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Abstract. Collaborative modeling uses and produces modeling artifacts
whose quality can help us gauge the effectiveness and efficiency of the
modeling process. Such artifacts include the modeling language, the mod-
eling procedure, the products and the support tool or medium. To ef-
fectively assess the quality of any collaborative modeling process, the
(inter-) dependencies of these artifacts and their effect on modeling pro-
cess quality need to be analyzed. Although a number of research stud-
ies have assessed and measured the quality of collaborative processes,
no formal (causal) model has been developed to assess the quality of
the collaborative modeling process through a combination of modeling
artifacts. This paper develops a Collaborative Modeling Process Qual-
ity (CMPQ) construct for assessing the quality of collaborative model-
ing. A modeling session involving 107 students was used to validate and
measure the quality constructs in the model.

Keywords: Collaborative Modeling, Modeling Process Quality, Mod-
eling Artifacts, Instrument Validation, Structural Equation Modeling.

1 Introduction

Collaborative modeling, including the modeling of enterprises [12J3] and/or of
associated business processes [], brings together stakeholders with varying de-
grees of knowledge, expertise, skills and competencies. Such collaborative mod-
eling, which is conceptually similar to group model building [5], brings with it a
number of benefits and advantages. Although such benefits and advantages have
been recognized in the literature, e.g. considerable productivity and improved
results [6], substantiating the success of these collaborative efforts is far from
trivial.

A number of factors come into play and need to be analyzed if we are to
effectively and efficiently measure and evaluate modeling process quality and de-
termine the success of a collaborative effort [7]. First, the different stakeholders
have different priorities and preferences which need to be reconciled in a group
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problem-solving activity, especially during evaluation of the modeling process.
Second, a number of modeling artifacts are used in, and produced or amended
during, the modeling process. These include the modeling language, the meth-
ods or approaches used to solve the problem, the intermediary and end-products
produced and the medium or support tool that may be used to aid the collab-
oration. All these do impact on the success of the collaborative modeling effort
and on the quality of the modeling process (especially its effectiveness and ef-
ficiency). Although the quality of each of these may be established separately,
the quality of the entire modeling process is an aggregation of the quality of all
these modeling artifacts.

While a number of approaches have been developed to measure and evaluate
the quality of a collaborative modeling process, e.g. its successfulness [8] and
users’ satisfaction [9], there has not been any study that integrates the assess-
ment of various modeling artifacts to determine the quality of a collaborative
modeling process. Driven by the need to determine the efficiency and effective-
ness of the modeling process, we propose an evaluation method that indeed
integrates the assessments as an alternative method for determining the quality
and successfulness of, and users’ satisfaction with, a modeling process. To this
effect, we develop and test a Collaborative Modeling Process Quality Assessment
(CMPQ) construct - a causal model for assessing the quality of the modeling
artifacts. We also present a validated instrument that can be used to measure
the constructs in the model.

2 Collaborative Modeling Artifacts and Their Quality
Constructs

Our approach is anchored on the Technology Acceptance Model (TAM) of Davis
[10] and tries to assess the modelers’ affective attitudes and perceptions of the
quality of the modeling language, the end-products (models), the ease-of-use
of a support tool and the usefulness of the modeling procedure. We therefore,
identify and define the quality constructs selected to measure these perceptions
for each of the modeling artifacts. It is not possible to include all the quality
dimensions available in the literature for the modeling artifacts in our discus-
sion. We, however, believe that those selected are a good representation of the
modeling artifact quality. Many of the quality dimensions, of these constructs
are discussed in [11]. The operationalization of the quality dimensions identified
in this section will be provided in Sect. d and the evaluation approach will be
along the lines of the Method Evaluation Model described by Moody et al. [12].

