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Abstract. CPSAM is a context-based process semantic annotation model for
annotating business processes in a process model repository. The purpose of the
annotation model is to facilitate searching process models, navigating a process
model repository and enhance users’ understanding of process models. The
annotation model has partly been evaluated through an empirical study to test
the annotation consistency and correctness. The purpose of this paper is to
examine the effect of the process annotation (based on CPSAM) through a
controlled experiment, where a prototype of the repository is used, to annotate
and store process models based on the CPSAM. The evaluation is supposed to
test whether process annotation based on the CPSAM can facilitate searching,
navigation and understanding of process models stored in a repository. The
results show that annotating business processes using the annotation model
positively affects searching process models, navigating the repository and
understanding process models.

1 Introduction

Business Process Management (BPM) has become one of the most important
instruments that help modern organizations meet their business goals and achieve
competitive advantage. Business process modeling plays a vital role in BPM.
Motivations for modeling business processes include documenting current business
processes, redesigning and improving processes, aligning business and IT, etc.
Modeling of business processes is a complex, costly and time consuming task [1, 2],
however, the efforts made to model business processes are seldom reused beyond
their original purpose. An attractive alternative to modeling business processes from
scratch is deriving them by redesigning existing models. Such an approach requires
the use of business process model repositories that provide a location for storing and
managing process knowledge for future reuse.

There exists a number of efforts to build process model repositories, e.g. the MIT
Process Handbook [3], SCOR [4], SAP’s Business Map [5], and IBM’s Patterns for
E-Business [6]. However, the use of such repositories is still limited and fragmented
[7]. In order to investigate the reasons for this limited use, a number of requirements
on business process repositories were elicited in our previous study [8]. These
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requirements were then used to review and compare a number of existing repositories
[9]. A main finding was that any repository requires effective instruments for
searching and navigating its contents. In order to address this challenge, a context-
based process semantic annotation model (CPSAM) [10] was developed for
semantically annotating business processes in the repository. The purpose of the
annotation model is to facilitate searching process models, navigating the repository
and enhance understandability of process models. The annotation model (CPSAM)
consists of the following annotation elements, process type, process area, resource,
actor, organizational level, process phase, process relationship, business context, and
goal, as shown in Figure 1.
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Fig. 1. A Context-based Process Semantic Annotation (CPSAM) [10]

e The business process is the main concept that is described. It captures some basic
information such as version number, process name, etc.

e Process Area element classifies business processes by their function in the value
chain or core competence.

e The organizational level element describes the level in the organization at which a
business process is performed.
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e The process type element classifies business processes according to whether they
aim to exchange or transform resources.

e FExchange Process Phase element classifies processes based on activities needed
for exchanging resources that extend over several phases from initial planning to
follow-up activities after the actual exchange has been completed.

e Resource describes the resource that is being consumed/produced by a conversion
process or exchanged by actors in an exchange process.

e Actor describes an entity such as a person or an organizational unit involved in the
realization of a business process.

e The process relationship element describes how business processes are related.

e A business context defines the circumstances in which a process may be used.

e The business goal element describes the business goals that a process model is
intended to achieve.

The annotation model extends existing process classification schemes, [11, 12] by
incorporating elements from well established frameworks in accounting [13, 14],
organizational theory [15, 16], and enterprise modeling, [17]. A detailed description
of the annotation model can be found in [10].

The CPSAM was evaluated in our previous study [10], however, the scope of the
study was limited to evaluating the consistency and correctness of annotating business
processes by using CPSAM i.e. the model has not been evaluated to measure its
objective (searching, navigation and understandability). Therefore, the aim of this
study is to evaluate the effect of the context-based process annotation through a
controlled experiment to measure its performance and users’ perception.

Against this background, the remainder of the paper is structured as follows. In
Section 2, the exemplar application of the annotation model using a repository
prototype is presented. Section 3 introduces the evaluation framework and the
experimental settings. In Section 4 we present the results and discussion of the study.
Finally, the paper is concluded in Section 5.

