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Abstract: A plethora of methods have been proposed for conceptual modelling,
although very few have practically been utilized in the field of Information Systems
(IS), specifically. Lack of an appropriate methodology to accommodate for both
practical and theoretical aspects appears to be a deficiency of process modelling
methodologies. In the present study, first, a methodology, as an artefact of design
science for business process modelling, is proposed; next, a method, based on user
perceptions, is presented for the evaluation of the quality of methodology. A
theoretical model, as an aspect of evaluation procedure, is considered for defining
the relevant dimensions of quality, measured by a practical instrument. This makes
possible the prediction of acceptance likelihood of the methodology. To
empirically test the methodology, four classes of data were collected through a
number of experiments with the participation of graduate students and practitioners
in IS from Malaysia and Iran. The data provided the required evidence for the
evaluation and analysis of the usefulness of methodology.
Key words: Business process modelling, Method Evaluation Model, Conceptual
modelling
1. INTRODUCTION
Conceptual modelling plays a pivotal role in developing information systems [1, 2].
Before designing and implementing an information system, a conceptual modelling script
needs to be developed which functions as communication, analysis, and documentation for
IS requirements and provides input for the system design process [1, 3, 4]. It must be
emphasized that empirical studies demonstrate that requirement errors account for more than
half of the errors in IS development[1, 3]. However, it appears that the guidelines for
evaluating the quality of conceptual models have not been adequate. Hence, to address this
defect, two problems are described in the following:
Firstly, with regard to Business Process Management (BPM), IT experts produce
business process models as a shared language among business managers and stakeholders,
process analysts, and industrial engineers [5]. Therefore, a business process should be
structured in a flexible manner to allow the full use of Enterprise Information Systems [6].
Consequently, many reference models and modelling methodologies have been developed in
the field of IS to support the requirements for the modelling of business processes, the
development and implementation of information systems. However, they cannot support both

