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Abstract: Different researchers have designed a diversity of model building
methods with specific characteristics depending on various data sources,
objectives and applications in the system dynamics. On one hand, the
expansion of system dynamics applications has caused the development of
various model building methods necessary. On the other hand, information
technology advances specifically web 2.0 has led to the development of various
model building methods with more capabilities. Thus, the main purpose of this
paper is to introduce crowd model building based on web 2.0. To achieve this
objective, first, various system dynamics modelling methods including
document model building (DMB), individual model building (IMB), group
model building (GMB), community model building (CoMB) and crowd model
building (CMB) were compared and contrasted through a systematic literature
review. Finally, crowd model building was fully explained.
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1 Introduction

System dynamics with a claim of recognising the main structure of determining
techno-socio-economic behaviours achieved a tremendous progress in the shortest time
and is regarded as the most effective and powerful problem-solving approaches to various
social-economic systems problems (Fartookzadeh and Zolfagharian, 2012).

The growth of system dynamics took place in a range of three different domains that
include:

1 defining in various countries and reputable universities as an academic discipline
(Morecroft and Wolstenholme, 2007; Milling, 2007)
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2 increasing the applications of this approach so that system dynamics has been used
for various applications and industries (Elharakany et al., 2018; Omamo et al., 2018;
Nikabadi and Hakaki, 2018; Soni and Chorasia, 2017; Oyo et al., 2016; Haji Gholam
Saryazdi et al., 2015; Haji Gholam Saryazdi and Manteghi, 2014; Gholamrezaei,
2014)

3 advancing in methodology as well as instruments, diagrams and software
(Akkermans and Vennix, 1996; Haji Gholam Saryazdi, 2014).

For system dynamics, due to various information sources, conditions, objectives and
applications, researchers have designed various methods for model building with certain
characteristics, strengths and weaknesses which are appropriate for specific conditions
and circumstances (Richardson et al., 1989; Winz and Gary, 2007). Furthermore, as Kim
(2007) said, the model building method influences on the model which is developed. In
this regard, on the one hand, the expansion of system dynamics applications and its
related problems has made the development of various model building methods
necessary. On the other hand, the development of information technologies and capacities
especially Web 2.0 and social networks has created the potential for development of
various model building methods with more capabilities. So in this paper crowd model
building (CMB) is introduced as a Web 2.0 and social networking-based approach. For
this purpose, first, various model building methods including document model building
(DMB), individual model building (IMB), group model building (GMB), community
model building (CoMB) and CMB have been compared through a systematic review of
literature. Then, the CMB has been explained in details.

This paper is organised as follows: the next section makes a review of related
literature of various model building methods. Then, the research method used and the
research is explained. Afterward, there has been an attempt to present a suitable
taxonomy of various model building methods and make a comparison among them to
provide a better explanation on the CMB method. Finally, the process of CMB is
elucidated.

2 Review of literature

Nowadays, a variety of software is available with different applications, strengths and
qualities. For instance, the AnyLogic software has the capability of using several
simulation approaches simultaneously (http://www.Anylogic.com) or web-based Optisim
and Forio software which can build online simulations (http://www.forio.com;
http://www.optisim.org/GLENG). Also, the web-based sites such as Insight Maker can
create model with multi-user interface (http://www.insightmaker.com). Insight Maker
integrates three general modelling approaches (Fortmann-Roe, 2014).

Various approaches to model building have been developed. In model building
methods, first, the focus was mainly on mental models of modeller and based on the
available library information sources and IMB. However, since the today’s problems are
beyond an individual’s capability and responsibility (Roos, 1997), the participatory
model building method was introduced. The participatory model building can be
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performed using individual or group interviews. One of the sub-categories of
participatory model building method is ‘GMB’ (Vennix, 1999). As Winz and Gary
(2007) showed that stakeholder participation in system dynamics is not a new
phenomenon. However, the involvement of stakeholders in all processes of model
building with the objective of improving learning and supporting the implementation and
application of GMB has recently been raised and has developed within the past 20 years
(Vennix et al., 1997). The GMB since its emergence has been growing quickly so that it
has been applied to many researches (Antunes et al., 2006; Elias, 2008) and there have
been numerous studies on model building process, guidelines and their evaluations of this
method.

For example, Carter et al. (2013) introduced VISCONS judgmental method into
GMB with a shared qualitative vision for a problem. Rather than individual interviews,
VISCONS can synchronously and consensually be used for group in parameter
estimation. Moreover, unlike Delphi, VISCONS is synchronous and can be used in real
time in the group. VISCONS is a quick and efficient method to avoid GMB problems
such as vagueness, incomplete evaluation and non-sequential participation concerning the
experts demand.

In following the development of system dynamics, internet and Web 2.0 technologies
has been used. Concerning the studies in which the web, transactions and its influences
has been used, social computational systems have been created which is a unique
interdisciplinary research for a better understanding of technical-social behaviour
(Agarwal and Xu, 2011). This discipline has created open standards and has led to a
collective wisdom (Surowiecki, 2004; Salerno et al., 2011).

Gary with Charyk (1996) introduced groupware technology as a tool for facilitating
and reinforcing GMB through providing an electronic forum for team members to obtain
and share all related information. In this method, all the relevant information is shared
and discussed in one uninterrupted virtual meeting. The team members make an effort to
document their mental models and ensure that their electronic discussions lead to a
general consensus or alternative hypotheses. In this model building, the team members
can involve anytime. The continuous virtual meetings cause the CEOs more involvement,
consensus and commitment.

In conventional methods, the models were typically identified during several sessions.
This was difficult for all team members to participate in meetings and put pressure on
model building team to finish the work within a restricted time. This leads to project’s
incompletion and a merely qualitative model building (Gary and Charyk, 1996). Thus, to
resolve this problem, the application of internet and Web was introduced. Groessler
(1996) maintains that although system dynamics creates a shared language, access to
group members and their participation can be difficult due to their physical distance.
Thus, virtual places can be useful and IT having access to static data can result in a
collaborative action with dynamic qualitative data. Groessler (1996) adds, the initial
stages of participatory model building can be performed using collaborative tools such as
video-conferences, e-mails, etc. In more advanced cases, people can work together to
build the model, although they are geographically distant from each other. Figure 1
depicts structure of interactive simulations on the web.
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Figure 1 Structure of interactive simulations on the WWW
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Today, web-based applications and games complete the traditional group workings
(Hovelynck et al. 2010). Machuca and Del Pozo (1997) state that computer games based
on model building result in distant learning with lower costs and allows for comparing
the results between a great numbers of persons. Milling and Lehmann (1994) point out
that games reinforce three areas including decision-making, systems thinking education
and shared learning. The management games can lead to the improvement of various
communications and competencies and sharing values and objectives (Milling, 1996).

Akkermans (1995) says, although quantitative or digital data are more accessible and
analysable using IT, they are not sufficient for making strategic decisions since most of
their factors are more soft factors. These soft factors are more effective than hard factors.
Hard factors lead to intellect while soft factors result in wisdom (Mintzberg, 1994).
Consequently, there is a need for participative methods.

According to Azevedo-Carns (1997), the distance learning opportunity is increasing
with computer’s support from GMB and it is necessary to carry out further research on
the method and time of its exploitation. Azevedo-Carns (1997) articulates that there are
two methods for GMB. The first method is the traditional-based brainstorming (including
field studies and experimental research comparing traditional brainstorming groups with
face-to-face and nominal groups). The second method of GMB is electronic
brainstorming (EBS) based on group decision support systems (GDSS). Azevedo-Carns
(1997) writes, technology advances in sharing and viewing models on the web can create
an interactive learning environment (ILE) in which groups can interact with each other to
build models.

