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Abstract. Consensus is an important measure for the sucéesmsydusiness
process modeling effort. Although intensively sadlin the general literature
on group processes, consensus has hardly beerdemtsiin business process
modeling and never seriously measured. We defimsestsus as the level of
agreement of group members’ views on the processimnoduce business
process similarity as a proxy. We validate the meady comparing it to an
existing self-reported measure of consensus.

Keywords. Business process modeling, model similarity, groepsensus,
mental model, view, visualization

1 Introduction

The literature on business process modeling is aadtthe importance of measuring
the success of process modeling projects and ssskas been widely recognized [1-
6]. But prevalent success measures for individuadeling sessions primarily involve
some form of model quality measure [7-10]. Whilesitindisputed that the quality of
a business process model is relevant to modeliogess it is not the only and perhaps
not even the most important success factor.

The reason for this is twofold: the process motsellf is a social construction, and
its purpose is again to support some social pro@gs a change project or system
development project. In other words: the model dosots the results of one social
process (modeling) and serves as a point of depdiduanother one.

If the model were to be processed by a computegutdity would be of prime
importance to ensure correct interpretation by rtteechine. But the results that are
documented in the model are primarily the mutuavidedge that has been developed
in the modeling session, the conflicts that hadb¢osolved on the way, and the
consensus that has been achieved among the graupergeas a result.

It is precisely this consensus that is a preretgufsir people’s commitment to the
ensuing change project, for example. Often a poadehwith high consensus goes
further than a good model with little consensusn¢teconsensus is a major result that
needs to be achieved in business process modagsipas much like in many other
forms of group work.
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But while there is considerable research on conseirs other areas [11-13] the
topic received little attention in business procassdeling with researchers barely
mentioning the issue [14-17] and, to the best afkamowledge, not researching it in a
systematic way, let alone measuring consensus.

The purpose of this paper is to develop such auea$o do so we first define the
concept of consensus in the next section, Grougarsus in process modeling. For
this purpose we rely on cognitive theories of modgl

Based on the cognitive concept of a view and thdehas its externalization we
can interpret consensus as “view agreement” andehas “model similarity”. The
section Business process model similarity therefoteoduces a measure for the
latter.

A proper evaluation of a new measure typically ld&hes validity by comparison
to an existing measure of the same concept. Theose©ther group consensus
measures therefore introduces an established neefslgroup consensus. The actual
validation of the new measure was done in fieldegixpents. The set-up of these
experiments is described in the section Compariageh similarity and consensus in
field experiments.

The section Data analysis reports on the analyfsikendata that we collected in
the experiments. The results and implications =f éimalysis are treated in the section
Discussion. The paper concludes with a summarheffindings and an outlook on
future work.

2 Group consensusin process modeling

Group modeling is a cognitive as well as a grougcpss. We therefore define group
consensus in business process modeling as thet eéatarhich the group members’
views on the process agree with each other. Thielgmowith this definition is that
the views that are entertained by the group mendoersot directly accessible so the
measure of consensus needs to be based on someaéxapresentation of these
views.

For this purpose we need to resort to the cognitieery on the modeling process.
The foundations for our understanding of model @@mwere laid by Johnson-Laird
[18, 19] who introduced the idea of so-called mentadels that the mind constructs
when it imagines a situation. A mental model cassi$ a mental system of relations
that has a structure similar to the system thahégined.

When the mind engages in the process of dedudtigeriorms the following three
steps: comprehension, description, and validaf@®] found that the individual part
of the modeling process can be described wellrimdeof Johnson-Laird’s deduction.
For our purposes the relevant step is that of gegum, which proceeds as follows:

1. Build mental model

2. Extractview from mental model

3. Transcribe view twisualization

4. Conduct within-model testing

5. If any test fails, go back to step 2 or 3, possiblydifying the mental model
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In short:mental models are stored in long-term memory but not directlgessible;
to work on them the mind needs to credtsvs in working memory that correspond
to these mental models. If the work on the viewsobges too complex, which is often
the case for modeling, external representationg @wbe created in order to extend
the internal working memory. These external repregsns are calledisualizations
and in business process modeling they typicallg thie form of process diagrams.

We now come back to the original problem: if graagmsensus in modeling is the
mutual agreement of the views (and thereby of thdetlying mental models), then
consensus can be measured also in terms of theragne of the visualizations of the
views, which correspond to the views.

So comparing the views of the group members careplaced by comparing the
externalizations of these views, i.e. the busipesesess models. If we want to assess
the degree to which two people agree on their views process we need to assess
how similar the business process models are teatlize their views.

