ analysis provides a rigorous under-
standing of what ought to be considered as they embark upon formalizing
their simulation model.
For system dynamics experts (researchers, consultants, and practitioners),

RIQ analysis can be especially useful for building others’ confidence that the
conceptualization is rigorous. Again, returning to the elephant story, RIQ
analysis can mitigate acting as the blind people who each continues to see a
spear or a snake as they are presented with more evidence (i.e. bringing and
holding on to one’s own interpretation). We expect system dynamics experts
to find that the logic of RIQ analysis (herein presented as the RIQ table) is
robust and flexible for use in various applications.
More broadly, we feel that the RIQ method contributes to responding

effectively to Richardson’s call (1999) for principles of qualitative system
dynamics. Specifically, we feel that the RIQ method contributes to building
the “more robust catalogue of qualitative ‘methods’” (Richardson, 1999)
(p.441) for improving the quality of CLDs. We also believe that the RIQ
method contributes to Sterman’s (2018c) call for innovating methods that
facilitate rigorous evidence-based testing of diagrams and for improving pro-
jects’ empirical rigor and policy impact (Sterman, 2018c). Finally, we believe
that our article, and the RIQ method specifically, contributes to expanding
system dynamics’ engagement with social science beyond those approaches
described previously (cf. Kopainsky and Luna-Reyes, 2008, and Luna-Reyes
and Andersen, 2003).
Indeed, calls to use empirically rigorous qualitative techniques for causal

identification and inference are being made by scholars who are increasingly
concerned about how weakness on this point hampers policy impact
(cf. Miller et al., 2013, and Reiss, 2009). More rigorous conceptualization
may not prove beyond a doubt that a causal link is always real or that
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manipulating a cause will invariably guarantee the desired effect, but, when
using a tool like a CLD, the RIQ method can improve understanding of
dynamically complex structure across stakeholder groups in a way that
reflects their varying experiences with a problem. This provides a salve for
narrow mental models that we believe is desperately needed in the shared
battle against reductionism.

Limitations

This article presents examples from the first attempt at evaluating a CLD
against purposive text data using the specific logic of RIQ analysis. Our
knowledge regarding the usefulness of RIQ analysis beyond this context is
somewhat limited. For example, one could use RIQ analysis for
nonpurposive text data (e.g. newspaper articles, scientific articles, social
media posts, etc.). Additional use cases may point to the need for modifica-
tions to the RIQ method. Nevertheless, the RIQ method was developed in
broader considerations of system dynamics theory and methods, as well as
qualitative methods outside of system dynamics, so we expect the RIQ
method to be useful more broadly.

For limitations specific to the broader suite of methods and data used in
the parent study (Tomoaia-Cotisel, 2018), please see the limitations
section of the original work.

Future research

In this article, we have described the RIQ method, we have illustrated its
use, and we have discussed its costs and benefits as we experienced them in
one case. We find it to be a useful method for tests of structure.

We argue for enlightened flexibility in modification and adaptation of this
method for specific project’s needs and available resources. For example,
one can adapt the method to be less rigorous by choosing to omit docu-
menting the interpretation. Or one could adapt the method to be more rigor-
ous by choosing to separately document the interpretation for each link
rather than to write one interpretation for the entire causal chain that is
expressed. Also, one can choose not to test perception of delays and feed-
back loops. Or one can choose to test perception of stocks and flows in addi-
tion to the elements of structure already called out in this method.

Any changes to the RIQ method will come with their own costs and bene-
fits, and these costs and benefits should be carefully considered before they
are implemented. If implemented, we also argue for documentation of
changes made to the method and post hoc reflection and dissemination of
use cases. Additional use cases will prove useful in considering how this
promising method can become a best practice.
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Future research could also explore the operationalization of the RIQ
method in different research team settings (e.g. where one is the lone mod-
eler in a team of social scientists, where one is one of several modelers on
the team performing the RIQ analysis), for different clients (e.g. ones that are
more or less willing to engage in using the RIQ results), and using more
feature-rich software tools (e.g. in spreadsheet, database, or modeling
software).
This article presents the use of RIQ analysis in late-stage conceptualiza-

tion, where we evaluated CLD structure against contemporaneous interviews
internal to the same organization. Future research could branch out beyond
this use; for example, RIQ analysis could be adapted for:

• testing saturation by asking: have we heard everything that is relevant to
the problem, or have we ceased to surface conceptualization errors?

• early-stage conceptualization - as a front-end tool to rigorously develop
one’s initial CLD.

• testing simulation model structure and behavior against text data
• testing the assumption that the research method is appropriate to the

study context. For system dynamics, by asking: do study participants see
their problem in terms of dynamic complexity and mental models?

• testing external validity by comparing a CLD to data gathered in a totally
new context or in the same context at a different time period.

• discussing with interdisciplinary-research team members: in developing a
codebook for the CLD, in discussing alternatives for simulation model
structure, etc.

• discussing with diverse stakeholders, opening up the opportunity to eval-
uate the CLD together in an approachable manner. In the analysis stage,
this could provide a qualitative alternative to interrater reliability where
RIQ tables can be used to support a multistakeholder conversation with
the purpose of coming to agreement about how quotations support and/or
challenge a dynamic hypothesis.

