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Abstract. Enterprise repositories comprise numerous business process
models either created by in-house domain experts or external business
analysts. To enable a widespread use of these process models, high model
quality (e.g., soundness) as well as a sufficient level of granularity are
crucial. Moreover, they shall reflect the actual business processes properly. Existing modeling guidelines target at creating correct and sound
process models, whereas there is only little work dealing with cognitive
issues influencing model creation by process designers. This paper addresses this gap and presents a controlled experiment investigating the
construal level theory in the context of process modeling. In particular, we investigate the influence the social distance of a process designer
to the modeled domain has on the creation of process models. For this
purpose, we adopt and apply a gamification approach, which enables
us to show significant differences between low and high social distance
with respect to the quality, granularity, and structure of the created process models. The results obtained give insights into how enterprises shall
compose teams for creating and evolving process models.

1

Introduction

Due to the increasing adoption of process-aware information systems (PAIS),
contemporary enterprise repositories comprise large collections of process models [1]. Usually, process models vary in respect to their quality and level of
granularity. Further, they face a wide range of problems affecting model understandability and error probability [2]. However, high quality of process models is
crucial for enterprises to guarantee proper process implementation and execution
in a PAIS [3]. As a prerequisite, process models should reflect the actual business processes properly and at the right level of granularity [4]. To address this
issue, considerable work on criteria related to process model quality and comprehensibility has been conducted [5, 6]. In addition, modeling guidelines exist
that support process designers in creating process models of high quality [7, 8].
There is only little work evaluating the influence of cognitive aspects on the
process of process modeling [9] as well as their effects on the resulting process
models [10, 11]. If we do not understand these cognitive aspects, however, process modeling projects might not deliver proper artifacts or even fail. This paper
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investigates a fundamental factor presumably influencing the process of process
modeling, i.e., social distance [12]. The latter is a well-established notion in the
Construal Level Theory (CLT), constituting an important part of psychological
distance [13]. In this context, studies have shown that human thinking and acting
are both strongly influenced by psychological distance [14]. According to CLT,
we experience only the here and now, and form an abstract mental construal of
distant objects or events [12, 14]. For example, when attending a music festival,
one is able to undergo the whole festival atmosphere. In turn, watching the festival on television, the focus is more on the line-up and, hence, the performances
of the bands, i.e., experience is more superordinate.
Sect. 2 introduces CLT. Gamification and the considered process scenario
are described in Sect. 3. Sect. 4 introduces the research question addressed and
defines the experiment setting. Sect. 5 deals with experiment preparation and
its execution. Results are presented and analyzed in Sect. 6. Finally, Sect. 7
discusses related work and Sect. 8 summarizes the paper.

2

Background on Construal Level Theory

Construal Level Theory (CLT) describes the effects psychological distance has
on objects or events [12, 14]. Generally, CLT states that increasing psychological
distance affects our mental representation of these objects or events. In turn,
this influence on human perception has a strong impact on our actions and
thoughts [13]. The reason behind this phenomenon is the so-called level of construal (LOC), which describes how individuals interpret and perceive objects
and events. Increasing psychological distance affects the cognitive abilities and
leads to a change in the perception of an object or event.
CLT describes two levels of thinking: low- and high-level construal. High-level
construals are abstract, decontextualized, coherent, and superordinate representations compared to low-level construals. If an object or event is further away,
we think about it in terms of high-level construals. However, the smaller the
distance to objects or events is, the more we think in low-level construals. Moreover, these two levels of construals are influenced by psychological distance. While
objective distance describes the quantitative spatial distance in the real world,
psychological distance describes our feelings, thoughts, and emotions in relation
to an object or event. In turn, the latter is considered as psychologically distant,
if it is not experienced physically. For this case, a mental representation must
be constructed.
Psychological distance can be further subdivided into social, spatial, temporal,
and hypothetical distance [13, 15–17]. Social distance, on which we focus in this
paper, describes our relation to other individuals or accrues for events not being
self-experienced (cf. Fig. 1); e.g., whether or not choosing a seat in a bus being
more distant from a particular individual is directly reflected by the latter [18].
In previous research we already addressed the first characteristic, i.e., the
relation to other individuals [19]. More precisely, results showed a significant
influence of social distance on the quality and level of granularity of created
process models. In accordance with CLT, process models created by process de-
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signers with a low social distance revealed a higher quality as well as granularity
compared to process models created by process designers with a higher social
distance. Furthermore, process designers were more self-confident about the process models they had create. Hence, the latter characteristic, i.e., event which is
not self-experienced, is evaluated in this paper.
abstract, impre

