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Abstract. Several factors influence the level of business process model
understandingin this paperwe investigate two personal factors that potentially
relate to this levelar e ad er ' s style arglthéoteticalkmowledge o
business proce¢BP) modeling An experiment with 83 graduatestucents was
conducted to explore their differencescimgniive stylesusing Cognitive Style
Index (CSI) and how these relate to their scores irprocess model
understandabilityWe used two redife BPMN collaboration diagrams as our
process models in our experimemhe results indicate a significant difference
between intuitive andnalytic studentsvith respect tothe level of BP model

understandability. T hteoreticalBPartodelingandb et ween student s’
notation competency, andheir level of model understaimg) is also found
significant

Keywords: busnessprocess modeling, process modeimprehensionmodel
understandability, cognitive stylegognitive style index ¢SI), theoretical
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1 Introduction

Business process models are widely used as a means to communicatth@bout
course of actions in a business process among various stakeholders (e.g. process
owners, process participants, managers, auditors). They facilitate business process
analysis and redesign. Often their construction is a manual effort, e.g. a teanaoShum
map the process, read and interpret the proces
bottlenecks. Because human interpretation is €wone, cognitive aspects are
important in the manual development of business process models.

Over the past decade mamsearchers have focused on various challenges that the
stakeholders face when conducting business process analysis and (re)design. The
structural model characteristics that influence the occurrence of modeling errors and of
process model comprehension asgensively researched, e[d-3]. More recently,
research efforts have focused on investigating how process modelers create a process
model[4, 5], on improving notations and visualizations of process models for better
understandability6-9], on identifying the ognitive biases that may lead to issues in
the business process manageméfacycle [10], and on personal factors of the



modelers and model readers that may affect the comprehenshrsiokss process
modebk[11, 12]

In this paperwe aim to contribute to tke domain of cognitive aspects in business
process management by exploring the relation of two personal factors, ineodle¢
r e a dcegnitive style and level of theetical knowledge on business process (BP)
modeling,with process model understandirithis is doneempirically with the data
from an experimentperformed with 183 graduatestudents. The results show a
significant relation of cognitive style and theoreti@&® modeling knowledge with
process model understanding.

This paper is structured as follows: $action 2 the background on research into
process model understandability and cognitive styles is discuSeetion3 presents
the research design including the hypothdbas were testedand the setip of the
experiment Finally, results are discusseid Section4, and the paper ends with
concluding remarkand outlook in Sectiob.

2 Background

This section summarizeglevantworks on the cognitive aspects of business process
modeling and outlines the theory on cognitive styles trsethe experiment.

2.1  Related work

To correctlyconvey the information that is captured irBR model to the model
reader, the understandability of the model is an important factor researched by many
studiese.g.[1, 3, 13] Most of these works focus @hestructural characteristics of the
process modekuch as the size, densigydcomplexity,thatinfluence the readability,
syntacticand semantic qualityand the understandability of the mod&éhe main
motivation behind this is based on ttwgnitive load theoryl4], which states that the
more complex a model,ishe higher the mentddad is to comprehend it. Whethe
mentalload is too high the working memory is overloadeaihd people tend to make
moremistakeq20]. Apart from structural characteristics of the procéssature also
suggests a number of personal factors that may influence model understandability such
as expertis§l, 12]or cognitive abilities and learning stylel].

From the perspective of creatiBg® models some works focus on investigating the
way a process modeler creates a process model anthénkiplemented modeling
approach to theyntactic and semantic quality and the understandability of the resulting
model(e.qg.,[4], [15]). Oneof the main conclusionsdm these works is that modeder
havevariousstyles of modeling and that a structured approach (i.e. chunking the big
task of creating the process model into smaller pieces) is a better strategy leading to
better process mode]&6]. It is also concluded that modelers with different profiles
may use different modeling strategies to be succeldsfiiTheauthosin [18] present
an experimerperformed with the objective to understahd factors influencing model
reader s’
formal or diagrammatjc The results indicate thete prefeences fotherepresentation
formsvary dependent on application purpose aognitive stylesf the participants.

preference for t hénsputuced,sess model
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2.2  Cognitive styles

In the domain of cognitive psychologiye term cognitive style is used to describe the
way individual thinks, perceives and remembers informdfi&h The Cognitive Style
Index (CSl)is one of the wys to measure cognitive styl£9]. It is a psychometric
measuredesigned to be used primarily with managerial and professional groups, but
has also been appliediccessfully with students and roranagerial employed20].
Despite criticisms, CSl is one of tieost widely used measwef cognitive style in
academic research in the fields of management and edu§atie?4]. Its construct
validity has been indicateith mostprevious studieshroughsignificant correlations
with, for example, various personality dimensicarsd job level[19, 20] and with
scores on the MyerBriggs Type Indicatof25].

