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cient time available for completing their spreadsheet development as they would
have liked.

This large cluster of sixty ninc members was clearly identifiable both in the
dendrogram and Kmeans analyses where it corresponded to cluster one. The

environment was uncontrolled but developers did have sufficient time available,

U3 - Personal or recreational use

This cluster of five members was clearly identifiable both in the dendrogram and
Kmeans analyses where it corresponded to cluster three.  This uncontrolled
environment supported spreadsheets developed for personal or recreational use.

4.4, The A.D.E. Taxonomy

The A.D.E. taxonomy of spreadsheet applications development was arranged with
respect to the cluster profiles identified in the cluster analyses described above.

4.4.1. The Developed Taxonomy

The taxonomy was arranged in three sections:

a) A the Application. This section categorised the spreadsheet application i.e.
the product of a development project. It was further subdivided into
spreadsheet applications that could be primarily considered as models and
those whose main purpose was reporting.

b} D the Developer. This section categorised the skills and background of the
developer of the spreadsheet application. Developers were further
subdivided into those who acted as consultants (for this particular project),
other I.T. professionals and other developers.
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¢) E the development Environment. This section categorised the development
environment where the spreadsheet application was developed. This section

was divided into two broad categorics of environments with some form of

extcmnal control and those without.

M1 Models - "what if”
M2 Models - optimiser
M3 Models - very complex

Reports and other applications with non-developer data entry

Cl1 Data entry by data-entry clerk - unimportant
spreadsheet

02 Data entry by data-entry clerk - important
spreadsheets

03 Data entry by User - important spreadsheets.

Reports and other applications with data entry by the developer

S1 Three Dimensional - complex

52 Three dimensional - simple

S3 Two dimensional - complex

S4 Two dimensional - create corporate data
S5 Two dimensional - general

56 Specialised graphical spreadsheets
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Ihe Developer
Consultants
Ci I.T. professional consultants - spreadsheet specialists
C2 L.T. professional consultants - not spreadsheet
specialists.
C3 Spreadsheet consultants - not 1.T. professionals,
Other LT. Professionals
11 Non consultant 1.T. professionals - disinterested in
spreadsheets
12 Non consultant I.T. professionals - interested in
spreadsheets
Other Developers
D1 User-group members
D2 Lay experts
D3 Lay knowledgeable developers
D4 Lay novice developers
D$ Setf-employed developers

h vironm
Controlled
R1
R2
R3
Uncontrolled
Ul
U2

u3

Tight control
Loose control

Spreadsheet library exists

Rushed development
Uncontrolled but not rushed development

Personal or recreational use
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44.2.  Description of the Sample Using the Taxonomy

The distribution of the sample amongst the Application categories is shown below
in Figure 4.24. The applications were predominantly developer run reports, The
samplec also contained a few models and reports prepasca for others to run, Two
dimensional general reports were the most comimon types of spreadsheet however

~J% of the applications created new corporate data.
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Figure 424 Spreadsheet Survey. Frequency distribution of cases
amangst the A.D.E. Taxonomy Application categories



157

The distribution of the sample amongst the developer categories of the taxonomy is
shown below in Figure 4.25. The sample was not particularly heterogeneous with
most spreadsheets developed by lay knowledgeable developers with only a few

consultants and I.T. professionals represented.

CATEGORIES OF SPREADSHEET
DEVELOPERS

COMSULTANTS } '
I T based Guru O
Ochpr t T Dased 2

MNonl T basext €3

OTHER IT
PRDFESSIONAL S

Meinenal A/ahe! interest 11

With shbaet merests |2 '

OTHER DEVELOIERS

L sor Group Mermber D

Ly Expent D2

Figure 4.25 Spraadéhaet Survey: Frequency distribution of cases
amongst the A.D.E. Taxonomy developer categories
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The distribution of the sample amongst environmental categories is shown below in
Figure 4.26. Again the sample was not particularly heterogeneous with the majority
of spreadsheets being developed in uncontrolled environments. 14% were devel-
oped as a rushed job. An enforced spreadsheet policy was only apparent in 1% of

the sample.
CATEGORIES OF SPREADSHEET
DEVELOPMENT ENVIRONMENTS
SOME EXTERMNAL
QONTROL
Pohoy oriorapd R

Controt Policy encs. RZ

MO EXTERMAL

Flushesd Job U1

Mcdevyswm Twme U2

Figure 4.26 Spreadsheet Survey: Frequency distribution of cases
amongst the A.D.E. Taxonomy environmental categories.



159

The A.D.E. taxonomy categories were subjectively ranked as shown below in

Table 5.

Applications were ranked from lowest to highest on importance and

complexity, within type of model, developers on expertise, and the environment on

control.

Table 5. A.D.E. Taxonomy categories ranked.

52
54
S6
Si
S3

ot
FOZ
Mt

M3

Complexity Rank |[D Expertise Rank|E Control Rank
2D general 1 D4 novice 1 U3 personal or |
recreational

3D simple 2 Il IT prof. 2 Ul rushed job 2
disinterested

Corporate 3 D5 self- 3 U2 uncon- 3

data created employed trolied

grapaical 4 D3 lay knowl- 4 R3 library 4
edgeable exists

3D complex § 12 1T prof inter- 5 R2 loose 5
ested control

2D complex 6 D1 user-group 6 R1 tight 6
member control

data entry by 7 D2 lay expert 7

clerk unimp.

data entry by 8 C2 IT consultant 8

clerk imp. Not spr/shts

data entry by 9 C3 Consultant 9

user not IT prof

what if 10 Cl Consultant 10

model IT expert

optimiser 11

complex 12

me el
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Graphical methods using SYSTAT's SYGRAPH module were used to further
analyse the sample. The multivanate plot shown in figure 4.27 below, shows the
combinations of CLENV3 (environmental category), CLDEV3 (developer

category) and CLSSHT3 (application category). All combinations of codes present
in the sample are shown,

CLENV3

A CLDEV3

\ CLSSHT3

Figure 4.27: Multivariate plot of the spreadsheet sample. (CLENV3 -
environmental code, Cl. DEV3 - developer code, CLSSHT3- application
code)

Figure 4.27 does not show how many cases had a particular combination of codes
but does show each pathway between the three variables where there was at least
one occurrence. The graph shows a broad coverage of possible pathways for a

sample of only 107 cases.
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Figure 4.28 graphically seeks for a relationship between the application, developer
and environmental variables. The environmental control rank (Y axis) was plotted
against the ranked developer expertise (X axis). Each case was represented on this
plot by a character representing the application category; M (model), O
(spreadsheet prepared for others to run) or S (prepared for self to run).
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Figure 4.28 Surveyed spreadsheets. Spreadsheet Development scatter
plot. M - model, O - prepared for others to run, S - self run

Figure 4.28 shows that models were developed by people of varying expertise but
tended not to be developed in controlled environments or by consultants. However
spreadsheets prepared for others to run tended to be developed by the more expert
developers including consultants. Those few less expert developers, who prepared
spreadsheets for others to run, worked in environments with at least some measure

of control,
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Figure 4.29 shows a scatter plot of developer categuries (Y axis) against type of
spreadsheet developed (X axis). The size of the point on this plot corresponds to

the rank of the environmental control code.

16 T |

10 | @ 1

Categories of Developer
o
OO
@,
O
O
Cp
@

5 8
@0 | o e

0 3 10 15

0

Self-run reports Qther reports  Special Mogdels

Eigure 4.29: Spreadsheet sample. Plot showing types of spreadsheet
developed by different categories of developer.

