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Abstract
Participatory enterprise modeling is about gathering domain experts and involving them directly in the creation of models,
aided by modeling experts. It is meant to increase commitment to and quality of models. This paper presents an exploratory
study focusing on the subjective view of the domain experts. We investigated the influence of direct collaboration versus
individual modeling, and the influence of model revisions by modeling experts on psychological ownership and perceived
model quality.We chose processmodeling as a particular formof enterprisemodeling.Our results give hint that domain experts
working individually with a modeling expert perceive model quality as higher than those working collaboratively whereas
psychological ownership did not show any difference. Revisions caused changes in the subjects’ assessments only of model
quality. Moreover, we will present qualitative results from interviews we led with the participants. They reveal interesting
insight on how outcome and perception of the procedure and the method in both settings can be positively influenced. The
interviews also emphasize the special role of the method experts who are sometimes even considered as co-owners of the
model.

Keywords Participatory enterprise modeling · Collaboration · Psychological ownership · Perceived control · Perceived model
quality

1 Introduction

Enterprise modeling helps companies in systematically
capturing knowledge about their organization, processes,
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responsibilities, product structures, IT systems, etc. On the
one hand, models may depict a current state; on the other
hand, models may be used to visualize plans of a future state
[37,38]. Models, such as business process models, can be
used for simulation and deployment. Nevertheless, in many
cases their actual use lies in sense making, communication
and improvements within the organization [16].

Enterprise modeling may be carried out in different ways,
especially with regard to knowledge elicitation. Participatory
modelingmeans that the stakeholders are actively involved in
themodeling process by gathering them, letting them discuss
and create the models jointly, supported by method experts.
The latter master modeling method and notation, while the
stakeholders play the role of domain experts who concentrate
on contributing the relevant content [41].

Participatory modeling is well suited for companies that
are consensus oriented. Modeling projects may take more
timewith a participatory approach, but this is compensatedby
higher model quality and higher commitment to the models
[38,41].
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In this paper, we concentrate on the subjective percep-
tions of domain experts toward the model they have created,
i.e., feelings of ownership toward the model and perceived
model quality.We claim that the stakeholders should feel that
the model is theirs. Psychological ownership, introduced by
[33], has been shown to have a positive effect on affective
commitment, the desire to maintain a relationship [22,31].
This is particularly important when a model depicts future
plans the stakeholders should later help to implement.

Model quality is important when a model is meant to be
used for simulation or deployment. However, it is also impor-
tant to take the stakeholders’ perception ofmodel quality into
account. In consumer research, it was found that the quality
of products and services has a positive influence on satisfac-
tion, trust and loyalty [1,18]. Thus, we additionally claim that
domain experts should perceive the quality of the model as
good, so that theywill be satisfiedwith and trust the outcome.

Wewill address two factors thatmight have an influenceon
psychological ownership and perceived model quality. First,
a participatory setting involves the collaboration of several
people, i.e., several domain experts and at least one method
expert. A setting where a method expert models together
with only one domain expert at a time might lead to differ-
ent feelings of ownership. Secondly, method experts usually
refine models and present them again in a subsequent meet-
ing, either because therewas not enough time in the preceding
meeting to model everything that was said or because further
sources have been consulted in themeantime. So, the original
model has been changed by someone else.

To sum up, we examine possible differences in psycho-
logical ownership and perceived model quality that might
be caused (1) by collaboration between domain experts in a
participatory setting, and (2) by revisions made by modeling
experts.

To further explore what we can do to positively influence
the variables, we also led individual interviews at the end of
each trial. We wanted to find out what promotes or weak-
ens the emergence of psychological ownership and what
positively or negatively influences model quality from the
participants’ perspective.

In the following section, we will give more explana-
tions on participatory modeling, psychological ownership
and model quality, leading to our research questions. In
Sect. 3, we will describe our research method. We have con-
ducted an experiment where groups of five persons either
worked collaboratively or individually on a process model,
always supported by a method expert. After a first meet-
ing, the method expert refined the model and presented it
to the participants in a second meeting. After each meeting,
psychological ownership and perceived model quality were
measured. A mixed analysis of variance was used to explore
the data for differences concerning the two dependent vari-
ables. Qualitative content analysis was used to explore the

interviewmaterials. The results of the studywill be presented
in Sect. 4 and discussed in Sect. 5.

2 State of the art and theoretical background

2.1 Participatory and collaborative enterprise
modeling

In enterprisemodeling, there exist twomain roles. On the one
hand, the stakeholders, also called domain experts, usually
belong to the company that requires themodels. Theyhold the
knowledge and ideas that should be captured and visualized.
On the other hand, method experts, who may come from
outside of the company, have the task to support the domain
experts by putting the domain experts’ knowledge and ideas
into models. The method experts master modeling methods
and notations so that the domain experts can concentrate on
the content [38,41].

The process of creating the models can be implemented in
different ways. The method experts may elicit the necessary
information via interviews, by observation and by scanning
documents and then, based on this information, they draw
the models [38]. When method experts create the models in
a team it is called collaborativemodeling. Themost important
goal of collaborative modeling is to create complete models
in a fast and accurate way [3].

Participatory modeling goes a step further by involving
several stakeholders at a time. It is particularly beneficial
when consensus among the stakeholders is important [10,37].
Sandkuhl and Seigerroth characterize participatorymodeling
along two dimensions: the number of modelers and stake-
holder involvement. With participatory modeling, a group
of stakeholders and method experts collaboratively develop
the models. The authors refer to all the remaining settings
as conventional modeling, including bilateral modeling with
onemethod expert and one domain expert as described above.
With this definition, theydonot only stress the involvement of
stakeholders but also put the collaboration between the stake-
holders (supported by modeling experts) to the foreground
[37]. Among the method experts, further role distributions
may be applied. A facilitator who leads the discussion is
always present. Optionally, there is a tool operator who han-
dles the modeling tool and a secretary who documents the
modeling process [34,38,41]. The advantage of a participa-
tory setting is that there is an exchange of knowledge and
ideas among the stakeholders. Furthermore, conflicting per-
spectives that may not have been discovered or resolved in
individual consultations become explicit in participatory ses-
sions [30,42]. This might also be the reason why Sandkuhl
and Seigerroth [37] consider collaboration as part of the def-
inition of participatory modeling as opposed to conventional
modeling. As a consequence of this, participatory model-
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ing is claimed to lead to greater commitment to the models,
including the plans and ideas that may be connected to them.
Additionally, it is said to lead to greater model quality as
information elicitation is more exhaustive [37,41]. However,
empirical evidence is scarce as we will point out in the next
section.

2.2 Empirical studies on participatory and
collaborative modeling

Most of the studies examining the effects of stakeholder
participation can be characterized as case studies, such as
[9,42]. They outline positive effects and give recommenda-
tions; however, causal relationships between a participatory
procedure and commitment, ownership feelings and model
quality, respectively, have not been directly examined.

