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The process of information requirements determination
requires effective communication between systems analysts
and users of the system to be developed. The analyst’s ability
to discover user requirements is partially determined by the
analyst’s familiarity with and ability to communicate in the
user’s domain of knowledge and discourse. One such aspect
of the user knowledge domain is concrete terminology versus
more abstract, conceptual understanding. This paper docu-
ments the results of an experiment which compared knowl-
edge representation used by analysts in a systems develop-
ment discovery task. We hypothesized that the discovery task
would be more effective when the analyst’s representation was
biased toward the concrete. We found that systems analysts
whose initial representation was a physical data flow diagram
(concrete) made more correct modifications and fewer errors
than systems analysts who started with a logical data flow
diagram (abstract). The two groups used the same amount of
time for each of the sub-tasks. These results indicate that
analyst knowledge and use of concrete terms in the user
knowledge domain is of more utility in the discovery task than
abstract, conceptual domain knowledge.
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1. Introduction

A crucial prerequisite of a successful computer
application is complete and correct systems re-
quirements elicited from the users. These are the
basis of all subsequent development. Require-
ments determination is, therefore, a crucial first
step in the process.

On a general level, user requirements are
transformed into a representation (for example,
data flow diagrams with data dictionary, layouts,
etc.), which is the initial documentation of the
system as it evolves into a complete and accurate
description. Users and systems analysts interact
in requirements definitions and validation tasks.

The characteristics of the knowledge that forms
the evolving representation are one of the many
factors that may determine the quality of the
communication exchange and therefore the com-
pleteness and accuracy of the representation. Ex-
periments in psychology and communications
demonstrate that, in some settings, concrete is
better than abstract data for understanding. We
assume this finding to be significant to the discov-
ery of user requirements. The experiment de-
scribed in this paper tested the effects of such
differences in the requirements determination
task.
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2. Background

The framework for this experiment has been
termed the “Representation Model.” It may be
defined as the outcome of a purposeful mental,
linguistic, and social interaction of analyst(s) with
user(s) in the process of discovering and validat-
ing requirements and transforming them into ver-
ifiable system specifications.

Models or representations are central to the
development of systems. Representations have
been a major focus of attention in data modelling
since Herman Hollerith and the 1880 census.
Card, report and record layout forms have been
employed routinely to communicate information
about data. Computer technological development
has permitted manipulation of increasingly com-
plex data structures. Flow charts, data flow dia-
grams, and many other graphical constructs have
been devised and used to depict organizations,
mechanisms, and processes, and their patterns of
intercommunication. CASE tools are now emerg-
ing to support them.

Representations may be used as both commu-
nication media and reasoning tools. In the sim-
plest case, a representation communicates certain
facts among individuals sharing an interest. Fig-
ure 1 shows the role of representations in the
process of systems analysis and specification. A
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representation is central to the process at least in

the following ways:

(1) It is initially used by the analyst as a tem-
plate. Much of the task is discovery of user
knowledge that completes a particular tem-
plate. The Whorfian hypothesis, “language
determines thought,” suggests that knowledge
not required by a representation will not be
discovered -- indeed, questions that might
elicit such knowledge may not even be gener-
ated. Additionally, the user may offer infor-
mation that cannot be included in the repre-
sentation because of its syntax and semantics.

(2) During the analysis process, and especially at
its completion, the representation must be
validated. In information systems develop-
ment, representation-based validation is a
critical process. Only the representation is
available for validation until system construc-
tion and installation has been completed.
Therefore, the representation must promote
a clear, comprehensive, and accurate under-
standing of a system specification by its even-
tual users for both reasons of validation and
detailed design.

(3) The end result of the systems analysis and
design process is a specification. This is a
representation that can be used by system
builders: designers, programmers, and soft-
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Fig. 1. Represcntatién model.
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ware engineers. The critical aspect of specifi-
cation is that it must be verifiable. That is, in
the subsequent stages of design, develop-
ment, and testing, builders must be able to
evaluate and test their work against the rep-
resentation provided as a specification.