2.1 Modeling Language

Many conceptual models, which are abstract representation of real world do-
mains, are a collection of linked graphic symbols of an underlying modeling lan-
guage. To Evaluate the model for quality, one needs to first look at the adequacy
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(expressive power, completeness, correctness, etc.) of the modeling language. Ad-
ditionally, the evaluation of the adequacy of the modeling language should also
take the perspective of the participant. She should be able to understand the
concepts in the language, the concepts should be easy to learn and remember,
the language should have a set of signs and symbols for producing the model and
it should have well-defined rules for combining signs and symbols. We follow the
generic quality framework in [I3] to assess the quality of the modeling language.
In view of this, we define the modeling language quality construct as follows.

The Perceived Quality of the Modeling Language (PQML) is the user’s affective
attitude towards a modeling language in providing a syntactic or domain meta
language that provides concepts in which modelers define the problem, express
and communicate the solution.

Quality dimensions for the PQML construct are defined in Table [1l

Table 1. PQML Construct Quality Dimensions

Quality Dimension | Definition

Understandability Understandability refers to how adequate the model represents concepts you recognize in view of your or
someone else’s domain knowledge.

Clarity Clarity of the modeling language refers to how easily you learn and remember the concepts and notations of
the modeling language through the signs, symbols, textual expressions of the modeling language.

Syntax correctness The syntax is the common agreed communication language for agents in a collaborative modeling process
and establishes a set of signs which can be exchanged and rules (syntactical rules) governing how the signs
can be combined. The syntax is related to the formal relations of signs to one another.

Conceptual Conceptual minimalism refers to the existence of primitive (basic) signs and symbols for representing data
minimalism concepts of the domain as separate objects and assembling the objects to form composite abstractions.
Conceptual minimalism relates to the simplicity of the modeling 1

2.2 Modeling Procedure

Any performed task is driven by set goals [14]. A goal is a result that a stake-
holder strives to achieve and its awareness is accompanied by a set of perceived
goal attainments [I5]. This means that Stakeholders in any collaborative mod-
eling effort strive to achieve set goals. To achieve these goals, there must be a
well-defined procedure in which they formulate and define the problem and agree
on how the solution will be reached. To evaluate and measure the quality of the
modeling procedure, one needs to assess whether the group goal is achieved. The
most prominent measure for this is effectiveness. In [16], this is viewed as “...the
extent to which a result contributes to the establishment of a goal set for the
collaboration process” ( p.3).

Other quality constructs include e.g. the amount of time to reach the solu-
tion and to attain the goals and objectives, time to negotiate, etc. Stakeholders
should also be satisfied with the negotiation, the decision and decision making
process [I7], the communication process and the goals and objectives set and
how they are achieved through the modeling procedure. Stakeholders’ commit-
ment to supporting the goals and objectives, the collective decisions and their
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contribution to shared understanding is another measure of the success of a col-
laborative effort. In view of this discussion, we define the modeling procedure
quality construct and its quality dimensions as follows.

Perceived Usefulness of the Modeling Procedure (PUMP) is the user’s affective
attitude towards the usefulness of the procedure used to detail the processes of

how the problem is defined and how the solution is reached.

Quality dimensions for the PQML construct are defined in Table

Table 2. PUMP Construct Quality Dimensions

Quality Dimension | Definition

Efficiency Efficiency of the modeling procedure refers to the resources, e.g., time, required for reaching the solution and
attaining the modeling goals and objectives; the time needed to negotiate, reach agreement and consensus.

Effectiveness Modeling procedure effectiveness refers to how the modeling procedure enables the modelers in using
communication and negotiation to get the expected outcome and thus attain their set goals. It also includes the
facilitation and the way the modeling process is carried out and/or conducted, and the decision-making
process.

Satisfaction Satisfaction of the modeling procedure refers to the modelers' positive feeling about the achievement of the
intended result using the modeling procedure. Intended results may include intermediary or end-results.
Satisfaction can concern the way modelers communicated, negotiated, reached agreement and how they made
modeling decisions.