Luebbe and Weske conducted a study where a domain
expert created a process model aided by a method expert.
They used a special tangible toolkit that should make mod-
eling easier for beginners [19]. They found that, compared
to the traditional way of interviewing the domain expert
and having the method expert create the model alone, the
domain experts took more time thinking about the process,
made more corrections and had more insights into process
modeling. An influence on commitment could not be found,
but the study did not use a standardized scale. Moreover, it
would have been interesting to examine the effect of gath-
ering domain experts in the sense of group model building
[34].

Gjersvik et al. suggested their own procedure for partic-
ipatory process modeling called modeling conference [10].
The procedure includes alternating sessions where domain
experts work in sub-teams and plenary sessions where the
partial results are discussed and merged. Moreover, the
authors recommend that, at first, the sub-teams should be
homogeneous. In later steps, more heterogeneous teams
should cause a richer exchange of different perspectives. Four
cases where this procedure was implemented were accompa-
nied by empirical examinations of acceptance of the model
and ownership feelings. While acceptance increased and
ownership feelings did not change comparing an interme-
diate model with the final model for the participants, both
constructs were lower for employees of the same companies
who had not taken part in the conferences. The study does,
however, not compare different levels of participation in the
model creation for the actual participants.

Nolte et al. developed a procedure for process modeling
where the participants collaborate in a first meeting followed
by a phase of two weeks with only asynchronous collabo-
ration [30]. As the authors assume some participants to be
lay modelers, they let the participants only make annotations
instead of real changes to the model. In a second meeting,
the annotations (and responses to them) were discussed and

possibly implemented into modifications of the model. The
authors stated that their suggested procedure made lay mod-
elers feel and actually be more in control of the creation
process, also reflected in the participants’ rating of the model
quality. Nevertheless, the study does not provide a compari-
son between different levels of participation either.

Other authors give hint on how to evaluate participatory
modeling projects. Assuming that different methods can be
used for participatory modeling, Jones et al. [14] suggest a
framework for evaluating whether the method used is appro-
priate for the current context and for the people involved [14].
The framework includes a comparison of the participants and
the project team. The evaluation is very complex and seems
to aim at re-calibrating a running process of participatory
modeling. Ssebuggwawo et al. claim that modeling artifacts,
i.e., modeling language, modeling procedure, modeling tools
and the model itself, are the drivers of the modeling process
and should therefore be central constructs in the evaluation
of participatory modeling projects [39]. Thus, according to
the authors, it is, among other aspects, important that the par-
ticipants perceive the quality of the model as good. Besides
efficiency and effectiveness, so-called perceived quality of
the procedure includes satisfaction and aspects such as com-
mitment and shared understanding while the model is judged
with regard to aspects called product quality, understandabil-
ity, modifiability, maintainability and satisfaction [40].

To sum up, although commitment, ownership feelings and
perceived quality have appeared in former publications on
participatory and collaborative modeling, empirical studies
that directly examine causal relationships between partici-
pation and these criteria are scarce. We want to address this
research gap with the study presented in this paper. We will
consider the artifacts model andmodeling procedure, i.e., we
will manipulate parts of the procedure, collaborative vs. indi-
vidual working, and investigate effects on the participants’
rating of the procedure and the model.

2.3 Psychological ownership

Psychological ownership means that people feel they own
something, e.g., an object, a person or an idea, although they
may not legally possess the target of interest [33]. In orga-
nizational contexts, it was shown to lead to positive effects
such as citizenship behavior and extra role behavior [2,31]
and affective commitment [22,31]. The latter one means that
one feels the desire to maintain the relationship toward, e.g.,
a company [24]. Pierce and colleagues name three so-called
routes that lead to psychological ownership. One must con-
trol the target, have intimate knowledge about the target, and
invest the self into the target in terms of labor, time and other
personal resources [32,33].

In this paper, we will compare participatory modeling (a
team of domain experts models collaboratively, supported
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by a method expert) with individual modeling (where the
method expert creates the model together with single stake-
holders). In the participatory setting, the stakeholders follow
the essential parts of the creation process. They are present
when the others make their suggestions. In the second set-
ting, everyone generates their individual model and they are
later confronted with others’ input which may be support-
ing, adding to or contradicting with their preceding input.
Perceived control over the process may play a major role in
this context. Being confronted with a model to which others
have contributed, but who the participant has not met or com-
municated with, might diminish a feeling of being in control.
However, one may also feel less in control when working in
a team where others are faster or louder. So, in the partic-
ipatory setting, some people might not be able to give as
much input as in individual meetings. Moreover, some team
members might not be as motivated as others. With regard
to getting to know the target thoroughly, participants of a
participatory modeling session may get new insights into the
subject through their teammates. However, this is also pos-
sible when being confronted with a model built from several
individual models. That way, the participants might get to
see different pieces of knowledge although there is no syn-
chronous exchange. Thus, it is for us to explorewhether these
two different settings cause any difference in psychological
ownership. As it is very difficult to hypothesize about the
exact influence of collaboration on feelings of ownership,
we formulate an open research question:

RQ1: Do these different settings (participatory
/collaborative versus conventional/individual) causeadif-
ferent level of ownership feelings toward the model?

Please note that, with regard to the terms participatory
and conventional, we refer to the definition by Sandkuhl
and Seigerroth [37] where participatory includes not only
the involvement of stakeholders into the model creation but
also the collaboration of the modelers. Thus, conventional
includes the creation of a model in sessions with only one
stakeholder involved.

Another influence that has to be considered is the one of
revisions by the modeling expert. The fact that one may not
have been present when further parts of the model were cre-
ated might induce a feeling of having less control over the
model. Either additions are made from information the par-
ticipants gave to the method expert, but which could not be
modeled, e.g., due to a lack of time. Or, in case of individual
models, parts of the refined model might even come from
other domain experts. That is why we investigate the influ-
ence of revisions on psychological ownership. So, the second
research question is:

RQ2: Is the feeling of ownership toward themodel dif-
ferent when the first model has been created and when

being confronted with a refined model in a second meet-
ing?

In addition,wewill look for a possible interaction between
the two factors revision and collaboration.

Moreover, we want to explore further the emergence of
psychological ownership in this particular context. That is
why we want to consider the following research question:

RQ3: Which factors influence the emergence of psy-
chological ownership toward the model from the partic-
ipants’ point of view and are there differences depend-
ing on the setting of model creation (participatory/
collaborative vs. conventional/individual)?

Lastly, perceived control is considered as a particularly
important factor influencing psychological ownership. That
iswhywewant to investigate the following researchquestion:

RQ4: Which factors influence the feeling of being in
control during the modeling process from the partici-
pants’ point of view and are there differences depend-
ing on the setting of model creation (participatory/
collaborative vs. conventional/individual)?

2.4 Model quality as subjective target

The quality of models is crucial. Only when a model meets
certain standards, and especially the expectations of the
stakeholders, will it be of use. Many approaches that try
to define model quality are based on a division into qual-
ity aspects inspired by semiotics theory [29]. Moody and
colleagues [26,27] refer to that same theory when they use
the terms syntactic quality, semantic quality and pragmatic
quality. While the first one represents syntactic correctness
with regard to a modeling language and its rules, seman-
tic quality means that a model reflects reality correctly and
as completely as necessary. Pragmatic quality is about the
stakeholders understanding the model [26]. Krogstie [16]
presented an extended system ofmodel quality, the SEQUEL
framework, adding empirical quality (comprehensibility of
the model), physical quality (availability of models to the
relevant actors), perceived semantic quality (correctness and
completeness of the model from a stakeholder’s subjec-
tive point of view), social quality (stakeholders’ agreement
on model interpretation) and deontic quality (meeting the
goals of modeling). Krogstie and colleagues [13,17] also
scrutinized these criteria to create guidelines for modeling
processes.