Interestingly, models tended to be developed by lay knowledgeable developers
working in unregulated environments rather than by consultants. As might have
been expected, half the reports prepared for others to run were developed by devel-
opers with higher expertise Self run reports were developed by all categories of
developers. The degree of environmental control varied throughout the sample and
no particular trend could be spoted by eye from this plot, except that it was low for

the development of special models.
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Figure 4.30 shows a scatter plot comparing environmental control (Y axis) to type
of spreadshest developed (X axis). In this plot, the developer expertiss is repre-

sented by the size of the point.
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Figure 4.30: Spreadsheet sample. Scatter plot showing types of
spreadsheets developed and degree of environmental control. The size
of the point represents developer expertise.

Again this plot demonstrated that developers, developing reports for others to run
tended to have higher expertise than those developing models. There could be some
relationship between environmental control and expertise. Spreadsheets developed
either at home or as a rushed job tended to be developed by developers with lower
expertise whilst developers working in environments with at least some measure of
loose control tended to have a slightly higher level of expertise. However 8 out of

31 cases (25%) were exceptions to this trend.
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Figure 4.28 plotted developer expertise against environmental control. Even when
the onc case representing a strictly controlled environment was considered an
anomalous outlier and removed, the trend for expertise to increase linearly with
environmental control was barely discernible. Also as the ordinal scales used to
measure the variables were contrived, it can not be said that there is a linear
relationship between developer expertise and level of environmental regulation,
only that this relationship is perhaps worthy of future investigation with additional
data.

Figures 4.28 and 4.29 suggested that models were mcre likely to be built in
unregulated environments. A contingency table was drawn up to test this.

Table &

Spreadsheet Sample. Frequencies of model development in regulated
and unregulated environments.

Regulated Unregulated TOTAL
Environment Environment

model | 13 14
non model 16 76 92
TOTAL 17 89 106

A Chi square test could not be used on Table 6 as one of the cells contained a
frequency less than 5; i.e. only one model had been developed in a regulated
environment. However 7% of all models compared to 17% of all non models
were developed in regulated environments. In this sample, spreadsheets developed
in regulated environments were even less likely to be models than spreadshects
developed in unregulated environments.
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Figures 4.28, 4.29 and 4.30 suggested that spreadsheets deveioped for others to run
were more usually developed by developers with higher expertise.

Table 7:

Spreadsheet Sample. Frequencies of developer expertise and
spreadsheets daveloped for running by others.

EXPERT EXPERT EXPERT TOTAL

=1 =2 =3
run by others 2 16 5 23
TOTAL 21 71 14 106

A contingency Table 7 was drawn up to statistically test the hypothesis:
H,: Developers of different expertise do not differ on their rates of developing
spreadsheets for themselves or for others to run.

As the smallest frequency was 2 and two degrees of freedom were involved, a Chi
square analysis could be used.

x° calculated swatistic was 3.480 ( y°critical = 3.219, o = .2, 2 df). Ata

confidence level of .2 H, can be rejected.

There is an association between the expertise of the spreadsheet developer and the
rate of developing spreadsheets for others to use. We can say with only 80%
certainty that spreadshects designed for others to use, are more likely to be
developed by more expert developers. If a higher confidence level is required, then

H, would have to be accepled, and no such significant association would have been
demonstrated.
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4.5, A.D.E. Taxonomy Diagnostic Key.

A diagnostic key was developed separately for each section of the taxonomy. The
keys took the form of hierarchical decision trees. An effort was made to design
these trees with the minimum number of questions required to discriminate
between catcgories. In so doing, a logical progression of categories across the foot
of the key was sacrificed. As it was impossible to have both the minimum number
of questions and also the final categories arranged in a logical manner, the choice

was made to retain the minimum number of questions to simplify response.

The three keys were packaged together with a cover page giving a short description
on their use. A copy of this key can be found in Appendix A with the questionnaire

for the validation survey.

The three decision trees shown in figures 4.31, 4.32 and 4.33 demonstrate this key
for the Application, Developer and Environmental categories of the A.D.E. taxono-

my of spreadsheet applications development.
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* THE A.D.E. TAXONOMY
THE APPLICATION
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Figure 431 The A.D.E. taxonomy of Spreadsheet Applications
Development: Diagnostic Key for the Application Codes.
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THE A.D.E. TAXONOMY

THE SPREADSHEET
DEVELOPER
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Elgure 4.32 The A.D.E. Taxonomy of Spreadshest Appilication develop-
maent: Disgnostic key for the Developer Codes.
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THE A.D.E. TAXONOMY
THE DEVELOPMENT

SI;!B.T_. ENVIRONMENT
Is the spreadshset for
personal or recraational
usa?
yas 0 ]
Doas your organisation have a
formalised spreadsheet
davalopmaent pollcy?

[

<]

Is this paolicy enforcad
by auditore andrfor IT
dept?

Doas your organisation keep a
Iibrary of spreadsheats for
others o wma?

yas no yea ;I

Was this spreadsheat

devaloped more quickfy

han yoif wouki ike?

f _— —

Ul R1 R2 R3 u1 uz
Porsonall  Tight Loose Spread- Rushed Adequate
Recreat-  confrol control sheet Job time
ional Library

Figure 4.33 The A.D.E. Taxonomy of Spreadsheet Application Develop-
ment: Diagnostic Key for the Environment Codes.
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4.6. Taxonomy Validation

The validation of the taxonomy and its diagnostic key is described in detail in
chapter 5.

4.7. Gender Differences in Spreadsheet Development

I had noticed in my lecturing career, that some fernale students appeared to have
more difficulty learning how to use a spreadsheet package, than they experienced
when learning a word processor or data base management system. I had not been
able to determine why this was so and wondered if it was due to a Jack of

confidence in their capabilities.

novice
men -

knowledgeable
13.33%

B power user

Figure 4.34: Spreadsheet survay. Comparison of daveloper gender and
expertise.

Figure 4.34 compares the self ranking of spreadsheet development expertise by
male and fermale survey respondents. The sample contained 16 women and 90 men.
56% of women and only 13% of men considered themselves to be novice
devclopers. A contingency Table 8 was drawn up, showing the frequencies of
gender and developer expertise. ‘Knowledgeable' and "power users’ were combined
in this table, because there was only onc female ‘power user’, and one respondent
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had reported she felt that Schneiderman's (1980) term 'power user’ may have

discouraged women.

Table 8 Spreadsheet Survey. Gender and Developer Expertisa.

novice knowledgeable or total

developer power user
women 9 7 16
men iz 78 90
total 21 85 106

The frequencies in table 8 were used to test the hypothesis:

H,: There is no difference in the spreadsheet development expertise of
women and men.

y? caloulated was 15.766 ( % critical = 3.84146, a = .05, 1 d.f.), so H, was rejected.
There is an association between gender and spreadsheet development expertise.

Men report that they have higher expertise than that reported by women.

In an effort to determine why men in this sample reported they had a higher
spreadsheet development expertise than that reported by women, a series of chi
square analyses was conducted The detailed contingency tables and results can be

found in Appendix E.

(Gender was compared with employment status, organisation size, qualification and

training. No association was found.

The possibility that men were using spreadsheets for more important tasks was
canvassed as this may have had an influence on developers' perceptions of their
expertise, Gender was compared to spreadsheet importance, range of spreadsheet
distribution, rate of creating and changing corporate data. Again no association was

found.
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Finally gender was compared with variables which gave an indication of the techni-
cal sophistication of a spreadsheet. There was no association between gender and
link complexity, use of graphics or use of macros. Associations were found

between gender and spreadsheet size, logical complexity and formula complexity.

Men tended to design larger, more complex spreadsheets. However there is no
indication that size or logical complexity is a measure of developer expertise.
Smaller, simpler spreadsheets may result in less errors and be preferable from a

contro] perspective.