Commitment & Commitment and shared understanding refer to the modeler's stake and promise to support the goals and
Shared Understanding | objectives of the modeling process, the responsibility to abide by the modeling rules and group decisions and
his/her readiness to contribute to the group's shared understanding.

2.3 End Products

The end products are the results or outcomes of a collaborative modeling process.
Where the modeling language is used to generate the products, these products
are the models formed. Quality constructs for measuring and assessing the qual-
ity of the modeling process outcome include product quality which may include
the complexity, abstractness, clarity, correctness, completeness, consistency and
understandability of the products, see, for example, [I8]. In addition to product
quality, modelers should be satisfied with both the process that generates the
products and the outcome [19], they should be satisfied with the syntactic, se-
mantic, pragmatic, empirical and physical quality of both the modeling language
and the model. In case of models, they should be modifiable and maintainable,
i.e. they should be easily changed and re-used. We use the general framework
defined in [20] for the assessment of quality of models. The definition of the
end-products quality construct in the context of this paper is given next.

The Perceived Quality of the End Products (PQEP) (models) is the user’s affec-
tive attitude towards the outcome (including intermediary and final models) of a
modeling process.

Quality dimensions for the PQML construct are defined in Table
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Table 3. PQEP Construct Quality Dimensions

Quality Dimension | Definition

Product Quality Product quality refers to the accuracy of the model in depicting all the identified aspects, adequate
representation of the domain concepts in the products, abstractedness, clarity and correctness.

Understandability Understandability of the products refers to the degree to which the modelers comprehend the language
concepts represented in the products, e.g., its syntax, semantics, etc., the relationship between the different
concepts which are depicted by the products, and the ease with which the modelers can explain the
concepts in the products even to those who never participated in the modeling process.

Modifiability and Modifiability and maintainability of the products refer to ease of changing the products to accommodate
Maintainability new changes and the degree to which the products can be kept up-to-date, and how easily they can be re-
used in the re-engineering and re-structuring of the enterprise processes.

Satisfaction Product satisfaction of the modelers refers to a positive feeling about the product's quality. This could
include satisfaction with respect to the product's correctness, completeness, accuracy, consistency, clarity,
understandability and/or its complexity.

2.4 Support-Tool: The Medium

The support tool or the medium is the means that supports and facilitates the col-
laborative modeling process. This can range from a simple white-board to a group
support system (GSS) [21]. To evaluate such a support tool, a number of quality
constructs are used. These include the enjoyment and/or fun derived from the use
of the support tool [22]; functionality of the tool and its usability [23]. An excel-
lent survey concerning the use of technology and its impact on the performance
of groups is given in [24]. The support tool is also required to facilitate the col-
laboration and communication process, e.g. the negotiation process and decision
making process. We define the support-tool or medium construct for assessing a
collaborative modeling process as follows.

The ease of use of the medium (EOUM) (or the support tool (EOUST)) is the
user’s affective attitude towards a technology-based group support system (GSS)
that supports the collaborative modeling process.

Quality dimensions for the PQML construct are defined in Table 4l

Table 4. EOUM Construct Quality Dimensions

Quality Dimension | Definition

Functionality Tool functionality refers to the different functions that a tool has which support activities of the modeling
process. It also refers to how the support tool executes the modeling activities and how reliable it is in
executing those activities.

Usability Usability of a tool support refers to its effectiveness and efficiency to achieve specified goals in particular
environments. It is a set of attributes which bear on the effort needed for use and on the individual assessment
of such use by a stated or implied set of users. Where efficiency relates to the level of effectiveness achieved
to the expenditure of resources whereas effectiveness refers to the goals or sub-goals of using the support tool
to the accuracy and completeness with which these goals can be achieved.

Satisfaction & Satisfaction refers to perceived usability of the support tool by its users and the acceptability of the support
Enjoyment tool to the people who use it and to other people affected by its use. It also refers to the degree of fun and
enjoyment by the modelers in using the tool. Measures of satisfaction may relate to specific aspects of the
system or may be measures of satisfaction with the overall support system.