Jordao et al. (1997) suggest general multi-media tools with the objective of
reinforcing understanding of causal relationships and structure/behaviour feedback.
Myrtveit and Bridgeland (1997) designed the architecture of a Websim through which
management simulator software can be implemented without the need for installation and
using only web browser. Figure 2 illustrates the architecture of a Websim.

Alessi and Trollip (2001) assert that web is the next logical step for complementing
computer-based learning which leads to expansion and dissipation of ideas for learning.
Glass-Husain (2005) stated that the simulation can be carried out on the web browser and
enjoy benefits such as world wide access, simple distribution and capability of
monitoring simulation process. Diker and Allen (2005) proposed the XMILE language as
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an exemplar interchange standard for solving the interchange problem of models among
various software. According to Ikeda and Suetake (2005), groupware via the internet is
appropriate for evaluation of general policy-making.

Figure 2  Architecture of a Websim
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Source: Myrtveit and Bridgeland (1997)

Groesser (2006a) defines the ILE as a web-based learning environment which supports
the structured interchange among the learning societies and reinforces the individuals and
groups learning and removes the spatial restrictions through the internet.

Michael Bean, in recent years, has held educational workshops on online simulation
and web-based games depending on system dynamics, discussions on web-based
simulation (WBS) challenges and their potential solutions and providing some examples
(Bean, 2007, 2008a, 2008b). He started training Forio as a web-based model building
software (Bean, 2009, 2013, 2015; Bean and Schoenberg, 2010a, 2010b, 2011a, 2011b).

Powers (2008) and Schoenberg and Powers (2008) suggested two free and open
source software for system dynamics, i.e., ‘OpenSim’ and ‘Open Dialect’ (Schoenberg
and Powers, 2008).

Figure 3 Web-based architecture and XML of system dynamics viewer model
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Schoenberg (2008) introducing the Open Dialect software, states that this software has
contributed to create an ILE with an access to 1.3 billion users online.

Xue et al. (2011) describe the developed design of open source SILVER system
which allows for virtual places to realise distant collaborations.

Bo Hu (2011) introduces a prototype of a web viewer of system dynamics models. A
web viewer model can represent various interactive stages of modelling with the
objective of providing system dynamics models as a part of simulation environment for
collaborative modelling (Figures 3 and 4).

Figure 4 User relation of model viewer (see online version for colours)
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Lempinen et al. (2011) introduced the new environment of system dynamics modelling
and simulation based on open source functions, i.e., open source modelling framework
semantics and simulation environment Open Modelica.

Skarin (2011) analysed the combination of system dynamics with web-based
technology as part of distributed group problem-solving approach and grand problems
(Figure 5).

Also, Levytskyy et al. (2009) present a model-driven approach to construction of
web-based collaborative environments. Byrne et al. (2010) by reviewing of WBS, stated
the advantages and disadvantages of WBS. Liu et al. (2012) introduce cloud-based
computer simulation (CSim).

As we mentioned in the review of literature, on the one hand, the development of
system dynamics applications has led to a growth of model building methods and
applications and on the other hand, the emergence of web and internet has caused that
system dynamics scientists are driven towards the use of these capabilities (Pruyt, 2016).
Next, we try to introduce various model building methods and compare these methods
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with CMB method which is based on Web 2.0 and social networks taking the research
methodology into consideration.

Figure S System architecture (see online version for colours)
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3 Methodology

In the present article, various system dynamics modelling methods were compared and
contrasted through a systematic review of related literature. At this step, all the papers
accepted at two preliminary rounds of research conference on system dynamics in 1976
and 1981 and 33 rounds of system dynamics conference since 1983 until 2015
available at system dynamics website society (http://conference.systemdynamics.org/
past_conferences/) along with papers available on Elsevier and Wiley scientific database
were reviewed.

In other words, there has been an attempt to introduce various model building
methods, make a comparison among them and answer to questions for clarify different
situations and circumstances in which these building model methods are suitable to be
used. These questions depend on the factors and questions raised in the review of
literature. Then CMB and it steps explained through CMB architecture.

4 System dynamics model building methods

As mentioned above, the present research aims to introduce CMB method through a
comparison of different system dynamics model building methods. In the following
section, we introduce and explain these model building methods.

4.1 Document model building

In system dynamics model building, the written database or documents and literature is
one of the major sources of knowledge (Forrester, 1980; Richardson et al., 1989). In the
other words, the model needs to be based on validated theories and empirical data
(Vennix et al., 1988). DMB refers to use of the written sources as the main source of
system dynamics modelling. The documents are written and numerical databases
(Forrester, 1980). This includes articles, various reports, books, etc. It is important to note
that in DMB, there are pre-existing, repetitive and well-structured problems since there
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must be sufficient literature. Also, at the times when it is impossible to have access to
experts and stakeholders or there are time or financial limitations, the DMB is suitable
(Richardson et al. 1989).

In DMB, the individual or model building team after searching for relevant sources
and documents make a comprehensive review of documents, analyse and elicit
knowledge using analytical methods such as systematic review of literature, content
analysis, grounded theory, hermeneutics, critical and official analysis of documents for
model building in terms of their systematic perspective (Richardson et al., 1989; Schliiter
et al., 2010; Hovelynck et al., 2010).

Concerning written sources (documents), although these sources are codified and
more widely accessible than mental model knowledge and facilitate the abstraction of
more detailed mental model data, the model builders are incapable of testing, developing
and understanding its hidden assumptions and there is the possibility of bias in the coding
(Ford and Sterman, 1997). Further, since these documents have not written for model
builders, Richardson et al. (1989) suggest that experts evaluate these documents. These
sources have little vagueness and can be used repeatedly (Richardson et al., 1989).

The DMB can be used in all the stages of system dynamics model building. Also,
since the theories and initial model based on related literature can be precondition to
other model building methods (Akkermans and Vennix, 1996; Groesser, 2006b), this
method is typically used along with other model building methods such as GMB (Vennix
et al., 1988; Laurenti et al., 2014) or as a preliminary method for developing dynamic
hypothesis or initial model. The preliminary model leads to a concentration of
discussions, time management, and higher efficiency in other model building methods
(Richardson et al., 1989).

4.2 Individual model building

Although written sources have applications in model building, they do not dedicate a
great bulk of data source to themselves. The most important data source for model
building, as Forrester (1980) points out, is the mental database. In other words, system
dynamics depends on interviewing key persons of the system (Vennix et al., 1990) and
need excessively to qualitative data and human judgment in all stages of model building
(Luna-Reyes et al., 2005a). In IMB, the emphasis is on using the hidden knowledge of
individuals’ minds. IMB refers to the process of building a model through individual
interviews with clients, stakeholders, experts and those who are involved in the system.
In the other words, this model building method interacts with players via individual
interviews, oral history or questionnaire (less structured and open) and model
construction workbook. In this method, the researcher is concerned with only one
individual at a time (Vennix, 1988; Richardson et al., 1989; Fey and Trimble, 1993;
Luna-Reyes and Andersen, 2003).

In IMB, individual or model building team must to determine the number of
interviewees and then choose right people for interview. Also interviews type (structured,
semi-structured or unstructured) and the technology used (face to face interviews, by
phone, e-mail, etc.) should be determined (Luna-Reyes et al., 2004). Then, the interviews
need to be done at the right time and place. After the interviews or completing
questionnaires, model builder analyses data using various techniques such as content
analysis, extracts the available models in the interviewees’ responses and prepares the



186 A. Haji Gholam Saryazdi et al.

ultimate model in terms of his own systematic perspective. Then, the model will be sent
back to the individuals to ensure that the interviewer has provided the interviewees
responses accurately (Richardson et al., 1989; Luna-Reyes and Andersen, 2003).

