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Abstract

This paper conducts an empirical analysis of a semiot-
ics-based quality framework for quality assuring informa-
tion models. 192 participants were trained in the concepts
of the quality framework, and used it to evaluate models
represented in an extended Entity Relationship (ER) lan-
guage. A randomised, double-blind design was used, in
which each participant independently reviewed multiple
models and each model was evaluated by multiple re-
viewers. A combination of quantitative and qualitative
analysis techniques were used to evaluate the results,
including reliability analysis, validity analysis, interac-
tion analysis, influence analysis, defect pattern analysis
and task accuracy analysis.. An analysis was also con-
ducted of the framework’s likelihood of adoption in prac-
tice. The study provides strong support for the validity of
the framework and suggests that it is likely to be adopted
in practice, but raises questions about its reliability and
the ability of participants to use it to accurately identify
defects. The research findings provide clear directions for
improvement of the framework. The research methodol-
ogy used provides a general approach to empirical vali-
dation of quality frameworks.
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1. INTRODUCTION

1.1 The Importance of Conceptual Model
Quality

The traditional thrust of software quality assurance has
been (o use “brute force” testing at the end of the devel-
opment process [56]. However empirical studies show
that more than half the errors which occur during systems
development are the result of inaccurate or incomplete
rcquirements [30, 34]. Requircments errors are also the
most common cause of failure in systems development
projects |54, 55].

This suggests that substantially more effort should be
spent to quality assure conceptual models, in order to
catch requirements defects as soon as they occur, or to
prevent them from occurring altogether [64]. Empirical
studies have shown that moving quality assurance effort
up to the early phases of development can be 33 times
more cost effective than testing done at the end of devel-
opment [58]. However, it is during requirements analysis
that the notion of software development as a craft rather
than an engineering discipline is strongest, and quality is
therefore most difficult to assess. There are few guide-
lines for evaluating the quality of conceptual models, and
little agreement even among experts as to what makes a
“good” model. As a result, the quality of conceptual mod-
els in practice is almost entirely dependent on the compe-
tence of the analyst [28, 35].
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1.2 Previous Research on Conceptual Model
Quality

There have been a number of frameworks proposed in
the literature for evaluating the quality of conceptual
models [e.g. 3, 27, 28, 32, 33, 37, 57, 62]. The most seri-
ous deficicncy in the existing literature is the lack of em-
pirical justification: most frameworks are either justified
bascd on theory or the author(s)’ experience. Theoretical
justification is limited because methods have no “truth”
value—the validity of a method is an empirical rather
than a theoretical question [24, 48]. Also, software engi-
neering is replete with examples of methods which are
theoretically sound but do not work in practice, and vice
versa. Experiential justification is limited because per-
sonal experience is subject to bias. Also, a method which
works well when used by one person may not work for
another [63].

1.3 Objectives of this Paper

This paper conducts an empirical analysis of the qual-
ity framework proposed by Lindland et al [33] for evalu-
ating information models. The broad research questions
addressed are:
¢ Docs the framework provide a reliable and valid basis

for evaluating the quality of information models? Re-

liability and validity are important characteristics of

any quality evaluation method [16, 17].
¢ Is the framework likely to be adopted in practice? This

is an issue that is rarely addressed in IS design re-

search, despite the fact that this is critical for research
to have an impact on practice.

This is the first quantitative study of the use of a qual-
ity framework to quality assure information models.

2. CONCEPTUAL MODEL QUALITY
FRAMEWORK

In this section, we define the conceptual model quality
framework developed by Lindland et al [33]. This repre-
sents the a priori theory being tested by this research.

2.1 Overview of the Framework

The conceptual model quality framework tested in this
rescarch study is based on semiotic theory (the theory of
signs), and has been developed for evaluating conceptual
models of any type (c.g. data models, process models,
interaction models). The quality of a conceptual mode! is
defined with respect to four components or sets:
® The model (M) is the set of statements that has been

represented.
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¢ The language (L) is the set of all statements that are
possible to make according to the grammar of the lan-
guage.

* The domain (D) is the set of statements that would be
correct and relevant to make about the problem do-
main, often called the Universe of Discourse (UoD),
the part of the world to be modelled.

¢ The interpretation (1) is what the audience of relevant
stakeholders think is expressed in the model.