Collaboration & Collaboration and communication facilitation refers to the degree to which the support system helps modelers
Communication to collaboratively achieve the set goals and objectives. It also refers to the ability of the support system to aid
Facilitation the communication process and decision making process to reach agreement and consensus.




Assessing Collaborative Modeling Quality Based on Modeling Artifacts 81

3 Modeling Experiment Set-Up

This part of the paper discusses the following: description of the modeling
experiment and subjects and the modeling task.

e Modeling Experiment and Subjects. To assess the quality of the CMPQ
construct, we conducted a modeling session. The subjects were third-year under-
graduate (day and evening) students offering a Bachelor of Information Tech-
nology and Computing (BITC) degree course. The modeling experiment was
conducted after an introductory course in information and system modeling us-
ing UML. A simple UML editor, embedded within the Collaborative Modeling
Architecture (COMA) tool [25], was used. A total of 107 students participated
in the modeling experiment. They were divided into 6 groups with an average
of 17 participants and 3 or 4 participants per computer terminal. The modeling
experiments were conducted on two days, each day having three groups. Each
experiment lasted for not more than 70 minutes.

e Task Description. The modeling case that was given to the students con-
cerned procurement of medical drugs and equipment by the Pharmacy and Med-
ical Equipment Department of a University Teaching Hospital and distributing
these to the different wards and departments of the University Teaching Hos-
pital. The students’ task was to: 1) identify the different processes, associated
activities and objects; 2) develop the conceptual model using COMA’s UML
editor; and 3) assess the quality of the whole collaborative modeling process by
filling-out the given questionnaire immediately after the modeling session. Task
1 is associated with the modeling procedure whose quality is assessed via the
PUMP construct. Task 2 is concerned with the end-products (conceptual model),
the modeling language (UML) and the medium or support tool (COMA) whose
quality is measured, respectively, via the PQEP, PQML and EOUM constructs.
Task 3 is concerned with assessing the quality of the whole collaborative model-
ing process via the CMPQ construct by filling-out the given questionnaire. The
development, reliability and validity testing of this CMPQ Construct Measure-
ment Instrument is described next.

4 CMPQ Construct Measurement Instrument

Evaluating and measuring the quality of the collaborative modeling process
through the modeling artifacts presented in Sec. [2] requires a validated instru-
ment. We did a literature survey for previously validated instruments narrowing
the scope to only those assessing: 1) collaborative modeling quality, 2) users’
satisfaction and 3) success of a collaborative effort within collaborative modeling
and/or group model building. This survey revealed that validated instruments
presented in [TBIT6IT7I26/27] satisfy at least one of the selection criteria given
above and the first is the closest to this study. Unfortunately, being from the
area of Collaboration Engineering, it looks at collaboration patterns. Many of
the quality constructs presented in all these studies provide a background to
the quality dimensions discussed in this paper. Although the assessment done
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therein, tries to get users’ perception of quality, successfulness, etc, and satis-
faction with product, process, system, decision and the decision making process,
we propose an alternative way of performing the assessment.

Our assessment approach evaluates quality of the collaborative effort through
the quality of the modeling artifacts: the modeling language, the modeling pro-
cedure, the end-products and the support tool or medium. Specifically, we look
at the PQML, PUMP, PQEP and EOUM constructs to develop an integrated
approach and a construct for assessing the quality of the collaborative modeling
process. Although Straub [28] advises to use previously validated research in-
struments wherever possible, he warns that a major modification to a research
instrument will negatively affect its validity and reliability. None of the vali-
dated instruments above could satisfy our needs and alteration was not possible
since many of the questions on the instruments for similar constructs needed re-
phrasing to suit our needs. In light of the above observations, it was not possible
to adopt or alter any of the existing research instruments. It is for this reason
that we developed a new instrument.