We agree that researchers and modeling experts should
strive for guidelines that tell us how to create models of
high quality and help us assess model quality. However,
while the above-mentioned approaches take mostly a model-
ing expert’s perspective—which is absolutely important and
useful, we want to regard quality from the stakeholder’s per-
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spective. We claim that besides feeling that “the model is
mine” it is also important that, after amodel has been created,
domain experts can say that “this model is of good quality.”
This is in accordancewith [40]who underline the importance
of how the stakeholders perceive and rate modeling artifacts
such as the model itself. Similarly, Rittgen suggested a scale
with which domain experts could rate a model [36].

We assume that what domain experts will probably value
the most is that the model contains all relevant information
and is correct, that they think they and others can understand
the model and that they have trust in the model’s syntactic
correctness. These aspects are all part of frameworks and
suggested quality metrics such as suggested by [6,17,25,36].

A study by Heggset and colleagues [12] gave hint that
there is a connection between syntactic quality and model
comprehension. After models had been refined with regard
to syntactic quality, the subjects would give more cor-
rect answers to questions about the models’ content. In a
study about text revisions, Caspi and Blau [6] found that
after others had edited the subjects’ texts, perceived qual-
ity increased whereas perceived ownership decreased. So,
possibly, domain experts might value revisions of modeling
experts and perceive them as an increase in model quality.
In contrast to this, Nolte and Herrmann [30] reported that
domain experts perceived a decreased understanding of the
model later in the process. This might be because the partici-
pants in this setting were confronted with the model without
the support of a method expert. Another reason could have
been that the model became more detailed.

The modeling expert might not only improve syntactic
quality but also add content that was named by the domain
experts but had not yet been included in the model. Yet, revi-
sions might not necessarily be perceived as positive. When
several single models must be merged, this will mean that
domain experts will in some cases be confronted with new
content which might even contradict their views. Thus, the
research question is:

RQ5: Is there a difference in how domain experts per-
ceive amodel’s quality before and after it has been refined
by a modeling expert?

In a modeling session, where a modeling expert works
with only one domain expert, the domain expert has a chance
to voice all thoughts and ideas without being interrupted or
distracted by other persons. In fact, although team work as
in participatory modeling has its benefits, e.g., knowledge
of different sources is gathered, it has its drawbacks. Team
members might be more reluctant because someone more
dominant or with a higher position in the organizational hier-
archy might be present [43], or they may be less motivated,
e.g., because they do not see their individual contribution in
the overall outcome [15]. Moreover, collaboration requires

more coordination concerning communication resulting in
productivity blocking [7]. So, on the one hand, domain
experts might be more satisfied with the model when they
could work intensely with the modeling expert in an individ-
ual session than when having to assert themselves in a group
of people. On the other hand, the variety of suggestions of
different people might generate the impression of a better
model. Thus, the next research question is:

RQ6: Is there a difference between conventional/
individual modeling and participatory/collaborative
modeling with regard to perceived model quality?

Wewill also investigate a possible interaction between the
two factors revision and collaboration concerning perceived
model qualities as their different combinations might lead to
different outcomes.

Additionally, we want to further investigate influences on
model quality from the participants’ point of view. That is
why we also consider the following research question:

RQ7: Which factors influence model quality from
the participants’ point of view and are there differ-
ences in their assessments depending on the setting of
model creation (participatory/collaborative vs. conven-
tional/individual)?

3 Researchmethod

3.1 Experimental design

Figure 1 presents our experimental design. The first inde-
pendent variable we considered is represented by collabo-
ration. We either gathered a group of five persons to create
a model together, aided by a modeling expert, or a modeling
expert met five members of a group individually to create
five separate models. The first setting represents participa-
tory modeling whereas the second setting is to be regarded
as a form of conventional modeling according to [37]. After
the modeling, we asked the participants to fill out a ques-
tionnaire, assessing demographic data, modeling experience
and the dependent variables psychological ownership and
perceived model quality.

In this first meeting, we set the task to create a model
that would describe the process of registering a final paper
at the university, such as a bachelor thesis. We chose the
Business Process Modeling Notation (BPMN) as it is a very
common language for process modeling which the method
experts involved in this study were familiar with. We gave a
short introduction to BPMN to the participants with a brief
example, covering only the most essential elements of the
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Fig. 1 Experimental design with the treatments individual versus participatory setting, and the two meetings where each time psychological
ownership (PO) and perceived model quality (PMQ) were measured

notation to limit complexity. After the introduction, the par-
ticipants had thirty minutes time for modeling the process of
interest using BPMN. Due to the Covid-19 pandemic, we did
not meet the participants in person but via video conference
(Zoom). The modeling was done with the software Cawemo
which runs within the browser and can be used collabora-
tively. Cawemo is a tool for process modeling with BPMN.

For each trial, we gathered a team of five persons: two
to three students (one participant in the overall sample had
recently graduated, and started working), one employee
familiar with the administrative part of the process and one
or two employees who supervise students in writing papers.
So, they were real stakeholders regarding this process. They
were told that the process model could offer additional guid-
ance to next cohorts of students who are about to start their
bachelor thesis or a comparable thesis. Each group belonged
to a different university.

All participants attended two modeling sessions. Thus,
the second independent variable is represented by time of
measurement using twopoints in time. In the secondmeeting,
a revised model was presented to the participants. In case of
the participatory setting, modeling experts would have added
information that was named in the first meeting, but could
not be modeled then due to a lack of time. In case of the
individual modeling treatment, the modeling expert had to
merge five models and presented the one resulting model
again individually to the participants. The participants had 15
minutes time to suggest changes and additions. Afterward,
psychological ownership and perceived model quality were
again assessed using a questionnaire.

The method expert took the role of the facilitator during
themeetings. They led the discussion and answered questions
concerning the notation, but were not to interfere concerning
the content. The participants were encouraged to draw the
model themselves. In case they did not get along with the
modeling tool, the method expert aided them by taking the
role of a tool operator as well. Between the two meetings, it
was themodeling experts’ task to create one jointmodel from
five individual models for treatment 1, or to complete the
model for treatment 2. In the latter case, the method experts
used recordings of the first meeting and added information
to the model that the participants had discussed. They were
not allowed to add information that was not mentioned by
the participants during the first meeting. They were allowed
to arrange elements differently and correct spelling mistakes
for better readability, and to correct possible mistakes in the
modeling notation.

To sum up, this setting allowed us to investigate the influ-
ence of collaboration on psychological ownership (RQ1) and
perceived model quality (RQ6), and the influence of model
revisions on psychological ownership (RQ2) and perceived
model quality (RQ5).