64

International Journal on Information Technologies & Security, № 4 (vol. 9), 2017

the coordination and interaction of process models in greater detail, or the representation of
detailed process models [7, 8]. A business process entails putting emphasis on process models
as the core object for the attainment of the necessary agility and interoperability of
information systems [9]. Hence, on the problem of process modelling, tools and
methodologies and formal modelling languages are required to procure an interpretable,
methodic, structural, and comprehensive explanation for information and varied
characteristics about the processes [10]. Furthermore, no modelling construct fully covers
different views and layers to represent process models [11]. Therefore, to clearly represent a
process model from different aspects and to make it more understandable both to the process
analyst and Information Systems developers, it is required to choose more than one kind of
modelling language [12-15].
Secondly, of the several methods for requirements modelling, very few have practically
been implemented. Lack of an appropriate practical evaluation can be recognized as a
common pitfall in the proposed requirements modelling methods [16, 17]. According to [18],
research in the domain of conceptual modelling directly affects the relevance of the results
to be applied to a given business. To apply a given methodology for business process
modelling to a business, practitioners need to be aware of its effectiveness [4, 16]. Hence, the
evaluation of a modelling methodology must be subjected to evaluation, both theoretical and
practical. In light of the above, the discussed problems are addressed by the following
questions:
Research Question 1: Is the proposed modelling methodology effective?
Research Question 2: Does the proposed modelling methodology achieve likelihood of
adoption in practice?
As an aspect of evaluation procedure, a theoretical model is proposed to define the
relevant dimensions of quality, measured by a practical instrument, for the proposed
modelling methodology. The current models and theories will be reviewed to investigate the
appropriate dimensions of evaluating the modelling methodology from the user point of view.
To this end, Method Evaluation Model (MEM) [3, 19] is adapted as a theoretical model for
the assessment of design methods in IS. MEM covers both the actual performance and
acceptance likelihood in practice. MEM consists of Davis’s Technology Acceptance Model
[20] and Rescher’s Theory of Pragmatic Justification [21] for the validation of
methodological knowledge. The evaluation model helps to predict the acceptance likelihood
of the proposed modelling methodology. Based on [16, 22, 23], it can be argued that a group
of experiments constitute the required knowledge to draw viable conclusions that can prove
successful in practice. As such, the collected data is assumed to be a proper measure (1) to
assess the usefulness of MEM for evaluating the proposed modelling methodology and (2)
to evaluate the acceptance likelihood of the proposed modelling methodology.
To address this issue, attempts are made (1) to propose a methodology for business
process modelling, and (2) to evaluate the quality of the modelling methodology based upon
the users’ perceptions.
This paper is organized in six sections. The following section provides a literature
review and lays the theoretical foundation of this research; the third part presents research
methodology. Exposition of the proposed methodology is what the fourth section deals with;
the fifth part pertains to the results and analysis. Finally, limitations and suggestions for
further research are included in the concluding section of this paper.
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2. THEORETICAL BACKGROUND AND RELATED WORK
This section provides overviews of business process modelling with an emphasis on
modelling languages and the MEM.
2.1. Business Process Modelling
BPM is a specific field including concepts, methods, techniques and tools that are used
for the design and analysis, implementation, and enactment of business processes [24]. In
BPM, industrial engineers apply BPM in organizations as an optimization technique. In order
to execute and monitor a business process, IT specialists use it to provide a shared language
for communicating with business managers, process analysts , and industrial engineers [5].
Therefore, the significance of the process model should be based on the underlying
modelling techniques, instead of focusing on process representation [25]. Moreover, a proper
modelling language must be selected to represent the conceptual model of the processes [26],
for no modelling language is suitable for all the situations encountered in the business world
[27]. Moreover, no modelling construct fully covers different views and layers to represent
process models [11]. Hence, to clearly represent a process model from different aspects and
to make it more understandable both to the process analyst and IS developers, it is required
to choose more than one kind of modelling language [12-15].
Regarding modelling techniques, a comprehensive classification of Business Process
Modelling Languages (BPMLs) is conducted by [28]. The most popular modelling
techniques which have been widely applied in multiple industries and information system
modelling include Petri nets, IDEF, EPC, UML, and BPMN; each of these techniques has its
advantages and disadvantages [29-31]. In the domain of enterprise information system
modelling, [17, 32, 33] assessed and selected the appropriate BPMLs through a well-known
ontology, Bunge-Wand-Weber (BWW) and Curtis's framework. The findings in [17, 32, 33]
implied that the combination of IDEF, UML, and BPMN would inspire rapid design and
more flexibility in business process modelling. However, a systematic methodology with a
specific modelling language is required for modelling the business process properly [34]. In
the field of business process modelling, the existing modelling methods do not support
coordination of the supply chain processes and their interaction [8].
2.2. Method Evaluation Model (MEM)
Various models have been developed to investigate how users accept an information
system. [35] proposed the Technology Acceptance Model (TAM) which is developed as a
unified theory for the evaluation of acceptance and use of a given technology; and Moody in
[36] proposed the Method Evaluation Model (MEM). Among such models, MEM has proved
substantially efficient and the most frequently implemented in a number of research studies
for the validation and assessment of information system design methods. In brief, the validity
of a method, according to Moody [3, 19], is determined by its practical success. It does not,
in other words, demonstrate the appropriateness of a model but the extent to which a model’s
application is rational [3, 37]. A summary of MEM is illustrated in Figure 1 as a theoretical
model to evaluate the success of a proposed method’s success; Figure 1 displays the principal
constructs and the causal relationships among them.
The constructs of the models, according to Moody [36], are as follows:
- Actual Effectiveness: the extent to which a method attains its goals.
- Actual Efficacy (?): the required endeavor for the application of a method.
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- Perceived Usefulness: the degree to which a user is convinced that a given method
would be effective in the achievement of a set of objectives.
- Perceived Ease of Use: a person’s belief in applying a given method and the extent to
which this application, in user’s opinion, might be free of effort.
- Intention to Use: a user’s intention to apply a particular method.
- Actual Usage: the extent to which a given method is practically implemented.

Figure 1. The Method Evaluation Model [37]
3. RESEARCH APPROACH
This research followed the research design, founded on the empirical method using
MEM, proposed by [3, 19] and a group of experiments to test the proposed modelling
methodology. Figure 2 illustrates the research design which includes four main steps,
including participant groups for context definition, experimental treatment, experimental task
and material, and variables for experimental preparation.

Figure 2. Research design
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In the following, a brief account of each of these four steps is presented.
Experimental preparation. The purpose of experiments is to evaluate the likelihood of
adoption and efficiency of the proposed modelling methodology in practice, using the
evaluation method from the researchers’ point of view. To this end, MEM was practically
applied to test the participants’ ability to understand the conceptual models using the
proposed modelling methodology for business process models.
A number of hypotheses were tested for the evaluation of the research questions. Based
on the empirical method for the evaluation of the quality of conceptual models, presented by
[3, 16] , two types of dependent variables are defined, including Performance-based variables
and Perception-based variables. Performance-based variables are employed to measure the
ability of participants to comprehend the modelling methodology; and Perception-based
variables are utilized to calculate how effective the participants believe the modelling
methodology is. The aforementioned variables are summarized in Table 1.
From the research questions RQ1 and RQ2, the hypotheses are defined as following:
H1: The modelling methodology is perceived as easy to use.
H2: The modelling methodology is perceived as useful.
H3: The subjects demonstrate inclination to apply the modelling methodology in the
future.
Table 1. Dependent variables
Variables