3 Business process model similarity

Measures for business process model similarity leen investigated thoroughly
[21-26]. A comprehensive overview can be found 24][ We use the measure
suggested in [24] because it covers most prevahaateling languages as well as all
aspects of model similarity that have been intreduso far in the literature: node
matching, structural and behavioral similarity.

The selected measure works for the Business Prdwedsling Notation (BPMN),
the language which was used by the organizatioreyevtve conducted the study. In
the following we describe the 3 aspects of modallarity.

Node matching tries to map nodes from the one model to nodekeobther model
by comparing the labels, attributes and types desoTypes in BPMN are task, start
event, end event, parallel gateway, exclusive gayeand so on. Attributes are the
swim lanes where the nodes are located, for exaraptélabels are the names of e.g.
activities (“Send invoice”).

Node matching can be effected with semantic oraxfit measures. The latter is
based on the string-edit distance, i.e. the nundbdetters that need to be added,
replaced or deleted to transform the label of aiviac in one model to that of an
activity in the other model. It is useful in theseaof spelling mistakes as it is able to
identify two words where one is spelled wrong (e€anfirmation and confrimation),
whereas semantic measures consider that as a 08h.rBatt syntactic measures will
also (wrongly) identify words with similar spellingout different meanings, such as
e.g. plane and plate.

To avoid such misclassifications we have decidedrtip syntactic measures in
favor of semantic matching. To ensure that wrongllisgs do not introduce faulty
mismatches we have spell-checked all models manuall

Semantic matching is based on a database of syrom have used Wordnet for
this purpose which is freely available online awtains 147,278 unique words. It
will identify labels and attributes with similar @meings (e.g. “Send invoice” and
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“Send bill"), which is exactly our purpose as pagants in modeling sessions often
phrase the same activity in different terms.

Based on the node matching the two graphs caninpa®d now with the help of
structural or behavioral similarity. The former sgmly structural information on the
graph, i.e. the way in which activities are conedatvith “arrows” but does not look
at their meaning in terms of control flow. Two mtslare considered structurally
equivalent if two nodes are always connected énsidame way in one model as their
matching counterparts in the other.

Behavioral equivalence looks at the actual exeoutiothe processes described by
the models, e.g. bisimulation equivalence. Here vealels are considered equivalent
if, at any time during process execution, an afgtithat can be performed in one
process can also be performed in the other, ardvécsa.

One would expect the latter measure to give a meaistic and reliable account of
the similarity of process models as it considetsi@dehavior. But [24] found that
the structural measure performs equally well, it. €orrectly identifies behaviorally
similar and dissimilar processes without lookindgpa@havior.

This is perhaps not surprising as the behaviormfaess is largely determined by
the structure of the control flow graph and the aeftics of the gateways whose
similarity is checked on the node level alreadyd &oth are accounted for in the
structural measure, too.

As structural similarity is equally accurate batrutationally more advantageous
we have used it in our study. It is based on thecept of graph-edit distance, i.e. the
number of nodes and edges that need to be adqéaced, or deleted in order to turn
one model into the other.

The overall similarity measure is the inverse & ttumber of edit steps in relation
to the graph size where nodes are matched by tygesamantic similarity of their
labels and attributes. It is a number that ranges1fO to 1 where 0 refers to two
process models that have nothing in common andalprfect match.

More details on the used algorithms can be founthénsection Comparing model
similarity and consensus in field experiments.

4 Other group consensus measur es

Group consensus is considered as an important metad a group process and as a
consequence there is a large body of literaturepfevides measurements for it. The
majority of these publications are in the area @fision-making where consensus is
usually defined as the mutual agreement of decigiakers’ preferences concerning
a number of decision alternatives. Preferencesbeaibinary, i.e. an alternative is
either preferred or not, or linguistic (qualitafivee. the preference values are labeled
“none”, “very low”, “low”, “medium”, “high”, “very high”, and “perfect”. In addition
the membership in a category can be strict, i.exactly one category, or fuzzy, i.e.
to a certain extent [0...1] in several categories.

It is common to all these approaches that theyiredpoth explicit alternatives and
preferences. These measures do therefore not easilyover to modeling where the
decision alternatives are rather implicit.
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In our search for a suitable and established measfirconsensus in business
process modeling we have therefore turned ourtaiteto another stream of research
where group consensus is viewed in terms of salwgdisfaction [27-32].