As discussedif0], CSI bui | d s -brainrigi@braingtheayiOmstesn | e f t
[26] differentiates between analytiand holistic thinking. The former implies
processing riformation in an ordered, linear sequenadereas the lateinvolves
viewing the whole situation at once in order to facilitate the synthesis of all available
information. CSI labels these modes of cognitioms * anal yti ¢’ and
respectivelyFig. 1 depicts he intuitionanalysis dimension assessed by the. E&ie |
cases of ‘i nt uaretlocateddttheatvmodidetha follaexergse of either
precludes the adoption of the other. The cognittide of most people, however,
involves elements of bottognitivemodes | n t he miaddbéi vahgempt hes"

a balanced blend of the t wquashitdudietsendeEi t her si de
‘quastan al yti cal’ styl es, each of which denotes a t
adoption of, one of the extreme cognitive modieslitives are characterized astive,

cautious andimpulsive;while analytics as passive, risk takingndreflective[20].

intuiti

INTUITION
ANALYSS
INTUITIVE QUAS- ADAPTIVE QUAS- ANALYTIC
INTUITIVE ANALYTIC

Fig. 1. Continuum of Cognitive Stylg20].

Several researchers have investigated the relationship between CSI and various traits
and areas of organizational life, suchaslgve| occupation, cultureentrepreneurship,
personality etc. Literature suggests ttmtcupationghat ardikely to favour relatively
unconstrained thinking (e,gcreative aiists, entrepreneurs) tend to score towards the
intuitive end of the CSI scalevhereasthose likely to adopt a morstructured
systematic approach (e.gngineersaccountants) tend towards the analytical 20
Similarly, the studies bBrighamet al.[27] and Allinson et al.[28] found tha the
ownermanagers of high growth firms were significantly mmtaitive than managers
in the general population. This is consistent with the ideainhstion is a necessary
quality for those operating in an environment characterised by incomfi@teation,
time presure, ambiguity and uncertaintiiterature has also studied the relation
between CSI andcademic performancandsuggests thanalyticthinkers are likely
to score more highly than their intuitive colleaguesgardless of the sudgjt taught
[29], [30].



3 Research design

Aligned with our researchbjective we identifiedtwo independenvariabkesfor the

research desigrcognitive styleand theoretical BP modeling competencywhich are

hypothesized to relate to thenderstandability task effectivenesss a dependent

variable representing the level of BP model understanéfigg2 presents the research

model that w@ropose The modesuggestshat the understaimy of a businesprocess

model isinfluencedbyi t s r eader ' s ¢ o gtheoreticaBR mosldlingl e and | evel

competencyAccordingly, we can drathe followinghypotheses:

1 H1. The understandability of businesgprocess modeis influencedby model
reader’s cognitive style

1 H2.The understandabiii of a businesprocess modes positively correlated with
themo d e | fegeboditleeorétical BP modelingompetency

~~ =~ INDEPENDENT VARABLES - -----------~ | -~ DEPENDENTVARABLE --------------=-- )
! Personal Factors i [ BusinessProcessModel Understanding | !
(R cognitive Syle | 1 — - |
i| | O ognitive Syle Indextest ! <:> '| |E Understandability Task Efectiveness

i ' O: Understandability Test Score

F Theoretical BPModeling Gompetency ‘
O: Test for the level of theoretical !
knowledge on BPmodeling and BPMN 2 | |1 Legend:
i F Theoretical Factor
4 ; O: Operationalization of the Factor

Fig. 2. Research model

To testthesehypothess, we performed an experiment with fherticipation of 18
graduate students tffie Eindhoven University of Technolog¥he NetherlandsThe
expagiment was conducted through axtensivequestionnairén 4 main partsin the
first part the participants went throughe CSI test to categorizbeir cognitive style
The second part wadke BP Modeling Competency Test t o assess participants
of theoretical knowledge on processdelingand BPMN 2.0As discussed in Section
3.2, the test is developed based on the questioi$2h The last two part®f the
guestionnairaveredesigned to measupea r t i ¢ i p anmotesundenstandgedr o f
two differentprocess modeldn these partshe participants were expected to ans@ver
understandability questions relatedetich othese models.