Measure

Understandability
Effectiveness

∑(
𝑛

Understandability
Efficiency

𝑛

𝑖=1

𝑛𝑢𝑚𝑏𝑒𝑟 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑎𝑛𝑠𝑤𝑒𝑟
)
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑠

𝑢𝑛𝑑𝑒𝑟𝑠𝑡𝑎𝑛𝑑𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠
∑(
)
𝑇𝑖𝑚𝑒
𝑖=1

The hypotheses aim to examine the relationship between the modelling methodology,
proposed in this study, and the users’ performance, intentions, and perceptions. The
evaluation model also presupposes a number of relationships that detect the causal links
among dependent variables, such as the effect of perceptions on intentions or that of
performance on perceptions. The set of experiments in this study also measure the predictive
and explanatory strength of MEM. To this end, the following hypotheses are formulated:
H4: PEOU is determined by efficiency.
H5: PU is determined by effectiveness.
H6: PU is determined by PEOU.
H7: ITU is determined by PEOU.
H8: ITU is determined by PU.
Context definition. The participants in this research include postgraduate students in IS,
IT, computer science, and fresh graduated students in IT/computer science as novice analyst,
totaling 103. As stated in [36], computer science or IT/IS students have conventionally
participated in several experimental studies on conceptual modelling. Accordingly, to
facilitate generalization of the results, the subjects of this study were randomly selected from
postgraduate (PhD, MS) students. Some of the subjects had also professional experience in
business and industry domains.
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 Postgraduate students. They were PhD or Master’s students and many of them were
business/industry professional. The Masters students in Malaysia had enrolled in the course
of Business Process Modelling at National University Malaysia (UKM).
 Practitioners. They were IT/Software engineers (freshly graduated) who worked in
two software companies in Iran as a part-time job (Royan ICT Corporation and Resaco.net).
Many of them were invited to job interview who requested part-time job in the field of
IS/software engineering.
Experimental treatment. The participants were trained to apply the proposed modelling
methodology by two 40-minute lecturers, explaining how the proposed modelling
methodology can be used, and a one-hour lectures, presenting the modelling task and post
task.
Experimental task and material. Experimental task includes two tasks: business process
modelling task and post-task survey.
For the task of business process modelling, the subjects were required to respond to a
group of questions pertinent to the modelling artefacts during three sessions (the first session,
devoted to explaining the modelling methodology; the second session to understanding the
modelling task, and the third session to evaluation task). These questions aimed to test the
subjects’ comprehension of the modelling task. The questions included two Yes/No, three
multiple-choice, and six open-ended items. In the first task, the required data for the
evaluation of performance-based variables were collected. The subjects, in the next task,
were required to fill out a survey so as to evaluate the proposed modelling methodology. This
post-survey functioned as a measurement instrument to gather sufficient data for the
evaluation of perception-based variables.
The experimental objects included function modelling, three or four UML-Use Case
diagrams, and one BPMN diagram from two different applications. These application
examples were selected based on real-world problems and situations in the domain of
business process management. An experimental object is mentioned in Appendix A. The
subjects were also asked to record the time they spent on the questionnaires. This
understanding task produced two variables on understandability: Understandability
Effectiveness (the average effectiveness, achieved in each of the utilized diagrams) and
Understandability Efficiency (the average efficiency, attained in each of the utilized
diagrams).
In the post-task survey, the subjects were required to respond to the measurement
instrument. The survey consisted of 12 questions on a five-point Likert scale with regard to
the items, which measured MEM constructs (See Appendix A).
Four separate experiments were conducted with two major groups, distinguished
according to the characteristics of subjects and the experimental object, measured by them:
(Group 1) PhD and MS students in Malaysia and Iran, and (Group 2) novice analysts in Iran
(see Figure 3). The second and third experiments basically replicate the first experiment to
provide adequate evidence for the generalization of results through the iteration of the first
experiment in various environments with different subjects. However, the fourth experiment
aimed to repeat the first experiment with different subjects and materials (experimental
object). It is important to note that the subjects who carried out the replications were kept
uninformed of the results of the original experiment.
Before the subjects took the main test, the designed experiment had been conducted
with a pilot group in order to ensure the quality of the test and the documentation procedure
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[38]. The pilot study helped determine the time the subjects would need to perform the
experimental tasks. Furthermore, it provided a realistic basis of the orchestration of the
follow-up experiments [39].