High Distance

Low Distance

cise

specific, precise

Person

Fig. 1. Construal Level Theory - Social Distance
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Gamification, Virtual World, and 3D Scenario

In order to simulate variability with respect to social distance, a gamification
approach is applied, i.e., the benefits of gamification in a virtual world are used
in the context of process modeling. First, this allows for an adequate reflection
of the real world problem. Second, the motivation of subjects (i.e., participants
of an experiment) may increase. Third, an occurrence of the effects of social
distance may be ensured.
Gamification is the technique of using game elements, designs, and thinkings
in a non-game context to engage and motivate employees [20]; e.g., achievements
known from computer games are interpreted in enterprise software. As a consequence, work becomes more enjoyable, thus resulting in higher efficiency [21].
Moreover, a virtual world constitutes a computer-simulated environment, using
the metaphor of the real world, but without its physical limitations [22]. In a
virtual world, individuals act as textual, 2D, or 3D avatars, i.e., as a controllable
proxy in the virtual world. Thus, they experience a degree of telepresence, i.e.,
an experience of presence in a remote location [23].
In the context of our experiment, relative to a real-world process from a
manufacturer of gardening tools, a process scenario related to the processing of
an order in a warehouse is contrived, which may be either experienced actively
or passively (cf. Sect. 4). The entire process takes place in a full 3D virtual
environment taking elements of gamification into account; e.g., exploring (i.e.,
learning more about the virtual construct) and puzzle elements (i.e., motivating
subjects to solve a problem). The 3D warehouse scenario is implemented with
Unity, a game development platform. In the realized scenario, subjects interact
with a 3D avatar using point and click game mechanics.
Following this, a description of the processing of an order in the warehouse is
provided. Fig. 2 shows the layout as well as the chronological progress through
the warehouse. The scenario starts in the office of the warehouse 1 . First, an
order is taken providing information on the items to be processed. Generally,
several items need to be processed by subjects in this context. At the storage
racks (cf. Fig. 3), subjects have the choice to get the items either with the
forklift or the picking system 2 . Since the forklift can carry only one pallet at
a time, the items must be collected sequentially. The picking system comprises
several grapplers that allow collecting all items either separately or at once.
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Then, items are disclosed at the collection point and checked for completeness
3 . Following this, the items need to be packed in appropriate boxes, which
are then palletized 4 . After placing each box on a pallet, subjects may decide
on how to transport the pallets to the shipping area, i.e., either by using the
forklift or the automatic loading system 5 . While the forklift can transport the
pallets only sequentially, the automatic loading system takes care of everything
automatically. As advantage of the automatic loading system, the subjects can
print the required delivery documents (i.e., bill of delivery and pallet receipts)
in parallel 6 . Thereafter, pallets are labeled with the printed pallet receipts and
are loaded on the trailer with the forklift 7 . Finally, the bill of delivery is placed
in the trailer and doors are closed.

Fig. 2. Layout of the Warehouse Scenario
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Fig. 3. Storage Racks

Research Question and Experiment Definition

This section introduces the definition and planning of the experiment for measuring the influence of the social distance on the process of process modeling
and the resulting artifacts. Sect. 4.1 explains the context of the experiment and
defines its goal. Sect. 4.2 introduces the hypothesis considered for testing, and
Sect. 4.3 presents the experimental setup. Sect. 4.4 explains the design of the
experiment. Finally, Sect. 4.5 discusses factors threatening the validity of results.
4.1