The experiment took place in January 2017 in a sisg#sion angdinglelocation
setting. The questionnaire for the experiment was provided through an online web
environment. The process models were embedded in the questionnaire environment in
such a wayhat the question and model were presented on the samewittgeoom
in/-out functionalities fothe process modeln thesulsections that follow, & explain
in more detail the design of the experimentneasuredvariables and their
operationalization, as well as the participants of the experiment.

3.1  Cognitive Style Index

We used th€ognitive Style Index (CSIf Allinson and Hayef 9] as an instrument
to measure the intuitivanalyticdimension of cognitive styleThe CSI[20] is a 38



item selfr e por t

guestionnaire.

options, and scores of 2, 1 or 0 are assigned to each respondbenitinection of
scoring depending on the polarity of the it§20]. The nearer the total score to the

Table 1. CSI score ranges for the five cognitive sty28].

theoreticama x i
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76,
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Each item has ‘true’,
the more ‘“analytical’ the re
, the mor @ablel). ntuitive’' the r

Style Score range
Intuitive 0-28
QuastIntuitive 29-38
Adaptive 39-45
QuastAnalytic 46-52
Analytic 53-76

gate

Business Process Modeling Competency (BPMC) Test

part i cknowladge @n’ busihessy mrdcesso f

modeling and notatigrwe constructedhe Business Process Modeling Competency
Test Taking the questions used[l2] as the basis and extending them, we developed

15 questions related to common process modeling practices (e.g., how basic gateways
work, how loops can be defined, etc.) and to the basic constructs of BPMN 2.0.
Paticipants were expectedo answer each question by selecting one of the three
‘y e sk n o WHaeircompetemay wds measuced ds the total of
correctly answereduestions and categorized into 6 groups with the following scheme:
level O with O or 1 correct answers, leveRlto 4, level 25 to 7, level 3810 10, level

4:11to0 13, and finally level 5 with 14 to 15 corracswersFig. 3 shows two examples

of questions from the test.

Q4. An inclusive (OR) gateway can activate concurrent paths.

options:

(L) Yes

'v' No

() ldon'tknow

Q7. The process model given below has syntactical errors (i.e. violates BPMN 2.0 rules).

PO+ A =X 8 |

¢ =x—0

E
e —~O

_) Yes

) No

| don't know
L

Fig. 3. Example questions from the testthieoretical kowledge on BP modeling and BPMN.
(the complete set of questions is availableh#tp://go0.gl/77YAxn

3.3

Process models used for the experiment

The process models that were used originated frordifegdrocesses that were taking
place in a largeorporation headquartered Tihe Netherlands (whicemgoys more

t heoreti


http://goo.gl/77YAxn

than 115,000 employees and operates in over 100 countries wodlddriaeng several
processes ithec o mp aquality management system, two processes of similar size
and nature were selected taking into account their criticality in the busiosssn in

which the company operates. The processes can be considered as large and rich in terms
of the interaction taking place between different departrfdivisions of the company

(each process model incorporates 47 and 46 activity nodes, respeethkly pools).

The selected processes were modelleRMN 2.0 based on existing process
documentation, andn interviews with process owners and papiants The resulting
models wereBPMN collaborationdiagrams where the interaction between process
participants was explicitty modeled using message flows. The models were
subsequently reviewed by modeling experts for syntactical correctness, and validated
for their correctness by the domain experts in the company

These models are already used in ougypous workgo investigate also other factors
of process model comprehensiftB]. Accordingly each process modelas re
structuredinto two other formsleading tothree forms of representatioior each
process modeThe first form is thdully -flattenedone that showa process modelith
all detailsat once(without the use of groups or sibocesses in BPMN 2.0Yhe
second form makes use bfh group c o n st r uthat inforfmallyBclRdWia
logically related set of activitiean top of theully -flattenedform (similar to the use of
‘ e X p an-grecgssesinBPMN 2.0. The third form usgcollapsed suiprocesses
of BPMN 2.0 to create a onkevel hierarchy of process models. Allapsedsub
process hides related parts of the model irhtgberlevel model, but can be accessed
separatly whenever theeadelis interested in the informatiancontains Fig. 4 shows
an example model obne of theprocessegprocessA) in the secondepresentation
form.