Figure 3. Experiments in the survey

4.THE PROPOSED MODELLING METHODOLOGY
The methodology comprises two main phases, namely, Process Area Specification and
Business Process specification, shown in Figure 4.
Each phase is, in a certain manner, terminated with an overall assessment; in phase 1
Verification and Validation (V&V) is examined by inspection technique. In phase 2, syntactic
and semantic qualities are observed.
Phase 1: Process Area Specification
The preliminary operation, in the first phase, is to define business objectives and KPIs
according to the problem in business process. The next thing is requirement elicitation, which
is a type of discovery method for which observation and interview with domain experts are
carried out. The second activity in Phase 1 is the documentation of potential requirements via
worksheets and checklists and to transfer them in diagrammatic format by function modelling
and use case. At this point of Phase 1, a first draft landscape and abstract models are designed.
The process landscape model poses a serious hindrance for process identification [5], as
maintaining communication with business specialists is commonly based upon plain text and
rarely in the form of a diagram. To this end, worksheets and checklists are supplied as
efficient means to sustain the existing domain knowledge [40]. During the same task,
standard worksheets, adopted from [40, 41] with some modifications, are provided for
landscape models (See Table 2, Business Process Area worksheets).
In the worksheets, related to the business (or processes) area, there are several
constituents, namely scope, boundary of the business area, constraints, stakeholders, and
process area. Scope defines the highest level of business (or processes) areas which engulfs
the entirety of a business/process area, actors, and organization. Boundary refers to the
components which interact within a business/process area. Stakeholders are the participants
for whom the definition of a business activity is important. Constraints are the limitations in
the business area. Process area refers to the listing of the business process within the scope.
After identifying the scope of business area, the boundary of process area points to the
function model which can be decomposed into structural level by IDEF0. The next activity
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is the identification of organizational roles and actors. Interaction between use cases and
actors can be transformed in Use Case diagrams, according to the decomposed level of
function modelling.

Figure 4. The proposed methodology for business process modelling
Table 2 Process Area worksheets
Worksheet: Describing Process Area
Author(s):

Date:

Status: Draft, Review, Final

Process Area Name
Objective
Scope
Boundary of the Process Area
Constrains
Stakeholders
Business processes
Taken together, three components construct the abstract model: context diagram
(IDEF0), decomposition level, and Use Case diagram1. Decomposition is, in fact, a layer of
1

DEF0 is a standard from IDEF packet (Integrated DEFinition) for functional (conceptual)
processes modelling; Use Case Diagram is a tool of UML (Unified Modelling Language)
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Context Diagram which can be divided into several structural sub-layers where each of the
sub-functions in the decomposed level is corresponded to a Use Case diagram (See Fig. 5).

Figure 5. Decomposed level IDEF0 and use case diagram
In IDEF0, inputs (data/objects, transformed to the function), outputs (data/objects,
produced by the function), control (required constrains for the function), and mechanisms
(means/resources supporting the function’s performance)[42] of the business process must
be identified based on the process area [15]. A UML-Use Case diagram composes of use
cases, actors, and boundary of the process that describes system behaviour and who is
involved in the system [43]. The function modelling-IDEF0 can be interpreted as a sequence
of activities, where roles cannot be represented, while in Use Case diagrams, there is no
sequence between use cases, but the role of actors can be expressed. Therefore, as stated in
[14, 15], the combination of IDEF0 and Use Case diagram gives process abstract models
more perspective.
The last activity in Phase 1 is concerned with the analysis of an abstract model to
determine whether the adopted requirements are complete, unambiguous, clear, and correct.
In this phase, validation poses a challenge without any domain expertise and verification
continues to be insufficiently developed [44]. To address this issue, inspection techniques are
required through means where an expert provides visual evidence to prove that a given fact
or a proposed requirement is taken into account [45]. To do so, V&V have to be combined
to achieve a higher degree of effectiveness [46]. To attain this goal, a checklist is needed to
provide to check the process quality attributes. The quality attributes of business processes
consist of functional correctness, completeness and consistency, and redundancy and
ambiguity as main important quality attributes for process abstract models drawing upon [4749], shown in Table 3.
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Table 3. Items of process quality attributes
Quality
attribute(s)

Functional
Correctness

Completeness
and consistency

Redundancy
and Ambiguity

Items in the checklist
Regarding the function model, have all inputs, outputs, controls, and
mechanisms been identified correctly?
Regarding the use case diagrams, have all dependencies between actors
and use cases or between uses cases been addresses correctly?
Have all uses cases between stated with correct alternative flow, postcondition and pre-condition?
Regarding the uses case diagrams, have all actors and use cases been
identified?
Have all the underlying requirements been covered by the uses case
models?
Does the use case models internally consistent? (Consistency among
the use cases, actors and their relationship
Are the use case models externally consistent with the functional
model?
Is there any superfluous information in the document?
Is there any superfluous dependency between actors and use cases or
between use cases?
Is there any ambiguity of actors and use cases that is not reflect its role?
Is there any ambiguity of flows, pre-condition and post-condition in the
use case description?