2 Exemplar Application of the CPSAM

In this section we demonstrate the use of the implemented Context-based Process
Semantic Annotation Model in the repository. For the demonstration, an order-to-cash
business process is used as a running example. An order-to-cash is the business
process where goods are: ordered, delivered and received, as well as invoiced and
paid for. All order-to-cash processes include activities related to invoicing, delivery
and payment, however, they have several differences. For example an order-to- cash
process for the delivery of goods (e.g., personal computers) is different from the one
for the delivery of services (e.g., consultancy services). The use of CPSAM for
classifying and describing these processes captures their similarities and differences,
thus enabling a repository user who is searching for one of the two processes, to find
a relevant process model.
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An example scenario starts with a business analyst who uses the tool to annotate an
order-to-cash process model for the delivery of goods, and stores it in the repository.
The scenario is followed by another user who performs a search in the repository to
find an order-to-cash process model for delivery of service.

Task 1: Annotating a Process Model

Suppose the analyst has already designed an order-to-cash process model shown in
Figure 2 (a). Before storing the process model, the analyst is required to annotate the
process model using the annotation service provided in the repository. To ensure
correct annotation, the help service in the repository provides definitions of each
annotation element. Thus the analyst annotate a process model as follows:

e The analyst is the process owner, so he provides the process name and process
description of a process model. The version number is assigned automatically.

e The main activities of this process regards getting buyers to purchase products i.e.
selling, therefore the “Process Area” is “Marketing and Sales”.
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Fig. 2. Order to cash process models
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e [tincludes day-to-day activities, therefore “Organization Level” is “operational”

e The process involves exchange of resources, hence “Process Type” is “Exchange”

e The process includes activities for preparing and performing the exchange,
therefore “Exchange Process Phase” is “Actualization”.

e The actor involved in the exchange identified as ‘“Principal Actor” is “Supplier”,
whose role is a reseller and “Other Actor” is “Customer”, whose role is a buyer.

e The reseller receives payment (i.e. cash, cheque) and ship products (goods) to the

buyer, therefore the resource being exchanged identified as “Resource Received” is
“Financial” and “Resource Provided” is “Goods”.
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Fig. 3. Annotation of an order to cash process model (for delivery of goods)
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e The goal of this process is to “Increase customer satisfaction and retention” and
“Goal Perspective” is “Customer”

e This is a generic order to cash process, not restricted to any domain; therefore it is
not annotated with business context information.

The analyst will produce the annotation as shown in Figure 3 above.

Task 2: Searching a Process Model

In this task we describe how a repository user uses the CPSAM based annotation to
search for an order-to-cash process model (for delivery of service) in the repository.

Using annotation-based search, the user looking for an order-to-cash process model
for consultancy service delivery, can limit the search to annotation elements. Starting
with process area, organization level, process type, and process phase, principal
actor and other actor to form query 1 shown in Figure 4 (a), the query retrieves the
three process models in Figure 2, from the studied repository. Therefore, a user can
take a strategy of stepwise narrowing the query by using more annotation elements.
Since the user is looking for an order to cash process model for service delivery, this
means the resource provided in exchange is ‘Service’ and the resource received is
‘Financial’. In this way, we decrease the search space to form query 2 in Figure 4 (b),
and the process model in Figure 2 (c) is retrieved as relevant.

A query may result in any number of process models that are considered as
relevant. Therefore, the user may identify the relevant process model that meets his or
her business need from the retrieved models. Otherwise, the user may decide to
narrow or expand the query for further search.
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3 Evaluation Framework and Experimental Settings

Our evaluation framework follows the Method Evaluation Model (MEM)[18], a
method for evaluating IS design methods. The MEM is based on two areas of
theory: the Technology Acceptance Model (TAM) [19], from the IS success literature
and Methodological Pragmatism [20] from the philosophy of science. The MEM is
chosen because it incorporates both aspects of evaluation i.e. performance, and user
perception. Figure 5 shows the MEM indicating the primary constructs and causal
relationships between them. The construct of the MEM in the context of CPSAM can
be defined as follows.
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Fig. 5. The Method Evaluation Model (MEM) [18]
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Actual efficacy is the degree to which the use of CPSAM based annotation
achieves its objectives, which in this case are searching process models, navigating
process model repository and understanding process models. Actual efficiency can be
measured by investigating the extent to which the use of the CPSAM based
annotation reduces the time or effort required to search and navigate the repository to
find a relevant process model, as well as the effort or time required to comprehend a
process model. Actual effectiveness can be measured by investigating the extent to
which the use of CPSAM based annotation improves the quality (i.e. accuracy) of the
search, navigation and comprehension of process models.