While we have envisioned future developments as potentially supporting
research using system dynamics, we believe that, as it provides a logical
skeleton for testing assumptions against text data, there are also potential
applications in studies using other methods such as agent-based modeling.
We have only scratched the surface for how RIQ analysis could be used in
research processes to improve understanding and affect change. For exam-
ple, one could explore the relative effectiveness of different methods for
communicating RIQ results with stakeholders (e.g. in RIQ tables, in quota-
tions where RIQ analysis is used to write the interpretation, as part of an
online interactive diagramming tool). As demonstrated here, we are confi-
dent that the RIQ method has potential applications beyond what is illus-
trated in this article.
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Appendix A

Online Appendix

Figure A1 below shows how the RIQ method, as used in late-stage conceptu-
alization (and as presented in this paper), fits into a system dynamics pro-
cess. The RIQ method is found at the starred location: “Comparison and
Reconciliation of Structure”). Dashed arrows show processes occurring only
in initial stages and solid arrows show processes occurring in any stage.
Arrow thickness describes the role in a modeling process. Thick-lined
arrows are validation processes. Thin-lined arrows represent inputs that are
available to these processes. Colors (non-gray) show how the RIQ method as
used in late-stage conceptualization (and as presented in this paper) fits into
a system dynamics process. Blue arrows indicate processes prior to RIQ
analysis. Tan arrows indicate the inputs to the RIQ analysis. Orange text
indicates where the RIQ analysis takes place. The purple arrow indicates the
product of the RIQ analysis.

Coloring shows how this method fit into the process of the case study pres-
ented in this article. The dashed thin-lined blue arrow indicates that a first
set of interview transcripts capturing “Perceptions of System Structure”
informed the initial “System Conceptualization.” The solid thick-lined blue
arrows indicate that initial conceptualization led to the formulation of a CLD
based on the purposive text in those interviews. RIQ analysis (starred in this
diagram) is a method for “Comparison and Reconciliation of Structure.” The
solid tan arrows indicate the inputs to be used in RIQ analysis: (1) the CLD
as a “Representation of Model Structure” (the solid thick-lined tan arrow)
and (2) a validation dataset of purposive text interviews capturing “Percep-
tions of System Structure” (the solid thin-lined tan arrow). The solid thick-
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lined purple arrow indicates that the output of RIQ analysis is an improved
“System Conceptualization.” In this case, this post-RIQ conceptualization is
displayed via a post-RIQ CLD – a CLD that incorporates the changes identi-
fied using the RIQ method.
Figure A2 shows the Trust loop in Post RIQ versions of the CLD and simu-

lation model. These three diagrams show how this loop was operationalized

Fig. A1. Location of RIQ Analysis From a System Dynamics Process Perspective. This diagram (adapted from (Saeed, 1992),
(Lane, 1995) and (Richardson, 2019)) shows a system dynamics modeling process. Dashed arrows show processes occurring
only in initial stages and solid arrows show processes occurring in any stage. Arrow thickness describes the role in a
modeling process. Thick-lined arrows are validation processes. Thin-lined arrows represent inputs that are available to these
processes. Colors (non-gray) show how the RIQ method, as used in late-stage conceptualization, fits into a system dynamics
process. Blue arrows indicate processes prior to RIQ analysis. Tan arrows indicate the inputs to this RIQ analysis. Orange text
indicates where this RIQ analysis takes place (also starred in this diagram). The purple arrow indicates the product of this
RIQ analysis. An interactive version of this figure is available at: https://kumu.io/sdallen/the-system-dynamics-modeling-
process#sd-modeling-process [Color figure can be viewed at wileyonlinelibrary.com]
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in the parent study (Tomoaia-Cotisel, 2018). Diagram 1 shows Trust loop ele-
ments in the Post-RIQ CLD and is colored to help locate its variables and
links in Diagrams 2 and 3. Diagram 2 shows the Trust loop in context of the
simulation model. Diagram 3 provides the operational details of the Trust
Loop in the simulation model. Below, we describe what happens in this loop
when trust increases, using the three colors in Figure A2.

Fig. A2. The Trust Loop
as Found in Post-RIQ
Diagrams. This figure is
adapted from (Tomoaia-
Cotisel, 2018) Figure 3.86
with simulation model
equations in section 3.4.2.
Trust loop elements are
colored in the Post-RIQ
CLD and in the diagram
of the simulation model
[Color figure can be
viewed at
wileyonlinelibrary.com]
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• Brown (starting from the green stock in the bottom right): as clinicians
become more willing to shift tasks to clinical staff members, their team
offers more tasks (i.e. primary-care services) to their patients than before.
As more services are consistently provided to patients, the clinicians on
the team see that they are improving their adherence to clinical guidelines
(i.e. providing more comprehensive care) and this increases their desired
adherence. Because this goal requires clinical staff members to have expe-
rience with new tasks, it generates new on-the-job training tasks that need
to be completed. As teams complete these training tasks, clinical staff
members master new capabilities needed to perform the additional tasks
shifted to them.

• Blue: Clinicians consider what they perceive to be the capabilities level of
the clinical staff members on their team and adjust how much they trust
them to perform the shifted tasks.

• Green: Trust in clinical staff members is one of several factors that clini-
cians consider in adjusting their willingness to shift tasks
(i.e. determining how much task-shifting to undertake).
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