4.1 Content Validation of the Instrument

We developed a new instrument to assess and measure Collaborative Model-
ing Process Quality(CMPQ) through four constructs: PQML, PUMP, PQEP
and EOUM. The initial measurement instrument had a total of 44 quality di-
mensions synthesized from the literature: 10 for PQML, 10 for PUMP, 15 for
PQEP and 9 for EOUM. These are shown in the second column of the table in
Appendix [Al

Content Validation. Content validity, which is established through literature
reviews and/or expert panels or judges, measures the degree to which the se-
lected items in the research instrument represent the content pool to which the
research instrument will be generalized [29]. A panel of three content experts is
considered adequate for content validation [30]. In light of this recommendation,
three experts were asked for their judgement about the adequacy and represen-
tation of the constructs and their quality dimensions for the CMP(Q construct.
A 5-point rating scale (with 1 = Highly Appropriate and 5 = Highly Inappropri-
ate) was used to rate the appropriateness of the quality dimensions. The mean
value of each of the dimensions ranged between 1.10 and 4.33. This means that
some of the quality dimensions were inappropriate.

The qualitative judgement of the experts indicated that the numbers above
were too many for any construct and many were found to overlap. It was rec-
ommended to refine, merge and group many of these quality constructs. The
original dimensions and their refined and merged groupings are shown in Ap-
pendix [Al The groupings form a set of sixteen quality dimensions for each of the
four modeling constructs defined in Sec. Pl The instrument with sixteen ques-
tions measuring the quality of the constructs, using a 7-point scale (with 1 =
strongly agree and 7 = strongly disagree), is given in Appendix [Bl
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4.2 Exploratory Factor Analysis

We carried out an Exploratory Factor Analysis (EFA) subjecting the 107 case in
the data set to Principal Component Analysis (PCA) [31]. The Promax rotation
method was used since the data exhibited strong correlations among the ex-
tracted factors. To identify the suitable number of factors underlying the CMPQ
construct we used the three recommended steps in [32]. We dropped all factors
with at most 0.4 values. This condition prevented cross-loading on more than
one factor at 0.4 and above. We also applied and repeated factor analysis using
3,4, 5 and 6 factor loadings. All factors were extracted at eigenvalue of 1. The
4-factor loadings was found to be the most suitable for the CMPQ construct
and explains 70.3% of the variance. The factor loadings of the 16 quality dimen-
sions of the four quality constructs measured through the research instrument
are given in Table

Table 5. Factor Analysis and Reliability Results

Factor Cronbach’s
Construct | Code | Quality Dimension 1 2 3 4 o
ML1 | Understandability .895
PQML ML2 | Clarity 798 .866
ML3 | Syntax Correctness .886
ML4 | Conceptual Minimalism 187
MP5 | Efficiency 718
PUMP MP6 | Effectiveness .883 .850
MP7 | Satisfaction .842
MP8 | Commitment & Shared Understanding .882
ER9 Product Quality .833
PQEP EP10 | Understandability .840 .834
EP11 | Modifiability & Maintainability 795
EP12 | Satisfaction 795
ST13 | Functionality 817
EOUM ST14 | Usability .944 .833
ST15 | Satisfaction & Enjoyment 702
ST16 | Collaboration Communication & .661
Facilitation
Eigenvalue 4.57 | 2.68 | 235 1.65
Cumulative Variance Explained (%) 28.6 | 45.3 | 60.0| 70.3

Extraction Method: Principal Component Analysis. Rotation Method: Promax with
Kaiser Normalization. Rotation converged in 5 iterations.
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Reliability Tests and Construct Validity. We note from the results pre-
sented that all factor loadings of the 16 items load on a single factor for each of
the PQML, PUMP, PQEP and EOUM constructs. This is preliminary evidence
of uni-dimensional reliability of the research instrument, in the Exploratory Fac-
tor Analysis (EFA) method using the Principal Component (PCA) technique,
where item measures reflect only one underlying trait or concept [33]. To further
check the scientific rigor of the research instrument, and to confirm our a-priori
assumptions about the reliability (internal consistency) of the research instru-
ment, we computed the Cronbach’s alpha values [34]. The computed values, as
is evident in Table Bl were all above the threshold value of 0.60 or 0.70 recom-
mended for the EFA method using the the PCA technique [35]. This is proof that
the quality dimensions of the PQML, PUMP, PQEP and EOUM constructs are
related to each other within the same construct and these variables are consistent
in measuring each of these constructs.