Context Selection and Goal Definition

Business processes are either modeled by in-house process designers or external
ones. In this context, process designers are responsible for interviewing process
stakeholders and participants as well as for capturing the gathered knowledge
in process models. Usually, the process designers are not directly involved in
the processes to be modeled; e.g., they may be member of the quality assurance
department. In other cases, due to limited resources, enterprises assign such
modeling and analysis tasks to external resources; e.g., business analysts.
So far, it has not been well understood how an increased social distance
affects the quality, granularity, and structure of the resulting process models. To
close this gap, this paper investigates the following research question:
Is the process of process modeling, i.e., the quality, granularity, and structure of
the process models resulting from it, affected by the social distance the process
designers have on the respective business processes?
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Despite existing work on the quality [2, 8, 24, 25], granularity [26], and structure [27] of process models there is only little research addressing cognitive aspects of process modeling [10, 11, 28]. In particular, it is not well understood
whether certain cognitive aspects lead to minor process quality, i.e., deficiencies
regarding the pragmatic, semantic, perceived, and syntactic model quality.
Based on previous research (cf. [19]), this paper continues investigating the
influence social distance has on the process of process modeling and its outcomes.
As opposed to the previous experiment, where social distance was experienced by
the relation to other individuals, the presented experiment varies social distance
with a scenario (i.e., processing of an order in a warehouse) that may either
be experienced actively (i.e., low) or passively (i.e., high social distance) using
gamification. The goal can be formulated as:
Analyze
process models
for the purpose of
evaluating
with respect to their
level of construal
from the point of view of the researchers
in the context of
students and research staff.

4.2

Hypothesis Formulation

Based on the goal definition and taking CLT into account, six hypotheses are
derived. In detail, they investigate whether social distance influences the level of
construal during the process of process modeling or, more precisely, the quality,
granularity, and structure of the resulting process models:
Does the social distance influence the pragmatic quality when creating process models?
H0,1 : There are no significant differences in the pragmatic quality when modeling processes with
low social distance compared to high social distance.
H1,1 : There are significant differences in the pragmatic quality when modeling processes with low
social distance compared to high social distance.
Does the social distance influence the semantic quality when creating process models?
H0,2 : There are no significant differences in the semantic quality when modeling processes with low
social distance compared to high social distance.
H1,2 : There are significant differences in the semantic quality when modeling processes with low
social distance compared to high social distance.
Does the social distance influence the perceived quality when creating process models?
H0,3 : There are no significant differences in the perceived quality when modeling processes with low
social distance compared to high social distance.
H1,3 : There are significant differences in the perceived quality when modeling processes with low
social distance compared to high social distance.
Does the social distance influence the syntactic quality when creating process models?
H0,4 : There are no significant differences in the syntactic quality when modeling processes with low
social distance compared to high social distance.
H1,4 : There are significant differences in the syntactic quality when modeling processes with low
social distance compared to high social distance.
Does the social distance influence the level of granularity when creating process models?
H0,5 : There are no significant differences in the level of granularity when modeling processes with
low social distance compared to high social distance.
H1,5 : There are significant differences in the level of granularity when modeling processes with low
social distance compared to high social distance.
Does the social distance influence the process model structure when creating process models?
H0,6 : There are no significant differences in the process model structure when modeling processes
with low social distance compared to high social distance.
H1,6 : There are significant differences in the process model structure when modeling processes with
low social distance compared to high social distance.
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Experimental Setup