Phase 2: Business Process specification
In Phase 1, the IDEF0 diagram can be decomposed to several lower levels, but it is not
able to represent all the aspects of the process [12]; and in Use Case diagrams, important
processes are identified but details cannot be captured [43]. Thus, for modelling all the
activities involved in the processes, it is required to apply a standard process modelling
language such as BPMN.

5. RESULT AND DISCUSSION
Validation of the measurement instrument is presented in this section which is ensued
by the analysis of the findings of each experiment. SPSS 20.0 for Mac was implemented to
obtain results. Four different P values were considered for the evaluation of results: P>0.1
(not significant), P<0.1 (low significant), P<0.05 (medium significant), P<0.01 (high
significant), and P<0.001 (very high significant). The validity of the MEM constructs
Perceive ease of usefulness (PEOU), Perceive usefulness (PU), and Intention to use (ITU)
was evaluated, based on two criteria and by the utilization of inter-item correlation analysis.
The criteria were discriminant (divergent) and convergent validity. The value of discriminant
validity must, according to Campbell and Fiske [50], be lower than that of the convergent
validity; In case this proportion is not obtained, the items were removed from the data
analysis [16].
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5.1 Validity and reliability assessment
Inter-item correlation analyses for each of the experiments were performed individually
(See tables in Appendix B). The item(s) of the MEM constructs which did not pass the
validity test (Campbell and Fiske’s test) was/were discarded from data analysis. The results
of the analysis are illustrated as follows:
Experiment 1: Q2 and Q3 (PEOU items) failed the test of validity.
Experiment 2: again Q2 and Q3 (PEOU items) failed the test of validity.
Experiment 3: Q2 and Q4 (PEOU items) failed the test of validity.
Experiment 4: again Q2 and Q3 (PEOU items) failed the test of validity.
Based on the conducted survey by [16, 19, 51], the internal consistency or reliability
among the measurement items was also calculated, using Cronbach’s alpha. The Cronbach
alpha value for constructs less than 0.7 were rejected from the corresponding data set. The
results of the reliability analysis for each experiment were:
Experiment 1: PEOU= 0.726; PU=0.738; ITU=0.679
Experiment 2: PEOU= 0.717; PU= 0.703; ITU=0.743
Experiment 3: PEOU= 0.753; PU= 0.788; ITU=0.723
Experiment 4: PEOU=0.731; PU=0.778; ITU=0.745
As all the constructs demonstrated an acceptable Cronbach value (near or greater than
0.7), the reliability of the measured items in the survey is confirmed.
5.2 User Perception Analysis and Acceptance Likelihood
The descriptive statistics on performance-based variables are illustrated in Table 4. The
time spent to perform the understandability of the efficiency task was between 1.6 and 6.73
minutes. The percentage of correctness in performing each task ranged between 42% to 93%.
Replication of the experiments provided similar results.

Data Set
Experiment 1

Table 4. Descriptive statics (Performance based variables)
Variable
Min.
Max.
Mean
St.Dv
Ueffic(minute)
1.6
6.23
3.16
1.415
Ueffect(percent)
42
93
0.78
0.121

Experiment 2

Ueffic(minute)
Ueffect(percent)

1.6
45

6.47
91

3.12
0.78

1.397
0.105

Experiment 3

Ueffic(minute)
Ueffect(percent)

1.67
42

6.43
94

3.22
0.77

1.545
0.148

Experiment 4

Ueffic(minute)
Ueffect(percent)

1.6
45

6.73
93

3.30
0.77

1.258
0.116

The normality of the distribution of PU, PEOU, and ITU data was assessed by
Kolmogorov-Smirnov test. With regard to the normality of data distribution, the one-tailed
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sample t-test was applied to examine the mean difference between perception-based variables
(PU, PEOU, and ITU) for the proposed modelling methodology. The results of the
experiments, regarding perception-based variables, illustrated in Table 5, confirm that the
subjects of this study considered the proposed modelling methodology useful and easy to use.
Moreover, the subjects also expressed their intention to apply this model in their fields in the
future. The P value for the hypothesis was significantly very high (P<0.001). Therefore, the
results from testing the hypothesis H1, H2, and H3 show the likelihood of acceptance of the
proposed modelling methodology in practice.