To check whether the research instrument is an effective measure of the CMPQ
theoretical construct, we had to check the instrument for Construct validity
which is established through either discriminant, convergent or factorial validity
[36]. The presence of eigenvalues of or above 1, loadings of at least 0.40 and
no cross-loadings above 0.40, is confirmation of discriminant, convergent and
factorial validity and hence confirms construct validity for EFA method using
the PCA technique [29]. As is evident from Table[] the eigenvalues are above 1.0
and all loadings are above the threshold value and there are no cross-loadings
for the 4-factor model used. Therefore the research instrument is an effective
measure of the CMPQ construct.

4.3 Confirmatory Factor Analysis

In the previous section a data-driven and theory development method, EFA
[37], was used to develop and identify the patterns of relationships between the
PQML, PUMP, PQEP, and EOUM constructs and their quality dimensions in
measuring the CMPQ construct. To further confirm the identified patterns of
relationships between the constructs measuring the CMPQ construct, and test
the theory of these relationships, we carried out a Confirmatory Factor Analysis
on the data set [38]. CFA being a special case of Structural Equation Modeling
(SEM) [39] requires special tools. We used AMOS 18.0 [40] on the data set used
in EFA by applying the maximum likelihood (ML) method. We developed two
models, a proposed conceptual and theoretical model (Modell) and a competing
model (Model2), that included the four identified constructs: PQML, PUMP,
PQEP and EOUM as first order factors in the first model and CMPQ as a
second-order factor in the second model onto which the four factors in model
1 load. These models are presented in Fig. [[l The second model was to act as
a competing model for the first model and is intended to corroborate the four
factors in the first model [41]. Results of the CFA analysis are shown in Table[dl

As can be seen CFA results confirm the construct validity and reliability of the
result instrument, since the values of GFI, NFI, AGFI are close to the threshold
values and Cronbach’s alpha for AMOS is above 0.70 [33I35].
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Fig. 1. CFA Models: Conceptual Model and Competing Model
Table 6. Factor Loadings and Model Fit Test Results
Construct | Code | Quality Dimension Factor Loading Model Fit Indices
Model 1 | Model 2 | Fit index: Threshold | Model 1 | Model 2
MLI1 | Understandability 0.76 0.77 |4 : SB 142.923 | 143.738
PQML ML2 | Clarity 0.75 0.75 |d.f 98 100
ML3 | Syntax Correctness 0.84 0.84 |p-value : p<0.05 0.002 0.003
ML4 | Conceptual Minimalism 0.80 0.80 |y¥df:1<y¥df<3 | 1458 1.437
RMR :<0.10 0.129 0.131
GFI 1 >0.90 0.863 0.861
MP5 | Efficiency 0.62 0.62
PUMP MP6 | Effectiveness 0.94 094 |AGFI :>0.80 0.810 0.813
MP7 | Satisfaction 0.71 0.71 | NFI 1 >0.90 0.837 0.815
MP8 | Commitment & Shared Understanding 0.78 0.78 | TLI :>0.90 0.931 0.912
CFI :>0.90 0.942 0.923
RMSEA : <0.08 0.066 0.064
EP9 Product Quality 0.78 0.76
PQEP EP10 | Understandability 0.77 0.81 |AIC : SB 218.923 | 215.738
EP11 | Modifiability & Maintainability 0.07 0.71 |CAIC : SB 358.490 | 347.960
EP12 | Satisfaction 0.74 0.71
Key
ST13 | Functionality 0.68 0.68 SB : Smaller is Better.
EOUM ST14 | Usability 0.67 0.67
ST15 | Satisfaction & Enjoyment 0.80 0.81
ST16 | Collaboration Communication & Facilitation 0.81 0.80
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5 Discussion