Whilst these results are interesting, we can not infer anything about the spreadsheet
expertise of women spreadsheet developers in the general population, due to the
non-random nature of the sample, However, these resuits lead to some hypothesis
which could be tested in a follow up study. This matter is discussed further in

chapter 6.

4.8. Summary of this Chapter

This chapter described the results of this study. Initially statistics of the sample
were reported. A series of cluster analysis runs was detailed leading to the evol-
ution of the A.D.E. taxonomy of spreadsheet application development and its diag-
nostic key. The sample was described in terms of this taxonomy and multivariate
graphs were drawn to identify associations between different categories within the
taxonomy for cases in the sample. Finally some associations between gender and

expertise were considered.
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CHAPTER 5: STUDY VALIDATION

5.1. Chapter Overview

This chapter reports on the validation of this study. It begins with a review of
some validation criteria suggested in the literature and shows how these relate to the
study research goals established in chapter 1.

The validation of the data collection instrument used in the original spreadsheet
survey is then considered. A validation survey and several validation exercises are
described, leading to the validation of the taxonomy and its diagnostic key. The
A.D.E. taxonomy is compared and contrasted with other partial taxonomies of the
spreadsheet development process, reported in the literature. Finally, the usefulness
of the A.D.E. taxonomy in an analysis of the pre-des.gning tendency of spreadsheet
developers, is assessed.

5.2. Validation Criteria

Chapter 2 established that a taxonomy was a model of the system it was attempting
to categorise. It is important to determine if a model agrees with the real system.
i.e. the model requires validation. Two kinds of validation are possible, verification
and falsification. Verification seeks to design a sequence of experiments to show
sufficient agreement between the model and the real sysiem. In contrast,

falsification looks for a single example to disprove the model.

The A.D.E. taxonomy validation was conducted from the verification rather than
falsification perspective. Verification was considered in two different ways. The
taxonomy was validated with respcct to the primary and secondary research goals
set out in chapter 1. Validation of the taxonomy was also considered in terms of

criteria established from reports in the literature €.g. content, construct, criterion
referenced and ‘face’ validity. These two different validity methods were not in
conflict. They simply represented two different 'validity' models of the same reality.
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5.2.1. Validity with Respect to the Research Goals

The taxonomy was validated with respect to the goals of this study. The major
rescarch goals applicable to the validation of this taxonomy have oeen repeated

below for convenience.
Piimary research goals

The primary research goals were:

a) Improve the planning and management of spreadsheet applications
development.

b) Develop a special purpose classificaion - Taxonomy of spreadsheet
application development for use in controlling the development of
spreadsheets.

rch ]

The secondary research g.3 . were considered in three groups, the first was
concerned with the exploratory data analysis:

a) Identify a suitable sampling frame for use in the primary data coilection.

b) Gain a better understanding of the underlying structure within the data-set
through exploratory data analysis and data reduction.

¢) Generate hypotheses for future study.
The second group was concemed with an ‘ideal' solution to the Cluster Analysis
procedures

a) Achieve a clustering solution from which a suitable taxonomy can be
developed.

b) Achieve a clustering solution showing well structured clusters,

¢) Achieve a clustering solution showing intuitive clusters.
The third group of Secondary Research goals was concerned with validating the
taxonomy:

a) Demonstrate taxonomic stability.

b) Demonstrate taxonomic robustness.
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¢) Demonstrate taxonomic replicability.

d) Demonstrate agreement with other t2xonomies reported in the literature.
¢) Demonstratc agreement with the researcher’s a priori expectations.

f) Demonstrate the uscfulness of the taxonomy.

g) Validation of the Taxonomy Diagnostic Key.

5.2.2. ntent, Con t, Criterion Referenced and 'Face'
Validity

Many authors suggest criteria for the validation of taxonomies and/or data
collection instrurnents. The concepts of content, constru~t, criterion referenced and

'face' validities were considered when planning the validation of both the A D.E.
. taxonomy, and the daia collection instruments.

Content Validity

Content validity of an instrument has been defined as:

How well the material included in the instrument represents ail possible
material ihat could have been included. {Long, Conway and Chwalek,
1985, p. 90)
Content validity in this study was concerned with how well the taxonomy or
instrument covered all the available material that might have been included.

Construct Validity

Construct validity has been defined as:

How well the instrument measures the theoreticali concept called a
construct or trait that is assumed to explain the behaviour represented by
this instrument (Long, Conway and Chwalek, 1985, P. 910)

Construct validity in this study would be determined by how well the taxonomy or
instrument agreed with published theories.

These were demonstrated by reference to the published partial taxonomies
described in the review of the literature in chapter 2.  Content and construct
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validity were also established as the literature guided the choice of the original
attributes used to develop the taxonomy.

Criterion referenced validity

The criterion referenced validity of an instrument has been defined as:

How well this instrument correlates with some criterion external to it.
(Long, Conway and Chwalek, 1985, p. 90)

Criterion referenced validity was established in this study considering both internal
and external criteria. External criterion validity was established comparing this
taxonomy to other taxonomies and internal criterion referenced validity ensured that
the taxonomy modelled the underlying structure of the data-set, using tests from

within the cluster analysis process.

Face validity

Mehrens and Lehmann (1978, p. 114) defined 'face' validity, as "valid on the face
of it", i... it appear, right. The A.D.E. taxonomy was developed making use of

those clustering solutions that appeared ‘right'. The use of the taxonomist's
subjective opinion and intuition confirmed ‘face’ validity. The respondents'
opinions on ‘face’ validity were also considered in the validation survey, when they
were asked to comment on any difficulties they had experienced in completing a

categorisation of a spreadsheet development project.

5.2.3. Other Validity Models

Troy and Moawad (1982, p. 29) considered three aspects of the adequacy of a
software reliability model, which have been modified to adJress the validation of
the A.D.E. taxonomy:

a} Utility - the relationship between the A.D.E, taxonomy and its user. is it
useful?

b} Applicability - the reiationship between the A.D.E. taxonomy and reality.
Does it depict reality well?

¢) Validity - the internal accuracy of the A.D.E. taxonomy
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Troy and Moawad (1982) considered three levels of validity, 'Operational’,
'Structural' and 'Conceptual’. All three are pertinent to the validation of this study.
The 'Operational’ level related to the users' view of the taxonomy and was validated
by their use of the diagnostic key. The 'Structural’ level was concermned with the
building of the model and was validated by the validation of the data collection
instrument and the extensive procedures undertaken during the data-entry and
pre-processing phases. The 'Conceptual’ level was concermed with the theoretical
basis for the taxonomy. 'Conceptual’ validity was demonstrated as the taxonomy
was evolved through well known Cluster Analysis methodologies, extensively

documented in the literature.

Howard and Mumray (1987, p. 181) surnmarised methodologies reported in the
literature for use in human factors computer interface research and provided a

taxonomy of evaluation methods:
a)} Expert based - expen walk through of the system
b) Theory based - relate back to the theory

¢) Subject based - requires a task, system, user and metric, user to validate the

user affective, cognitive, behavioural and physiological levels
d) User based - personal evaluation

e) Market-based - final evaluation in the market-place

Expert based evaluation would ht.e¢ required the expert to have extensive
knowledge of the user, the spreadsheet and the project environment. As this was
impractical, expert based evaluation was not used. The taxonomy was validated
with respect to theory as its development was based on published theories of
end-user computing and cluster analysts. It would have been extremely difficult to
evaluate the taxonomy's acceptance in the market-place as this would only be
determined several years after publication. Accordingly subject and user-based

methodologies were deemed more appropriate to evaluate the A.D.E. taxonomy.

The validation also considered the subject based criteria of ‘communicability’,
‘reliability’, ‘'usefulness’ and 'suggestiveness' described by Bloom et al (1956) and
Biggs and Collis (1982).
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‘Communicability’ was demonstrated when different raters agreed on the
classification of a spreadsheet project using the taxonomy. This would have
allowed them 10 communicate with each other with the assurance that they were
discussing the same type of spreadsheet.