Fig. 4. Process An representatior? (flattened with groups of activitied\ote that thenodel

is provided to give an indication of the size and structure of the madelabels of all process
elements are removed. These medeere used also in our other experimgh8j. The
complete versions of the models with labels are available onlihézd://goo.gl/F9oHyg


https://goo.gl/F9oHyg

3.4 Measuring process model understandability

We used theinderstandability task effectiversess ametricto quantify thelevel of
understanding that the participants can demonstrate with respect f{oreeetanodel
[1, 31]. Understandabilityaskeffectiveness is operationalized by the understandability
test scoredetermined byhe number of correctly answered understandability questions
for each process modélccordingly, therevas a need tdevelopa set of representative
understandability uesti ons in order to evaluate participa
the processes.
Together with the domain experts in the company, we developed 9 understandability
guestions for each process. The ekpevolvement is assumed to assure that each
guestion can be used as a representative and
understandingf the processesSince the quality of these questions has significant
influence on the validity of the finding82], particular attentiomas paid talevelop a
set of questions that is balanced in relation to diffqpemtess perspectivéise. control
flow, resource, andnformation/data), andlifferent scope (i.e. global and locgl A
local question can be answerdsy looking only ata single sukprocess, while
information available in the modularized (hitgvel) model is sufficient to answer a
global question. Each question had a multipleice design, where respondents were
provided with 5options—t he | ast one al ways being °I don’ t
guestion for Process A &s follows:

Qn. If the planned actions for the a) Only CAPA Manager

CAPA are executed, whollvieceive b) Only CAPA Review Board

the Execution Summary Report? c¢) Either CAPA Manager or CAPA Review Boart
d) Both CAPA Manager and CAPA Review Boar
e) | don't know (unable to tell)

In total, we developed 18 understandability questions (9 for each process model, A
and B). Each correctly answered question counts for 1 point for the score, totaling to
18 points max.

3.5  Participants of the Experiment and Blocks

The participants were gradeastudents of a number of engineering master programs;
the majority of which were in operations managem@d®4), business information
systemgq14%), and innovation management prograits%). These students weadl
enrolled in the samenaster level cousson business process management (BPM),
where they participated in the experiment as a final activity taking place few days
before the final course examination. During the experingaah participant was given

two process models (A and B) in sequeincedifferent representatio he participans

were randomly assigned to each experiment block.

4  Results

Fig. 5 presents the distribution of participamtser the cognitive styles and the
measuredevel of knowledge oBP modeling and BPMN 2.0. Accordingly, a high
percentage of students are adaptive.§36), while the number of analytic thinkers



(including quasi was higher than the intuitive thinkers. This was expected as the
participants wer students of engineering and/or technology master programs. As for
the level of theoretical knowledge 8®M modeling and BPMN 2.Ghemajority were

at level 2 (46.4%), while only 5.5% were at level 4.
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Fig. 5. Number of participants with respect(&) Cognitive Styles (as measured by CSI), and
(b) BP modelingKnowledge level(as measured by BPMC tegfiere were no participants at
level 0 and level 5.e. who correctly answered D) and 1415 questions, respectively)

We performed a correlation analysis between the CSI and the letredarktical
knowledge orBP modeling an®PMN 2.0, andound no significant correlation (with
a Pearson correlation €9.077 and p>0.29).

Theoverallmean scoréor understandability task effectivenegas 10.1 (out of 18)
(st.dev: 2.38)Table2 presents the descriptive statistics for the variables tested in the
experimentThe koxplot diagrams fothe understandability task effectivenesger the
cognitive styles, andtheoreticaknowledgdevelaregivenin Fig. 6.

Table 2. Descriptive statistics.

Understandability Task

Levels N Effectiveness
Score(Scale: 0- 18)

Cognitive Style Mean  St.Dev.
Intuitive 10 7.8 24
Quasi Intuitive 35 10.7 2.3
Adaptive 60 9.6 2.4
Quasi Analytic 45 10.2 2.2
Analytic 33 10.7 2.2

Theoretical Knowledge Level
Level 1 24 9.7 22
Level 2 85 9.9 22
Level 3 64 101 2.7
Level 4 10 121 18

In order to identify the appropriagtatistical testthat can be used for the testing of
our hypothesesye analyzed the data foonformance with the assumptiongofsible
statistical testsThe results showed clear deviations freanmalityfor the measures of
dependent variables over the independent variaBlelmogorov-Smirnov and



ShapireWilk tess of normality, all with p < 0.). As a resultjto evaluate our
hypotheses wased anon-parametridest that does not pose assumptions regarding the
normality of the datanl particular we usedhe KruskalWallis test with stepwise step
downcomparisos [33].

15.0- T 2 15.01 o
2 12,57

2 12.57

7.57 A 7.5

Unders. Task Effectiveness
s
T

Unders. Task Effectiveness
s
CP

°

5.0 == o 5.0 o o
o

T T T T T I I T T
Intuitive Quasi Adaptive Quasi Analytic Level 1 Level 2 Level 3 Level 4

Intuitive Analytic Theoretical Knowledge Level
Cognitive Styles (low <--> high)

@) (b)
Fig. 6. Boxplot diagrams for Understandability Task Effectiveness over (a) Cognitive Styles,
and (b) Theoretical Knowledge Level (on business process modeling and BPMN 2.0).