This section describes subjects, object, and response variables of the experiment
as well as its instrumentation and data collection procedure.
Subjects. Ideally, process designers are modeling experts. However, they usually
obtain only basic training and have limited process modeling skills [29]. From
subjects (i.e., students and staff members) we require that they are familiar with
process modeling although they were not experts in this area. A replication of
the experiment with modeling experts might lead to different results [30]. Hence,
results might not be generalizable for the entire population of process designers.
Object. The object is the outcome resulting from a stated modeling task, i.e.,
a process model expressed in terms of the Business Process Model and Notation (BPMN). To ensure familiarity of subjects with BPMN and to guarantee
that differences in response variables are not caused due to a lack of familiarity
with BPMN, but rather due to differences in social distance, we choose an easy
and understandable scenario. More precisely, the modeling task deals with the
processing of an order in a warehouse (cf. Sect. 3). Task descriptions are created reflecting low and high social distance. One group is directly involved (i.e.,
low) in the process, while the other is only indirectly involved (i.e., high social
distance). For low social distance, subjects are actively playing the warehouse
scenario. In turn, regarding high social distance, subjects are watching the warehouse scenario in a video. To ensure that there exist no interferences and there
is sufficient clearance between the two social distances, two pilot studies for each
social distance are performed. Respective task descriptions are kept rather abstract to give subjects the possibility to model as detailed as they like.
Factor and factor levels. The factor considered in the experiment is social
distance with levels low and high social distance. Accordingly, the task description is adjusted to vary social distance, i.e., to model the order process either
after playing (i.e., low) or watching (i.e., high social distance) the scenario.
Response variable. As response variable, we consider the level of construal
that cannot be directly measured. Everything being distant from us is expressed
more abstractly (cf. Sect. 2). We assume that the level of construal impacts
the quality, granularity, and structure of the resulting process model. For this
purpose, process model quality is characterized by four dimensions, i.e., pragmatic, semantic, perceived, and syntactic quality making use of semiotic theory,
i.e., SEQUAL framework [31, 32]. Pragmatic quality describes process model
comprehension. It is measured by the level of understanding. In turn, semantic
quality covers correctness, relevance, completeness, and authenticity of a process
model. Correctness expresses that all elements of a process model are correct.
Relevance signifies that all elements in the process model are relevant for the process. Moreover, completeness implies that relevant aspects about the domain are
not missing, i.e., superfluous elements are considered as well. Finally, authenticity
expresses that the chosen representation gives a true impression of the domain.
Pragmatic quality and semantic quality are rated by two modeling experts in
a consensus-building process based on a 7-point Likert scale [33], i.e., from 0
(strongly disagree) to 6 (strongly agree). In turn, perceived quality depends on
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the degree to which a subject agrees with the resulting process model. It can be
subdivided into agreement, missing aspects, accurate description, mistakes, and
satisfaction [34]. Perceived quality is rated by each subject on a 5-point Likert
scale, ranging from 0 (strongly disagree) to 4 (strongly agree), after finishing the
modeling task. Agreement expresses to which degree the process model matches
with the actual business process. Missing aspects rates whether significant aspects are missing in the resulting process model. In turn, accurate description
expresses how accurately the process model matches the real world process.
Mistakes corresponds to the subject rate indicating whether there are serious
mistakes in the resulting process model. Finally, satisfaction expresses the degree subjects are satisfied with the process models created by them. Syntactic
quality of a process model is measured by counting syntactical rule violations
of the applied modeling language, i.e., BPMN. Process granularity is measured
through the complexity of the resulting process models, i.e., simple metrics like
number of activities, gateways, nodes, edges, elements, and execution paths. Process model structure is analyzed with the following process metrics: separability,
sequentiality, cyclicity, and diameter [3, 35]. Separability is defined as the ratio
of the number of cut-vertices to the total number of nodes in the process model.
Sequentiality, in turn, is the degree to which the process model is constructed of
pure sequences of tasks. Moreover, cyclicity relates to the number of nodes on
cycles to all nodes in the process model. Diameter gives the length of the longest
path from a start node to an end node in the process model. Fig. 4 summarizes
the response variables we consider in a research model.
4.4

Experimental Design

We apply guidelines for designing experiments as described in [36], and conduct
a randomized, balanced, and blocked single factor experiment. The experiment
is randomized since subjects are assigned to groups randomly and it is ensured
that both groups have same size (i.e., balanced). Moreover, subjects are grouped
(i.e., blocked) to not mix social distance. Finally, only a single factor varies, i.e.,
the level of construal. Fig. 5 illustrates this setup.
Instrumentation and data collection procedure. To precisely measure response variables in a non-intrusive manner, we use the Cheetah Experimental
Platform (CEP) [9]. CEP provides a BPMN modeling environment that records
modeling steps and their attributes; e.g., timestamps and type of modeling action. Resulting process models are then stored. Finally, demographic data and
qualitative feedback is gathered from subjects based on questionnaires.
4.5