The validation of the taxonomy with respect to its 'usefulness’ is discussed later in
this chapter, when the taxonomy is used to analyse whether developers pre-design
their templates on paper. Future studies to demonstrate usefulness are outlined in
the final chapter.

A taxonomy valid under the 'suggestiveness' criteria should stimulate thought and
discussion. The validation survey prompted interested response from some
participant validating the taxonomy under this criterion.

5.3. Questionnaire Validity and Reliability

The validity of the questionnaire determined whether it measured what it purported

to measure.  Content, construct and criterion referenced validity were considered:

t i ntent validi

The suggestions of expert participants in the pilot test regarding questionnaire
content and presentation, cstablished the content validity of the data collection
instrument. Many different partial taxonomies relevant to the spreadsheet
development were reviewed in chapter 2. Attributes described in these articles were
included in the questionnaire, validating its content. The validation of the A.D.E.
taxonomy diagnostic key through the validation survey, described in this chapter,
also attested to the content validity of the questionnaire on which its development
was based.

Content validity of the third section of the questionnaire, dealing with spreadsheet
design and control issues was established with reference to articles in the literature,
where spreadsheet controls were discussed. These articles included Anderson and
Bemard ( 1988), Ashworth (1987), Beitman (1986), Bromley (1985), Bryan (1986),
Chan (1987), Davies and Ikin (1987), Ditlea (1987), Foye (1989), Gaston (1986),
Hayen and Peters (1989), Kee and Mason (1938), Levine and Siegal (1987),



179

Pearson ( 1988), Ronen, Palley and Lucas (1989), Schultz and Hoglund (1986),
Spencer ( 1986), Stewart and Flanagan (1987), Weber (1986) and Williams (1989).

t fer:

Criterion referenced validity of the data collection instrument would have been
demonstrated if this instrument could have been compared with a another
instrument of known validity, developed for the same purpose. This was infeasible
as no other instrument, designed for the same use, was available.

Questionnaire construct validity

Long, Conway and Chwalek consider the measurement of construct validity
difficult (1985, p. 91), however an atternpt was made to ensure construct validity of
the data collection instrument. The spreadsheet SIZE.SSF calculated an effective
size of a spreadsheet from the numbers of rows, columns and dimensions and the
number of unfilled cells. This was compared to the reporied storage size in bytes of
a spreadsheet taken from the questionnaire. The ratio of the reporied to the
calculated size was examined for different brands of spreadsheet software, thus
ensuring that the two different sets of questions included in the questionnaire both
modelled the same trait - 'size’.

nnaire reliabili

The reliability of the questionnaire, i.e. its consistency of measurement was also
considered. Reliability comprises consistency between different measurements.
The stability of the instrument was tested by the comparison of two measurements
of the same case at different times. This was established when the original four ‘one
on one' participants were asked to repeat the questionnaire for the pilot test. Their

two answers were compared and found to be similar,

5.4.Validation of the A.D.E. Taxonomy Diagnostic Key

The diagnostic key of the AD.E. taxonomy was validated by several different
exercises and comparisons based on data collected through a validation survey.



180

5.4.1 Validation Survey

A survey was conducted of developers categonising their spreadsheet projects using
the diagnostic key to the A.D.E. taxonomy. This provided data for some of the

validation exercises described in this chapter.

A taxonomy validation instrument was prepared, consisting of a simple cover-page
including instructions and the three decision trees required to categorise a
spreadsheet development project within the A.D.E. taxonomy. A copy of this
instrument can be found in Appendix A.

This instrument was submitted to 25 spreadsheet developers chosen using random
number tables and the frame constructed for the Preston stratum. They were asked
to categorisc a spreadsheet they had recently developed, and to comment if they
had any difficulties using the diagnostic key. They were instructed to select a
different spreadsheet for this exercise from the one they had analysed for the

original survey.

Respondents were requested, where possible, to get an additional rater familiar with
the spreadsheet and the situation in which it was developed, also to complete the
validation instrument. The two categonsations were compared and analysed for

inter-rater discrepancies.

Responges were received from 24 of the onginal sample of 25. In addition, 6 of the
respondents also retumed a response from an alternate rater. Half (12) of the
original respondents repeated the validation survey instrument, six weeks after their
first attempt using the same spreadsheet development project. These results were
then compared to those obtained the first time they categorised their spreadsheet
development. Six weeks allowed sufficient time for the developer to have
forgotien their original decisions when using the diagnostic key, but was not long
enough for the spreadsheet development project to have changed significantly.
Balance was maintained between bias introduced by the respondent being familiar
with the material having rccently completed the validation survey and bias
introduced by changes in the project being measured.
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$.4.2 Validation Survey Results

The validation survey validated the diagnostic key as to ease of use. No difficulties
in completing the instrument were reported by respondents. No respondent reported
a spreadsheet project that they were unable to categorise within the taxonomy. The
results of C.e validation survey are shown in Table 9.

Table 9: Validation Survey returns

Inter Rater Rater 1 Time
No: Rater 1 Rater 2 Match 6 wks later Match
A DE A DE ADE ADE ADE

1 S6, D3, RI

2 03, 12, U2

3 S4, D2, Rl S5, D4, R1 n n y
4 M3,D3, Uz M3D3,U2 y y ¥ S3, D3, U2 y
5 M3, D3, U2 03,D3, Ul n y n
6 S5 11, U3

7 S5, 12, Ul

8 S84, 12, U2

9 M2, 11, U3 M2IH,U3 y y ¥y

10 S1, D3, Ul S1,D3, Ul y y vy
11§85 DS, Ul S5D5Ul y y ¥y S5,D5 Ul y y vy
12 Mil, D3, U3 MLLD3, U3 vy vy ¥y
13 M3, C2,RI M3,C2,R3 y y n
14 S4, D3, U2 $4, D3, U2 y y vy
15 03,D3, U2 03, DI,U2 ¥y n y 03, D3, Ul y y n
16 03, D3, U3

17 S1, 12, U2 SL 12, U2 y y ¥y
18 M2 D3,Ul S5 D3,Ul n y y

19 02,D3, Ul 02,D3,U2 y y n 02, D3, Ul vy y ¥y
20 S4, 12, U2

21 S2, D3, U2

22 S6, D3, U2

23 03,D3, U2 03, D3, Ul y y n
24 S6, 11, U2
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54.3. Inter: m

The validation survey described above validated the A.D.E. taxonomy diagnostic
key on inter-judge agreement. Six pairs familiar with a spreadsheet project used the
key to categorise it. Table 9 shows that in three cases the categorisations were
identical. In the other three cases the categorisations differed in one dimension
only. In two of these cases the differences were probably due to the alternate rater’s
lack of knowledge rather than instrument failure i.e. a misunderstanding of what the

instrument was attempting to measure.

In the developer Dimension, case 15 was categorised D3 (knowledgeable) by the
developer and D/ (user-group member) by the alternate rater. This difference was
not considered a fatlure of the diagnostic key but rather a rater failure, as only the
developer would know if they were a user group member. Similarly in the
environment division, case 19 was categonised U{ (rushed) by the developer and

U2 (sufficient time available) by the altemnate rater. The developer considered this a
rushed job. The altemate rater verified on follow up that he had not known this.

This was not considered an instrument failure.

In case 18, the ratings differed in the application dimension and there was no
indication whether this difference was caused by rater or instrument failure. Case
18 was categorised M2 (optimiser model) by the developer and S5 (generai report)
by the alternate rater.

