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ABSTRACT

Spreadsheets are frequently used to conduct analyses using organizational data. Spreadsheets, however, frequently contain
errors and these affect the quality of the analyses performed by the users who develop their own spreadshects. This paper
describes the development of a diagnostic test for spreadsheet knowledge. The test is designed to be used by individuals,
teachers, trainers, and organizations to identify the spreadsheet development training needed by spreadsheet user developers
and to examine the success of spreadsheet training programs. Reliability and validity of the test are reported.
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1. INTRODUCTION

Many important organizational information systems are
developed by their users. Employers acknowledge
spreadsheet skills to be among the most beneficial
information technology skills a new employee can have
(Davis, 1997; Ives, Valacich, Watson, Zmud et al., 2002).
Often, quite critical organizational data, and analyses based
on these data, are entrusted to individuals who produce
spreadsheets to conduct their analyses (Govindarajulu,
2003). Spreadsheets, however, frequently contain errors,
and these errors affect the quality of the analyses
performed by the users who design and build their own
spreadsheets (the ‘user developers’) (Panko and Halverson,
2001).

Educators suggest that spreadsheet quality would be
improved by teaching students principles of system design
and maintenance as well as how to use the various features
of spreadsheets (Teo and Tan, 1999). Improving the
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quality of university education for spreadsheet user
developers should improve the quality of spreadsheets
developed by new entrants to the workplace. In addition,
appropriate training courses need to be developed for
spreadsheet user developers who are already in the
workplace (Govindarajulu, 2003; Kreie, Cronan, Pendley
and Renwick, 2000).

User developers in the workplace need, however, to be
motivated to attend spreadsheet training courses. We
cannot assume that user developers are aware either that
their spreadshects contain crrors or that the quality of their
spreadsheets can be improved (McGill, 2002). Noting that
accurate self-knowledge of spreadsheet expertisc is rare
and difficult to obtain, Hall (1996) called for development
of a ‘spreadsheet metric’. More recently, Torkzadeh and
Lee (2003) reiterated the need for measures of end user
computing skills. This paper takes up the challenge and
introduces a diagnostic test for spreadsheet knowledge.
The test is designed to be used by individuals, teachers,
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trainers, and organizations to identify the spreadsheet
development training needed by spreadsheet user
developers. Our goals, in developing this test, were to:
measure a range of knowledge that contributes to
effective development of accurate spreadsheets,
develop a test that would validly test the knowledge
of user developers, from novices to experienced
spreadsheet users and developers, and

ensure that the test provided reliable results, from a
statistical point of view.

1.1 The Nature of Spreadsheet Development
Knowledge

Very little research has looked explicitly at defining and
measuring spreadsheet development knowledge or skill.
The most common approach has been simply to use
spreadshceet training or experience as a surrogate for
spreadsheet knowledge (Chan and Storey, 1996; Harrison
and Rainer, 1992; Janvrin and Morrison, 2000; Panko and
Sprague, 1999; Rivard and Huff, 1988). Irnplicit in this
approach is the assumption that experience and training
lead to greater levels of end user knowledge and skill. But
some rescarch into end user development calls this
assumption into question. For example, Chan and Storey
(1996) found no relationship between computer training
and spreadsheet proficiency and McGill (2002) found no
relationship  between  spreadsheet  experience and
spreadsheet quality. An instrument that explicitly measures
spreadsheet knowledge is required.

User competence has been defined as “the user's potential
to apply technology to its fullest possible extent so as to
maximize performance of specific job tasks” (Marcolin,
Compeau, Munro and Huff, 2000 p. 38). This definition
certainly applies to the use of spreadsheet software to
develop systems that support a user’s work. Two related
forms of knowledge appear to be required in order to be a
competent user developer: knowledge associated with
effective usc of the development tool itself (Bowman,
1988; Cheney and Nelson, 1988), and knowledge
associated with the development of information systems in
general (Bowman, 1988; Janvrin and Morrison, 2000).
Thus, competent end user developers require knowledge of
the general characteristics of the type of tool being used
(e.g. sprcadsheet or database management system) and
knowledge of the specific features of the package chosen
(e.g. Microsoft Excel or Microsoft Access). They also
require system development knowledge which includes the
ability to model real world problems as well as knowledge
of appropriate systems analysis and design techniques.
Together these related forms of knowledge are believed to
enable an end user developer to produce easy to use,
reliable and maintainable applications (Bowman, 1988).
We can thercfore identify two categories of knowledge
required for competent end user development of
spreadshects:
a) Knowledge of the tool: spreadsheet features in
general, and the features of the specific spreadsheet
packages being used, and
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b) System development knowledge, as applied to
spreadsheet development.