Halbe et al. (2015) state that in IMB, the individual learns to build system dynamics
models from his or her own perceptions and personal judgments (Halbe et al., 2015).

In participative model building, eliciting data from participants can be performed
through individual interviews, cognitive mapping or workbooks or can be through small
or large groups or a combination of them (Antunes et al., 2006). In other words, IMB is a
sub-category of participative model building.

IMB is mostly for creating knowledge and extracting information (extracting
variables) as divergent (Richardson et al., 1989; Vennix et al., 1990; Andersen and
Richardson, 1994) because in the information extraction phase, there is a need to
non-interacting individuals to decrease group influence on individuals (Chen et al., 2014).
In other words, IMB is suitable when individual’s interaction within a group leads to
model building partiality or when the participants are not willing to have open
discussions or there are a restricted number of problem-solving experts (Vennix et al.,
1988; Akkermans and Bosker, 1994).

The interviews data can explain perceptions, processes, feedback mechanisms and
causal relations. Also, this method can be used for estimating quantitative values. An
oral, rich and detailed response from interviewees is one of the properties of good
interviews (Luna-Reyes et al., 2005a). In individual interviews, no discussion takes place
between the team members and is time-consuming (Richardson et al., 1989; Luna-Reyes
et al., 2005a). Individual interviews are asynchronous, have vagueness and a lack of
consensus (Carter et al., 2013).

Consequently, this method is typically used in combination with other methods
(Martinez and Richardson, 2001; Groesser, 2006b; Pieters et al., Martinez-Moyano et al.,
2007). For instance, Ford and Sterman (1997) initially used individual interviews and
then group interviews. Vennix et al. (1990) extended their quantitative model using
individual method and then group workshops (Vennix et al., 1990). Yuliani and Tasrif
(2006) used deep interviews along with content analysis of relevant documents at the
system conceptualisation stage. Laurenti et al. (2014), after reviewing related literature,
extracted the effective variables and hold one session GMB. Finally, they held individual
interviews for modifying the model.

4.3 Group model building

As mentioned above, one of the complementary procedures of system dynamics is
movement towards using mental processes and participatory or group model building
(P/GMB) since the man’s mind is incapable of analysing all the complexities due to
short-term limited capacity or false perceptions from feedback structures (Groessler,
1996; Roos, 1997). Although IMB does not have the risk of group thinking, groups have
higher ability for filtering false information towards an individual. In groups different
views with different expertise are gathered and discussions lead to a clarification of
individuals’ assumptions (Carhart and Yearworth, 2010). Further, the gathering of
experts, stakeholders and researchers reduces information gap among these three groups
and increases their consensus and holism (Olabisi, 2010). Thus, group knowledge sources
are higher quality than individual knowledge sources in problem-solving.
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Consequently, it is necessary to use GMB facing messy and ill-structured problems
with complexities and numerous stakeholders and due to the limited capacity of man’s
mind (Vennix, 1999). There are not sufficient theories about these problems in literature.
In other words, in ill-defined problems or when experts have limited knowledge of a
system that this knowledge is about a part of system too, many people need to participate
to share their different views. Although this great number of individuals results in
dissipation of knowledge, it would be difficult to structure and organise the process of
knowledge acquisition (Vennix et al., 1988). As Groesser (2006b) points out, in GMB,
several groups of players need to be involved in the process. If there is only one player in
the problem, the IMB is superior to GMB (Groesser, 2006b).

GMB was developed in the 1980s (Hovmand, 2014) to refer to system dynamics
process through involving clients deeply in model building process. In other words, GMB
is a method based on system thinking methods for involving stakeholders through
numerous sessions to look for effective factors influencing complicated systems with
deep levels of uncertainties and ambiguities (Elias, 2008). Vennix (1996) defines GMB
as a process through which team members interchange and discuss their own perceptions
of a problem. For GMB, nominal group technique, social judgmental analysis, focus
groups and Delphi method (Dalkey and Helmer, 1963), hermeneutics, soft systems
methodology (Checkland and Scholes, 1999) and other suitable methods are used
(Richardson et al., 1989; Rich et al., 2009).

In GMB, the model can play both the role of a micro world as a tool for solving
problems and a boundary object as an instrument for discussion and learning (Andersen
et al,, 2007). In other words, GMB reiterates both structuring problem and process
(Akkermans et al., 1993; Groesser, 2006b).

The involvement of stakeholders or individuals participation can take place at any
stage of GMB (Beall and Ford, 2007; Haji Gholam Saryazdi, 2014). In this method,
development of model is happened through knowledge extracting of participants since
there are not this knowledge in literature (Vennix et al., 1988). Also since deeper
knowledge is needed.

According to Richardson et al. (1989), GMB phases including problem definition,
extracting variables and model conceptualisation needs to a less structured and more
divergent thinking. In these phases individual method is better than group method. But
GMB is a more suitable method for analysing and selecting the best variables
(Richardson et al., 1989). On the other hand, the experts need to involve in convergent
thinking phases of GMB to respond to technical questions. At this stage, GMB is often
during problem solving practices to come to a general consensus among expert group
(Chen et al., 2014).

The major problem in GMB is the numbers of individuals who need to participate in
the model building session. Elias et al. (2004) reiterate that, the group members need to
be selected that cover a diversity of views. However, the size of groups cannot be very
large; although this causes a larger organisational database for commitment to implement
a decision and increases model quality, on the other hand, reduces individuals’
participation and satisfaction and creates tensions among group members (Richardson
et al., 1989). Consequently, the size of group must not be too large or too small. Vennix
(1996) and Richardson et al. (1989) regard 10—12 members in a group as an ideal group
and a group with 25 members a large one (Vennix, 1996; Anderson and Richardson,
1995). There are usually two methods for GMB. In the first method, GMB involves small
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groups of 3-5 individuals. The second GMB allows for participation of 25 individuals or
more (Winz and Gary, 2007). In large groups, there are typically five roles for model
building team to manage the sessions efficiently. These roles include facilitator,
moderator-recorder, content coach/modeller, process coach and gatekeeper (Luna-Reyes
et al., 2005b; Esensoy and Carter, 2015).

The second challenge after determining the number of members is to select
appropriate members (Groesser, 2006b). The participating members need to be selected
using purposive sampling (Yuliani and Tasrif, 2006) and involve experts, stakeholders
and clients and those who are directly involved in the problem.

The reason for selecting a small number of members is the accessibility restrictions
and gathering the individuals in one physical location. To overcome this problem, there
are two methods.

One solution to this problem is using a combination of model building methods
(Martinez-Moyano et al., 2007; Chaloupka, 2007; Richards et al., 2013). For instance,
Vennix et al. (1988), first, tried to develop a preliminary model through a review of
literature and model builders’ insights. Then, they made an attempt to try out policies and
discuss the results using experts’ views via Delphi technique panel. They also extended
their model using workbook, IMB as well as group workshops of quantitative model.

Ford and Sterman (1997) initially used individual interviews and then moved towards
group interviews. Luna-Reyes et al. (2005a) used observational data and interviews for
their preliminary analysis. Then they used GMB. Carhart and Yearworth (2010) used
nuclear industry documents and GMB for evaluating non-military nuclear industry.
Wagle (2014) suggests rapid participatory system dynamics modelling (RPSDM) for
tacking time, resources and expert’s limitations in GMB which is based on a combination
of individual and GMB methods. Also, Laurenti et al. (2014), after reviewing related
literature, extracted effective variables, boundary and functions in the life cycle
assessment. Then, they held a GMB session. Finally, they performed individual
interviews to modify the model. Vugteveen et al. (2015), first, prepared and sent an
online questionnaire to extract related variables. Afterward, they extracted relationships
between variables in workshops through identifying the participants.