Perceived ease of use is the degree to which a person believes that using the
CPSAM based annotation in searching, navigating and comprehending process
models is free of effort.

Perceived usefulness is the degree to which a person believes that the use of the
CPSAM based annotation will be effective (i.e. accurate) in searching, navigating and
comprehending process models in the repository.

Intention to use is the extent to which a person intends to use the CPSAM based
annotation for searching, navigating and comprehending a process model.

3.1 Experimental Settings

The purpose of this study is to test whether the annotations based on CPSAM meets
its objectives—to facilitate searching of process models, to support navigation of the
repository and enhance understandability of process models. In this research we have
carried out a two-stage evaluation test: In the first stage, we used a controlled
experiment to test the performance (actual efficacy). For that purpose, we formulated
the following hypotheses for measuring the performance of the annotation model on
searching, navigation and understandability of process models.

HI: The annotation positively affects searching of process models in the repository
H2: The annotation positively affects navigation of the process model repository
H3: The annotation positively affects process model understandability

In the second stage, we have used a survey (using a questionnaire) to test the user’s
perception on the effect of annotation. In the following subsections, a detailed
description of the experimental design is presented.

Experimental Materials and Tasks. The main instrumentation for the experiment
was a repository prototype demonstrated in section 2. For the experiment, the
repository was populated with more than 100 business process models adopted from
existing repositories, i.e. MIT, IBM and SAP. The process models were redesigned
using BPMN, a standard process modeling notation, and stored in the repository. In
addition to that the following materials were prepared for the experiment

e A document describing the CPSAM annotation model
e A document describing the prototype of the repository



374 M. Elias and P. Johannesson

e A post-task survey questionnaire to measure the user perception of the effect of the
annotation. The survey consisted of eight closed questions assessed over a scale of
1 to 5 (Strongly Disagree, Disagree, Not Sure, Agree, and Strongly Agree)

e A document describing a set of questions for each experimental task. The
document included five questions for searching, five questions for navigation, and
four questions for understanding i.e. one question for each process design
perspective (functional, behavioral, organizational and informational).

The questions related to the understanding task were accompanied with six process
models (P1 to P6), where half of the accompanied processes were annotated and the
others were not. During the experiment the participants were divided into two groups.
The first group of the participants was given P1, P3 and P5 as annotated process
models, whereas the second group was given P2, P4 and P6 as annotated process
models.

The experiment consisted of four main tasks, which are as follows:

e Searching Task. In this task participants were asked to find process models that are
relevant to a given question. For each question, participants were required to
perform both the keyword-based and the annotation-based search. From questions,
participants were supposed to identify some keywords and annotations that they
would use for searching.

e Navigation Task. In this task participants were asked to navigate the repository and
locate process models that are relevant to a given question. For each question,
participants were required to perform both the alphabetical-based and the
annotation-based navigation. From questions, participants were supposed to
identify some alphabets of the keyword and annotations that would guide them in
navigating the repository.

e Understandability Task. In this task participants were required to study process
models and answer related questions. As discussed above, half of the process
models were annotated and other half were un-annotated.

e Post Task Survey. Upon completing the experiment participants were asked to
perform a post task survey.

Participants Selection and Experimental Treatment. The participants involved in
the experiment were a mix of Masters students in Engineering and Management of
Information Systems (EMIS) and PhD students in Information Systems at KTH. By
the time the experiment was done, all students had completed a course on Enterprise
Systems and Modeling, in which they learnt basic concepts about business process
modeling. The benefit of using student participants is that they form a homogeneous
group with respect to their academic background and industrial experience.
Furthermore, the experimental tasks did not require high levels of industrial
experience, which justifies our selection of the participants.

At the beginning of the experiment, the participants were given a short list of
written instructions describing the experiment. Experiment mentors demonstrated
how the prototype could be used to search and navigate the repository. Furthermore, a
case of understanding process models annotation was demonstrated.
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For the experiment, 20 randomly selected participants were given the materials
(described in section 3.2). Responses from 15 participants were received and all the
collected data is considered for analyses. Due to the length of the experiment each
participant was asked to perform two tasks and a post task survey. For the analyses (in
section 4) of each task (searching, navigation and understandability) results from 10
participants are included.