2. METHOD

Psychometric principles and techniques were used to
develop the diagnostic test for spreadsheet development.
The detail of the methods used for development and testing
is provided in this section.

2.1 Development and Pilot Testing of Spreadsheet
Knowledge Questions

The first stage in development of the diagnostic test to
measure spreadsheet knowledge was development of a
pilot test. The pilot test drew, as far as possible, on existing
tests that could be adopted or adapted to address the two
sets of knowledge: spreadsheet features and spreadsheet
development knowledge.

Kreie’s (1998) spreadsheet knowledge instrument was
used as the basis for the questions to measure knowledge
of spreadsheet features. Nine of Kreie’s 17 items were
selected for inclusion. Spreadsheet development
knowledge was measured using two sorts of questions.
Questions to test knowledge of processes of spreadsheet
development were developed specifically for this study and
drew upon two published methodologies for the
development of spreadsheets (Ronen, Palley and Lucas,
1989; Salchenberger, 1993). These questions covered areas
such as the need for modeling and planning, and methods
of testing. The second source of spreadsheet development
questions was material drawn from Rivard et al.’s (1997)
instrument to measure the quality of end user developed
applications.

Each item on the test was presented as a multiple choice
question with 5 options; in each case the fifth option was ‘1
don’t know” or ‘I am not familiar with this feature’. The
test was examined for content validity
(comprehensiveness) by four information technology
academics who have been involved in teaching spreadsheet
use and design. A few revisions were made on the basis of
their suggestions. The resulting 32 item test was piloted
with 60 predominantly mature-aged students enrolled in
undergraduate business degrees. They reported an average
of 4.4 years sprcadsheet experience with a minimum of
just a few weeks and a maximum of 13 years. The
students were recruited during class and completed the
knowledge test on the spot. It was stressed that completion
of the test was voluntary and that it formed no part of their
assessment.

The pilot test was statistically reliable (Cronbach’s alpha
of 0.77 indicates that scores on the test questions are
internally consistent). Seven questions did not, however,
discriminate well among the 60 students when the
questions were subjected to a Guttman analysis (Guttman,
1950). These questions were removed.
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The resulting spreadsheet knowledge test contained 25
multiple choice questions. Nine of the questions test
knowledge of spreadsheet features, and 16 questions relate
to spreadsheet development knowledge (eight of these
concern the spreadsheet development process and eight
relate to knowledge of spreadsheet quality). Spreadsheet
knowledge is represented by the number of correct
questions on the test. The test is reproduced in the
Appendix.

2.2 Examining the Quality of the Test
We collected a new sample of 159 spreadsheet user
developers to enable examination of the quality of the 25
item spreadsheet knowledge test. Recruitment of this
sample is described in the next section.

We examined the test’s quality from several points of
view. Where the data permitted (more demographic data
was gathered in the main study than in the pilot study), we
pooled the responses from the pilot and main samples in
order to have a larger and more varied sample for
psychometric analyses where larger sample size and more
variation is preferred to a smaller sample drawn from a
single sampling frame. The description of each analysis
indicates whether the main sample or the pooled sample
was used. In these cases, both individual sample and
pooled sample results are reported where appropriate. The
analyses conducted were:

o Content validity. The test’s coverage of the range of
knowledge required for spreadsheet development had
already been examined by submitting the pilot test to
experienced teachers of spreadsheet design and use.
We used factor analysis to test for evidence of more
than one dimension among the questions included in
the test. We pooled the responses of the two groups of
participants (students, from the pilot test, and new
sample of user developers) for this analysis.
Reliability. We calculated Cronbach’s alpha for the
new sample to confirm that item scores were
internally consistent across different samples.
Additivity. Tukey’s test of additivity was used to
ensure that scores on the questions in the test could be
added to achieve a composite score.

Range of difficulty. We used Rasch item response
analysis (Andrich, Sheridan, Lyne and Luo, 1998) to
identify the extent to which the test measures
spreadsheet knowledge across a range of levels of
difficulty. We pooled the results of the two samples
for this analysis.