The second solution to tackle this problem is using community or CMBs. In the next
section, we introduce community and CMBs.

4.4 Community model building

CoMB refers to an extended, but certain group of experts, stakeholders, and clients who
are related to the problem and involved in it. The group members are mainly 25 to 100,
but may exceed this estimate as circumstances dictate. Such individuals are often first
identified by the model building team and then invited for the purpose of building
models. New participants may also be introduced and invited to the team through these
newly added members, which requires new members to be engaged with the problem.

In the CoMB, an online community is first established and then, members initiate
model building through this community. In this model building procedure, participants
attempt to perceive the problem and clarify it, analyse and recognise the structure causing
the problem and ultimately, build a model based on it and propose solutions.

The CoMB can be accomplished through platforms of internet, Web 2.0 and social
networks. The CoMB leads to greater involvement of members as well as to
independence of place and time; however, responses suffer a lower validity and reliability
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than those in GMB, since in the latter, a smaller number of people are gathered together
at a certain point in time who eventually produce more accurate and reliable output based
on some challenging and accurate debate.

Peter Hovmand proposed community-based system dynamics (CBSD). He states that
a community-based model building is a participatory approach to engage and work with
associations and organisations to develop GMB (Hovmand, 2014; Yadama et al., 2010).
In this regard, Bridgewater et al. (2011) attempted to strengthen understanding and
develop a strategy to improve crime prevention among teenagers in Boston, using the
community-based model building. Such communities, other than specialised, expert and
guild members, can include rural population, outcasts, the poor, etc. (Yadama et al.,
2010; Hovmand et al., 2010, 2014).

It is important to note that CoMB according to Hovmand is model building through
communities, while the CoMB in this study refers to online model building via internet
and social networks through involvement of communities. In other words, members
selected for the CoMB must be experts, stakeholders and clients involved in the problem.
This type of model building, in which problem are generally novel and researches are
exploratory in nature, is suited to consider problems for which there are sufficient
specialists who are far apart or it is difficult to gather them around at a certain time and
place.

By the term ‘community’, it is meant a group of individuals with some points in
common, such as location, experience or interest (cited in community tool box website).

Model building in a community leads the whole system toward better understanding
of perspectives of different experts and stakeholders in that particular community. The
isee system company has initiated a model building program on its website by organising
an online webinar on freelance training with 70 participants. This company has also
conducted a webinar on the topic of drought in California through the CoMB by
establishing an online community with the aim of building models and discussing them,
in which nearly 160 people enrolled (isee system company website).

The CoMB approach is appropriate to initiate GMB phases which mostly need
divergent thinking (Richardson et al., 1989). Divergent tasks involve obtaining different
ideas about reference mode or model boundary and deriving different variables
(Anderson and Richardson, 1994).

In this method, since the information is recorded by the community members at the
time of receiving and the members are free in time and space, only the modeller is
required to act. In other words, the quintuple roles required for GMB can be
accomplished by one person.

Haji Gholam Saryazdi and Purserajian (2015) investigated barriers to technology
development in Yazd Province through the CoMB. Their study comprised of two stages:
at the first stage, they initiated their CoMB program by establishing an online community
in telegram messaging service and registering the target population in the community
(managers of state agencies, university authorities and professors, managers and industry
experts, entrepreneurs and managers of tech firms, members of Yazd Science and
Technology Park). Accordingly, they posed their research question (what are the barriers
to technology development in Yazd Province?) in the community and members’
information and opinions were collected within one month. Then, the overall conclusion
was presented to the group after integrating and moderating ideas, revisions were
obtained and ultimately, the output was approved by all the members. Then at the second
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stage, by holding two meeting sessions on GMB including people with expertise and
responsibilities related to technology development, the output resulting from the CoMB
was scrutinised and the final model was extracted.

4.5 Crowd model building

Expansion of internet access along with borderless, interactive communication via
Web 2.0 and social networks has provided grounds for problem solving, acquiring and
sharing knowledge. Using of crowd for performing various tasks such as sharing of
knowledge and ideas through crowdsourcing, sharing financial resources through
crowd funding, labour supply through labour cloud, etc. is increasing.

Adoption of social media has altered methods of production and consumption of
information towards the use of the phenomenon of creating intelligent and collective
data. Social media are inexpensive, easy to use, and almost everywhere available
platforms which provide a dynamic, participative (collaboration-driven), democratic and
non-regulated environment to internet users to express views and opinions, share notions,
and participate in debates (Agarwal and Xu, 2011). Internet provides opportunity for the
global model simulation by establishing infrastructure, especially web-based services.
Simulations run in a web browser possess advantages such as global access, easy
distribution, and ability to monitor simulation stages (Bean, 2007).

Therefore, since IT and internet provide researchers with an environment to collect
massive datasets and also, to conduct web-scale experiments (Liu et al., 2010),
behavioural model building is facilitated for generation of social behaviour,
implementation of scenario planning, advanced perception of social behaviour, patterns
and its potential consequences (Agarwal and Liu, 2009). In this regard, various methods
and systems have been created for study of interactions among individuals, groups and
even nations (Agarwal and Xu, 2011).

In this paper, we used this platform for system dynamics and introduced CMB
approach as a collective decision support system (CDSS). The CMB here refers to the use
of Web 2.0 and social networks to gather a large number of people for identifying new,
exploratory dynamic problems and collecting different opinions, as well as analysing,
model building and presenting its results.

Winz and Gary (2007) believe that participation can occur at individual,
organisational or social level. Thus, the CMB emphasises social participation as it
involves very large, infinite and uncertain group of all people who can be either expert to
the problem and involved in it or have no particular relation to the target problem. As
previously mentioned, the number of people is infinite in this type of model building and
the team usually holds a public call to invite people for model building. Moreover, the
core participants, including experts, stakeholders, and clients related to the problem and
involved in it are identified by the model building team and invited to build models. In
this approach, new participants are also introduced to the procedure and participate in
model building through the members.

This perspective in this approach is diverging in nature and the approach functions for
new, exploratory research issues in need of collecting great number of opinions.
However, this method is commonly used for certain topics for which no specific experts
are available. Here involvement of users is important for two reasons of knowledge
acquisition and diffusion (Vennix et al., 1988).
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According to the classification of the problem’s audiences or stakeholders based on
power and interest proposed by Bryson (2007), a crowd usually demonstrates low power
and low interest over the problem (Bryson, 2007; Butler and Adamowski, 2015). That is
why new phenomena and exploratory researches are performed CMB.

Figure 6 Classification of stakeholders based on power and interest
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4.6 Comparison of different model building methods

In that follows model building methods are compared according to influential factors on
the selection of such approaches as well as characteristics of each approach. With
literature review factors affecting the choice of model building approaches are identifies
that include: type of problem, purpose of model building, type of used data source, type
of output, place-form processing continuum, type of work to perform (dominant
perspective), number of participants, number of roles and model building team members,
type of participants, methods and techniques of data collection, phases of model building,
accessible space and time, cost, and used technology (Richardson et al., 1989; Vennix
et al., 1994; Azevedo-Carns, 1997; Ford and Sterman, 1997, Luna-Reyes et al., 2005a;
Ford et al., 2006; Elliot et al., 2005; Kim, 2007; Winz and Gary, 2007; Rouwette and
Hoppenbrouwers, 2008). These methods are compared based on the above 13 criteria as
follows.