2.2 Quality Categories

The framework defines three quality categories and
separates between quality goals and means to reach the
goals. The quality categories are based on the three levels
of semiotic theory [41], and are defined by equations on
the sets described above:

e Syntactic quality is a relationship between the model
and the language. The goal is syntactic correctness,
which can be described as M\ L = &, i.e., there are no
statements included in the model that are not part of
the language.

e Semantic quality is a relationship between the model
and the domain. Here two goals can be identified:

o Validity: M\ D = O, i.e., there are no statements
in the model that are not correct and relevant
about the domain

o Completeness: D\ M = J, i.e., there are no state-
ments that are correct and relevant about the do-
main, but are not included in the model

¢ Pragmatic quality is the relationship between the
model and the audience’s interpretation. For each
stakeholder, the goal is comprehension, which can be
definedas M\, =& & I, \M =, i.e., there are no
statements in the model which are not in the stake-
holder’s interpretation of the model, and vice versa.

Interpretation

Domain
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L
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Figure |. Conceptual Model Quality Framework

II'FI'

COMPUTER
SOCIETY



3. RESEARCHMETHODOLOGY

3.1 Validation of IS Design Methods

The question of how to validate IS design methods has
been a longstanding issue in the IS field [e.g. 18, 24, 44,
45, 46, 60, 63]. There are inherent problems evaluating
any design method since there is typically no theory, no
hypotheses, no experimental design and no data analysis
to which traditional evaluation criteria can be applied
[60]. As a result, IS design research tends to emphasise
the development of new design methods while addressing
the evaluation of methods in only a limited fashion [8, 13,
18, 36, 61, 63]. The Method Evaluation Model [39] is a
theoretical model for evaluating IS design methods, which
incorporates two aspects of method “success”: actual effi-
cacy and adoption in practice. It combines Methodologi-
cal Pragmatism, a theory for validating methodological
knowledge [48], and the Technology Acceptance Model
(TAM), a theoretical model for explaining and predicting
user acceptance of information technology [15]. The con-
structs of the model and the relationships between them
arc summarised in Figure 2. This model has been vali-
dated using both laboratory and field experiments [39].

The definitions of the constructs are:

e Actual Efficiency: the extent to which the method
reduces the effort required to perform the task;

e Actual Effectiveness: the extent to which the
method improves the quality of the result;

e  Perceived Ease of Use: the extent to which a per-
son belicves that using the method would be free
of effort;

e Perceived Usefulness: the extent to which a person
belicves that the method would be useful;

¢ Intention to Use: the extent to which a person in-
tends to use the method;

e Actual Usage: the extent to which the method is
actually used.

PERFORMANCE PERCEPTIONS

//\
/
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/
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Figure 2. Method Evaluation Model
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Actual Efficiency and Actual Effectiveness measure
whether the method actually improves task performance,
while Perceived Ease of Use and Perceived Usefulness
represent perceptions of the method’s efficiency and ef-
fectiveness.

3.2 Research Design

The research design is summarized in Figure 3. This
shows the experimental treatment, cxperimental tasks,
materials and dependent variables. A randomised, dou-
ble-blind design was used, in which each participant re-
viewed multiple models and each model was evaluated by
multiple reviewers.

Participants

[ -, -}
192 third year /m
1S students L
Participants taught
the modelling Experimental
language and the Treatment Material
quality framework

| 20 different case
! random Case #1 descriptions
1. Modelling Task . fose2ssignment
N Experimental
2. Evaluation Task i
Tasks information models

3. Post-task Survey quality reviews

Web-based

survey responses:
Evaluation System

Performance
Based Variables

£ = Overalt Guuity.
Perception [ D5 = Perreived Base ofUse
Da =P

Based Variables : Useful
87

Figure 3. Research Design

3.3 Participants

There were 192 participants in this study, all 3rd year
Information Systems students at the Norwegian Univer-
sity of Science and Technology. Computer Science or
Information Systems students have been used in most
previous experimental studies of conceptual modelling
[e.g. 4, 5,6, 21, 31,42, 51, 52, 59].

3.4 Experimental Treatment

To prepare the participants for the evaluation task, they
were given the original paper defining the framework
[33], two 45 minute lectures explaining the framework
and a 45 minute lecture explaining the evaluation exercise
itself.
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3.5 Experimental Tasks

Modelling Task. A total of twenty different case descrip-
tions were prepared for use in the experiment. This was
done to minimise the chance of collaboration between
participants. Each participant had two weeks to develop
an information model to meet the requirements of the case
they were assigned, and submit it using a web-based sys-
tem. The modelling language used was an extended Entity
Relationship (ER) notation, called the Referent Modelling
Language [7, 20, 53].