Table 9 validated the A.D.E. Diagnostic Key instrument by inter-judge agreement
as in 15 out of 18 categorisations (83%), the raters agreed. It would have been
useful to extend this inter-rater validity exercise to more cases, but apparently, no
other developers in the validation sample had a suitable alternate rater available. It
would appear that spreadsheet development in Preston is a comparatively lonely
activity. This has implications for the control of spreadsheet development. Further
validation of inter-rater categorisations would be appropriate on a reasonably sized
random sample. This would require a further study using a sample frame of
spreadsheet applications which have alternate raters available. Such a frame was
unavailable for this study.
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54.4. Agreement over Time

Table 9 also shows the validation of the A.D.E. taxonomy Diagnostic Key over
time, when the same developers recategorised their project using the key, six weeks
after its first categonisauun with 28 out of 36 (78%) categorisations agreeing.

The eight categorisations which differed were examined. Three of the differences,
i.e. cases 5, 15 and 23 were due to a change in the categorisation of the environment
dimension from U2 (adequate time)} to /I {rushed development, i.e. the raters
perceptions of the time available changed over six weeks. A further three of the

differing categorisations appeared to be rater error:
a) the developer dimension of case 3 changing from D2 (expert) to D4 (novice)

b) the application dimension of case 3 changing from §¢ (corporate data
creator) to S5 (no corporate data)

c) the environment dimension of case 13 changing from R/ (tight control) to

R3 (no control except library)

The final two differing categorisations on the application dimension are worthy of

further consideration.

a) ti.e application dimension of case 4 changing from M3 {(complex model) to

§3 (non 3D complex report)

b} the application dimension of case 5 changing from M3 {(complex model} to
O3 (report prepared for user data entry)

Users of the diagnostic key may well need more guidance in what a complex model

is. This matter is considered further in the final chapter.

To summarise these findings: The taxonomy was validated by agreement by the
same rater over time as 78% of the categorisations agreed. A further 8% differed
on the perception of the time available for development, which was quite likely to
have been reconsidered, after a six week gap. A further 8% of the differences
appeared to be due to rater error, In only 2 cases (6%) was their doubt as to the
instrument validity, due to the definition of what constitutes a complex model.

Chapter 6 discusses the problem of measuring model complexity.
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5.5. Validation of the A.D.E. Taxonomy

Mezzich and Solomon (1980, p. 33) suggested that taxonomies should be evaluated
with respect to a) external critenia, b) intemnal criteria, c) replicability, d) stability
and ¢) inter-rater assignment of cases to categories. The validation exercises
described in this chapter used all five of these criteria. The taxonomy was validated
with respect to both external and internal criteria. External criterion validity was
demonstrated when the A.D.E. taxonomy was compared to other published
taxonomies.  Internal criterion validity was demonstrated when material drawn
from within the Cluster Analysis process supported the appropriateness of the
clustering representation of the underlying data structure, i.e. by the comparison of
hierarchical and kmeans clustering solutions and the demonstration of within cluster
homogeneity and between cluster heterogeneity.

Validation of the A.D.E. taxonomy and its diagnostic key involved:
a) Assessing content, construct and criterion referenced validity
b) Assessing other validities as suggested by the literature
¢) Assessing the achievement of the secondary research goals of this study

d) Demonstrating the usefulness of the taxonomy

5.5.1. Taxonomic Intuitiveness

The A.D.E. taxonomy, or more particularly its Diagnostic Key, was validated for
‘intuitiveness' by the validation survey described above. Developers were asked to
comment on any difficulties they had fitting their spreadsheet into the taxonomy
using the diagnostic key. More than half the respondents did comment and all
except for one, reported no difficulty. The one report of difficulty concerned the
categorisation of a model as complex.

The comparison with partial categorisations reported in the literature review in
chapter 2, and the researcher's a prioni expectations, both discussed later in this
chapter, also validated the intuitiveness of the taxonomy.
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552 Cluster Validity

Four aspects of the validity of the Cluster Analysis solution were considered
a) Non homogeneous data-set i.c. do clusters exist?
b) Between cluster heterogeneity
¢) Within cluster homogeneity
d) Comparison of the dendrogram with the cophenetic correlation matrix

Non homogencous data-set

Bock (1985) supgested several mathematical significance tests for distinguishing
between homogeneous and heterogeneous populations:

a) The (sth) largest gap between observations
b) Their mean distance from the cluster centre
¢) Minimum within cluster sum of squares if k-means used

d) Maximum F statistic - least squared error criterion

The output of the three SYSTAT Kmeans procedures used to develop the AD.E.
taxonomy reporied the between and within cluster sums of squares and F-ratios.
These were examined using Bock's tests ¢} and d) on the Kmeans output of the
cluster analysis runs found in Appendix D,

The sample as described by the Application variables in run 24 exhibited some
heterogeneity as the within cluster sum of squares for PWHATIF and POPTIM
were zero. An F-rato of 15.157 for XMACRO showed this vaniable was a
significant discriminator between clusters. Other discriminators were THREED
with an F-ratio of 9.268, and RUNBY with an F-ratio of 8.755.

The sample as described by the Developer variables in run 20q exhibited
heterogeneity as the within cluster sum of squares for STCONS was zero. Other
variables including EXPERT (8.360) and STSELFEM (5.797) also had low values
for the within cluster sum of squares. Large F-ratios in STSELFEM (121.109),
EXPERT (81.803) and OIT (70.636) also validated the heterogeneous nature of
the sample with respect to the Developer variables.



186

The sample as described by the Environmental variables in run 25g exhibited
heterogeneity as the within cluster sum of squares for SPERSN and LIBRARY
were zero. ENUFTIME with a F-ratio of 197.922, and SDENFORC with a F-ratio

of 119.567 were cxcellent discriminators between classes.

The data-set was heterogencous when analysed using Environmental and Developer
variables and showed slight heterogeneity when examined using Application
variables. The variability of the data-set was established particularly regarding the
environmental and developer dimensions. The spreadsheet applications were more
similar, however they too showed sufficient variability to be analysed using cluster
analysis procedures.

Between cluster heterogeneity

Dubes and Jain were concerned with the validity of individual clusters i.e. what
made them different from the remainder of the data-set. They defined a valid

cluster:

A cluster is "real” if it forms early in the dendrogram for its size and lasts
a relatively long time before being swallowed up. (1979, p. 250)

They cited Ling's (1973) method to measure the tsolation of hierarchical clusters:

measuring the compactness of a cluster by its birth size and measunng the
isolation of an individual cluster by the cluster's lifetime. (Dubes & Jain,
1979, p. 250)

In a hierarchical solution, this method considers clusters are valid if they combine
early and have a life for some time before being swallowed up by other clusters. An
example of this technique for the Environment variables in run 25f, is shown below
in Table 10.