3.2  The Studied Variables

In order to test the influence of the annotations (based on the CPSAM) on searching,
navigation and process model understandability, we distinguish two types of
variables: performance based (objective) and perception based (subjective) measures.

3.2.1 Performance Based Variables
Variable 1. Search Correctness (SC): The degree of accuracy with which a user finds
a relevant process model by searching the repository. It is measured in terms of F-
measure—the harmonic mean of precision and recall. Precision is the fraction of
retrieved process models that are relevant, whereas recall is the fraction of relevant
process models retrieved. F-measure is a standard measure for evaluating information
retrieval results [21].

The steps taken for measuring SC are to let different participants find process
model(s) from the repository that are relevant to given question and then we compute
SC as follows:

1. Let RR(q, i) be the total number of relevant processes retrieved on question g by
subject i, IR(g, i) be the number of irrelevant processes retrieved on question g by
subject i, and RN(q, i) be the number of relevant processes in the repository that
have not been retrieved. The precision PR(q, i) and recall RC(q, i) on question g
by subject i is, PR (g, i) = RR (q, i)/ [RR(q, i) + IR (q, i)] and RC (q, i) = RR (q, i)
/[RR(q, i) + RN (q, i)]

2. The Search Correctness on question g by subject i, measured by F-measure, F(q, i)
=2*PR(q, i) *RC(q, i)/ [PR(q, i) + RC(q, i)]

3. The average SC by subject i, F(i) = (*F(q, i))/n for ¢ = 1 to g = n, where n is the
number of process retrieval questions.

By comparing the results of SC for the keyword based and annotation based search,
we can determine whether the annotation positively affect the searching or not.

Variable 2. Navigation Efficiency (NE): Is the proportion of the steps (efforts) that are
useful to find the relevant process models in the repository. It is measured by the
minimum path length (MPL) divided by the total user path length (TUPL) [22, 23]
used to locate the process model. The path length is the number of steps (button
clicks) performed in order to find relevant process models by navigating the
repository. The total user path length is the total number of steps a user used to locate
relevant process model by navigating the repository. The minimum path length is the
least number of steps needed to locate relevant process model.
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The steps taken for measuring NE are to let participants locate a process model
relevant to a given question by navigating the repository and then we compute NE as
follows:

1. Let MPL(q) be the least number of steps needed to locate a process model for
question g by navigating the repository and TUPL(q, i) be the total number of steps
subject i used to locate relevant processes for question g.

2. The Navigation Efficiency for locating a process for question ¢ by subject i is,
NE(q, i) = MPL(q)/ TUPL (q, i).

3. The average NE by subject i, NE(i) = (*NE(q, i))/n for ¢ = 1 to g = n, where n is
the number of process retrieval questions.

By comparing the results of NE for alphabetic-based and annotation based navigation,
we can determine whether the annotation positively affect the navigation or not.

Variable 3. Understandability (UL): It is the degree of correctness to which a user
understands a process model. It is measured as the fraction of correct answers given
by the subject to the different questions about the process [24].

The steps taken for measuring UL are to let subjects study a process model and
respond to questions related to the process model. We then compute UL as follows:

1. Let CA(p, i) be the number of correct answers on process p by subject i and EA(p)
be the number of expected correct answers on process p. The understandability on
process p by subject i is given by UL (p, i) = CA(p, i)/ EA(p).

2. The average understandability by subject i, is UL(i) = (UL(p, i))/n for p=1 to p=n,
where n is the number of process models.

By comparing the results of UL for annotated and unannotated process models, we
can determine whether the annotation positively affect the understandability or not.

3.2.2 Perception Based Variables

Variable 4. Perceived Usefulness (PU): Is the degree to which a person believes that
the annotations (based on CPSAM) improve searching, navigation and understanding
of process models.

Variable 5. Perceived Ease of Use (PEOU): Is the degree to which a person believes
that the use of the CPSAM based annotation is free of effort.

Variable 6. Intention to Use (IU): Is the extent to which a person intends to use the
CPSAM based annotation for searching, navigating and comprehending a process.