Evaluation Task. Following completion of the informa-
tion modelling task, three reviewers were assigned to
cvaluate cach model. Models were randomly assigned to
reviewers, and reviews were double blind (reviewers did
not know whose models they were evaluating, and model-
lers did not know who their reviewers were). Each par-
ticipant was assigned cases which were different to each
other and to the one they had modelled themselves. Par-
ticipants had one week to complete the evaluation task,
and record the results of their reviews using the web-
based evaluation system.

Post Task Survey. Finally, participants were required to
answer a post task survey, which measured their percep-
tions of the framework, also using the web-based system.
The survey consisted of 16 closed questions and 3 open
questions. The closed questions consisted of 6 items used
to measure Perceived Ease of Use, 8 items to measure
Perceived Usefulness and 3 items to measure Intention to
Use. Each item was measured on a 5-point Likert scale,
using the opposing-statements format. The order of the
items was randomised to avoid monotonous responses
[23].

3.6 Dependent Variables

We distinguish between two types of dependent vari-
ables: '
¢ Performance based mecasures; How well did subjects

perform the evaluation task?

e Perception based measures: How effective did sub-
jects percetve the framework to be?

These types of measures represent the difference be-
tween actual efficacy and perceived efficacy as defined in
the Method Evaluation Model.

Performance Based Variables. Four dependent variables
werc used to evaluate performance on the evaluation task:
Syntactic Quality, Semantic Quality, Pragmatic Quality,
and Overall Quality. A total of 550 ratings of each type
(syntactic, semantic, pragmatic, overall) were collected as
part of the study (an average of three per model). These
were used to assess the reliability and validity of the
evaluation framework (actual efficacy). All four quality
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ratings were given on a 7 point Likert scale, from 1 (poor)

to 7 (excellent). As well as rating the models, reviewers

were required to identify all defects in the models, classi-
fied by quality category.

Perception Based Variables. We define three percep-

tion-based dependent variables for evaluating the frame-

work. These are all constructs defined in the Mcthod

Evaluation Model.

s Perceived Ease of Use: this was measured using five
items on the post-task survey (Questions 1, 10, 11, 14
and 16).

o Perccived Usefulness: this was measured using eight
items on the post-task survey (Questions 2, 5, 6, 7, 9,
12, 13 and 15).

¢ Intention to Use: this was measured using three items
on the post-task survey (Questions 3, 4 and 8).

Items used to measure these constructs were based on
the items defined for the corresponding constructs in the
Technology Acceptance Model, which have been shown
to have high levels of reliability and validity [9, 14, 23].

3.7 Theoretical Model

The relationship between all dependent variables and
their empirical indicators are shown in Figure 4. In the
diagram, circles indicate latent variables, rectangles indi-
cate observed variables (empirical indicators), dotted lines
indicate measurement relationships, while solid lines in-
dicate causal relationships. The empirical indicators as-
sociated with the performance based variables represent
the different reviewer ratings, while those for the percep-
tion based vanables are the items on the post task survey.

Perceived
Usefulness

Figure 4. Theoretical Model

4. RESULTS AND DISCUSSION

4.1 Summary of Analyses

The results were evaluated by a combination of quanti-
tative and qualitative analysis techniques. Each of these
analyses addresses a sub-question of one of the research
questions defined at the beginning of this paper:
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1. Recliability analysis: How consistently were review-
ers able to apply the framework?

2. Validity analysis: Are the quality categories neces-
sary, sufficient and independent determinants of in-
formation model quality?

3. Influence analysis (weight estimation): What was
the relative influence of each quality category on de-
cisions about the overall quality of a model?

4. Interaction analysis: What are the relationships be-
tween the quality categories?

5. Defect pattern analysis: What was the frequency of
errors in each quality category?

6. Task accuracy: How accurately were participants
able to identify quality defects using the quality
framework?

7. Perceived ease of use: How easy did participants
find the framework to use?

8. Perceived uscfulness: How useful did participants
find the framework?

9. Intention to use: Were the participants likely to use
the framework in the future?

Analyses 1-6 evaluate the framework’s actual efficacy
in performing the task. Analyses 7-9 evaluate the frame-
work’s perceived efficacy. Analyses 1-4 are quantitative
analyses, analyses 5-6 are qualitative analyses, while
analyses 7-9 involve a combination of the two (both
closed and open questions were included in the post-task
survey). Mixing qualitative and quantitative research
methods can lead to a more comprehensive understanding
of a phenomenon [25].