At the end of the second meeting, we led individual
semi-structured interviews with each participant to further
explore what influences the two considered variables. We
wanted to get to know from the participants conditions and
factors promoting or weakening the emergence of psycho-
logical ownership (RQ3). We were particularly interested
in what influenced their perception of being in control over
the modeling process (RQ4). Moreover, we wanted them to
recall what had influenced model quality from their point of
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view (RQ7). The goal of the interviews was to get a more
detailed insight in what can be done to improve the percep-
tion of the modeling procedure and the attitude toward the
model.

3.2 Measuring the dependent variables

Generally, our approach was to use several items, i.e., state-
ments that should be rated, to measure one variable such as
psychological ownership. We measured psychological own-
ership as dependent variable using a mix of the scales (item
sets) by [44] (German version by [21]) and [6], adapted to
the context of modeling.We used seven German items (state-
ments) which had to be rated on a five-point Likert scale.
Here, we present the English items: (1) This is MY model,
(2) I sense that this model is OURmodel, (3) I sense that this
is MYmodel, (4) This is OURmodel, (5) Most of the people
that have worked on this model feel as though they own the
model, (6) It is hard forme to think about thismodel asMINE
(reversed), and (7) I feel that themodel is mine, even if others
contributed to its development. Thus, each statement had to
be given a rating between one and five.A total score for a con-
struct such as psychological ownership is usually obtained by
calculating the average of all the ratings. However, before-
hand, a factor analysis and a reliability analysis were done to
check scale validity and reliability and to exclude possibly
unsuitable items (statements) (see Sect. 3.3).

For the second dependent variable, we were searching
for a scale which allowed accessing the subjective percep-
tion of model quality. We considered several scales, e.g., by
[25,36,39]. We chose a very simple and short scale intro-
duced by [6]which originally referred to self-written text, but
appeared to be fitting to themodeling context nonetheless. Its
main advantage is the brevity of the items enabling a quick
rating. Caspi and Blau [6] reported very good reliability of
their scalewith aCronbach’s alpha of 0.94 atmaximumbased
on the data they collected in their studies. (For more details
on reliability of a measuring instrument, see Sect. 3.3.) The
scale comprises six items which we translated and adapted to
the context of model quality. Furthermore, we used reversed
formulations for two items to prevent a dominating tendency
toward one side as suggested by [5]. The items ask for the
model being (1) not of good quality (reverse), (2) comprehen-
sive, (3) exhaustive, (4) well-drawn, (5) exact, and for (6) not
presenting information clearly (reverse). Following the same
principle as described for psychological ownership, before
we could calculate an overall score (average value) from all
the ratings the participants gave for each of the six attributes,
we performed a factor analysis and a reliability analysis (see
Sect. 3.3).

All measuring instruments were included in the question-
naire the participants had to fill out after each meeting.

3.3 Evaluationmethods

For a mixed design like ours, comprising a combina-
tion of a between-subjects design (individual vs. partic-
ipatory/collaborative) and a within-subjects design (two
measurements), comparisons of mean values with a mixed
analysis of variance (ANOVA) is preferred. For example,
the ANOVA enables us to compare the mean values of
psychological ownership between the two treatments (indi-
vidual vs. participatory/collaborative) to answer RQ1, and
between the two meetings to answer RQ2. Beside the main
effects of collaboration and point in time, the method allows
the consideration of the interaction between the two fac-
tors, i.e., whether the combination of treatment and time of
measurement have an effect. Its main preconditions include
homogeneity of variance checked with the Levene test, and
balanced treatment groups. Normal distribution of residuals
is less important as long as the two former conditions are
fulfilled [4].

To obtain one value for a construct such as psychological
ownership (PO), a score is calculatedwhich is themean value
of the ratings of the statements belonging to the respective
measuring instrument. Beforehand, we conducted a factor
analysis and reliability analysis to check the suitability of
the measuring instruments for psychological ownership and
perceived model quality. Factor analysis is used to check the
validity of the measuring instrument, i.e., do we measure
what we want to measure? Furthermore, some constructs
may consist of several facets, e.g., in the past, we noticed that
psychological ownership may be distinguished into collec-
tive ownership (this is ours) and individual ownership (this is
mine). A factor analysis can show such multidimensionality
with an output containing several factors. Items (statements
to be rated) that express a similar content should be corre-
lated with only one specific factor, thus, ideally there should
be a clear assignment of related items to the same factor
[28]. For estimating the reliability of the respective mea-
suring instrument, Cronbach’s alpha was calculated. In this
context, this coefficient represents the estimated accuracy of
the measuring instrument; i.e., when measuring one variable
with several items one shouldmake sure the items are consis-
tent, thus, really measuring the same variable. The accuracy
could, for example, be corrupted by errors in the measure-
ment. A typical cause for such an error is when an item,
i.e., a statement that should be rated by the participants, is
misunderstood [8].

When an item could not be clearly assigned to a spe-
cific factor and removing this item from the scale (item
set) led to an increase of Cronbach’s alpha, we dismissed
the respective item to increase validity and reliability of the
measuring instrument. Subsequently, we calculated scores
for the corresponding constructs of psychological ownership
and perceived model quality. The scores were used as input
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20 A. Gutschmidt et al.

variables for the mixed ANOVA. For all significance tests,
we considered an alpha of 0.05.

To evaluate the interviews, we performed a qualitative
content analysis based on [23]. First, one coder deductively
determined categories according to the questions contained
in the interview, i.e., the coder determined coding units in
the interview transcriptions containing information about
psychological ownership and, connected with it, perceived
control, and factors influencing model quality from the par-
ticipants’ point of view. Subsequently, the coder inductively
sorted the coding units into more fine-grained categories.
So, the coder came up with a system of subcategories based
on the interview materials. With a second coder, we checked
the validity of the subcategories and the coding units’ assign-
ment to the subcategories. The second coder was given the
categories and their definitions and categorized the coding
units for PO, perceived control, and factors influencingmodel
quality, respectively, for a second time, so we could judge
the degree of congruence between first and second coder.
We reached an intercoder reliability (Cohen’s Kappa) of 0.9
(p < 0.001).

3.4 Sample

We recruited participants from four universities with differ-
ent courses of study: business information systems, computer
science, specialized areas of business administration and psy-
chology. On the whole, four groups of five persons each,
20 persons overall, took part in the study, among them
11 men and 9 women. The average age was 33.6 years
(σ = 11.7,min = 20,max = 60). Based on a five-point
Likert scale with 1 as minimum, experience with BPMN
modeling was rated on average with 2.1 (σ = 1.1) for the
collaboration treatment, and 2.1 (σ = 1.4) for the individ-
ual treatment. Thus, their BPMN experience was similar, but
quite low on average. When the collaboration teams met in
the first session, some of them knew each other already, some
had met for the first time. The participants meeting the mod-
eling expert individually knew they were part of a group and
that their models would be merged to one overall model.