The first observation about the results of CFA is that the (standardized) factor
loadings of the the conceptual model (Model 1) and the competing model (Model
2) are close. In fact they are the same for the PQML and PUMP constructs while
slight differences are noticed for the PQEP and EOUM. This closeness of the
results indicates that the Model used in the EFA was a good conceptual model.
To determine the possibility of Model 2 being preferred to Model 1, we compare
the model fit indices of both models to determine which ones are near or better
than the threshold values (see [29/33136/41] for these threshold values).
Comparison of the fit indices indicates that the values are close. Model 1 has
better fit indices than model 2 for the following indices: chi-square value (x?),
degrees of freedom (d.f), probability value (p-value), chi-square to degree of
freedom ratio (x2/d.f), root-mean square residual (RMR), goodness-of-fit index
(GFI), Normed fit index (NFI), Tucker-Lewis index (TLI) and comparative fit
index (CFI). Model 2 has better fit indices than Model 1 for the following indices:
adjusted goodness-of-fit index (AGFI), root-mean square-error for approxima-
tion (RMSEA), Akaike information criterion (AIC) and consistent Akaike infor-
mation criterion(CAIC). The fit index values of both models for RMR, GFT and
NFT are below the threshold values. Since the AIC value of Model 2 is better
than Model 1, Model 2 is the most parsimonious model [39] and this means is
preferred to Model 1. However, looking at the number of fit indices above the
threshold values for Model 1 which is higher than model 2, it is equally plausible
to conclude that Model 1 is better. We believe reaching a convincing conclusion
requires further analysis using different sets of data for the EFA and CFA. We,
however, believe that Model 1 could be used if (inter-)dependencies between the
quality constructs PQML, PUMP, PQEP and EOUM are of interest. Model 2
could be used if particular explanatory relationships (latent regressions) [39] are
postulated among the quality constructs rather than analysing only the (inter-
)relationships among the quality constructs as is the case for model 1.

Theoretical and Practical Implications. One of the theoretical implications
of this research is that a conceptual domain for the CMP(Q construct has been
defined based on the modeling artifacts used in and produced during the mod-
eling process together with their quality dimensions. Rather than assessing the
quality of the modeling process by defining quality dimensions directly for the
CMPQ construct, these could be defined for the PQML, PUMP, PQEP and
EOUM and the quality assessed via these constructs. This approach has been
operationalized by applying the EFA and CFA methods which have, respectively,
produced and confirmed the existence of measurable quality indicators for the
four quality constructs. The practical implication of the study is that the devel-
oped research instrument offers a means of assessing and measuring the quality
of the CMPQ construct. This can be used by collaborative modelers and facili-
tators to assess their perceived quality, usefulness or ease of use of not only the
modeling process and the outcomes, but also the modeling language and the
support tool or medium.
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Limitations of the Study. The limitation of the study is that we used the same
data set for both EFA and CFA. To explicitly determine which of the models
presented is better, we need to have two separate data sets. Due to the problem
of getting the required minimum sample size this was not possible. Moreover,
splitting the one data set into two data sets: one for EFA and the other for
CFA was not possible since this would drastically reduce the sample size. Use
of students to evaluate the modeling process using the questionnaire could not
guarantee that the results were the best we had hoped for. Using professional
modelers could be the best but these are hard to come by!