4.2 Reliability Analysis

Reliability was evaluated by measuring the inter-rater
reliability between different reviewers of the same model.
The results are summarised in Table 1. While there is no
definitive standard for reliability, alphas of 0.7 or above
are generally considered to be acceptable in the literature
[43].

Table 1. Reliability Levels for Each Quality Category

Syntactic Quality 6508
Semantic Quality 6617
Pragmatic Quality 7043
Overall Quaiity 7293

The observed levels of reliability for two of the quality
categories (syntactic and semantic) are clearly lower than
acceptable, which suggests that the definition of these
categories needs to be refined. This was confirmed by the
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qualitative analysis, which showed that participants con-
fused the two categories. The most encouraging result of
this analysis is that overall quality assessments were at an
acceptable level of reliability. The likely explanation for
this is that consideration of quality within each category
led to an overall increase in reliability, even if there was
some ambiguity in the classification of defects.

4.3 Validity Analysis

To assess the validity of the quality framework, we
need to address the following questions [ 1, 40]:

o Completeness (sufficient). Do the set of quality cate-
gories include all aspects of quality of information
models? Are there any aspects that have been left
out?

® Parsimony (necessary). Are all the quality categories
necessary for evaluating information models?  Are
they all relevant determinants of information model
quality?

® Independence (orthogonal). Are the quality categories
independent of each other? Do they overlap?

A regression analysis was carried out using the quality
categories (syntactic, semantic, pragmatic) as independent
variables and Overall Quality as the dependent variable
(Figure 5). The results of the regression analysis were:
Adjusted r* = 0.877
¢ Significance (p) = 0.000
e Pearson correlation coefficient (r) = 937

Syntactic
Quality

Overall
Quality

Semantic

Quality

Figure 5. Regression Model for Validity Analysis

Completeness of Quality Categories. The r’ statistic
measures the proportion of the variance of the dependent
variable explained by the independent variables. In this
case, the quality categories account for almost 90% of the
variance in Overall Quality. Ratings of overall quality arc
almost entirely explained by variations in ratings for the
individual quality categories. This provides strong evi-
dence that the model is fully specified (i.e. that there are
no missing independent variables) and therefore that the
set of quality categories is complete.
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Parsimony of Quality Categories. Table 2 shows the
the size and significance of the separate effects of each
independent variable on the dependent variable. All in-
dependent variables (quality categories) were found to
have highly significant effects (o < .01) on the dependent
variable (Overall Quality). Effect size (ES) has been sug-
gested by a number of researchers as an index of practical
meaningfulness [10, 22, 49, 50]. In multiple regression,
the standardised regression coefficient (B) is most com-
monly used as a measure of effect size [47]. As shown in
Table 2, Syntactic Quality has a “small” effect (B > .1)
while Semantic and Pragmatic Quality have “medium”
effects (B > .3), following Cohen’s guidelines for effect
size [10]. This means that all relationships are practically
meaningful as well as statistically significant, which pro-
vides strong evidence that all quality categories are rele-
vant determinants of the quality of an information model.
Table 2. Multiple Regression Results

CATEGORY | » SIZE

Syntactic 000 .285 478
Semantic 000 415 455
Pragmatic 000 .361 475

Independence of Quality Categories. Collinearity analy-
sis was also conducted to evaluate the independence of
the quality categories. As shown in Table 2, Tolerance
values are well above .2 for all quality categories, which
means there is no evidence of multicollinearity between
the quality categorics. This suggests that they are all in-
dependent determinants of Overall Quality.

4.4 Influence Analysis

Regression analysis was used to evaluate the separate
effects of each quality category on judgements of overall
quality. The regression equation which resulted was:

Equation 1. Overall Quality = .275 Syntactic Quality +
.395 Semantic Quality + .323 Pragmatic Quality + .021

The coefficients for each variable in the regression
cquation measurc the cffect of cach quality category on
judgements about the Overall Quality of a model. For
example, an increase of one unit in Syntactic Quality is
associated with an increase of .275 in Overall Quality.
However the relative size of the standardised regression
coefficients () for the variables indicates their relative
influence in determining overall quality. This shows that
Syntactic Quality contributes 27% to the total variance
explained, Semantic Quality 39% and Pragmatic Quality
34%. As expected, Semantic Quality had the greatest
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effect on decisions about overall quality of a
model—these represent mismatches between the model
and user requirements, so arc the most costly and visible
type of errors.