The purpose of business process modeling is to &insblution either to the
problem of accurately representing an existing @secthe knowledge about which is
distributed over a humber of domain experts (ASA&leling), or to the problem of
creating a new process that overcomes probleméeofotd one or provides new
products or services (TO-BE modeling).

A modeling group exhibits consensus if they arésBatl with the solution that
was generated in the modeling session. Solutiosfaetion is therefore a suitable
measure of group consensus in the context of bssimecess modeling.

We used the measure described in [33] for groupsibecprocesses that uses five
items rated on a 5-point Likert scale with the amsh'Not at all”, “To a little extent”,
“To some extent”, “To a great extent”, and “To aygreat extent”. The items run:

. How satisfied are you with the quality of your gpdaisolution?

. To what extent does the final solution reflect yoyuts?

. To what extent do you feel committed to the groolpitton?

. To what extent are you confident that the grouptsmh is correct?

. To what extent do you feel personally responsibletfie correctness of the group
solution?

b wWNRE

Using a measure for group decision processes iretimydis appropriate because
the group modeling process can be conceptualizadascess where decisions on the
development of the model are negotiated [34]. Meeeothe measure has been
validated by its authors.

The group consensus measure is also a self-repoegure and therefore suited
for comparison with the model similarity measurdyiah is based on observation.
This means that we can compare the agreement esiyet by the participants with
the actual agreements of their views as “objectiveheasured according to the
previous section.

5 Comparing model similarity and consensusin field experiments

We set up field experiments to test the validitypo§iness process model similarity as
a proxy for group consensus in process modelingthite purpose we asked members
of process modeling groups to draw up a model eflibsiness procesdter the
modeling session.

Participants had to prepare the after models withoaoess to the group model. In
half of the cases the after model was done immelgliatfter the session, in the other
half one week later to control for group model isese section Data analysis).

We also varied the order of drawing the after mea@gld applying the consensus
measure. In both cases, immediate and one weak It of the participants were
drawing the models after and half of them befoeedbnsensus measure was applied.
Again a more detailed discussion can be founderixata analysis section.
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Each after model was compared to the group modeddmgputing the business
process model similarity measure introduced inigeoBroup consensus in process
modeling. The formulae we used are (all from [24]):
 Definition 14 (Graph-edit distance similarity)
 Definition 13 (Graph-edit distance)

» Definition 12 (Node matching similarity)
» Definition 7 (Attribute similarity Smattr)
» Definition 6 (Semantic similaritySimsem)

The similarity of two nodes; andn, is defined ast(= type of node):

0, %27,

i) %[Hrnsem(nl,nz)+%ﬂﬂmattr(nl,n2), I =1

We also asked patrticipants to fill in the questminm related to group consensus.
Participants had to rate the five questions witkpeet to the final model that was
adopted by the group. For this purpose they weogslthe group model to facilitate
the answering of the questions.

We conducted three half-day modeling workshopsaaheof the following five
organizations: the insurance branch of a large bankiT solution provider in the
automobile industry, a psychiatric hospital, a éf@ineering laboratory, and a city
administration. All workshops revolved around thevelopment of a TO-BE model
for a business process or a substantial part of it.

In total we conducted 15 modeling sessions witl2Gyfioup members and a total
of 122 participants.

6 Data analysis

In order to assess whether business process mioaidrgy is an acceptable proxy
for consensus on the group model we compared theeosus measure to the model
similarity measure. We assumed that agreement thidhgroup model is a result of
the agreement of an individual's view on the precegth the group process model
and that the individual view is accurately repreésdnin the externalization of this
view as manifested in the visualization createdhiyyindividual (the after model).

If this assumption is true then we should see & bmyrelation between the items
C1 to C5 of the self-reported consensus measuréhansimilarity degree objectively
measured between the after model and the grouplmode

We have first subjected the data to a Kolmorov-8mirtest which was significant
on the 1% level for all six variables (C1-C5 anchiarity). We can therefore assume
a normal distribution of the data and make use afimetric correlation analysis
based on bivariate Pearson correlation coefficients

The results of the correlation analysis are shawitable 1. All correlations are
significant on the 1% level.
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Table 1. Pearson correlations for consensus items and dassprocess model similarity

Consensus
C1 Cc2 C3 C4 C5
Similarity 0.822 0.720 0.734 0.777 0.758

On a side note it should be mentioned that the-iteen correlations are also both
significant and strong for all item pairs which piges some further validation of the
consensus instrument.