The dendrograms and Kmeans output in Appendix D resulting from cluster analyses
procedures performed on environmental variables, were used for the following
analysis.
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Table 10: Lifetimes of average link clusters for Environmental variables
cluster analysis

Cluster Birth Size Life- E
Level time
Cl  (83,20) 0 2 086
C2 (8537,43) 0 3 0.86
C3 (57,79 0 2 0.86
C4 (23,78) 0 2 14
Cs (105,64,11,41,92) 0 5 116

Cé6 (103,88,74,62,52,28,10,3,7,21,47,53,70,87, 0 15 L16 Ul

99)

C7  (106,102,100,97,95,93,90,86,82,80,77,68,6 0 69 1.16 U2
6,61,59,56.54,50,48,45,42,39.36.34.32.30,2
7,25,18,16,1,8,5,2,1,4,6,9.13.17.22.26.29.3
1.33.35.38..40,44,46,49,51,55,58,60,63,67.
69.79,81,84,89.91,94,96,98,101,104,107)

C8  (71,14,24) 0 3 116
C9  (65.75) 0 2 116
C10 (C1,73) 086 3 031
Cll (C2,C3) 086 5 031
Cl2 (C5,19) 116 6 0.24
C13 (C6.CT) 116 84 0.65
Cl4 (C8,C9) .16 5§ 1.18 U3
Cl5 (CIoCll) 1.17 8 0.85 R2
Cl6 (C4,Cl12) 14 8 041 R3
C17 (C16,C13) 1.81 92 021
C18 (CI5CL7) 202 100 0.32
C19 (CI8,Cl4) 234 105 1.27
c20 (72) 0 1 367 Ri
C21  (C19,C20) 367 106 *

If a subjective criterion for the lifespan of a valid cluster is established as 30% of
the maximum possible cluster lifespan then clusters in Table 10 with a lifespan of

greater than 30% of 3.67, (i.e. 1.1) can be considered valid. Clusters U}, U2, U3
and R/ all have lifetimes greater than 1.1 and so can be considered valid as they are
isolated for more than 30% of the possible cluster lifetime. Cluster RY is a

combination of clusters C4 and C{2, also conforms to the criterion as C4 has a
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lifetime of greater than 1.1. Only cluster R2 (loose environmental control) was not
validated by this method. However R2 was intitively appealing as a counter
balance to category R/ (tight control) and was retained in the taxonomy.

Table 10 shows that most of the clusters used to form categories within the
environmental dimension of the AD.E. taxonomy had comparatively long
lifetimes before being combined to form new clusters in the hierarchical tree
dendrogram. This validates the clusters on the heterogeneity between clusters'

criterion.

The same exercise could have been completed for Application and Developer
variables. The exercise would have been more complex as in these cluster analyses,
only two cases combined at each stage. i.e. two tables, each with 106 entries would
have been required to complete the exercise shown above for Environmental
variables using a table of just 21 entrics. This was not completed. The exercise on
the Environmental variables had validated the Cluster Analysis method. The
Application and Developer dendrograms were scanned by eye as an alternative.

Both demonstrated a reasonable degree of cluster isolation.

Within ¢luster homogeneity

This criteria considered the compacmess of the partition. Dubes and Jain (1979, p.
251) suggested comparing within individual cluster dissimilarities with the average
dissimilarity within the cluster and outside the cluster. The SYSTAT output of the
Kmeans partitioning cluster analysis algorithm provides an intuitively easy way of
determining this. The output shows, for each variable within a cluster, the
minimum, mean, maximum and standard deviation. The variables were
standardised across the whole data-set prior to analysis, giving for each variable, a
mean of O and a standard deviation of 1. This allowed an easy comparison between
a cluster mean and standard deviation, and that of the whole data-set. Standard
deviations of ( within a cluster showed that all cluster members had identical values
for that attribute i.e. they were homogencous over that attribute. The value of the
mean on the Kmeans output, gave the value of the attribute. Then it could be
determined if the mean value within the cluster was greater, less or similar to the

mean value for the data-set as a whole.
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The within cluster standard deviation from the Kmeans runs in Appendix D was
chocked for cach attributc. For most clusters and va iables this was below 1, i.c.
less than the standard deviation of that variable measured across the whole data-set.
This validated the clusters according to the 'within cluster homogeneity' crileria, as
within a cluster, cases were more alike than across clusters.

1] ¢ i

Romesburg (1984) and Dubes and Jain (1979) discussed demonstrating the internal
criterion referenced validity of a clustering solution by establishing the "Global fit
of hierarchy”, i.c. establishing the similarity between the dendrogram and the
proximity matrix from whach it was derived. The cophenetic correlation coefficient
was suggested as a standard for comparison (Dubes and Jain, 1979, p. 245).

Using the SYSTAT software, the dissimilarity matrix was readily available but
unfortunately the solution to the cluster analysis was only available as a dendrogram
and not as the underlying cophenetic matrix. The joining distances of eack branch
of the tree were available and the cophenetic matrix could have been calculated
from thern. With 108 cases, the production of a cophenetic matrix would have
involved determining the value of 108 x 108/ 2 i.c. 5,832 cells, As three such

matrices were required, this method was considered too time-consuming.

An alternative method, involving the validation of just a few assignations of cases
to clusters, was devised to demonstrate internal criterion validity. For each of the
three Cluster Analysis solutions used to develop the A.D.E. taxonomy, runs 24a,
20m and 25f, a proximity matrix of dissimilanty coefTicients was produced.

a) Remove case labels from the ordinal data-set

b} Select the atributes used o develop the taxonomy, discard the others

¢) Transpose the matrix

d) Calculate the cormelation matrix using Euclidean distances as the

dissimilarity measure.

In each of the three (A, D, and E.) dissimilarity matrices, five of the smallest
Euclidean distances between two cascs were selected and the dendrograms were
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checked to see if both cases were allocated to the same cluster, Two high euclidean
distances were also checked, to ensure the cases were assigned to different clusters.
The results of this validation exercise are shown below in Table 11.

Table 11: Comparison of Euclidean Distance measure between cases
and allocation to clusters in Cluster Analysis solutions used the develop
the A.D.E. taxonomy.

ADE Euclidean 1st 2nd 1st 2nd
distance case case category category
correlation .-
coefficient Different
A 0.24 75 89 S5 S5
A 0.35 57 75 S5 S5
A 0.57 84 72 03 03
A 0.39 101 58 S5 S5
A 0.55 39 27 S4 S4
D 0 6 84 D3 D3
D 0 3 44 D3 D3
D 0.21 3 4 D3 D3
D 0.3 23 55 D2 D2
D 0.42 1 2 D4 D4
E 0 ] 2 U2 u2
E 0 9 18 u2 1§7]
E 0 26 56 U2 u2
E 0 3 7 Ul Ul
E 0 37 43 R2 R2
A 231 7 103 M3 Mi1*
A 2.29 71 38 M2 St
D 2.83 25 79 Cl D5*
D 2.49 40 76 I C3*
E 3.57 20 75 R2 U3*
E 4.36 24 72 U3 RI1*
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The first section of Table 11 shows cases with small Euclidean distance correlation
cocfficients, representing small inter-case distances i.e. low dissimilarity. These
cascs hac been placed in the same cluster. The final section of Table 11 shows
dissimilar cases with high Euclidean distance comrelation coefficients which have
been assigned to  different clusters.  These assignations validate the internal
crterion validity of the taxonomy by comparing the correlation matrix from which
it was derived with the dendrogram in an atternpt to establish Dubes and Jain (1979)
"global fit of hierarchy".

5.5.3. Taxonomic Stability and Robustness

The taxonomy was validated for stability and robustness by repeating the cluster
analysis with the addition of extra variables showing minimum variability over the
data-set. Two dummy variables with values O and ! for all cases, were added to the
ordinal data-set. The Kmeans and hierarchical dendrograms were similar to the
results obtained without the addition of the extra variables.

Gordon (1981, p. 129) discussed Fisher and Van Ness's (1971) approach to
validation based on decision theory admissibility concepts. His cnteria for
admissibility included:

a) Point proportion admissibility: Duplicate an object and demonstrate the

same clusters are present

b) Cluster omission admissibility. Remove all objects in one cluster and

demonstrate the remaining clusters are still present

Point proportion admussibility was demonstrated by duplicating three cases prior to

reclustering. The original clusters were still present.

Cluster omission admissibility was demonstrated by the deletion of all objects from
a medium sized cluster in the Application, Developer and Environment variable
data-sets. The results where then compared with the cluster anaiysis solutions used
to develop the A.D.E. taxonomy. Again there was no appreciable difference in the
clusters obtained, except for the absence of the discarded cases.
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554. Taxonomic Replicability

Ideally validation of replicability should have involved the collection and analysis
of another data-set, leading to the development of a second taxonomy. This could
then have been compared with the A.D.E. taxonomy. However this was considered
too expensive in terms of financial and time resources, particularly as no suitable

sampling frame was available.