In order to investigate users’ perception of the model we asked the participants to
assess several statements on a scale of 1 to 5 (Strongly Disagree, Disagree, Not Sure,
Agree and Strongly Agree). The statements (as shown in Table 1) are PU1, PU2, and
PU3 for Perceived Usefulness, PEOUland PEOU2 for Perceived Ease of Use, and
IU1, IU2 and IU3 for Intention to Use.
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Table 1. Item for measuring perception based variables

Items Statements

PU1 I think the annotations have improved the process of locating and searching of
process models in the repository

PU2 I found navigating the process model repository based on CPSAM elements to have
improved my work

PU3 I found the annotations to be helpful for understanding process models

PEOU1 It was easy for me to locate/search the process models

PEOU?2 It was easy for me to navigate the repository

U1 If I have to search a process in the repository in the future I will use annotation based
search

U2 If I have to navigate the repository in the future I will use annotation based approach

U3 If I am involved in building the repository for process models I would recommend
the CPSAM model

4 Results and Discussion

In this section, the data collected from the study are analyzed and discussed in order
to evaluate the CPSAM. The Wilcoxon matched pairs test is chosen for data
analysis, as demonstrated by Zobel [25], Wilcoxon’s signed rank test is a reliable way
to evaluate statistical differences between two retrieval systems. The following are the
results and discussion for each studied variable.

Effects of Annotation on Searching of Process Models. Figure 6 depicts boxplots (a)
and graph (b) of F-measure for keyword based search and annotation based search.

Table 2. Search Correctness

Subjects F-KBS F-ABS Differences Diff. Rank  Signed Rank
1 0.430000000 0.833333333 -0.403333333 7 -7
2 0.351052632 0.833333333  -0.482280702 10 -10
3 0.251052632 0.633333333 -0.382280702 6 -6
4 0.460769231 0.617142857 -0.156373626 2 -2
5 0.167719298 0.604617605 -0.436898306 8 -8
6 0.367719298 0.440000000 -0.072280702 1 -1
7 0.434385965 0.206349206  0.228036759 3 3
8 0.367719298 0.638961039 -0.271241741 4 -4
9 0.266666667 0.633333333  -0.366666667 5 -5
10 0.246000000 0.713333333 -0.467333333 9 -9

The plot and the results in Table 2 shows that Search Correctness for annotation-
based search (ABS) is better than keyword-based search (KBS) given that the median
value for F-measure is higher for ABS than for KBS. This indicates that annotation
positively affects the searching of process models in the repository.

Using the data in Table 2 and the Wilcoxon signed-ranks test and 0.01 significance
level, we test the claim that there is no difference between keyword-based search
(KBS) and annotation-based search (ABS). The sum of the absolute values of the
negative ranks, T-= 52 and the sum of the positive ranks, T+=3. Because n=10, we
have n<30, so we use a test statistic of T=3. Therefore, Critical Value(0.01(2),10)=3.0
and Critical Value(0.01(1),10)=5.0 Since T+ is less than or equal to the critical value
we reject the null hypothesis. Thus hypothesis H1 is accepted.
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Effects of Annotation on Navigating the Process Models Repository. Figure 7
depicts the boxplots (a) and graph (b) of navigation efficiency for alphabetic-based
navigation (ALN) and annotation-based navigation (ANN).

Table 3. Navigation Efficiency

Subjects NE-ALB NE-ANB Differences Diff. Rank Signed Rank
1 0.733333333 | 0.933333333 | -0.200000000 3 -3
2 0.230000000 | 0.733333333 | -0.503333333 10 -10
3 0.351904762 | 0.833333333 | -0.481428571 9 -9
4 0.695238095 | 0.933333333 | -0.238095238 4 -4
5 0.533333333 | 0.866666667 | -0.333333333 5 -5
6 0.516666667 | 0.933333333 | -0.416666667 7 -7
7 0.306666667 | 0.733333333 | -0.426666667 8 -8
8 0.800000000 | 0.633333333 0.166666667 1.5 1.5
9 0.616666667 | 1.000000000 | -0.383333333 6 -6
10 0.700000000 | 0.533333333 0.166666667 1.5 1.5
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The plot and the results in Table 3 shows that Navigation Efficiency (NE) for
annotation-based navigation (ANN) is better than alphabetic-based navigation (ALN)
given that the median value of NE is higher for ANN than for ALN. This indicates
that annotation positively affects the navigation performance in the repository.