4.5 Interaction Analysis

Bi-variate correlation analysis was conducted to test
for interactions between the different quality categories.
Strong positive correlations were found between all qual-
ity categories:
¢ Syntactic and Semantic Quality (r = .669, p = .000)
¢ Syntactic and Pragmatic Quality (r = .652, p = .000)

e Semantic and Pragmatic Quality (r = .672, p = .000)

Correlations are non-directional, but our theoretical
explanation for the observed correlations is that they rep-
resent causal relationships (shown in Figure 6). Improving
syntactic quality is expected to improve semantic quality,
as a model that is not syntactically correct will have am-
biguous semantics. Improving syntactic quality is ex-
pected to improve pragmatic quality because a model that
is not syntactically correct will be difficult to interpret.
Improving pragmatic quality is expected to improve se-
mantic quality, as a model that is difficult to interpret will
be difficult to match against the real world.

Pragmatic
Quality

Figure 6. Interactions Between Quality Categories

Three alternative multiple regression models were de-
vcloped to test this cxplanation (these represent all possi-
ble causal combinations of the variables):
¢ Model 1: Syntactic Quality + Semantic Quality —

Pragmatic Quality
® Model 2: Syntactic Quality + Pragmatic Quality —

Semantic Quality
¢ Model 3: Semantic Quality + Pragmatic Quality —

Syntactic Quality

The results of the analysis are summarised in Table 3.
While all regression models were statistically significant,
Model 2 (our a priori theory) provides the best fit (as evi-
denced by the higher variance explained).
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Table 3. Alternative Regression Models

4.6 Defect Pattern Analysis

Rather than evaluate all 192 models and 550 reviews, a
random sample of 32 models and 96 reviews were se-
lected. The most frequent defects were (defined in terms
of average number of defects per model):
¢ Cardinality crrors on relationships (4.5).

Missing attributes (3.6).

Missing names for relationships(2.6).

Missing entity types (1.3).

Erroneous use of aggregation, membership and
generalisation connectors (1.0).

Missing relationships (0.5).

System components as entity types (0.4), e.g., "Sys-
tem" or "Databasc”.

s Activitics modelled as entity types (0.4).

Entities without attributes and relationship types with-
out names fall into the category of syntactic errors (given
that the notation requires that all entities should have at-
tributes, and all relationships should be named). Other-
wise, most of the others fall into the semantic category,
and arc mostly incompleteness defects (something men-
tioned in the case description but not covered by the
model).

The high level of errors in cardinality of relationships
indicates a systematic problem in the information model-
ling notation and/or the teaching of it. Relationship car-
dinalities arc a basic element of information modelling
syntax and onc would not expect such high error rates for
such a basic syntactic error. Further analysis showed that
participants found the conventions used for cardinalities
confusing, as they were the reverse of notations they had
learnt in previous courses. This explains the high level of
errors and also the high level of underreporting of errors.
This illustrates how the quality framework can provide
useful diagnostic information about the effectiveness of
modclling notations and teaching methods used.

4.7 Task Accuracy

Task accuracy was measured by inspecting the sample
reviews and comparing them to expert reviews:
¢ Ratio of Type 1 errors (false negatives): where defects
exist in the model but are not identified by reviewers.
On average, 75% of the defects went unreported.
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s Ratio of Type II errors (false positives): when defects
are identified which are not defects at all. Of the de-
fects identified by the participants, 92% were genuine
defects, so 8% were Type II errors.

® Ratio of Type IIT errors (classification errors): where
defects are correctly identified but classified in the
wrong category. About 20% of the errors were
wrongly categorised. Most of these were confusion
between syntactic and semantic quality, which ex-
plains the lower reliability for these quality categories.
This analysis shows that participants were not able to

apply the framework accurately to identify defects, with

very high levels of underreporting. While this could be
partly attributcd to their lack of experience in information
modelling, it also suggests a possible deficiency in the
framework. A clear weakness of the framework is that
quality categories are defined at such an abstract level.