4 Results

4.1 Factor and reliability analyses

Although the scale measuring PO is assumed to assess a
one-dimensional construct, we already found in a prior study
that there was a division between individual and collective
psychological ownership [11]. In this study, the participants
seemed to feel this distinction, too, because it clearly shows
in their rating of the PO items containing MY and OUR.
The exploratory factor analysis in SPSS (principal compo-

nents, Varimax rotation) showed two factors where the items
“I sense that this model is OUR model” and “This is OUR
model” load on one factor and the remaining items on a sec-
ond factor. Nevertheless, all factor loadingswere greater than
0.6 for both measurements which is a crucial criterion of the
items’ suitability for measuring the respective construct [20].
The reliability analyses showed satisfying values for Cron-
bach’s alpha for both subscales (individual and collective
quality) and all measurements (first and second meeting).
For the OUR scale, Cronbach’s alpha was 0.872 and 0.912.
For theMY scale, Cronbach’s alpha was 0.889 and 0.925. As
a consequence, we calculated two scores, one for individual
PO and one for collective PO. While we received ratings of
all statements concerningPO for the first questionnaire, in the
second questionnaire, the ratings of one group in treatment 1
for one statement concerning individual PO are missing. In
these cases, we calculated the value of individual PO based
on the remaining four instead of five ratings for these partic-
ipants.

Caspi and Blau’s quality measure is originally one-
dimensional [6]. Each factor analysis for the two measure-
ment data sets showed, however, a division of items into
two factors. One item (The model is not of good quality)
was separated addressing general quality whereas the other
items refer to specific characteristics. The item “The model
does not present information clearly” loaded on factor one in
the first measurement and on factor two in the second mea-
surement, apparently being ambiguous. Cronbach’s alpha
increases (1) from0.777 to 0.853, and (2) from0.709 to 0.759
when leaving out the item of general quality. It increases
even more when removing the above-mentioned ambiguous
item, to 0.885 and 0.851, respectively. We decided to use two
variables: a variable consisting of only the item measuring
general quality and a score calculated from average of the
participants’ ratings of the items addressing the characteris-
tics comprehensive, exhaustive, well-drawn and exact. Table
1 shows the descriptive statistics of the resulting variables,
separated for the two factors collaboration and point in time
of measurement.

4.2 Analyses regarding psychological ownership

4.2.1 Quantitative analysis

According to the Shapiro Wilk test, not all variables showed
normal distributions. The ANOVA is, however, said to be
robust against the violation of this condition if the data show
homogeneous variances and are balanced [4], which was the
case for our data set.

For the individual PO, the mixed ANOVA resulted in
nonsignificant effects for time of measurement (F = 0.4,
d f = 1, p = 0.5), for the interaction of the two factors
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Table 1 Descriptive values of
psychological ownership (PO)
and of perceived model quality
(PMQ), separated by
collaboration (yes/no) and the
two measurements M1 and M2

Collaboration Individual PO Collective PO General PMQ Specific PMQ
μ σ μ σ μ σ μ σ

M1

Yes 2.2 1.2 4.5 0.8 3.7 1.1 3.3 0.9

No 3.1 1.1 3.9 1.0 3.9 1.4 4.2 0.8

Overall 2.6 1.2 4.2 1.0 3.8 1.2 3.7 0.9

M2

Yes 2.1 1.0 4.1 1.1 4.3 0.7 3.7 0.6

No 2.9 1.3 4.0 0.8 4.1 1.4 4.7 0.4

Overall 2.5 1.2 4.0 0.9 4.2 1.1 4.2 0.7

(F = 0.1, d f = 1, p = 0.7) and for the collaboration treat-
ment (F = 3.4, d f = 1, p = 0.08).

For the collective PO, the mixed ANOVA again showed
only nonsignificant effects, i.e., for time of measurement
(F = 0.6, d f = 1, p = 0.4), for the interaction of the two
factors (F = 1, d f = 1, p = 0.3) and for the collaboration
treatment (F = 0.8, d f = 1, p = 0.4).

Thus, neither the different measurements nor collabo-
ration nor the combination of the two factors showed a
difference in PO.

4.2.2 Qualitative analysis

In the interviews, we asked the participants about their feel-
ing of ownership toward the model. In particular, we wanted
to know whether they felt that it was MY model or OUR
model andwhy. Twelve persons, including nine from the par-
ticipatory setting, said they felt it was OUR model because
everyone had contributed to the outcome. Some even said
it was teamwork, e.g., “Because we did it in groupwork. And
I think we all got involved. And everyone has a part in it.”
While these statements contained a “we” or “everybody,”
four participants from the individual setting noticed their
individual part in the overall solution, e.g., “I would see me
as part of [...] my influences are in there.” Two participants
from the participatory condition and four participants from
the individual condition explicitly assigned a part of the own-
ership to the modeling experts who had, between the two
meetings, completed and/or merged models, e.g., “Who was
really modeling now, that was your team, wasn’t it? That’s
why Iwould say, yes, that’s 80 percent yourmodel and 20per-
cent only ours.”Therewere twopersonswhohad takenpart in
the individual settings who either were barely aware of other
participants’ contributions or they saw other’s contribu-
tions just as a confirmation of their work. Six participants,
including five from the individual setting, said they could
not feel it was MY model because the model looked dif-
ferent, in terms of different wording and new content parts.
Two persons, one from each setting, said that drawing the

model themselves would have had a positive influence on
their feelings of ownership. One of these participants even
stated that everyone had their own style of modeling with
BPMN: “Through the drawing itself and, well, notations or
not, so - that’s why in the area of “MY model.” Because
everyone draws a little differently with BPMN processes.”
One participant (individual) said the model would belong
to those who would receive the final outcome. Another par-
ticipant (individual) said that he/she would not say it was
MYmodel because of their socialization explaining this with
“I am from the east”, probably indicating that people who
have been brought up in the eastern part of Germany (for-
mally GDR) would have a different attitude toward this. An
overview of all the categories specifying the emergence of
PO with a number of mentioning of at least two can be found
in Table 2.

As an introduction to the topic of control in the interview,
we asked the participants to rate howmuch control and influ-
ence they had on the creation of the final model. (It turned
out that some participants reacted very sensitively to the term
control and found it very negative, so we started using the
term influence as an addition.) We asked them in particular
why they felt low or high control and evaluated the answers
they had given in this context.

The participants described circumstances that made them
take action such that they exerted influence. Two persons,
both from a participatory setting, mentioned that responsi-
bilities or roles were not clear, e.g., after having waited for
someone to start, one participant took control of the situa-
tion and started to model. Three persons from a participatory
team said they felt that time constraints had a negative influ-
ence on their taking control, e.g., they had not enough time
to create a more comprehensive model. The aspect of being
able to freely speak their mind and being heard and con-
sidered by everyone was noticed mostly in the participatory
setting (seven out of nine comments), e.g., “Everyone could
say something at any time. It was then discussed and then
modeled.” One participant from each setting would have pre-
ferred a different method where they had more time alone to
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Table 2 Categories from the
qualitative content analysis with
overall frequencies > 1,
showing frequency of
mentioning for both treatments
and overall

Category Individual Participatory Sum

Psychological ownership

Everyone contributed 3 9 12

Method experts’ contribution 4 2 6

The model looks different 5 1 6

My individual part 4 0 4

Other domain experts’ contribution 2 0 2

Drawn myself 1 1 2

Perceived control

Everyone is heard 2 7 9

Influence of method experts 4 3 7

The model looks different 5 1 6

Experience with modeling or tool 0 4 4

Time constraints 0 3 3

Awareness of others’ influence 3 0 3

Recognition of own contributions 3 0 3

Content-related contribution 1 2 3

Unclear roles 0 2 2

Other circumstances, e.g., team structure 0 2 2

Method, e.g., time alone to study the model 1 1 2

Personality 1 1 2

Did not model 1 1 2

Did model 0 2 2

Influences on quality

Diversity of people involved 2 4 6

Lack of time 2 2 4

Application domain 3 0 3

Modeling experience 0 3 3

Involvement 0 2 2

Notation 2 0 2

Support by method experts 0 2 2

Agree on a common goal 0 2 2

Time to study the model on one’s own 0 2 2

study themodel or that theywould have created a first model
on their own and then discussed it in a team. Four participants
in the participatory setting said that their experience or lack
of experience concerning modeling notation or tool was
an influencing factor. In both settings, one participant said
that personality would play a role, i.e., whether one dares
voicing ideas in front of strangers or contradicting others.