4.6.1 Type of problem

One important factor in the selection of type of model building is type of problem. The
problem can be viewed as a continuum of well-structured and repetitive to messy and
new (Vennix, 1999). The problem is well-structured and repetitive in document and IMB.
In other words, the problem is properly defined and addressed by the relevant literature in
these two types of model building. Moreover, related experts and stakeholders have
sufficient knowledge of the problem. Therefore, these problems can be modelled by
reviewing the literature relevant to each problem and using experts’ opinions.
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However, in GMB, the problem is generally ill-structured and messy, has many
stakeholders, but often little previous theories on it and also, human mind alone is limited
in understanding such problems and thus, a team of individuals knowledgeable to the
problem or interested in it is required to build and analyse models (Vennix, 1999).

In community and CMB, the problem is mainly novel and research approach is more
of an exploratory type. The CoMB approach is suitable to use if the problem is in a
particular domain and its experts are recognisable, whereas CMB should be applied if
experts in the field are not sufficient in number and the problem is a new social
phenomenon, in need of engaging the society.

Table 1 Comparison of model building methods based on type of problem
Document Individual Group model Community Crowd model
model building model building building model building building

Well-structured, ~ Well-structured, Ill-structured, = New problems New problems and

repetitive repetitive messy and exploratory  exploratory

problems problems problems with  research for research for which
numerous which many not sufficient
stakeholders experts exist experts exist

4.6.2 Purpose of model building

The purpose of model building can be solving a real problem (applied and practical
approach), learning, discovering structure of a phenomenon and theory building. In
document and IMB, it is mainly intended to solve a practical problem, whereas in GMB,
in addition to solving a problem, promoting group’s learning, upgrading members’
mental models and in some cases, theory building is intended.

Accordingly, the CoMB, like GMB, is intended for problem solving, learning and
theory building through engaging individual’s mental models. However, CMB seeks to
understand and discover new phenomena as well as to extract affecting variables and
identify their basic structure. This method, in addition to identifying the intended social
phenomenon and its sociotechnical effects, aims to develop appropriate theories to
understand its structure and behaviour. Furthermore, designing basic structure and initial
theories of new phenomena through public and social participation is effective in
resolving related problems and even, preventing its occurrence and diffusing and
information providing about the phenomenon.

Table 2 Comparison of model building methods based on purpose of model building
Document Individual Group model Community Crowd model
model building  model building building model building building
The use of The use of The use of The use of Use of collective
available mental models  mental models  mental models intelligence for
information in the form of  inthe form of a  inthe form ofa  initial understanding
and resources a systematic systematic systematic and discovering
in the form of a  approach to approach for approach for structure of a new
systematic better solve better problem  better problem phenomenon and
approach to problems solving, solving, better problem
better solve learning, or learning, or solving, learning, or
problems theory building  theory building theory building
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4.6.3 Type of used databases

In different model building methods, various databases mentioned by Forrester (1980) are
used. Since, according to classification of research strategies by Bleijenbergh et al.
(2009), DMB is among data-driven research strategies. In DMB, the focus is on written
and numerical databases. This is while in IMB, the focus is on individual mental models,
and in GMB, individual mental models interacting together in a group are emphasised.
According to the same classification by Bleijenbergh et al. (2009), types of model
building from individual to crowd are among participatory strategies. Moreover, this
classification demonstrates that if research is to solve real problems, participatory
strategy becomes practical and participants are mainly stakeholders; however, if the
research is for theory building, expert-driven participatory strategy and participants are
experts in various fields (Bleijenbergh et al., 2009).

According to various databases, large group mental database of professionals and
members of a particular community is mostly used in the CoMB. Also, the main
emphasis in CMB is on public mental database (collective intelligence) as well as on
engagement of the community and society in a newly emergent phenomenon.

Table 3 Comparison of model building methods based on type of database

Document Individual Group model Community Crowd model
model building  model building building model building building
Written and Written, Written, Written, Written, numerical
numerical numerical and numerical and numerical and and mental
database mental mental database, mental database, database, and here
database, and and here the and here the the focus is on
here the focusis  focus is on focus is on public mental
on individual group mental relatively large database
mental database  database group mental (collective
database intelligence)

4.6.4 Type of output
The output of model building sessions can be in two forms:

1  model as micro world (Zagonel, 2002, 2004), representative objects (Bayer et al.,
2010) or virtual world (Sterman, 2000), which is a presentation of reality of foreign
policy making environment. In other words, micro world models are used as the
actual presentation of decision-making situation to test results of selection of policies
(Zagonel, 2002, 2004; Eden and Ackermann, 2006; Bayer et al., 2010; Esensoy and
Carter, 2015; Scott et al., 2016)

2 model as boundary object or socially constructed artefact, which is a tool for
common discussion, trust building, agreement and understanding (Zagonel, 2002,
2004; Eden and Ackermann, 2006; Esensoy and Carter, 2015; Scott et al., 2016).

Moreover, models, either as boundary object or micro world, can be epistemic or
technical objects. Epistemic objects help to create new knowledge and are dynamic,
whereas technical objects are static and available as a means to make knowledge
accessible (Bayer et al., 2010).
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Table 4 Comparison of model building methods based on type of output

Document Individual Group model Community model Crowd model
model building ~ model building building building building
Micro world Micro world Micro world or Micro world both ~ Micro world
boundary object  more boundary both more
object boundary object

4.6.5 Comparison on the basis of place-form processing continuum

Based on the place-form processing continuum framework by Kim (2007), various model
building techniques are as follows. This framework consists of two continuums of place
of process and form of process. Here, location of the processor continuum is defined as
level of involvement of individuals in receiving information, processing it, and taking
measures on its basis, ranging from individual to collective (group, organisation or
industry) level. The Form of the processor continuum indicates the output form of the
model building which includes a range of static objects such as memory and knowledge
to a process that changes with the group dynamics such as communication and interaction
(Kim, 2007).

As clearly shown in Table 5, document and IMB emphasises knowledge acquisition
and analysis from individuals and mainly intends to solve problems and build an artefact
(dynamic model). GMB is in the middle of these two continuums. In this type of model
building, providing a specific output similar to a model is also mainly intended and the
model building process and changing attitudes, as well as increasing participants’
commitment and learning during the process are emphasised.

Table 5 Comparison of model building methods based on Kim’s place-form processing
continuum framework (2007)

Location Form of the processor
of the Product Process
processor
Individual Document model
building
Individual model
building
Group model
building
Collectivity Community model

building

Crowd model
building

Community and CMB make sense by large-scale involvement of highly collaborative
people. These types of model building are mainly attempt to create a mentality on a new
phenomenon, discover and understand it and diffuse knowledge about it. In other words,
these two methods are at the end of each continuum and focus in the location of the
processor on collectivity and in the Form of the processor on process. As a result, CMB is
CDSSs.
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4.6.6 Type of work to perform (dominant perspective)

There are three types of works in the dynamic model building process (Richardson et al.,
1989; Chateau et al., 2012):

1 Works that require divergent thinking to elicit information (Type A). This type of
work is a part of production phase specifications such as problem definition, model
conceptualisation, model validation and formulation.

2 Exploring course of action that requires convergent thinking and is a part of problem
solving phase specifications including the definition of causal relations, feedback
loops and rate equations (Type B).

3 Assessment conditions works which refers to the judgment and selections such as
choosing the parameters, policy scenarios and model assessment methods (Type C).

Each dynamic model building step requires these three. Problem identification and
definition, and system conceptualisation are mostly Type A since they require a database
of relevant information and different ideas. In model formulation step, the modeller is
focused on system performance which is more associated with Type B. Model use,
implementation and dissemination, and model testing and evaluation are type C (Chateau
et al., 2012).