Risk Analysis

Generally, any experiment bears risks that might affect its results. Thus, its validity or, more precisely, its levels of validity need to be checked, i.e., internal
validity (“Are effects caused by independent response variables?”) and external
validity (“May results be generalized?”).
Risks to internal validity. Risks that might influence the modeling outcome
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include process modeling experience of involved subjects and uneven distributions of subjects over two groups. Furthermore, post data validation ensures that
in both groups subjects are at least moderately familiar with process modeling
(cf. Sect. 5.3). It is assured that both groups show the same or similar familiarity level, i.e., median is 3 for both groups on a 5-point Likert scale. Further, the
chosen modeling task constitutes a risk to internal validity. To ensure familiarity
of subjects and to guarantee that differences in quality, granularity, and structure are due to social distance, we choose an easy and comprehensible scenario
(cf. Sect. 3). To further ensure that subjects are not negatively influenced by
tiredness, boredom, or hunger, the experiment is conducted at a time of the day
for which the mentioned frame of mind can be excluded.
Risks to external validity. On one hand, the subjects have academic background (i.e., students and research staff), which might limit generalizability of
results. On the other, they rather have profound knowledge in process modeling
(cf. Sect. 5.3). We may consider them as proxies for professionals who have obtained basic training so far. Further, process model quality may depend on the
appropriateness of the chosen modeling languages and tools. To mitigate this
risk, both groups use an intuitive process modeling tool as well as an established
modeling language (cf. Sect. 4.3). Finally, a potential risk for external validity
is that we measure social distance with one modeling task. To mitigate this and
to allow for generalizability, varying experiments need to be conducted.

Subject 1

Subject n

Subject n/2

Subject n/2+1

Low Social
Distance
(Playing)

High Social
Distance
(Watching)

Process Model

Process Model

Task

...

...

F: Syntactic Quality
O: Number of Syntactical Errors
Legend:
F: Theoretical Factor
O: Factor Operationalization

Fig. 4. Research Model
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Satisfaction

Subject
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F: Social Distance
O: Level of Social
Distance

Quality
F: Pragmatic Quality
O: Level of Understanding

Object

Granularity
F: Granularity
O: Number of Activities
Number of Gateways
Number of Nodes
Number of Edges
Number of Elements
Number of Exec. Paths

Fig. 5. Experiment Design

Experiment Operation

Based on the provided experiment definition, Sect. 5.1 summarizes the experiment preparation. Sect. 5.2 describes the execution of the experiment, and Sect.
5.3 deals with the validation of the data collected during the experiment.
5.1

Experiment Preparation

Students and research staff familiar with process modeling are invited to join the
experiment. Subjects are not informed about the aspects we want to investigate.
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However, they are aware that the experiment takes place in the context of a
thesis. For all subjects, anonymity is guaranteed. Before conducting the experiment, for each level of social distance two pilot studies are performed to eliminate
ambiguities and misunderstandings as well as to improve modeling tasks. Further, it is checked whether the social distance between the tasks is sufficiently
large. Finally, an evaluation sheet is created to assess the level of construal by
analyzing quality, granularity, and structure of resulting process models.
5.2

Experiment Execution

The experiment is executed in a computer lab at Ulm University. All in all,
95 students and staff members participate. Due to spatial constraints, up to 10
subjects conduct the experiment at the same time and several sessions within a
period of two weeks are offered. Each session lasts about 60 minutes and runs as
follows: The procedure of the experiment is explained and worksheets with task
descriptions are handed out. Thereby, subjects are randomly assigned to one of
the subject groups (cf. Sect. 4.4). Then, subjects start playing or watching the
warehouse scenario. Subsequently, they fill out an initial questionnaire capturing
their modeling experience. This information is used to test whether subjects are
familiar with process modeling. Then, subjects are asked to model the warehouse
scenario based on their own experience and in a way they think it is appropriate.
Finally, subjects provide their rating for perceived quality and may give feedback.
5.3

Data Validation

In total, data is collected from 95 subjects. One of them is excluded due to
invalidity of the process model obtained, i.e., the process model differs substantially from the postulated task description. Hence, 94 subjects are considered for
data analysis, i.e., 84 students and 10 staff members (with 33 female subjects).
Further, the median concerning familiarity with BPMN is 3, i.e., above average. Regarding confidence with understanding BPMN process models, a median
value of 3 is obtained. Perceived competence in creating BPMN models has a
median value of 3. All values are based on a 5-point Likert scale. Prior to the experiment, subjects analyzed 19 process models and created 7 in average.1 Since
all values range above average and subjects are familiar with process modeling,
we conclude that subjects fit to the targeted profile.
5.4