Decomposing the framework to a lower level of detail

would help to improve identification of defects and would

also improve the reliability of evaluations.

4.8 Likelihood of Adoption in Practice

Measurement Validity. To evaluate the results for Per-
ceived Ease of Use, Perceived Usefulness and Intention to
Use, it is necessary first to evaluate the validity and rcli-
ability of the survey items used to measure them.

Factor analysis was conducted on the items used in the
post-task survey using the principal components extrac-
tion method and varimax rotation. The initial factor
analysis resulted in four factors being extracted using the
Kaiser criterion. Q5 (Perceived Ease of Use) and Q14
(Perceived Usefulness) formed a fourth factor, and were
therefore eliminated from the analysis. Factor weights
derived from the analysis were then used to estimate the
value of the underlying theoretical constructs.

Reliability analysis was conducted on the items used to
measure Perceived Ease of Use, Perceived Usefulness and
Intention to Use (excluding Q5 and Q14). As shown in
Table 4, high levels of reliability were found for all con-
structs, with Cronbach’s alpha > .7 in all cases, which is
considered acceptable [43].

Table 4. item Reliabilities for each Construct

_CONSTRUCT | CRONBACH'Sa
Perceived Ease of Use 7055
Perceived Usefulness 8661
Intention to Use 9036

Significance Testing. Onc-sample t-tests were conducted
for each construct to see if they were significantly differ-
ent to 3 (the “zero point” of the Likert scalc use). Table 5
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summarises the results of the significance testing. Over-
all, participants found the framework ¢asy to use, uscful,
and intended to use it in the future (o0 < .01).

Table 5. Significance of Responses

The significance levels and effect sizes for each inde-
pendent variable in Equation 3 are shown in Table 6 be-
low.

Table 6. Multiple Regression Results

VARIABLE SIGNIFICANCE (p) | EFFECT SIZE (b)
Perceived Ease of Use (897) .035
Perceived Usefulness 035 .582

4.04 665 000 YES

flnteﬁi:ion to

4.9 Analysis of Causal Relationships

In the Method Evaluation Model (Figure 2), a number
of causal relationships are hypothesised:
¢ Perceived Ease of Use — Perceived Usefulness
¢ Perceived Ease of Use + Perceived Usefulness —
Intention to Use
These relationships were evaluated using regression
analysis.
Perceived Ease of Use fi Perceived Usefulness. The
results for this regression analysis were:

o P=.647
s =000
e r=8M

The Pearson correlation coefficient (r) is greater than
.5, which corresponds to a “large” effect (r is used as a
measure of effect size in simple regression) [11]. This
means that the relationship between Perceived Ease of
Use and Perceived Usefulness is both statistically signifi-
cant (o < .01) and practically meaningful. The resulting
regression equation was:

Equation 2. Perceived Usefulness =.937 Perceived Ease
of Use + 7182

Perceived Ease of Use + Perceived Usefulness fi Inten-
tion to Use. The results for this regression analysis were:
e Adjusted r* = 322
e a=003
e r=.610

The Pearson correlation coefficient is greater than .5,
which corresponds to a “large” effect [11]. This means
that the relationship between the variables is both statisti-
catly significant (o < .01) and practically meaningful.
The resulting regression cquation was:

Equation 3. Intention to Use =.035 Perceived Ease of
Use + .682 Perceived Usefulness +1.333

The relationship between Perceived Usefulness and In-
tention to Use was found to be significant (o < .05) with a
large effect size (§ > .5), while the relationship between
Perceived Ease of Use and Intention to Use was neither
statistically significant (o < .05) nor practically meaning-
ful (B < .1). This is consistent with many of the studies of
the Technology Acceptance Model (on which the Method
Evaluation Model is based), which have found that the
relationship between Perceived Ease of Use and Intention
to Use is not significant after controlling for the effects of
Perceived Usefulness [9, 15].

5. CONCLUSION

5.1 Summary of Findings

This paper has conducted an empirical analysis of the
conceptual model quality framework proposed by Lind-
land et at [33]. The validation approach combines both
quantitative and qualitative research approaches, provid-
ing triangulation of method. While the quantitative analy-
ses suggested that participants were able to successfully
apply the framework (based on rehability and validity
analysis), the detailed qualitative analysis showed that
their evaluations included high levels of underrcporting
and misclassification of defects. This suggests that use of
quantitative analysis techniques on their own can lead to
deceptive results.