Two participants from the participatory setting named
other circumstances having an effect on taking action: the
composition of the teamand technical difficulties. The partic-
ipants also mentioned reasons why they felt a low influence
on the model. Three participants, exclusively from the indi-
vidual setting, reported that their awareness that others had
also contributed to the outcome had diminished their feel-
ing of having influence. One participant from each setting

said they did not feel to be in control as they had not mod-
eled themselves. Seven participants, including four from the
individual setting, perceived that the method experts had a
significant extent of control over the creation process. One
participant from the participatory setting said that some of his
or her ideas were not included in the model, while five par-
ticipants in the individual setting noticed that the finalmodel
looked different from the original model, e.g., because addi-
tions were made.

Three participants, exclusively from the individual setting,
mentioned that they felt they had had some influence on the
model because they recognized aspects in the final model
they had originally contributed. The participants named
concrete actions with which they took control. Two partici-
pants from the participatory setting and one participant from
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the individual setting mentioned their content-related con-
tributions; two participants from the participatory setting
mentioned that they had modeled. An overview of all the
categories regarding perceived control that were mentioned
more than once among all participants can be found in Table
2.

4.3 Analyses regarding perceivedmodel quality

4.3.1 Quantitative analysis

As with PO, normal distribution was not always fulfilled for
the perceived model quality variables, but the Levene test
showed homogeneity of variance and the data set was bal-
anced.

For the variable addressing general perceived model
quality, there was a significant main effect for time of mea-
surement (F = 7.2, d f = 1, p = 0.015), but not for
collaboration (F = 0, d f = 1, p = 1) and not for the
interaction of the factors (F = 1.8, d f = 1, p = 0.2).

For the second variable, summarizing specific perceived
quality attributes, there was a significant main effect for time
of measurement (F = 6.8, d f = 1, p = 0.018), and for
collaboration (F = 12.2, d f = 1, p = 0.003), but not for
the interaction of the factors (F = 0.2, d f = 1, p = 0.7).

To sum up, there was a difference between the two mea-
surements of both perceived general quality and the variable
measuring specific perceived aspects of model quality. The
latter one also showed a difference caused by collaboration
versus working individually. Having a look at the descrip-
tive statistics in Table 1, we can see that perceived model
quality is higher after the second meeting than after the first
meeting, and specific model quality is perceived as higher by
those participants who did not work collaboratively.

4.3.2 Qualitative analysis

In the interview,we had asked the participantswhat had influ-
enced the quality of the final model from their opinion. Three
participants, only from individual settings, said that the qual-
ity depends on the domain context, i.e., how complex the
issue to be modeled is. Two persons (participatory) said that
personal involvement in the topic was beneficial, e.g., “[...]
probably also the degree of personal involvement with regard
to this topic. So, is it something I’m totally far away from
and somehow have to imagine it?”

Some participants mentioned aspects that had an influ-
ence on what the model looked like. Two participants from
the individual setting said that the notation had an influ-
ence on model quality. One participant would have preferred
colors, the other praised the possibility of modeling roles in
BPMN. One participant from the individual setting liked that

the model was not drawn by hand but by using a computer-
supported tool, i.e., a web application.

Four persons in the participatory setting and two persons
in the individual setting said the diversity of people involved
had a positive influence on model quality, e.g., “Because
several people from different areas can bring in thoughts
from different perspectives. And have taken into account var-
ious experiences […].” Two persons from the participatory
settingmentioned the support bymodeling experts as a pos-
itive influence, e.g., “And then I think what also helped was
that when there were small questions, you always answered
directly.” Three persons (participatory setting) mentioned
modeling experience as an influencing factor, i.e., the par-
ticipants did not feel prepared or skilled enough.

Lack of time was named as a negative influence by four
persons, two from each setting, e.g., one participant said that
it would not have been possible to create a high-qualitymodel
within the given time frame.

Some participants underlined the importance of themod-
eling method and suggested some improvements. Everyone
should agree on a common goal (two participants in the
participatory setting) and clarify the distribution of roles,
i.e., who can make which content-related contribution and
who will draw the model (one participant in the partici-
patory setting). Furthermore, one participant suggested a
certain procedurewhere first, the content should be discussed
and afterward, the model should be created. Two partici-
pants from a group that had worked in a participatory setting
said they would have preferred to have some time to study
the model on their own. An overview of all the categories
describing influences on perceived model quality that were
mentioned more than once among all participants can be
found in Table 2.

5 Discussion

5.1 Summary and interpretation

We have conducted a study on enterprise modeling that
focused on the subjective view of the domain experts. We
were interested in how they perceive quality of and owner-
ship feelings toward a model they helped creating depending
on different settings. We compared a participatory setting
where domain experts modeled collaboratively supported by
a method expert with a setting where method experts worked
with domain experts in individual meetings. Furthermore,
we examined how the domain experts’ assessments changed
after the model had been revised by method experts. In this
section, we want to discuss our findings on psychological
ownership and perceivedmodel quality and present ourmajor
conclusions.
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Psychological ownership With regard to psychological
ownership, we have not found any differences caused by
collaboration between the domain experts (RQ1) nor by revi-
sions made by modeling experts (RQ2) in our statistical
analysis. Consequently, no matter whether the participants
worked individually or collaboratively, their ownership feel-
ings toward the model did not differ significantly nor did
revisions bymodeling experts cause any changes in that feel-
ing. Considering the descriptive statistics, it becomes clear
that the participants make a distinction between individual
and collective psychological ownership.Apparently, the feel-
ing that the model is common property is more predominant.

Onepossible explanationofwhywedidnotfindanydiffer-
ences in psychological ownership, especially after revisions,
could be that the subject to be modeled was not controversial
enough. Caspi and Blau had shown that editing of one’s text
by other people decreased psychological ownership [6]. In
our study, there is just a slight and nonsignificant decrease in
three of the four groups with regard to psychological owner-
ship. This effect might have been stronger if the issue to be
modeled had involved different opinions and more profound
differences in the knowledge of the participants. We seem to
have chosen a process which was very clear to the partici-
pants. There were only few small parts that some participants
had not been aware of before.