Threats to Validation

Apparently, the experiment conducted faces the limitation that we did not involve and compare professional process modelers and IT experts from industry,
but prospective ones (i.e. students). Although various investigations have shown
that students are proper substitutes for professionals in empirical studies (e.g.
[37, 38]) the results for professionals may differ.
1

The full data set can be found in http://bit.ly/1VB2aS3
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6

Data Analysis & Interpretation

Sect. 6.1 presents descriptive statistics of the data gathered during the experiment. Sect. 6.2 discusses whether a data set reduction is needed. Sect. 6.3 tests
the hypotheses. Finally, Sect. 6.4 discusses results.
6.1

Data Analysis and Descriptive Statistics

Figure 6 displays box plots (i.e., median, min, and max values as well as 1st and
3rd quartiles) of measurements for the pragmatic, semantic, perceived, and syntactic quality. Further, the items of semantic and perceived quality are combined
into an aggregated variable [39], i.e., validity & completeness and agreement of
subjects. As a prerequisite, all response variables must show high reliability. For
this purpose, Cronbach’s α is calculated.2 For semantic quality, a Cronbach with
α = 0.84 and for perceived quality a Cronbach with α = 0.77 results.
8
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As shown in Figure 6, process models created by subjects with low social distance present a better level of understanding and contain less syntactical errors.
Regarding high social distance, in turn, process models seem to give a better
account of the domain. Moreover, perceived quality does not differ between the
subject groups. Further, Figure 7 presents calculated values for the process model
structure. There are only minimal differences in process model structure between
the process models. However, the diameter shows a clear difference depending
on the level of social distance. Process models whose subjects show a high social
distance contain notable longer paths (median of 23 for low, 30.5 for high).
Figure 8 shows results related to the granularity of process models, i.e., number of activities, gateways, nodes, edges, total process elements, and possible execution paths. As a result, process model granularity is higher if subjects have
a high social distance. Especially, differences in the numbers of total process
elements are large. Note that low social distance results have a median of 60,
whereas high social distance leads to a median of 82 process elements.
6.2

Data Set Reduction

In general, the results of statistical analyses depend on the quality of the input data, i.e., faulty data might lead to incorrect conclusions. Therefore, it is
2

According to [39], α > 0.6 acceptable reliability; 0.7 < α < 0.9 good reliability
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important to identify outliers and to evaluate whether these shall be excluded.
Note that the latter might be critical due to potential loss of information. In
the experiment, several outliers can be identified, but we decide to not remove
them since we consider them as correct, not being the result of wrong modeling.
Hence, removing them would bias results.
6.3

Hypothesis Testing

Response Variable
p-value
Pragmatic Quality H1,1
Level of Understanding < 0.01 (< 0.05)
Semantic Quality H1,2
Validity & Completeness < 0.01 (< 0.05)
Perceived Quality H1,3
Agreement of Subjects
0.410 (> 0.05)
Syntactic Quality H1,4
Number of Syn. Errors 0.046 (< 0.05)
Level of Granularity H1,5
Number of Activities
< 0.01 (< 0.05)
Number of Gateways
0.039 (< 0.05)
Number of Nodes
< 0.01 (< 0.05)
Number of Edges
< 0.01 (< 0.05)
Number of Elements
< 0.01 (< 0.05)
Number of Paths
0.148 (> 0.05)
Process Model Structure H1,6
Sequentiality
0.326 (> 0.05)
Separability
0.092 (> 0.05)
Cyclicity
0.258 (> 0.05)
Diameter
< 0.01 (< 0.05)

Sect. 6.1 indicates differences regarding low and high social distance. In the
following, we test whether observed
differences are statistically significant.
We test the response variables with the
Mann-Whitney-U-test [40]. A successful u-test (with p < p0 at risk level
α = 0, 05) will reject a null hypothesis. Table 1 shows the results of hypothesis testing (cf. Sect. 4.2). In summary, hypotheses H1,1 , H1,2 , and H1,4
can be accepted. Despite the number
of significant results, like H1,6 , H1,5
is only partially supported, and thus
both hypotheses cannot be accepted.
In addition, H1,3 shows no significance
and, hence, must be rejected. Based on
the results, we may conclude that social distance (i.e., event which is not
self-experienced) leads to a change in
the quality, granularity, and structure
of resulting process models.