Data
Set
Exp. 1

Exp. 2

Exp. 3

Exp. 4

Variable

Min

PEU
PU
ITU
PEU
PU
ITU
PEU
PU
ITU
PEU
PU
ITU

3.5
4
3.67
3.25
3.4
3.67
3.5
3.4
3.33
3.5
3.4
3.33

Table 5 Descriptive statics and t-test (Perception variable)
Std.
Std.
1-tailed
Max
Mean
error
t
Dev.
p value
mean
5
4.463
0.468 0.0902 49.472
0.011
4.8
4.348
0.257 0.0496 87.655 <0.001
5
4.345
0.438 0.0843 51.513 <0.001
5
4.326 0.4852 0.101
42.76
0.013
4.8
4.208
0.445 0.0928 45.349 <0.001
5
4.289
0.485
0.101
42.404 <0.001
5
4.235
0.562
0.136
31.056 <0.001
4.8
4.164
0.496
0.120
34.609 <0.001
5
4.235
0.496
0.120
35.156 <0.001
5
4.319
0.502 0.0837 51.609 0.0112
4.8
4.216
0.474 0.0790 53.354 <0.001
5
4.314
0.471 0.0785 54.962 <0.001

5.3 Hypothesis Testing
The purpose of this part of the paper is to validate the structure of MEM in the causal
relationship between its constructs, regardless of its practical application. Regression analysis
was used, as the hypotheses of the study were intended to examine the causal relationship
between continuous variables.
5.3.1

Actual Efficiency vs. PEOU

Hypothesis H4 was formulated to determine if the subjects’ conceptions of efficiency
were affected by the actual efficiency. A simple regression model was constructed for each
set of data collected for the experiments. Understandability efficiency (independent variable)
and PEOU (dependent variable) were measured. The regression equations for the analysis
are:
Experiment 1: Perceived ease of use=4.941+ 0.151*Understandability Efficiency
Experiment 2: Perceived ease of use= 4.858+ 0.171*Understandability Efficiency
Experiment 3: Perceived ease of use= 4.882+ 0.2*Understandability Efficiency
Experiment 4: Perceived ease of use= 4.923+ 0.182*Understandability Efficiency
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As shown in Table 6, the regression proved to be highly significant for P<0.001 in all
data sets with the exception of Experiment 3 with a medium significance. R2 in Experiment
1 data set displays understandability efficiency for 20% of PEOU. On the other hand, the
replications for understandability efficiency account for 24% of Experiment 2, 30% of
Experiment3, and 20% of Experiment 4 of the variance in PEOU. The regression coefficient
(b) explains the impact of the independent variable on the dependent variable. The Pearson
correlation coefficient (r) shows that there was a significantly positive correlation among the
variables. This implies that H4 was confirmed for the entire range of data sets.
Table 6 Regression analyses for PEOU and actual efficiency
Regression Unstd.coe
Std.coef.
Data set
Std.error
t
Sig. (p)
r
model
f.(b)
(beta)
Exp. 1
Constant
4.941
0.203
24.311
<0.001
Ueffic
0.151
0.059
0.457
2.569
<0.001
0.457
Exp. 2
Constant
4.858
0.224
21.672
<0.001
Ueffic
0.171
0.066
0.492
2.591
<0.001
0.492
Exp. 3
Exp. 4

Constant
Ueffic

4.882
0.2

0.279
0.078

0.55

17.486
2.553

<0.001
0.012

0.55

Constant
Ueffic

4.923
0.182

0.215
0.061

0.457

22.893
2.998

<0.001
<0.001

0.457

5.3.2 Actual Effectiveness vs. PU
Hypothesis H5 was formulated to verify if actual effectiveness determines the
considered usefulness. The resultant regression equations are:
Experiment 1: Perceived usefulness = -4.417 + 0.088 * Understandability Effectiveness
Experiment 2: Perceived usefulness = -4.653 + 0.568 * Understandability Effectiveness
Experiment 3: Perceived usefulness = 0.87 + 0.916 * Understandability Effectiveness
Experiment 4: Perceived usefulness = -4.375 + 0.206 * Understandability Effectiveness
For Experiment 1 and Experiment 3 data sets, the regression coefficient for
effectiveness were very highly significant with p < 0.001. But for Experiment 2 data set, it
was medium significant (P<0.005) and for the Experiment 4 data set, not significant (P>0.1).
The R2 shows that effectiveness accounts for 29% for Experiment 1 of the variance in PU
with a very high value. In the replications, the regression proved highly significant for
Experiment 2, Experiment 3, and Experiment 4 (p <0.001). The R2 indicates that
effectiveness can account for 40% of Experiment 2, 32.8% of Experiment 3, and 22.8% of
Experiment 4 of the variance in PU. This implies that Experiment 1 and Experiment 3 data
sets were confirmed by H5. But for Experiment 2, H5 was partially confirmed and for
Experiment 4, H5 was not confirmed at all.
5.3.3 PEOU vs. PU
H6 was tested to discover if the perceived usefulness can be examined by PEOU. A
regression model was constructed with PEOU (independent variable) and PU (dependent
variable). The utilized regression equations are:
Experiment 1: Perceived usefulness = 2.982 + 0.306*Perceived ease of use
Experiment 2: Perceived usefulness = 2.259+ 0.451*Perceived ease of use
Experiment 3: Perceived usefulness = 2.247 + 0.453*Perceived ease of use
Experiment 4: Perceived usefulness = 2.059 + 0.449*Perceived ease of use
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Table 7 illustrates that the regression coefficient for Experiment 1 was highly significant
with p <0.01. PEOU accounts for 30.9% of the variance in perceived usefulness, as shown
by r2. The results, obtained from replications, substantiate that PU can be, to some extent,
determined by PEOU. The degree of R2 demonstrates that the PEOU explains 24.5% of
Experiment 2 and 37.5% of Experiment 3, and 28% of Experiment 4 of the variance in PU.
The regression coefficients for PEOU were highly significant. That is, H6 can be confirmed
(very high significant for Experiment 2 and 4 data sets, and high significant for Experiment
1 and 3 data sets).
Table 7. Regression analyses for PU and actual efficiency
Regressi
Data
Unstd.coe
Std.coef.
on
Std.error
t
Sig. (p)
r
set
f. (b)
(beta)
model
Exp. 1 Constant -4.417
0.335
-13.195
0.038
Ueffect
0.088
0.424
0.041
0.207
<0.001
0.541
Exp. 2 Constant
Ueffect
Exp. 3 Constant
Ueffect
Exp. 4 Constant
Ueffect