On the whole, collective psychological ownership shows
a high average value in this study comparing it to the greatest
possible value of 5. Even the participants working indi-
vidually showed higher collective ownership feelings than
individual ownership feelings, which is especially interesting
with regard to the first meeting where the output model was
based on only the one respective participant’s input. Unfor-
tunately, we did not assess to whom the participants were
referring when they said the model is “OUR” model. We
suspect that the participants considered the method experts
as co-owners which is supported by our qualitative findings
from the interviews (see below).

One could assume that drawing the model oneself would
have an influence on the emergence of psychological owner-
ship. The fact that many teams in the participatory setting
modeled themselves did not lead to higher psychological
ownership. This is in accordance with a former study show-
ing that if modeling experts take on the task of drawing, this
will not undermine the emergence of psychological owner-
ship [11].

Through interviews, we investigated possible influences
on the emergence of psychological ownership (RQ3) and the
feeling of being in control of the modeling process (RQ4)
from the participants’ point of view. With regard to both
questions,we alsowanted to knowwhether these assessments
differed depending on whether the participants had worked
individually or collaboratively.

Most frequently, the participants said it was important that
everyone could contribute to the process to develop a feeling
of ownership. Many participants also said that they felt in
control because everyone was heard, e.g., could voice their
ideas or opinions. Thiswasmentioned farmore often by those
who had worked collaboratively (see Table 2). Maybe, these
participants have been more aware of this because they were
facing a situation where they were one of several members
in a group in contrast to talking alone to the method expert
in an exclusive meeting.

Moreover, the participants found that it was detrimental
to feeling ownership over the model and being in control
when the model looked different after its revision by the
method expert, especially in the individual treatment. In the
individual setting, the participants do not see what the other
participants had contributed in their first meeting. The latter
may not even be perceived as co-owners.

Connected to this, we encountered statements from six
persons, including four from the individual setting, that
assigned part of the ownership to the method experts who
had completed and/or refined the model between the two
meetings. The two persons from the participatory settingwho
considered the method experts as co-owners belonged to the
same team. Compared to the other participatory team, they
had more trouble with the time constraints and discussed
more than they modeled. Consequently, a lot of the model-
ing happened between the meetings, executed by the method
experts. Only in this group we encountered statements that
the lack of time had a negative influence on feeling control.
It is likely that the more is modeled in the absence of the par-
ticipants, the greater they will see the part the method experts
have in the ownership of the model.

With regard to perceived control, mostly participants from
the individual treatment saw it as problematicwhen themodel
looked different after the revision. It seems that it is important
to witness as much of the modeling as possible to develop
a feeling of control. Furthermore, in the same participatory
team that was mentioned above, participants had a critical
view with regard to the method experts. Method experts
were attributed with a considerable extent of control over
the model creation. It is to be examined whether we should
weaken this perception and how this could be done.

Only in the participatory treatment, participants said that
modeling and tool experience had an influence on perceived
control. As mentioned above, it was mostly the participants
from the participatory setting who were modeling them-
selves. Yet, usually only some of the team members were
active. Other participants with less experience might have
been more aware of their alleged deficits. Either one has to
make sure in the participatory setting that all participants
can model, e.g., by training them or, which is more realistic,
by letting them take on very easy actions and encouraging
them to try things out. The alternative would be to use an
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in individual setting where the single participants cannot be
“outrun” by more experienced participants.

Statements from both individual and participatory settings
give hint that we might favor approaches such as [30,35]
where participants either work in alternating phases of group
and individual work or they collaborate asynchronously with
amodeling tool. It wouldmake actions by themethod experts
as well as own contributions and contributions by other
domain experts more traceable. Using special collaborative
toolswould also give the participantsmore time alone to think
about the model and the issue to be modeled, as desired by
some of the participants on our study.

Our findings from the interviews are in accordance with
the theory on collective psychological ownership [32], i.e.,
the experience of working together, as it was the case in
the participatory setting, seems to have a positive influ-
ence on collective psychological ownership. With regard to
developing a feeling of being in control, we learned from
the interviews that, especially in participatory settings, it is
important to give enough time, to clarify responsibilities and
roles, and to facilitate sessions in a way that everybody is
heard and considered.

Perceived model quality With respect to perceived model
quality, we found that we had to split the measuring instru-
ment we used in two dimensions. The original measuring
instrument was suggested to be one-dimensional. A factor
analysis on our data led, however, to two factors. Looking
at the factor loadings, we found that the statement capturing
general quality (the model is not of good quality (reversed))
correlated with one factor while all the other statements
that related to specific model characteristics (the model is
comprehensive, exhaustive,well-drawn and exact) correlated
with another factor. This leaves open the question of what the
participants’ understanding of general quality includes and
if there are further characteristics of a model that are impor-
tant to domain experts. We will have to reconsider existing
approaches on measuring model quality, e.g., [17,25,40], as
a basis. Nevertheless, we have decided to continue our evalu-
ations with a variable called general quality and another one
we called specific quality. The latter was calculated based
on the average value of the ratings referring to the specific
model characteristics.

Both quality variables showed a significant differencewith
regard to revisions by the modeling experts. Perceived qual-
ity tended to be higher in the second meeting, i.e., after the
method expert’s revision (RQ5).What the participants might
have noticed is that the models were extended, syntactically
revised and reformatted. It seems that this is perceived as an
improvement. This is in accordance with previous findings
by [6]. From this, we conclude that the participants value the
support they get from the modeling expert as very high.

With regard to the quality variable comprising specific
characteristics, the intense exchange with the modeling

expert in the individual setting seems to make a difference;
i.e., the participants rated the quality higher than those partic-
ipants in the participatory setting (RQ6). In the first setting,
the participants could describe the process and the modeling
experts would help them translate everything into model ele-
ments step by step. So, there is probably an additional value
of bilateral modeling in more thorough explanation of what
is modeled and how.

The interviews helped us shed some light on possible
influences on perceived quality and differences between an
individual and a participatory setting with regard to that
(RQ7). Most importantly, the participants said that the diver-
sity of persons involved had a positive influence on model
quality. There were more people in the collaborative setting
(4) than in the individual setting (2) who stated this advan-
tage. In both settings, the lack of time was seen as a negative
influence on quality. Three participants from the participa-
tory setting said the quality was also depending on modeling
experience of the participants. This makes clear how impor-
tant it is to choose a setting that minimizes barriers for less
experienced participants. In individual settings, this might
be easier to implement because the participants will not be
able to compare their skills with others. In the participatory
setting, one must design facilitation and interaction between
the participants in a way that will foster equality. Moreover,
simple modeling notations and tools should be used.

The interviewshave shownus how important themodeling
procedure is especially in participatory settings, e.g., goals
and role distribution have to be clarified to take the burden
of coordinating the teamwork. Some participants said that
model quality would have been better if they had had time
to work and think alone which again speaks for the approach
of Nolte of alternating collaborative and individual working
[30].