Overall, the quality framework was found to be valid,
with the quality categories found to be necessary, suffi-
cient and independent. It was perceived to be both easy to
use and useful in evaluating information models and par-
ticipants intended to use it in the future. The research
findings provide clear dircction for future research, which
will focus on refining the framework to address the limi-
tations identified, particularly in terms of accurate identi-
fication of defects, as highlighted in the qualitative analy-
sis. Finally, the paper conducts a further empirical test of
the Method Evaluation Model, which showed the meas-
urement instrument had a high level of reliability and va-
lidity and validated two of the three causal relationships
in the model.
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The results for each of the research questions defined
at the beginning of the paper are summarised in Table 7:

Table 7. Summary of Findings

Partially - two quality
categories had reliability
levels lower than acceptable
but overall quality was
acceptable

I.I s the framework reliable?

Yes — the quality categories
were found to be necessary,
sufficient and independent

[.2 s the framework valid?

1.3 Whatis the relative
influence of each quality
category on decisions
about overall quality?

Syntactic Quality 27%
Semantic Quality 39%
Pragmatic Quality 34%

Syntactic — Semantic
Syntactic — Pragmatic
Pragmatic — Semantic

|4 Whatare the
interactions between the
quality categories?

75% Type | errors
8% Type Il errors
20% Type I} errors

1.6 How accurately were
participants able to
identify defects?

2. Adoptien In Practice (Perceived Efficacy)
2.1 Did participants find the

framework easy to use? Yes
2.2 Did participants find the Yes
framework useful?
2.3 Are participants likely to
use the framework in Yes

practice?

5.2 Theoretical Contributions

The major theoretical contribution of this paper is that
it conducts the first quantitative analysis of a conceptual
model quality framework. The lack of empirical valida-
tion is a major weakness in the conceptual model quality
literature, and this paper demonstrates a systematic ap-
proach to testing and improving such frameworks. It
could also be used to compare the effectiveness of differ-
ent frameworks, using a multiple group design. The vali-
dation approach addresses issues of reliability and valid-
ity, which are important rcquircments of any quality
evaluation process, as well as the issue of adoption in
practice, which has been largely ignored in IS design re-
search. The results of the analyses provide clear direction
for future research, as well as identifying problems in the
information modelling technique and teaching methods
used. More generally, the validation approach described

in this paper could be applied to validate and improve any
quality framework. There is nothing about the approach
that is specific to conceptual modelling. It could just as
casily be used 1o evaluate a framework for software qual-
ity, a framework for user interface design quality or a
framework for website design quality.

5.3 Limitations and Further Research

The major limitation of this study, and it is a signifi-
cant one, is the nature of sample population used. In gen-
eral, the population from which one selects subjects for a
research study should be representative of the population
to which the researcher wishes to generalisc results [12].
Computer Science or Information Systems students have
been used in most previous experimental studies of con-
ceptual modelling [e.g. 4, 5, 6, 21, 31, 42, 51, 52, 59].
However external validity is a significant problem in most
laboratory experiments involving undergraduate students,
and has been identified as a major issuc in IS research in
terms of its relevance to practice [19, 26, 38]. It is also
onc of the major limitations of experimental research in
the social sciences generally [2].

The question thercfore remains: would similar results
have been found if practitioners (which is the population
to which we wish to generalise) had been used instead?
The argument could be made that undergraduate students
have little or no practical experience in information mod-
elling, and therefore do not have the knowledge or exper-
tise 10 properly evaluate the quality of information mod-
els. Lacking such experience, students may have been
tempted to score overall quality simply as an average of
their scores for syntactic, semantic, and pragmatic quality.
Such averaging would inflate the validity of the quality
framework. Similarly, both validity and reliability might
be inflated by defensive reviewing (i.e. assigning scores
of 3-5 rather than 1-2 or 6-7). These are valid criticisms
and difficult to argue against convincing.

For this reason, we do not see this study as the end of
the validation process but only the beginning. This study
has provided useful empirical data about the framework
and pilot-tested the validation approach, but the results
must be interpreted with caution. The gencralisability of
the results to practice is questionable because of the na-
ture of the participants used. For this reason, a similar
study is planned using experienced practitioners, possibly
with a refined version of the quality framework. Some
refinement of the framework has already taken place [29],
but the results of this study suggest the nced for other
refinements.
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