Gordon (1981, p. 132) cites Cormack (1971) "if clusters are really distinct, it
would be hoped that any strategy worthy of use would find them." He suggests
that if several different classification procedures agree closely, you can have
confidence in the results. The sample described by Application, Developer and
Environment variables underwent Cluster Analyses, using both the hierarchical
agglomerative and the Kmeans procedures. The close agreement in the results
obtained by these two different methods as described in Sections 4.32, 4.34 and
4,36 for the Developer, Application and Environment dimensions, validated the

A.D.E. Taxonomy under the 'replicability’ criterion.
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5.5.5. Comparison with other Published Taxonomies

Biggs and Collis (1982) suggested taxonomy validation via reliability tests i.e.
how well the taxonomy agreed with others. The A.D.E. taxonomy was validated
by comparing it to other parial taxonomies prepared by experts and reporied in the
literature. These comparnisons for  Application, Developer and Environtnent
catepories are now congidered separately as extcmal referenced criteria for
validation of the A.D.E. taxonomy.

Application catepories

The A.D.E. taxonomy subdivided applications into Models (MI1-M3} and reports
and other applications written for use by Self (5! - 55} or Others (Of - O3):

® Models were further subdivided into 'what iff (M1}, optimiser (M2) and
very complex (M3).

®* The 5 series of reports was further subdivided into three dimensional
complex (51), three dimensional simple (52), creating graphics (56),
creating new corporate data (54), complex reports (53) and other reports
(S3).

& The 'O’ senes of reports was further subdivided into data entry by a data
entry clerk ( unimportant G/ and important O2 functions) and data entry by

a non-developer user (03).

Ballou and Pazer (1985), West & Lipp (1986) and Ronen, Palley and Lucas (1989)
all differentiated between models and reports designed for the developer or for
others to run. i.e.’M’, 'S'and ‘O’ categories,

Eom and Lee (1990) identified optimiser (M1) and 'what if (M2} models.

Karten (1989), Weber (1986), Nesbit (1985), Buckiand (1989) and Eom and Lee
(1990) all recognised the category of self-run spreadsheets that create new corporate

data (54). Anderson and Bernard (1988) identified simple self run spreadsheets
(52 and 55). Anderson and Bernard (1988} and Shneiderman (1980) identified



194

complex spreadsheet categories (S/ and S3). Miller (1989) recognised the
differences between two (S3 and S5) and three dimensional (S and S2) worksheets,

Anderson and Bernard (1988) and Schmitt (1988) identified the ‘O’ serics of
spreadsheets created for others to run. Karten (1989) and Weber (1986) recognised
the sub-categories of important spreadsheets used for significant business decisions,
(02 and O3).

The only category of spreadsheets application not readily identifiable in this review
of the literature, was complex models (M3). All other categories in the Application

section of the A.D.E. taxonomy were confirmed by other authors,

Developer categories

The A.D.E. taxonomy categorised Developers as Consultants (CI-C3), other IT.
professionals (//- 12) or other Developers (DI - D3).

® The 'C' series of consultant developers were further divided into I.T.
professionals (spreadsheet specialists, C/ or other I.T. consultants C2) and
non I.T. professional consultants (C3)

®* The ‘' series of I.T. based developers were further subdivided into non
consultant I.T. professionals who were disinterested (/1) or interested (12) in

spreadsheets.

® The 'D’ series of developers were subdivided into user-group members (D1},
expent (D2), knowledgeable (D3), novice (D4) and self-employed (DJ)
developers.

Gordon (1981) cites Martin (1982) and McLean (1974) who differentiated
between D.P. professional developers (Cf, C2 or the 'V series) and non D.P.
developers i.e the ‘D’ series. Moskowitz (1987b) also identified the ‘C’ and ¥

series of developers.

Rockart and Flannery (1983) and Kasper and Cerveny (1985) developed a
taxonomy of end-users divided into end-users and supporters of end-users. They
differentiated between non D.P. functional support personnel (C3), end-user
computing support personnel (Cf), ~nd professional D.P. programmers (C2).
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Rockart and Flannery (1983) categorised end-user developers according to expertise

identifying lay expert (D2) and knowledgeable developers (D3). Page-Jones
(1990) and Shneiderman (1987) also categorised end-user expertise identifying

(D2) and (D3) and novice developers (D4).

The only categories of the Developer section of the A.D.E. taxonomy not explicitly

validated through the literature review were user-group members (D!) and

self-employed developers (D5).
n ment categori

Spreadsheet Development Environments in the A D.E. taxonomy were categorised
as either controlled, Regulated (RI-R3) or uncontrolled i.e. Unregulated (Ul -

U3) environments.

» The ‘R’ series of regulated environments was subdivided into tight (R/) or

loose (R2) control and the existence of a spreadsheet library (R3).

= The ‘U’ senes of unregulated environments was subdivided into rushed

development (U7), normal time development (U2) and personal or
recreational use (U3).

Dart, Ellison, Feiler and Haberman (1987), and Schneider and Hines (1990) in

their taxonomy of medical software, recognised the concept of regulated and

unregulated environments the ‘R' and ‘U’ series of the A D.E. taxonomy. Perry
and Kaiser (1991) identified the concept of policies imposed during the

development process i.c. RI and R2 environments.

Karten (1989) identified spreadsheets with a rushed development time (U) while
Eom and Lee (1990) identified spreadsheets for personal use (U/3).

Dart, Ellison, Feiler and Haberman (1987) discussed the conceplts of 'programming
in the large' and 'programming in the many'. 'Programming in the large’ invoived
support for the developer beyond that required for a single spreadsheet e.g. the
inclusion of programmer assistance provided by a spreadsheet template library (R3).

(libraries, however were not explicitly mentioned but the implication was there).
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The Environmental section of the A.D.E. taxonomy was valid with respect to the
‘external referencing’ criterion provided by the literature as all categorics were also
identified in expert writings.

5.5.6. mparison with A Priori Expectation

Comparison of the A.D.E. taxonomy with the researcher's a prion expectations
provided a more objective benchmark than that provided by the posterion

rationalisation of results.

The A.D.E. taxonomy was compared with the researcher's a priori expectations, set
out in a letter to the Head of Department of Computer Science at the then West
Australian College of Advanced Education in 1989 prior to the commencement of
this study. An extract from this letter is included for comparison:

In my view there are three major factors categorising spreadsheets.
Complexity, Strategic Importance and Usage. Each of these factors can be
further decomposed. None should influence spreadsheet controls in
isolation, it is the interaction between them that is important in deciding
the degree and rigour of control necessary in a spreadsheet model.

1) Complexity

a) Size
b) Structure - number of dimensions
¢) Macros

d) Active links to other worksheets

2) Strategic Importance
a) Corporate Decision Support value - Low / High
b) Sphere of influence

c) Data/ Information Fiow through, Sink or Source

3)_Usage
a) Once /infrequent / frequent

b) By developer / by others

c) Expertise of users/ developer
(M.1. Hall, personal communication, 1989)
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This malti-dimensional taxonemy we- 7estricicd to the Application aspects of the
A.D.E. taxonomy. Envirommental aspect. werc completely ignored and the
developer was mentioned only briefly under the ‘Usage’ category. The A.D.E.
taxonomy does include reference to all my a prioni categories with the exception of
‘Size', however, they have been clustered in a different manner.

5.5.7. Taxonomic Usefulness

Everitt suggested that a taxonomy would be validated if members of different
groups differed on varnables other than those used to denve them, i.c. conversely, if
members of the same category had a similar range of values for an attnibute that had
not been considered when defining the categories, and if that attribute had different
values in other categories. Another possibility he canvassed was whether members
of different groups would respond differently to a stimulus and members of the
same group respond in a similar way to a samulus (Everitt, 1980. p. 74).