Nomographic validity is the ability of a test to
discriminate between groups of participants for whom
differences are expected. Based on the assumptions of
earlier research, we expected to observe differences in
spreadsheet knowledge among people with different
levels of training and experience. We pooled the
responses of the two groups of participants for this
test, and compared the scores of a) those participants
who had some formal spreadsheet training with those
who had little or none, and b) spreadsheet novices
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(less than 2 years experience) with participants who
had a moderate amount of experience (2 to less than 5
years) and those who were very experienced (more
than 5 years).

e Predictive validity is the validity of a test to predict
performance on a subsequent task. Because the
spreadsheet knowledge test was designed to test
knowledge associated with development of good
quality spreadsheets, we used linear regression to test
the extent to which spreadsheet knowledge explained
the quality of spreadsheets developed by the study
participants.

The quality of each of the spreadsheets was also
independently assessed by two experienced information
systems developers. The items used to measure system
quality were obtained from the instrument developed by
Rivard et al. (1997) to assess the quality of user developed
applications. For this study, items that were not appropriate
for the spreadsheets under consideration (e.g. specific to
database applications) were excluded. Minor adaptations to
wording were also made to reflect the environment in
which spreadsheet development and use occurred. The
resulting system quality scale consisted of 20 items, each
scored on a Likert scale of 1 to 7 where (1) was labeled
‘strongly agree’ and (7) was labeled ‘strongly disagree’. A
typical question item was “Errors in the spreadsheet are
casy to identify”. The instrument was shown to be reliable
with a Cronbach’s alpha of 0.94. Agreement between the
two independent assessors was high ( = 0.80, p < 0.001)
and averages of the ratings for each item were used to
calculate system quality, which was created as a composite
variable using the factor weights obtained from
measurement model development using AMOS 3.6.

2.3 Recruitment of Participants

The test is designed to be administered to end users (as
distinct from information systems experts) who develop
their own spreadsheets. To ensure that the test was
appropriate for use with end users, a sample of user
developers with a broad range of spreadsheet knowledge
was needed. We therefore sought study participants from
members of the public. As an incentive to participate, we
offered a one hour spreadsheet training course on
‘Developing Spreadsheet Applications’ and $20 to
compensate for parking costs, petrol and inconvenience.
Recruitment occurred firstly through a number of
advertisements placed in local newspapers calling for
volunteers. These were followed by e-mails to three large
organizations that had expressed interest in the study and
finally word of mouth brought forth some additional
participants. Whilst becing cssentially a
sample, the participants covered a broad spectrum of ages,
spreadsheet experience and training. Of the 159
participants in this sample, 32.7% were male and 67.3%
female and their ages ranged from 14 to 77 with an average
age of 42.7. They reported an average of 4.5 years
experience using spreadsheets (with a range from less than
1 year to 21 years).

convenience
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4.2 Opportunities for Further Research on
Spreadsheet Knowledge

Although the items in our diagnostic test are designed to
mcasure spreadshect knowledge along the two dimensions
nceded for competent end user development — knowledge
of spreadsheet features and spreadsheet development
knowledge — we do not recommend use of this test to
measurc  knowledge on each of these dimensions,
separatcly. The factor analysis described in this paper
confirmed that, while measurements on the two underlying
dimensions could be identified, the scale is most effective
when it is used in its entirety. We do not know if this is
because the interplay between these two dimensions of
spreadsheet knowledge is so important that spreadsheet
knowledge on either dimension cannot be separated from
spreadshect knowledge on the other, or if a different form
of test would be required to make such a distinction.
Future research into the nature and measurement of
spreadsheet knowledge should examine each of these
possibilitics.

While the test is capable of distinguishing between
different levels of spreadsheet knowledge, and the Rasch
analysis confirmed that questions on the test ranged from
simple to difficult, it may be possible to develop a test that
is even more sensitive to differences in spreadsheet
knowledge for use in situations where greater sensitivity is
required. A test based on the current test, but including
some additional difficult items, could be developed, and
the procedure described in this paper followed to confirm
that it had the desired qualities.

5. CONCLUSION

The diagnostic test for spreadsheet knowledge described in
this paper meets the need for a ‘spreadsheet metric’. Not
only is it valid and reliable, it is also useful. It
distinguishes different levels of spreadsheet knowledge
both among university students and among users who
develop spreadsheets at home and in the workplace.
Spreadsheet knowledge, as measured with the test, acts as
a link between training and experience and spreadsheet
quality. The data gathered in this study provide evidence
that it is worth training people to develop spreadsheets
because spreadsheet knowledge varies with training as well
as with cxperience, and better spreadsheet knowledge
results in higher spreadsheet quality. The test could
therefore be used both to identify the need for spreadshect
training and to examine the success of spreadsheet training
programs.
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