-4.653

0.722

0.568

0.915

0.87

0.654

0.916

0.834

-4.375

0.544

0.206

0.701

0.134
0.273
0.05

-6.445

<0.001

0.621

0.004

7.451

0.091

1.098

<0.001

-8.044

<0.001

0.294

0.177

0.634
0.573
0.151

Table 8. Regression analyses for PEOU and PU
Regression Unstd.coe
Std.coef.
Data set
Std.error
T
Sig. (p)
R
model
f. (b)
(beta)
Exp. 1
Exp. 2
Exp. 3
Exp. 4

Constant
PEOU

2.982
0.306

0.41
0.091

0.556

7.275
3.349

<0.001
0.003

0.556

Constant
PEOU

2.259
0.451

0.759
0.174

0.491

2.977
2.586

0.007
<0.001

0.491

Constant
PEOU

2.247
0.453

0.835
0.196

0.513

2.691
2.316

<0.001
0.035

0.613

Constant
PEOU

2.059
0.499

0.598
0.137

0.529

3.446
3.634

<0.001
<0.001

0.529

5.3.4. ITU vs. PEOU and PU
H7 was tested to see if ITU can be determined by PU and PEOU. A regression model
was devised for all the data sets, using PEOU and PU as independent variables and ITU as
the dependent variable. The regression equations for the data sets are as follows:
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Experiment 1: Intention to use = 1.57 + 0.655*Perceived ease of use - 0.035*
usefulness
Experiment 2: Intention to use = 1.393+ 0.648*Perceived ease of use+0.022 *
usefulness
Experiment 3: Intention to use = 1.76+ 0.622*Perceived ease of use – 0.038*
usefulness
Experiment 4: Intention to use = 1.764 + 0.552*Perceived ease of use + 0.04*
usefulness
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Perceived
Perceived
Perceived
Perceived