The AD.E. taxonomy was validated under Eventt's 'stimulus' and ‘usefulness'
criteria, when it was used to see if members of different categories responded
similarly (i.e. pre-planned or not) to a stimulus {the need to develop a spreadsheet).

The question of interest was, which factors were associated with experienced
developers pre-planning their spreadsheets on paper. Respondents’ answers to
question 6la in part 3 of the survey questionnaire were analysed. This question
asked whether the spreadsheet had been planned on paper prior to its development.
Seventy eight expert and knowledgeable developers were selected from the data-set

i.e. all novices (D4), self-employed (D35} and L.T. workers who were disinterested in

spreadsheets (//) were excluded The remaining were considered to be expenenced
developers.

The first analysis computed contingency Table 12 showing the frequencies of
un-planned, and pre-planned on paper spreadsheets, developed in regulated (R/, R2
or RJ) and unregulated (U/, U2 and U3) environments.
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Table 12: Spreadsheet survey, experienced developers. Frequency of
pre-planning apreadsheets on paper for developers working in regulated
and unregulated environments.

Not pre-planned Pre-planned Total

on paper on paper
Regulated Environment 1 1 12
Unregulated Environment 37 29 66
Total 38 40 78

A chi-square test for differences was performed;

H,: Experienced developers show no significant difference in their rate of
pre-planning their spreadsheets on paper when developing in a regulated
or unregulated environment.

i calculated = 9.258 ( x* critical = 3.842, a = 0.05, d.f.= 1) therefore reject H,,
As one of the frequencies was less than 5, the chi-square test may be inappropriate.
Wilkingson (1990, p. 510) suggests the use of Fisher's Exact test in these

circumstances. This two tail test had a significant p value of .003 confirming the
rejection of H,. Environment regulatior: and the pre-planning spreadsheets may be

dependent.

Spreadshects prepared by experienced developers may be pre-planned more
frequently when developed in a regulated environment,

The second analysis repeated the first restricting the samp.c to spreadshects that
were not simple or trivial, i.e. discarding three-dimensional simple (52) and general
(S5) spreadshects. The contingency table for this analysis is shown in Table 13.
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Table 13: Spreadsheet survey, experienced developers developing
non-trivial spreadsheets. Frequency of pre-planning on paper in
regulated and unregulated environments

Not pre-planned Pre-planned Total

on paper on paper

Regulated Environment 0 8 8
Unregulated Environmant 28 22 50
Total 28 30 58

A chi-square test for differences was performed:

H,: Expenenced developers show no s:gnificant difference in their rate of
pre-planning on paper when developing non-trivial spreadshects in a
regulated or unregulated environment.

¥ calculated = 8.661 ( 3 critical = 3.842, & = 0.05, d.f. = 1) therefore reject H,,

As one of the frequencies was less than 5, the chi-square test may be inappropriate.
Fisher's Exact two tail test had a significant p value of .005 confirming the rejection

of Hy. Environmental regulation and pre-planning non-trivial spreadsheets may be

dependent.

When considening non-trivial spreadsheets prepared by experienced developers,
they may be pre-planned more frequently when developed in a regulated

environment.

This developer behaviour might have been associated with the time available for
developing the spreadsheet. A third analysis restricting developers to those working
in unregulated environments was conducted. The pre-planning practices of
experienced developers, who considered they had sufficient time, and those who
considered they were rushed, were compared in Table 14,
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Table 14: Spreadsheet survey, non-trivial spreadsheets
developed by experienced developers working in an unregu-
lated environment. Frequency of pre-planning on paper,
when a spreadsheet development is rushed or sufficient time
is available for development.

Not pre-planned Pre-planned Total

on paper on paper

Rushed development 6 5 1
Sufficlent time available 22 17 39
Total 28 22 50

A chi-square test for differences was performed:

H,: Experienced developers working in an unregulated environment,
developing non-trivial spreadsheets, show no significant difference in their
rate of pre-planning on paper when their project is rushed or has sufficient
time available.

i calculated = 0.012 ( i critical = 3.842, o = 0.05, d.f. = 1) therefore H, could
not be rejected.

When considering experienced developers working in an unregulated environment,
the pre-planning of non-trivial spreadsheets, may be independent of the time
available for development. There was no significant difference in pre-planning, if

the development was rushed or not.

As 'time available' alone was not associated with a difference in pre-planning
practice, it was considered that the importance of the spreadsheet under
development might be. The fourth and final analysis in this series, repeated the
third analysis after removing all unimportant application, i.e. those with the
variable IMPORTAN = | i.e. cases 4, 20, 27, 44, 57, 94, 97 and 99. The developers
represented in this sample, where experienced and developed non-trivial, not
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unimportant spreadsheets. Their frequencies for pre-planning their spreadsheets in
regulated and unregulated environments are shown in Table 15.

Table 15: Spreadsheset survey, non-trivial, not unimportant
spreadshesets developed by experienced developers working
in an unregulated environment. Frequency of pre-planning on
paper for spreadshests when rushed or sufficient time avail-
able for development.

Not pre-planned Pre-planned Total

on paper on paper
Rushed development 5 5 10
Sufficlent time available 20 17 37
Tolal 25 22 47

A chi-square test for difference was performed.

H,. Experienced developers working in an unregulated environment
developing non-trivial, not unimportant spreadsheets, show no significant
difference in their rate of pre-planning their spreadsheets on paper when
their project is rushed or has sufficient time available.

i calculated = 0.052 ( ) critical = 3.842, & = 0.05, d.f. = 1) therefore H, could
not be rejected. The time available for development and the pre-planning of
non-trivial not unimportant spreadsheets in an unregulated environment may be

independent.

When considering non-trivial, not unimportant spreadsheets developed by
expericnced developers, working in an unregulated environment, there was no

significant difference in pre-planning if the development was rushed or not.

Interpretation

The first analysis showed that experienced developers were less inclined to pre-plan

therr spreadshects when working in an unrcgulated environment. The second



202

analysis was restricted to non-trivial spreadsheets and still found experienced
developers less inclined to pre-plan their spreadsheets in an unregulated
environment. The third analysis was restricted to unregulated environments and
determined that whether there was sufficient time available or not, did not
significantly effect the rate of pre-planning spreadsheets. The fourth and final
analysis considered only important, non-simple spreadsheets developed by
experienced developers working in unrcgulated environments. It found that there
was no significant difference to the rate of pre-planning spreadsheets, whether the
development was rushed or not.

The rate of pre-planning spreadsheets prior to development by experienced
developers was shown to be independent of the spreadsheet complexity, importance
and development time available. The only factor demonstrated in these analysis
that had a significant influence on the pre-planning rate of experienced developers
was the presence of a regulated environment. This has considerable implications

for the control of spreadsheet development.

These four analyses validated the taxonomy under the 'usefulness’ criterion. They
demonstrated how all three parts of the taxonomy could be used to provide a
framework for the companson of spreadsheet development. The first analysis used
the Developer categories of the taxonomy to discard developers who had low
expertisc. The Environmental categories were used to differentiate between
spreadsheets developed in regulated or unregulated environments in all analyses.
The Spreadsheet categories were used to identify and discard simple or trivial
spreadsheets in the last three analyses and to discard unimportant spreadsheets in

analysis four.

A further major validation of this taxonomy as to its usefulness is planned for a
future project, extending the work of this study. This project is outlined in the final
chapter. A spreadsheet control model consisting of design and control mechanisms
will be formulated. The A.D.E. taxonomy together with the control model will be
used to suggest appropriate design criteria and control mechanisms for spreadsheet

applications,