Using the data in Table 3 and the Wilcoxon signed-ranks test and 0.05 significance
level, we test the claim that there is no difference between alphabetic-based
navigation (ALN) and annotation-based navigation (ANN). The sum (T-) of the
absolute values of the negative ranks is 52 and the sum (T+) of the positive ranks is 3.
Because n=10, we have n<30, so we use a test statistic of T=3. Therefore, Critical
Value(0.05(2),10)=8.0 and Critical Value(0.05(1),10)=10. Since T+ is less than or
equal to the critical value we reject the null hypothesis and accept hypothesis H2.

Effects of Annotation on Process Model Understandability. Figure 8 depicts the
boxplots (a) and graph (b) of understandability (UL) of un-annotated and annotated
process models. The boxplots and the graph shows that understandability of annotated
process models is higher than understandability of un-annotated process models,
given that median of understandability for annotated models is higher than the median
of understandability of un-annotated model. This indicates that annotation positively
affects process model understandability.

Understandability
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Fig. 8. Process Model Understandability

Using the collected data and the Wilcoxon signed-ranks test and 0.05 significance
level, we test the claim that there is no difference between understandability of un-
annotated models and annotated model. The sum of the absolute values of the
negative ranks, T-= 29 and positive ranks, T+=7. Because n=8 (we omit two values
with difference = 0), we have n<30, so we use a test statistic of T=7. Therefore,
Critical Value(0.05(2),8)=3.0 and Critical Value(0.05(1),8)=5.0. Since neither T+
nor T- is less than or equal to the critical value we fail to reject the null hypothesis.

User Perception on the Annotation. Figure 9 shows the summary of statistics for
user perception of the annotation model.

Perceived Usefulness (PU). The graph shows that more than 80% of participants at
least agree (i.e. agree and strongly agree) with PU2 and PU3, whereas, more than
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60% at least agree on PU1. Therefore, it can be argued that most users perceived the
annotation to be useful.
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Fig. 9. User Perception of the Annotation Model

Perceived Ease of Use (PEOU). The graph shows that more than 50% at least
agree on PEOU1, whereas more than 80% of participants at least agree with PEOU2.
Therefore, it can be argued that most users perceived the annotation to be easy to use.

Intention to Use (IU). The graph shows that less than 30% of participants at least
agree with IU1 (i.e. more than 60% of participants are not sure about IU1), whereas
more than 60% at least agree with IU2 and IU3. This implies that most users are not
sure about their intention to use annotation-based search. We hypothesize that the
reasons to this are, a) that annotation based search requires some time and effort to
think about different annotation elements before searching, b) people are used to
keyword based search is their searching routine.

5 Conclusion

In this paper, we have evaluated the effect of context-based process semantic
annotation through a controlled experiment to test whether annotation can facilitate
searching, navigating and understanding process models stored in a repository. For
the evaluation we have used the Method Evaluation Model (MEM), a widely accepted
model for measuring the performance and user perception of artifacts. In order to
perform the experiment we have implemented a repository prototype that implements
the annotation model and populated it with more than 100 process models.

The results provide evidence that the annotation model positively affects searching
and navigating a process model repository. Furthermore, the results indicate that the
annotation model positively affects the understandability of process models.
However, the effect of the model on understandability is not significant. One of the
reasons could be that most process models used for the experiment were not complex.
Therefore, we hypothesize that CPSAM based annotation could improve the
understandability for very large and complex process models.

The results from the post task survey suggest that most users perceived the
annotation as easy to use and useful for searching, navigation and understanding of
process models. Also, the results showed that users have positive intention to use the
annotation model for navigation and understanding. However, most users are not sure
about their intention to use the annotation model for searching. Possible reasons may
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include: a) annotation based search requires some time and effort to think about
different annotation elements before searching, b) people are used to keyword based
search in their searching routine.

One of the limitations of the study is that a small number of participants were used

for the experiment. Future research aims at a large scale evaluation of the annotation
model and to improve the annotation model based on the evaluation results.
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