As shown in Table 8, the obtained regression coefficients were highly significant for all
the data sets regarding PEOU, but were not considerably significant for PU (P>0.05). The
predictive power of the model made it possible for Experiment 1 to account for 47% PU and
47.5% PEOU, Experiment 2 (43% PU and 43.5% PEOU), Experiment 3 (46% PU and 46.6%
PEOU), and Experiment 4 (37% for both PU and PEOU ) of the variance in ITU. This
indicated that perception in intention to use, to some extent, is determined by perception in
usefulness. Therefore, the results showed that perceptions in usefulness and perceptions of
ease of usefulness could partially determine perceptions in intention to use. This finding
indicates that H7 can partially be confirmed.
6. SUMMARY OF RESULTS
This study focused on PEOU and PU, for (1) they are the most crucial factors in
explaining system use [3, 19, 37] and (2) this study aimed to establish a basis for examining
the influence of external variables (e.g. understandability) on internal variables (e.g.
intentions and attitudes). The findings of this study, as a result, support the usefulness of
MEM in the evaluation of other methods. Each research question of the study is answered as
follows:
Research Question 1: Is the proposed modelling methodology effective ?
If the answer is positive, do the perceptions of users result from their actual performance
in understanding the requirements modelling artefacts or is it the result of the proposed
modelling methodology?
The findings of this study suggest that a considerable proportion of the participants
found the proposed modelling methodology useful and easy to use in the task of specifying
functional user requirements. This finding is also confirmed by the subjects’ efficiency and
effectiveness in managing understandability tasks. This finding also confirmed H1 and H2
across a range of individual experiments. The findings suggest that the users’ perceptions of
effectiveness and efficiency had a significant impact on their perceptions of usefulness and
ease of use. In this regard, the results of RQ1 accord with the findings discussed in [3, 16,
19].
Research Question 2: Is the proposed modelling methodology likely to be adopted in
practice? If so, is the users’ intention to apply it the outcome of their own perceptions
regarding requirements modelling artefacts, or the result of the proposed modelling
methodology?’
The findings demonstrate that the majority of the subjects had a positive attitude towards
the application of the proposed modelling methodology in the future. The fact that all the
data sets confirmed H3 supports the causal relationships, provided by MEM [20, 37]. The
results and findings of this part of the study are summarized in two parts. First, the analyses
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of results, obtained from group experiments, are presented. Second, a review of the findings,
achieved in each individual experiment, is illustrated in Table 9.
Table 9 Summary of results
Number of
Data Set
Hypothesis
participant
Partially
Not
Confirmed
Confirmed
Confirmed
Experiment 1
27
H1, H2, H3, H4, H5, H6
H7
Experiment 2
23
H1, H2, H3, H4, H6
H7
Experiment 3
17
H1, H2, H3, H4, H5, H6
H7
Experiment 4
36
H1, H2, H3, H4, H6
H7
H5
Table 9, illustrating the findings on users’ perceptions, demonstrate that H6 can be
supported with very high significance for experiments 2 and 4 data sets, and with high
significance for experiments 1 and 3 data sets. Moreover, the findings on the Actual
efficiency suggest that H5 can be confirmed for all data sets except for experiment 3. The
findings partially confirm H7 (with the exception of the Actual efficiency vs. PEOU
relationship, relating to ITU vs. PEOU and PU). This partial confirmation suggests that
Actual Efficiency and ITU are defined by factors other than PU or PEOU.
The hypotheses of this study were tested and confirmed (with few exceptions) in four
separate environments, using two types of participants and two different experimental
objects. The replication of each experiment provided further evidence for the empirical
validation of the hypotheses. On the whole, the hypotheses of the study are confirmed by the
findings. They demonstrate that performing group experiments—in comparison with
individual experiments, focusing on a single variable—can produce more evidence for the
analysis of external validity and generalizing the results to other environments.
7. CONCLUSION AND FUTURE WORK
The study proposed a methodology for Business Process Modelling as well as a method,
based on user perceptions, for the evaluation of the proposed model quality. In the proposed
methodology, modelling languages IDEF0, UML (Use case diagram and Sequence diagram),
and BPMN are laid as the theoretical foundation for the artefact. The evaluation method was
tailored by the application of a MEM, commonly applied for the evaluation of Information
System design methods. To this end, the relevant dimensions of the quality for requirements
modelling methods are explored and defined. Moreover, a practical instrument is developed
for the assessment of the observed dimensions.
MEM addresses two dimensions of success for a given model: actual performance and
acceptance likelihood in practice. It is presumed that performance-based variables, i.e.
understandability effectiveness or understandability efficiency, have impact on perceptionbased variables, such as perceived usefulness, intention to use, and the perceived ease of use.
Four groups of experiments were performed to empirically assess actual performance and
acceptance likelihood in the proposed modelling methodology.
The major findings of this study suggest that (1) the proposed modelling methodology
for business process modelling was considered appropriate and easy to use by a considerable
proportion of the subjects; (2) the subjects of the study showed positive perception towards
the proposed modelling methodology; and (3) the positive perceptions of the users suggested
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the intention of the users to apply the proposed modelling methodology in the future.
The series of experimentations in this study provided adequate evidence for the
evaluation of the proposed modelling methodology. The evaluation method proved an
appropriate instrument for the assessment of requirements modelling methods on the basis of
user perceptions. It must be noted that though the evaluation model was designed for the
proposed business process modelling methodology, it can be applied to other environments
for examining the likelihood of acceptance in practice. The range of experiments of this study
also made it possible to test the investigative and predictive power of the evaluation model.
It needs to be acknowledged that the present study is only a further step to the assessment
of the usefulness and acceptance likelihood of a modelling methodology in practice. Hence,
more research is required to provide empirical evidence for the usefulness of modelling
methodologies in other environments. A distinguished feature of this study is that a pilot
study on the proposed modelling methodology precedes its actual implementation.
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Appendix A
Experimental materials

Case study 1 : Procurement system

IDEF0 and Decomposed diagram
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Figure A.1. Function Modelling
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Appendix C
Evaluating the Business Process Modelling Methodology
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