4.1  Hypotheses Testing 1: Cognitive Styles

Table3 shows the results of our tests regardimghypotheses.

Table 3. Results of théKruskatWallis) statistical tests

Understandability Task
Effectiveness

Independent Variables H p
Cognitive Style 1555 0.004*
Theoretical Knowledge Level 8.55 0.036*

We argued in our first hypothesis that thederstandability ofa BP model is
influenced bythemo d e | r e ader ' Theresaoltg of ihe KrugkaWallisttegt! e .
indicate that the effectivenessoresachieved fromthe understandability questions
differ significantly due tahemo d e | reader '[B(4)clb5p,pi0004ve styl e
According to KruskalWallis multiple comparien, the scores attainebly intuitive
thinkers aresignificantly lowerthan people that possess other cognitive styles.
Moreover, theesults show thagnalyticthinkers scorsignificantly highethanpeople
with adaptivecognitive styleOn the other hand, the difference betwgeastintuitive,
guastanalyticandadaptivethinkers is not significant.
The boxplotdiagram given irFig. 6(a) alsosignifies theseeffecs. We observe a
gradual increase in the understandability scores when traversing from intuitive to
analytic thinkers, with the exception géiastintuitive thinkers.Based on the results,
we speculate that a model readiagk aligns better with analytical skills. &ccordance
with the cognitive fit theory34], we can assume that the more
cognitive style is analytical, the easier model reading task becomes for them, as they
may suffer less from cognitive overload. Howevegarecurrentlynot able to explain



why scores fronguastintuitive thinkersdeviate from this linear tendency of increasing
understandability agnalytic thinking traibegirs to dominate

4.2  Hypotheses Testing 2: Theoretical Knowledge Level

Thesecond hypothesis argues oaplositive correlation between thaderstandability
task effectiveness ando d e | reader ' s krowledgelorBP moddifye or et i c al
and BPMN 2.0 According to the results presedtin Table 3, at least one group of
people with a certain level of theoretical knowledge scores significantly different than
the other group&hat hae different levels oknowledge)H(3): 8.55, p=0.036].

The results of th&ruskalWallis stepwise multipleomparisonindicate that the
understandabilitgcoresachieved by people that are characterizeldae 4(in terms
of theoretical knowledgen business modeling and BPMN pebBesignificantly higher
than those thadre achieve by people thahave lower levels of theoretical knowledge.
The difference between other levels (1 to 3), on the other hand, are not signffieant.
boxplot diagramn Fig. 6(b) also gives indication of this resulfhere is a need to
increase the reliability and generalizability of these findings with more respbddta
and a better measurement tool (a better version of the BPMC test).

5 Conclusion

In this paper, we found a significant relation of two personal factors (a model
reader’s cognitive style and knbwedge®t i c al busi ne:
the level of process model understandifgple4 summarizes our findings with respect
to ourhypothesesThe resultsconfirm earlierfindings by Mendling et al[12], which
list theoretical BP modeling competency as a significant factor of model
comprehensigrbut add the cognitive profile as an important factor.

The results from this exploratory experiment nhayp model readerto understand
how they candevelopthemselvesand mayplay a role inBPM team composition
Furthermore, He insights gained maglso advance modelng tools and model
representation environments For example, because people with different
characteristics show different levels of model understanding, one may consider to adapt
model representations, moutg languages, modelg editors, modéhg training, etc.
to the different profiles of modeds or model readers

Table 4. Summary of hypotheses tests.

Hypothesis Result Description

H1. The understandability of P  Supported - Intuitive thinkers score significantly lower than
model isinfluencedwith model people with other cognitive styles.
reader’s cogni't - Analytic thinkers score significantly higher than

adaptivethinkers
- The difference betweeuasiintuitive, quasi
analytic and adaptive thinkers is not significant.

H2. The understandability of B8P  Supported - Participants with tgh theoretical knowledge (on
model is positively correlated witt business modeling and BPMN 2$3ore

mod el reader’ s significantly higher than othemwith lower

BP modeling competency. theoretical knowledgkevel.




For future work we plan torefine currentresults by collecting mordata we plan
to investigatehe relation of othepersonal factors antbgnitive profilemeasurements
(such as learning style, field (in)dependenayith the level of process model
understanding and we plan to investigate any moderatingpmioundingpersonal
factorsthat potentially impact process model understanding.
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