6 Conclusion and Future Research

This paper set out to develop a quality construct for assessing the quality of col-
laborative modeling through four constructs: PQML, PUMP, PQEP and EOUM.
It has been shown through known statistical techniques: Exploratory Factor
Analysis (EFA) and Confirmatory Factor Analysis (CFA) that the approach is
sound and the research instrument passes the validity and reliability tests. The
contribution of this paper is thus two-fold. First, it develops a method of assessing
collaborative modeling quality based on modeling artifacts used in, and devel-
oped during the collaborative modeling effort. The approach developed assesses
users’ perceived quality, perceived usefulness and ease of use of the modeling ar-
tifacts. Second, a validated instrument for measuring the developed constructs
and assessing the quality of the CMPQ construct is presented. We hope this
research will stimulate further academic interest in the study of assessing the
quality of the collaborative modeling process via the modeling artifacts that are
used and produced during the modeling process. Our future research is to fur-
ther develop and test the theory about the (inter-)dependencies and explanatory
relationships between different constructs in relation to the CMPQ construct.
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A Original Quality Dimensions and Their Groupings

Construct |Original Quality Dimensions Quality Dimension Groups

PQML  (construct deficit, construct overload, construct redundancy, construct Understandability, Clarity, Syntax correctness,

excess; expressive power, directness, systematicity; syntax, semantic & Conceptual minimalism
pragmatic clarity; modeling primitive adequacy

PUMP Efficiency; effectiveness;

& collaboration adequacy, communication & negotiation adequacy; rule &
goal commitment, shared understanding

ase of application, in-out-description adequacy, |Efficiency, Effectiveness, Satisfaction,
process & relation description adequacy, method compatibility, interaction |Commitment & Shared Understanding

PQEP correctness, completeness, propriety, clarity, consistency, orthogonality, Product Quality, Understandability,
generality, syntax adherence adequacy, semantics adequacy, pragmatics Modifiability & Maintainability, Satisfaction
adequacy; user-comprehensibility; Modifiability, re-usability, flexibility;
user satisfaction

EOUM [tool functionality, performance & reliability; efficiency, effectiveness; Functionality, Usability, Satisfaction &
satisfaction; synchronicity, negotiation/argumentation adequacy, Enjoyment, Collaboration & Communication
commenting/proposition adequacy, planning/agenda setting adequacy Facilitation

B

Code

Research Instrument

Measurement Item

[1[2]3]4]s]s]7

Perceived Quality of Modeling L (PQML)

ML1

The modeling language was easy to understand.

ML2

The modeling language was easy to learn and remember.

ML3

There are expressions that are not allowed by the modeling language.

ML4

It was easy to represent all concepts using the available signs and symbols of the modeling language

Perceived Useful of Modeling Procedure (PUMP)

MP5

We took a lot of time to negotiate, reach agreement and consensus and at times failed to make important
decisions.

MP6

The modeling procedure enabled us to reach the solution and attain the modeling goal in less time.

MP7

I was satisfied with the way we communicated/negotiated, reached consensus and agreement and how we made
the modeling decisions to obtain the end results.

MP8

T was in full support of the goals and objectives, had a stake in achieving the goals and objectives of the of the
modeling session and contributed to shared understanding.

Perceived Quality of End-Product (PQEP)

EP9

The intermediary and end-products were accurate in depicting all the identified aspects of the domain and only
essential details were represented.

EP10

When I look at the final models I understand the rules and concepts represented and model is easy to understand
and explain to those that never participated in the modeling session.

EP11

It is easy to modify the model to accommodate new changes, to re-use and restructure the model.

EP12

I am satisfied with the quality of the intermediary and end-products.

Ease of Use of Medium (EOUM)

ST13

The modeling tool functionally supported and aided the modeling process and was reliable in executing the
modeling process .

ST14

The modeling tool was efficient and effective in helping me realize the goals of the modeling process

ST15

I was satisfied with the functionality offered by the modeling tool, it was fun to use the modeling tool and I
enjoyed using it.

ST16

The modeling tool helped the group to collaboratively develop the model, reach agreement /consensus and our
communication was very much facilitated by the modeling tool.

Scale: 1 = Strongly agree, 4 = Neutral, 7 = Strongly disagre.
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