Calhoun et al. (2010) suggest that divergent actions include activities which lead to
the production of ideas and different interpretations and convergent actions refer to those
activities that integrate different ideas and interpretations as well as evaluation actions
that lead to the assessment and selection between the options and ideas (Calhoun et al.,
2010).

Richardson et al. (1989) stated that initiating GMB phases requires divergent thinking
and should be less structured (Richardson et al., 1989). Convergent thinking phases
should be subject to the intervention of specialists to respond to technical questions. Their
comments are used to reach consensus during these actions (Chen et al., 2014).

Finally, we can say that divergent actions are used in any model building method to
collect ideas and variables and then convergent actions are used to create a model as focal
object or artefact. And again divergent actions are used the model testing and using it.
Figure 7 illustrates this concept (Slinger et al., 2009).

Accordingly, it can be mentioned that divergent and convergent actions with different
focus points and volumes are used in all model building methods.

As Table 6 shows, the modeller acts as a person in charge of converging various
documents and studies in DMB. In other words, although the modeller has a divergent
attitude towards collecting literature and documents, most of his actions are to further
consolidate and converges different findings based on a holistic and systemic approach.

In IMB, the focus is on divergent works so that the modeller is to collect different
views of different individuals and this action constitutes the major part of the work and is
of significance in building an appropriate model. After collecting information and
reviewing mental models of different persons, the modeller should perform convergent
actions to build a model.

GMB contains a relatively equal combination of these two types of work. In the first
phases, the modeller is to gather different people to participate in the group and acquire
the members’ different perspectives. During and after each meeting, the modeller should
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integrate the discussions of the team members into the model. Both these actions are
important and of high volumes.

Figure 7 Type of work during different phases of dynamic model building (see online version
for colours)
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In community and CMB, all actions are divergent since the purpose and philosophy of
these methods are understanding and discovery of a new phenomenon through
investigating the public mental models. Furthermore, because non-interacting individuals
are more needed in the information elicitation phase in order to reduce the group’s
influence on individuals, the nominal group technique (Chen et al., 2014) or community
and CMB methods are highly effective.

Table 6 Comparison of model building methods based on the type of work

Document Individual Group model Community Crowd model
model building  model building building model building building
Convergent Divergent Divergentand  Divergent Divergent and more
Convergent in initial steps to
explore and identify
variables.

4.6.7 Number of participants

One of the important factors is the number of people participating in different model
building methods. In DMB, the modeller or the model building team usually conduct
research and build the model and no participation exists in practice. In IMB, people are
usually interviewed individually and there is no communication between people. The
number of participants may vary based on the problem. There are two types of meetings
in the GMB: Small group meetings and large group meetings.
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Vennix (1996) asserts that all stakeholders and clients shall be covered in the GMB
because the lack of a stakeholder enhances the risk of non-commitment in the
implementation of the final decision. On the other hand, large groups (more than 10 to
12 persons) cause lower satisfaction level, greater waste of time and interpersonal
communication troubles (Vennix, 1996; Yahril et al., 2006). Hence, when the number of
stakeholders is high (more than 25 persons), small group meetings (with 3—5 persons) are
used to collect data. Then in a general meeting, all participants convene and the results of
the small meetings are expressed and sum up.

Stave (2002) introduces three challenges to engage the stakeholders in the public
model building projects:

1  since stakeholder participate voluntarily, the problem is forcing them to attend in
meetings

2 volunteers spend less time than those who their task (clients)

3 public participants tend to self-select; this mean that they participate in meetings
when they wish (Stave, 2002; Yahril et al., 2006).

The community and CMB methods can solve these challenges so that there is no need for
concurrency and a same place and participation and its time is according to their will. In
CoMB, the online forum consists of 100 persons and more collaborating in the model
building process. There is no size limit in the CMB and there is a need for public and
society participation to understand new phenomena and enhance awareness.

Table 7 Comparison of model building methods based on the number of participants
Document Individual model Group model Community Crowd model
model building building building model building building
There is no One person is Small groups  Online forums  Unlimited
collaboration in  interviewed usually with up to number.
model building.  individually. The total 3 to 5 persons 100 persons

number of participants and large and more.
usually reaches up to groups up to
25 persons and more. 25 persons.

4.6.8 Number of roles and model building team members

There are different roles for the modeller in model building methods (Esensoy and Carter,
2015). In document and IMB, the modeller is required and he is in charge of tasks
such as coordinating with people to interview, holding meetings and facilitating the
discussions. In GMB, five roles are of essence: facilitator, moderator/recorder, content
coach/modeller, process coach and gatekeeper (Luna-Reyes et al., 2005b; Yahril et al.,
2006; Andersen and Richardson, 2010; Esensoy and Carter, 2015; Richardson et al.,
1992). In meetings with large groups, five different persons should play these roles;
however, one person can play these roles in small groups (Richardson et al., 1992).

As it can be seen in Table 8, although community and CMB deal with a large number
of participants, only modeller is sufficient because in this model building methods
information are recorded simultaneously with the members’ log in and members are not
bound with time and space. In other words, one person suffices to play these five roles.
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Table 8 Comparison of model building methods based on the number of roles
Document Individual Group model Community Crowd model
model building  model building building model building building
Only modeller ~ Only modeller ~ There are usually Only modeller is Only modeller
is sufficient. is sufficient. five different roles  sufficient. is sufficient.

and these roles can
be played by a
same individual in
small group.

4.6.9 Type of participants

In document and IMB, the modelling is performed by an individual modeller or a team
who are specialised in the dynamic system model building and specialists in problem
field. In the participative model building (individual, group, community and crowd),
three distinctive groups are involved: The first groups are the core modelling group or
model building team who perform project management, data collection and analysis, and
simulation, etc. The relevant process and their size were explained in previous section.
The second group consists of clients and stakeholders who are the same institutions and
departments that are responsible for the problem. And the third group contains the experts
who are knowledgeable about the problem (Richardson et al., 1992; Anderson and
Richardson, 1994). However, the remarkable point in the CMB is that the second and
third groups are not usually significant; therefore, the emphasis in the CMB is on social
involvement such that the model building contains large, unlimited and unspecified
groups of all people who can be a problem expert and get involved in it or those who
have nothing to do with a concerned problem. In this type of model building, the size is
unlimited.

Table 9 Comparison of model building methods based on type of participants
Document model Individual Group model Community Crowd model
building model building building model building building
Only the model They are Experts, Experts, A combination
building team which  usually experts  stakeholders and  stakeholders of related and

can contain only related to the clients who are and clients who  unrelated
one person builds problem. associated with are associated people.
models based on the the problem as with the

literature. The well as the problem.

members are both model building

model building and team with

problem experts. 5 different roles.

4.6.10 Methods and techniques of data collection

In each method, data collection and analysis tools are different. Like other library
methods, text analysis tools and techniques such as content analysis, data mining, text
mining, grounded theory, and so on are used in the DMB method. In the IMB method, the
focus is mostly on interviews and questionnaires as well as work book, which are usually
semi-structured. After the interviews, content analysis such as DMB is usually conducted
for the generated content. In the GMB, the brainstorming and simulation during meetings



Crowd model building as a collective decision support system 199

and workshops are emphasised; however, the use of workbooks and unstructured
questionnaires is also common. When these tools are employed, content analysis
techniques are also used. Brainstorming is the only tool used in CoMB because the
discussions are concise, accurate and relevant to the problem and findings convert into a
model or a variable affecting the problem in the same session. Other tools such as content
analysis or workbooks are less required.