The coefficients are reasonably high which confithe the self-reported level of
consensus (individual agreement with the groupltesuindeed closely linked to the
agreement of the individual view on the process tiedgroup view as measured by
the similarity between the individual model and tiieup model.

A potential threat to validity might be that theokviedge about the group model
might have influenced people in drawing the aftedels. This phenomenon is called
“group thinking” and people exhibit this behaviordonform to group pressure either
knowingly or unknowingly.

We took three measures to counteract this posbiake First we told participants
explicitly that the model they draw should refl¢ioéir own ideas about a good TO-
BE model. We warned them not to try and copy theugrmodel, or what they
remembered of it.

A second measure was that we asked people in hétfiecsessions to draw their
diagram a week after the session so that the chafaemembering the group model
were quite low. Table 2 shows the correlations Balle 3 the averages and standard
deviations in both cases.

Table 2. Correlations of similarity with consensus item&afiession and 1 week later

Time of Cl C2 C3 C4 C5
drawing

After session 0.835 0.762 0.715 0.775 0.775
1 week later 0.793 0.650 0.751 0.753 0.752

Table 3. Averages and standard deviations after sessior avebk later

Item After session 1 week later
Mean Std. deviation Mean Std. deviation

C1 3.31 1.05 2.90 1.13
c2 3.19 1.03 2.83 1.07
C3 3.06 1.09 2.73 1.28
Cc4 3.16 1.00 2.70 1.16
C5 3.18 1.14 2.95 1.03
Similarity 0.55 0.22 0.43 0.34

The correlations are slightly higher for all itemscept C3 when measurements are
made immediately after the sessions. This meangtbdink between similarity and
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consensus is stronger in the beginning and weakesstime. An explanation can be
found in the increased standard deviations, esihedmthe case of similarity, that
indicate a greater variety in the data that wassoneal after one week. This shows
that time did indeed have an impact on memory asithwing used for the similarity
measure requires an accurate recall of the vieth@tusiness process.

The consensus values have decreased by only 11&vesage but the similarity
values have gone down by 22%. This means that pexgwl apparently remember the
level of agreement that was achieved better thardétails of the models, both their
own and that of the group.

Another bias could be the fact that the group maglshown to the participants to
facilitate the answering of the consensus questiirthe drawing is done after the
consensus measure is applied, they might use pftt® recently seen group model
in their own drawing.

To see whether this is the case we have let patiptee drawing both before and
after the consensus measure. This is the third uneage used to control for group
thinking bias. Table 4 shows the results.

Table4. Average consensus and similarity depending oarastimeasure application

Consensus Average Average
measure consensus similarity
After drawing 2.8 0.49

Before drawing 3.2 0.49

Group thinking is clearly not at play here as itukbhave increased the similarity
values in the groups that did the consensus meésfioee the drawing because they
might have used some information from the group ehetlown during questioning in
the drawing.

On the other side, the consensus values are lowei groups that answered the
consensus questions after the drawing. This isgiigbdue to the fact that they had
better knowledge of their own view after expresstrexplicitly in a model and could
therefore remember more distinctions between th&ir view and the group model.

7 Discussion

The fact that there is a strong correlation betwbersimilarity measure and all items
of the consensus measure shows that the perceivedraent with the group model is
closely related to the degree in which the grougleh@oincides with the individual
perception of the process.

Note that all process models were TO-BE modelsgseesment is much harder to
achieve than in AS-IS modeling because differensqueal interests are at stake. As a
consequence the average consensus value was gatigarafter only one half-day
session with an average 3 on the 1-5 Likert saade0a49 on model similarity.
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But nevertheless the correlation was strong bothéncase of little consensus and
in the case of good consensus. The maximum consevessia 4.6 on the Likert scale
and 0.89 on similarity, the minimum 1.6 and 0.@&pectively.

As a consequence of our results business procedsl similarity is a valid proxy
for measuring individual agreement with the groegult in business modeling of
processes. The similarity measure can also be @éateto capture the overall group
consensus.

For this purpose it is useful to know that modetikirity is actually measured as
the inverse of model distance, i.e. the effort mesgito turn one model into the other.
If we haven models that reflect the views ofgroup members we first compute all
pairwise distances and then determine the mbtletith the lowest sum of incident
distances. The effort to turn all other models ithis one is the lowest possible effort
to make all models agree. It can be calculated as:

> dist(M,.M,)
dist(M,..... M, ) = (n—l)lg';:zje(Mj)+ > size(M, )

%]

The similarity is then just the distance subtradtech one. This measure delivers a
number between zero and one for any number of moaetl can be seen as the
overall similarity between them, i.e. the inverdetle minimum effort required to
make all the models equal.