Major conclusions Based on our results, we draw three
major conclusions. First, to support the emergence of psycho-
logical ownership, it is not necessary to organize modeling
sessionswith single stakeholders. Participatory settings seem
to be equally suited to trigger feelings of collective own-
ership. If a model should depict a future state or goals
the stakeholders have to agree on, single bilateral meetings
would probably be even counterproductive. Second, model-
ing experts are of great importance to the domain experts in
both settings. As stated earlier by other authors [38,41], for
participatorymodeling, it is advisable to have a facilitator and
a tool operator support the domain experts. The facilitator has
the important task to lead the discussion andmake sure every-
one is heard. But the domain experts also trust in the method
experts’ modeling expertise which will probably increase the
domain experts’ confidence and trust in the outcome. Third,
as more and more work is done by the method experts, even
without interfering in content-related aspects and, in particu-
lar, when this happens in the absence of the domain experts,
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the role of the method experts as co-owners becomes larger
and larger. This is not always desirable, especially when
method experts are hired consultants from outside the com-
pany.

5.2 Limitations and remedies

The sample we considered in this study was small and can
only give first insights. However, it has to be noted, that
the implementation of this study was connected with a great
effort in time both for the participants and for the researchers.
The sample comprised persons who had never created a
model before as well as some persons with modeling experi-
ence. A greater sample with more inexperienced participants
would increase generalizability.

Our outcomes, especially concerning psychological own-
ership, have certainly been influenced by the task we set.
With a task where more discussion and new ideas would be
required, the participants, especially in the individual setting,
might have assessed the situation and the model differently.
Participants would probably have been confronted withmore
newmodel parts that might even be in conflict to their knowl-
edge or opinions.

The participants’ motivation might have been limited as
the output of the study did not have any consequences for
them. This could have had an influence on how they assessed
the model. Nevertheless, our participants had to work on a
modeling task set in their real everyday life and we expected
them to be willing to share their experience.

A typical requirement of an experiment is to keep all fac-
tors constant except for the independent variables to increase
internal validity, i.e., for tracking the influence of the inde-
pendent variables on the dependent variables. That is whywe
kept the modeling task and context constant. This, however,
restricts external validity, i.e., generalizability of the results.
That is why it is important to replicate the study in the future
in other application fields with different modeling tasks.

From the experiment, we experienced that in participatory
modeling, more time must be given because discussion takes
more time. This is a known characteristic of participatory
modeling [37]. Nevertheless, our intention was to keep the
conditions in the treatment groups as similar as possible.
That is why we set the same time limit for all groups. Future
studies should reconsider how to make the conditions more
comparable.

Furthermore, we would have liked to implement a more
standardized procedure of who was modeling during the
meeting. This is, however, not a trivial task. If we had
determined that only the method expert should model, this
could have undermined the motivation of those participants
who were eager to model themselves. Moreover, the method
expert as the sole tool operator could have become a bottle-
neck in the modeling process [36]. On the other hand, some

participants were anxious or just not experienced enough to
handle a modeling tool on their own. For future studies, we
would suggest a procedure where simple modeling actions,
e.g., adding descriptions to prepared activity components,
should be taken by the participants, while more complex
ones, e.g., adding events in the process model, should be
taken by a method expert.

The fact that we had different method experts involved
in the study might have had an influence on the model and
consequently on how the participants rated the model. We,
however, found that the processes suggested by the partici-
pants did not show profound differences. So, the merging of
the models was not as complex as it might be with subjects
of discussion where very different opinions are involved. In
future studies, either one constantmethod expert shouldwork
on themodel or a strict set of rules on how to revise andmerge
models should make sure that this part of the study is stan-
dardized.

Finally, due to the Covid-19 pandemic, we could not meet
the participants in person. We cannot rule out that this could
have had a general influence on the communication between
all actors.

5.3 Implications for practice and future research

Despite a small sample and some limitations in the exper-
imental setting, the study presented in this paper offers an
informative insight into howdomain experts perceive amodel
under certain conditions. We were especially interested in
the impact of a participatory setting on the assessment of
model quality and feelings of ownership and control. Both
variants we examined, participatory/collaborative and indi-
vidual working, have their advantages and disadvantages.

Individual settings may sometimes seem more practi-
cal. No gatherings of several domain experts, including,
e.g., negotiating joint appointments or coordinating and
facilitating teamwork, have to be organized. Moreover, the
participants may benefit from having the opportunity to indi-
vidually discuss the model with a method expert. The intense
exchange with the method expert may eventually lead to
a greater perceived model quality. This individual working
might, however, also lead tomore complications.Howshould
themodeling expert proceed when some domain experts give
conflicting information? In future studies, wewant to address
more controversial issues to be modeled.

To sit down andwork on amodelwith every domain expert
in single meetings and then merge different models will also
cost a method expert a lot of time. One might use an incre-
mental proceeding where every domain expert adds further
information to the same model. But who decides on the right
sequence of domain experts tomeetwhen, e.g., a givenmodel
might influence or restrict participants in their thinking?
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Our interviews give hint that when the process of model
creation is not completely traceable for the participants they
will increasingly consider the method experts as co-owners
to whom they hand over control over the modeling process.
Thus, in individual settings, every participant’s contribu-
tions to themodelmust be traceable, e.g., by visualization.

Participatory modeling sessions are time-consuming for
the participants and they require a lot of effort from the
method experts with regard to facilitation. Our results con-
firm how important it is that the facilitator of a participa-
tory session makes sure that everyone is heard and can
voice their opinion. Another aspect that must be taken into
consideration in participatory settings, in contrast to individ-
ual settings, is that special care must be taken to prevent the
impression that others can contribute better to the model
generation because of their experience. Possible barriers
to join the modeling must be minimized, e.g., by using a sim-
ple notation and tool. Yet, on the whole, sessions that focus
on teamwork and in which everyone is heard and can equally
contribute seem to promote collective ownership feelings.

As mentioned above, participatory modeling sessions
require more time. Our strategy to let the participants dis-
cuss and later letmethod experts add this content to themodel
seemed to have a negative influence on psychological owner-
ship and perceived control. Participants should generally
witness as much of the model creation process as possible
or content parts must be traceable to their originators.

Participatory sessions, besides promoting collective
ownership, offer the possibility of exchanging different
perspectives. According to our participants, this positively
influences model quality. Nevertheless, there were partici-
pants in the participatory setting who would have preferred
some time alone to examine and think about the model. This
is in accordance with suggestions by Nolte et al. [30] which
we should further investigate. An interesting research ques-
tion would be whether dealing with the model on one’s own,
possibly between modeling sessions, is a form of familiariz-
ing with the model that could again promote psychological
ownership. Nolte et al. mostly considered control as a driving
force [30].

The study has generally underlined the importance of
method experts with regard to model quality. Their con-
tributions seem to lead to more trust in the model’s quality.
Our results give hint that the method experts should take on
the task of modeling and make sure that the participants can
follow the model creation process. From our participants’
perspective, their support in terms of modeling expertise and
facilitation activities influences model quality.

Future work should involve the exploration of method
experts as co-owners. We would like to investigate conse-
quences of this perception and how this feeling might be
mitigated.

Finally, it must be noted that this study considered just the
point of view of the domain experts. Based on the data we
have already collected, we also plan to compare the objective
quality of a model with the perceived model quality.
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