Table 10  Comparison of model building methods based on methods and techniques of data
collection
Document model Individual Group model Community Crowd model
building model building building model building building
Content analysis Interviews, Brainstorming Brainstorming Brainstorming
and other text questionnaires and structured (qualitative
analysis methods  and work book workbooks research)

4.6.11 Model building phases

Any of the model building methods can be used in different dynamic system phases
(Winz and Gray, 2007). In the DMB, the focus is on the initial steps (dynamic hypothesis
formulation and primary model conceptualisation). In individual and GMB, all model
building phases are involved; however, in some cases depending on the type of objectives
and subject of the study, these methods may be used in one of these phases.

Although all model building phases can be performed in community and CMB
methods, the emphasis is on the first steps (extracting variables) in order to discover new
phenomena and collect divergent views in this regard in order to understand the basic
structure of the phenomenon.

Table 11  Comparison of model building methods based on model building phases
Document model Individual Group model Community Crowd model
building model building building model building building
All phases of model All phases of All phases of  All phases of All phases of
building with an model building  model model building  model building
emphasis on initial (from problem  building. with an with an

steps (dynamic
hypothesis formulation

definition to
model testing

emphasis on
initial steps

emphasis on
initial steps

and establishment ofa  and policy (eliciting (eliciting
basic conceptual analysis). affecting affecting
model) variables). variables).

4.6.12 Accessible space, time, and cost

Each method has specific place, time and cost specifications. There is no specific spatial
and temporal dependence in the DMB method and the modeller only looks for various
sources related to the subject and performs the research process without excessive cost. In
IMB method, a proper place is needed for interviews and the interviewee is asked to
express his favoured interview place and time. Accordingly, the interview meeting is
held. The cost of these meetings is not high; however, it is more costly in comparison
with the DMB. In GMB method, planning workshops and workshop activities including
procurement, scheduling and developing exact schedule for the workshop day,
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appropriate place and necessary facilities (including whiteboard, white wall, video
projector with computers having model building software, proper layout of seats and
other furniture) should be done in advance (Anderson and Richardson, 1994; Luna-Reyes
et al., 2005b; Groesser, 2006b; Hernantes et al., 2013; Butler and Adamowski, 2015).
Hence, there is spatial and temporal dependence in this method and it is usually costly.

Table 12 Comparison of modelling based on accessible space, time, and cost

Document Individual model Group model Community Crowd model
model building building building model building building
There is no The spatial and The spatial and There is no There is no
spatial and temporal dependence  temporal spatial and spatial and
temporal is usually in the form  dependence is temporal temporal
dependence that the most suitable  usually in the dependence dependence
and the cost is place is where the form that a same  and the cost is and the cost is
low. interviewee is place and time is  low. low.

comfortable. The cost
is moderate.

preferred. The
cost is high.

In the community and CMB, individuals sign in via the internet, web and social networks
from different locations and from different countries and at various times during the
model building interval and build the model (Gary and Charyk, 1996; Groessler, 1996).
Hence, there is no spatial and temporal dependence in this method. Moreover, web-based
tools simply and inexpensively provide model building platform and the need for other
expenses such as transportation, meeting place and the like is eliminated.

4.6.13 Technology used in data collection

Each method uses different technologies. In the DMB methods, different tools and
technologies associated with searching documents and resources as well as text
analysis software such as data mining and text mining software are used. In addition to
face-to-face interviews in the IMB, other tools such as phone, e-mail and
videoconferencing can be used for interviews and collecting the data. In the GMB, model
building sessions and workshops are held with the presence of all members in person and
in some cases via videoconferencing. However, recording software and technologies,
software, video projector, white walls, and the like can also be used during the sessions.

Table 13  Comparison of model building methods based on the used technology
Document Individual model Group model Community Crowd model
model building building building model building building
Technology Face to face orvia ~ Mostly face to face  Via the internet  Via the
and related phone, e-mail and and in some cases  and Web 2.0 internet and
software videoconferencing.  via platforms and Web 2.0
associated with videoconferencing.  social networks platforms and
analysing the (online/web social
documents are survey). networks
used. (online/web

survey).
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Summary of system dynamics model building comparisons

Table 14
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Summary of system dynamics model building comparisons (continued)

Table 14
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In the community and CMB, model building is performed via the internet, Web 2.0
platforms and social networking. In this type of model building, popular social networks
such as telegram, Facebook, etc. can be useful tools for collecting the people, providing
information, and model building. Internet with infrastructures, especially web, provides
an opportunity for the online/web surveys and the global model simulations. Simulations
run in a web browser have advantages such as speeding survey (Conrad et al., 2017),
universal access, easy distribution, and potentials for simulation process to be monitored
(Bean, 2007).
Table 14 summarises the comparison of these five model building methods.

5 Explaining CMB

In this section, the CMB and its steps are explained in the form of CMB architecture.
Figure 8 shows the revised version of the framework developed by Vennix (1996).

Figure 8 The system dynamics model building architecture (see online version for colours)
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or problem
Is a dynamic complex problem?
g Does the problem hawve short-term and long-term
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g - o you need the primary mode!?
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Table 15
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The relevant questions to determine the model building methods

No.

Characteristics of model

building methods

Related questions

1

7

Type of problem

Purpose of model
building

Type of used data source

Type of output

Place-form processing
continuum

Type of work to perform
(dominant perspective)

Number of participants

e What type is the problem or phenomenon?

o Is the problem well-structured and repetitive or chaotic,
ill-structured and new?

o Are there experts or associations relevant to the problem
or phenomenon?

e Does model building aim at solving a real problem
(applied and practical approach), learning, discovering a
phenomenon or building a theory?

e Does model building aim at enhancing awareness and
consensus or discovering new structures?

e How important is the accuracy of the model and its results
in comparison with collecting different results?

e Are there valid theories and empirical data on the
concerned problem or phenomenon?

e What data and how much is available?
o Are there studies on the problem or phenomenon?

e Are there experts or associations relevant to the problem
or phenomenon?

Is the main source the mental models of individuals,
groups, organisation, or society?

Is the main focus on individual or collective intelligence?

Is the model a boundary object or micro world?

Is the model a knowledge object or a technical object?

Is the focus on model building process and individual
learning or on building a model to solve the problem?

¢ Is the model quantitative or qualitative?
e Is processing a product or process?

e Does processing takes place at an individual or collective
level?

e What kind of work is considered in model building?
(Extracting information or periodic review of the action or
evaluation)

e Does discovering the problem or phenomenon aim at data
mining and identifying factors associated with it?

e Does it need divergent tasks?

o Is the purpose integrating different views on the problem
or phenomenon?

e Does it need convergent tasks?

e Is there any access to experts, stakeholders and customers
involved in the problem or phenomenon?
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The relevant questions to determine the model building methods (continued)

No.

Characteristics of model
building methods

Related questions

7

10

12

13

Number of participants

Number of roles and
model building team
members

Type of participants

Methods and techniques
of data collection

Phases of model building

Accessible space and
time, cost

Technology used

e How many people are involved in the problem or
phenomenon?

e Do those involved in the problem or phenomenon have
diverse and sometimes conflicting perspectives or not?

e What roles are needed for model building?
e Are interaction and participation important?

e What form is the appropriate participation for individuals?
What types of participation (individual, social, group or
organisational) are required?

o Are there three distinct groups of modellers, professionals
and customers?

e [s the primary model developed by model building experts
or customers?

o Are structured, unstructured or semi-structured methods
used?

o Are different data collection tools such as questionnaire,
work books, interviews, etc. required?

e What phases of dynamic systems model building are
emphasised?

e How geographically distributed are those involved in the
problem or phenomenon?

o Is there a challenge in access to people in terms of time or
space?

e How much is the model building budget? How much is a
reasonable cost for the problem or phenomenon?

e How much time is available to perform model building?

e Are new tools and technologies (internet, web and social
networks) available?