Table 1. Results of Hypotheses Testing

6.4

Discussion

The results indicate that process designers showing a high social distance (i.e.
passive participation) to a particular business process tend to create a more fine-
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grained, detailed, and complete process model, i.e., reflecting a high semantic
quality and granularity. In turn, process designers showing a low social distance
(i.e. active participation) create a more course-grained and abstract, but easy
to understand process model with less syntactical errors, i.e., reflecting a high
pragmatic and syntactic quality. Regarding perceived quality and process model
structure, final results do not show any or only small differences.
Interestingly, the results only partially comply with CLT (cf. Sect. 2) and
our previous experiment [19]. It appears that the investigated factor of the social
distance (cf. Sect. 4) has a different impact on the process of process modeling
and, hence, resulting outcomes differ in several aspects (cf. Sect 6.1). As possible
explanation an active participation results in major attention devoted to actions
performed by oneself, while a passive participation results to equal attention paid
to all details [41]. BPMN knowledge might be a critical moderator reversing the
relationship between construal level and distance (i.e., social distance) leading
to circumstances where the abstract seems near and the concrete seems far [42].
However, combining previous results, in general, one can assume that social
distance leads to a change in the quality, granularity, and structure of resulting
process models. It is noteworthy that results differ depending on how a process designer experiences social distance, i.e., relation to other individuals or
events which are not self-experienced. For enterprises, it is thus recommended
to evaluate the modeling domain and, hence, to involve specific process designers to ensure desired outcomes; e.g., to achieve a high process model quality,
it is thus recommended to involve process designers being more confident with
corresponding business processes.

7

Related Work

This paper investigates the impact of social distance on the quality, granularity, and structure of process models. The work is related to frameworks and
guidelines dealing with process model quality. SEQUAL uses semiotic theory for
identifying various aspects of process model quality [25], whereas GoM describes
quality considerations for process models [7]; 7PMG, in turn, characterizes desirable properties of a process model [8]. Moreover, research on comprehensibility
and maintainability exists. The influence of model complexity on process model
comprehensibility is investigated in [5]. [35] discusses factors for errors in process
models; [43] discusses the impact of different quality metrics on error probability.
[44] provides prediction models for true usability and maintainability of process models. How and at which level of granularity a designer models a particular
process is described in [26]. In the context of process modeling only little work
exists that takes cognitive aspects into account. [28] presents the effects of reducing cognitive load on end user understanding of conceptual models, whereas
[11] describes the cognitive difficulty of understanding different relations between
process model elements.
Common to all these approaches is the focus on the created process model
(i.e., the product of process modeling), while little attention has been paid on
the process of the process modeling itself. Nautilus complements related work by
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investigating the process of process modeling for tracing model quality back to
modeling strategies resulting in process models of different quality [45].
The effectiveness of gamification based on a quality service model analyzing
the social and psychological motivations of participants is discussed in [46]. Agile
and efficient responds to changing requirements and consequential amendments
to corresponding business processes are provided in [47], based on a gamification
and BPM approach incorporated into a social network. Finally, [48] provides
preliminary evidence that blending process management to gamification concepts
may be beneficial.
Considerable work involving conceptual modeling of processes in a 3D virtual
world can be found in [49]. In addition, [50] provides an approach for collaborative process modeling using a 3D environment. A similar use case in a 3D
scenario to visualize storyboards for business process models is proposed in [51].

8

Conclusion

This paper investigated whether social distance affects the process of process
modeling and its outcomes, i.e., the quality, granularity, and resulting process
model structure. In particular, an experiment using gamification in a virtual
world was conducted showing that there are significant differences depending
on whether a process designer has a low or high social distance to the modeled
domain. While first results look promising, further investigations are desirable.
More precisely, their generalization needs to be confirmed by additional empirical
experiments to obtain more accurate results allowing for such a generalization.
As a next step, we will focus on psychological distance (i.e., social, spatial,
temporal, hypothetical) as well as the use of gamification and virtual worlds
to learn more about the particular effects on the process of process modeling.
Combining experiment results enables us to extract guidelines on how modeling
teams in enterprises should be composed and optimal process models can be
obtained. Finally, experiments with practitioners are planned to validate results
in real-world scenarios.
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