This figure also tells us how far or close the widiial views are from each other
and is therefore a measure of the group conseR$e@se observe that this measure
does not require a group model and can thereforeskbd at any stage of modeling.
This is important as consensus can otherwise aninéasured after a group model is
available.

To use model similarity as a proxy for consensse ahs the advantage that it can
be measured in a much more objective manner. @itvesensus measures have to
rely on self-reported perceptions whose measurensenbtoriously subjective and
inexact.

Model similarity, on the other hand, is an exacamee that accurately portrays in
how far the view of an individual as expressedhia individual model, really agrees
with the group model, or in how far the group memsbeiews agree with each other.
The only drawback is that the drawing of a modkésamore time than the answering
of a few questions.

But this disadvantage becomes obsolete when ma@dilidone in a collaborative
way where individual models are produced as a loghpet. This form of modeling is
increasingly becoming the rule as can be seeneigtbhwing number of publications
that advocate collaborative modeling, participatorgdeling, or end-user modeling
[35-38]. In these scenarios the participants irugrmodeling take on an active role in
model creation.

They draw models themselves, e.g. with the help abmputerized tool and the
models, or rather proposals are then viewed andranmted by other group members
which leads to revisions of these proposals andéharsecond round of drawing. This
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process is not only a revision process but alsallaative learning process [39] where
participants learn to understand others’ views adapt their own views accordingly.

But beyond this modeling is also a negotiation pssd34] where individuals have
to make concessions to move towards an agreententllaborative modeling they
can do so by incorporating features that are afr@st to others into their proposals
thereby making them more attractive and accepfablethers.

Over time initially different proposals will con\gg and a consensus group model
will emerge. In the meantime the similarity betwdba proposals at each stage of
model development will give us a precise understandf the level of consensus that
has already been achieved without the necessiip$tnuments that require additional
inputs from the participants and that rely on pptioms only.

Each modeling session can be evaluated by comp#mmgimilarity of models
before and after the session to see whether camsdras been increased during the
session. Model similarity can also be used as bhafbmodeling project management
by specifying a minimum consensus level that isiiregl. A modeling project is only
considered closed after this level has been reachied makes sense because the
success of follow-up projects often depends orattiéevement of a satisfactory level
of agreement in modeling.

If a session cannot increase consensus the familitan use conflict resolution
techniques to resolve the issues before proceadlithgthe constructive part of the
modeling session. Similarity measures can henaelasused to detect situations of
serious conflict and guide session management.

8 Conclusion and Outlook

We have suggested the use of business process siodl@rity as a proxy for group
consensus in business process modeling. We havendhat this proxy is a reliable
measure of group consensus as compared to anigistabkelf-reported consensus
measure. The proxy is also a more objective andrate measure and has therefore
the potential to outperform self-reported measilresause it eliminates the group
thinking bias usually associated with self-repomeehsures of group performance. It
does also not rely on the existence of a group iraxtt can therefore be used at any
stage in the modeling process.

The scenarios for using this proxy are manifold #mel Discussion section has
shown some of them: evaluation of modeling sespenformance, modeling project
management, conflict detection, and so on. Butréla advantage lies in integrating
this measure into new methods for collaborativerass process modeling where the
progress towards a consensus model can actuathebsured and controlled.

This will allow us to organize modeling in such awthat the steps in the method
really lead to an improvement in consensus sotti@success of modeling sessions
can actually be planned. Because of the collah@ratature of these sessions, the
individual group members, or perhaps small teamB, generate model proposals
anyway so that additional drawing of models (astinexperiments) will no longer be
necessary.
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A continuous assessment of the status quo canfoherge made at any time in the
modeling project as the computation of model sirtifacan be done automatically
once the views of individuals or teams are avadladd models. An evaluation of the
similarity between views on the business process lmnce be the driver for the
whole modeling effort.

This opens up possibilities for developing a newge of consensus-driven, or
consensus-oriented business process modeling neetradl supporting tools for the
creation, maintenance, review, revision, and irggn of model proposals and their
convergence to a consensus model for the group.

Beyond this the further evolution of the model aftaplementation can also be
supported in a consensus-oriented and decentraliagd

While all this is still hypothetical the assessmamntd control of consensus in
business process modeling is a relevant issuedgir@day. We believe that the
measurement of consensus in an objective way isngortant key to solving the
consensus-related issues in process modeling.
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