® Do the people involved use tools and new technologies
(internet, web and social networks)?

e What other model building technologies and tools are
available?

Figure 8 shows system dynamics model building architecture with regard to different
paths. According to this architecture in dealing with any problem or phenomenon, one
first needs to examine the appropriateness of using system dynamics approach and
respond the questions presented in this section (Vennix, 1996; Groesser, 2006b). The
system dynamics will be appropriate if the answers provided for these questions reveal
that the phenomenon is complex and dynamic with long-term and short-term effects,
reference mode, qualitative and quantitative variables and different people involved in
(affecting and affected) (Haji Gholam Saryazdi et al., 2017). Otherwise, other approaches
should be used.
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After the appropriateness of system dynamics was evaluated, the model building path
should be determined based on different model building methods. To this end, the
questions associated with 13 features of model building techniques as well as the
questions on the necessity of having a primary model building model (Stave and Dwyer,
2005) or on the use of a combination of methods should be answered.

In Table 15, questions relevant to 13-dimensional features of model building methods
are presented. Based on responses to these questions, different model building paths are
selectable (Table 16).

According to Figure 8, different model building paths are shown in Table 16.
Accordingly, the first group paths (single paths) should be used when primary model and
a combination of methods is not required. With regard to the problem or phenomenon
specifications and according to the questions mentioned in Table 15, one of 21 paths is
selected.

Table 16  Different dynamic model building paths

No.  Category name Paths
1 Single paths Path 1 Dynamics problem — DMB — end modelling.
(W,lthout Path 2 Dynamics problem — IMB — end modelling.
primary model)
Path 3 Dynamics problem — GMB — end modelling.
Path 4 Dynamics problem — CoMB — end modelling.
Path 5 Dynamics problem — CMB — end modelling.
2 Dual combined  Path6to9  Dynamics problem — DMB — other methods (IMB,
paths (with GMB, CoMB, CMB) — end modelling.
primary model) Path 10 Dynamics problem — IMB — GMB — end
modelling.
Path 11 Dynamics problem — CoMB — IMB — end
modelling.
Path 12 Dynamics problem — CoMB — GMB — end
modelling.
Path 13 Dynamics problem — CMB — IMB — end modelling.
Path 14 Dynamics problem — CMB — GMB — end
modelling.
3 Triple Path 15 Dynamics problem — DMB — IMB — GMB — end
combined paths modelling.
(w1(t1h lprlmary Path 16 Dynamics problem — DMB — CoMB — GMB —
model) end modelling.
Path 17 Dynamics problem — DMB — CoMB — IMB — end
modelling.
Path 18 Dynamics problem — DMB — CMB — GMB — end
modelling.
Path 19 Dynamics problem — DMB — CMB — IMB — end
modelling.
Path 20 Dynamics problem — CoMB — IMB — GMB — end

modelling.




Crowd model building as a collective decision support system 207

Regarding 13 questions listed in Table 15, CMB was employed when the phenomenon or
a new problem and its investigation aimed to discover and understand based on divergent
tasks and theory building, inform the society, use collective intelligence and to engage
the society and when no relevant data, previous study or expert.

As it can be seen in Table 16, CMB has five paths. CMB was exclusively used for
paths 5. However, it was used as a method to create a basic model prior to individual and
GMB for paths 13, 14, 18 and 21. In other words, CMB in these four paths was a
divergent task to further recognise a phenomenon or a problem and to collect variables
affecting it. The following steps are to be taken after specifying the paths with CMB.

1  Determining the model building technology platform: In this step, the technology to
be used for model building must be selected. This could include the use of a social
networks such as Telegram, Twitter and so on, using a model building service
provider website such insight maker, using online software such as Forio or
designing a specific website or application by model building team.

2 Preparing the selected model building technology platform: After selecting the
technology, it should be prepared for model building. For example, a proper group
must be designed in telegram or the user account must be registered in model
building service provider websites and the necessary arrangements must be provided.

3 Determining the primary target population: After creating a technology platform,
various groups that are considered most relevant to the phenomenon or problem or
who are favoured by the model building team to be participated should be identified
as the primary target population.

4 Informing and recruiting (membership): Because the CMB requires the public
participation, necessary information should be provided for both the primary target
population and public through social networks, internet or other mass media as well
as official correspondence.

5 Performing model building: Model building process initiates with the membership of
an acceptable number of individuals in technology platform. In this step, it is
important to briefly introduce and explain the system dynamics (or even primary
education) and the intended problem. Then, the questions related to problem shall be
discussed in public and comments should be collected. As McLauchlan and
Schonlau (2016) point out, at the end of each question and the conclusion of survey,
the respondents’ final comments are collected. Model building ends when either the
theoretical saturation is reached or the project time is terminated.

6  Summary and conclusion: The results of the discussions with the completion of
model building time are summed and presented to the public to be confirmed. The
results of model building can be developed in an appropriate format.

7  Implementation and use of crowd to perform the results: The final step of each
model building project is the implementation of the model building results. In CMB,
all participants can assist in implementing the project results. This can help in
identifying volunteers or individuals interested in the implementation of the results.
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6 Implementation and practical comparison

In this section, we discuss the practical implications and practical comparisons between
DMB, GMB, and CMB. For this aim, we studied crowd funding as a new phenomenon
with little literature by using systems dynamics. And then we compare GMB vs. CMB.

In the first step, we design a qualitative model of crowd funding through DMB (the
variables that involve the drivers of growth and collapse are identified, and a model is
developed by a systematic review of the literature) (Haji Gholam Saryazdi et al., 2019).
Then we build cause and effect diagram, stock and flow diagram, and model simulations
with GMB and CMB. Finally, we systematically evaluate and compare GMB and CMB.
Results showed that CMB is more appropriate for understanding numerous aspects of
crowd funding with a divergent view, released issues, and culture building practices in
the society; while GMB is more useful for deepening individual knowledge of crowd
funding aspects with a convergent point of view and increasing people commitment
toward the crowd funding development (Haji Gholam Saryazdi, 2018). As a result, the
practical results were the same as the conceptual claims associated with each method.

7 Conclusions

In system dynamics, researchers have designed different model building methods with
regard to specific features because of diversity of information sources, terms and purpose
of model building and field of application.

In this study, the CMB which is based on Web 2.0 and social networking was
introduced. To this end and following a systematic review of the relevant literature,
various model building methods, including DMB, IMB, GMB, CoMB, and CMB, were
introduced and compared. Comparisons were made according to 13 dimensions and
features. The results showed that CMB as an online survey and qualitative method by
creating a CDSSs produce a large number of high-quality ideas to build a common
understanding and decision-making about new phenomenon. Also, this method creates
interactive interventions and society involvement via web surveys to reduce the effect of
power relations in decision-making due to the use of non-interacting individuals.

Then, CMB architecture was displayed and explained through different model
building paths. According to this architecture, the suitability of system dynamics should
first be determined in dealing with any phenomenon or problem and then the proper
model building path (21 different paths) and method are selected according to the
different questions associated with characteristics of model building techniques.
Accordingly, CMB was employed when the phenomenon or a new problem and its
investigation aimed to discover and understand based on divergent tasks and theory
building, inform the society, use collective intelligence and to engage the society and
when no relevant data, previous study or expert. The CMB can be done through five
paths described in the article. Finally, steps to conduct CMB were described.
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