However, representations that facilitate an an-
alyst’s task of requirements discovery are not
likely to be effective in communicating a clear
and comprehensive understanding of the eventual
system to users. Equally, the latter are likely to be
too imprecise and informal for verification by
analysts. Easily understood representations lack
sufficient precision and rigor to be useful for
either reliable system construction or for verifica-
tion of subsequent steps.

We assume the analyst begins each new task
with knowledge that is “the sum of all his experi-
ence.” With this as an initial state, the analyst’s
expectation of the discovery task assignment forms
an initial representation [12,20].

Understanding is based on an interplay be-
tween concrete and abstract knowledge [9]. Con-
crete knowledge refers to physical entities and
phenomena in the real world, that is, things we
can relate to through our senses. In contrast,
abstract knowledge consists of models and/or
thought patterns that enable us to create order
into our diverse surroundings. Consequently, an
abstract representation makes it possible for hu-
mans to categorize large amounts of concrete
information, to see the connection between dif-
ferent pieces of information, and to seek further
information effectively. However, abstract infor-
mation without a rich set of connections to rele-
vant, concrete information has a negative effect
on understanding.

The experimental evidence from psychology is
derived from studies of storage and recall. Many
experimenters document the superiority of con-
crete over abstract information in simple recall
tasks. Concrete words are recalled much better
than abstract words in many different populations
(children, adults, male, and female) [2,7,15,16,21].
Research has also shown that concrete sentences
are easier to recall than abstract sentences [15,18].

Concrete information was remembered much
longer than abstract information in an experi-
ment by Anderson [1]. This conclusion also ap-
plied when the initial information was wrong and
. subjects became aware that it was wrong. In
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Anderson’s experiment, subjects exposed to con-
crete data displayed a tendency to draw causal
inferences to a much greater extent than subjects
exposed to abstract data. Subjects in the abstract
category did not maintain erroneous beliefs as
stubbornly as subjects with concrete data.

Researchers have also examined whether the
superiority of concrete information holds for
higher mental activities such as decision pro-
cesses. An example of this line of research is the
“spy chain” dilemma of Cox [4,5], where the
decision is based on the way a pair of spies fits
into a larger chain of spies. Each spy can be
identified by a synonym, which has either an
abstract (e.g., irony) or concrete (e.g., chair) ref-
erent. Cox’s findings showed that concrete spy-
labels were recalled significantly better, and that
the time needed to solve the problem was signifi-
cantly higher for subjects receiving the “abstract
treatment.”

Researchers within the communication school-
of-thought conclude that computer system devel-
opment success is highly dependent on a process
where users and systems analysts share a common
frame of reference [10]. Under this communica-
tion model, common frameworks are established
when two parties have a common perception of
meaning, goal achievement, and rapport.

According to De Brabander and Thiers [3],
communication may become more effective if a
third person, acting as an “active question efficia-
tor,” is present during the user-analyst interac-
tion. The added role is intended to stimulate the
user to provide more arguments whenever the
systems analyst makes a proposition.

Language also has an important role; specific
language provokes better reactions (e.g., more
concrete responses and a more positive attitude
toward the systems analyst as well as toward the
systems development task) than vague language.
King [13] argues that specific language patterns
are crucial to the systems analyst’s ability to elicit
user requirements.

3. The research question

In our framework, discovery takes place in the
user’s knowledge domain. Users are involved with
the concrete aspects of their work; use of abstract
language can have a significantly negative effect:
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user-analyst interaction needs to be oriented to
references to concrete phenomena in the user
domain. As any other form of communication it
can syntactically and semantically vary over an
abstract to concrete continuum. We assumed that
if a systems analyst based discovery on an ab-
stract representation, the work would be less
effective than if it were more concrete to help the
analyst understand the user domain. Improved
understanding should make it easier to ask the
right questions and give good comments. The
user-analyst interaction will then yield more com-
plete and correct requirements. ,

Based on this, the main hypothesis of our
experiment is:

Systems analysts starting with a concrete
representation will discover requirements
more effectively than analysts starting with
an abstract representation.

One iteration of a discovery process can be
viewed as four (somewhat overlapping) steps.
First, the analyst must prepare for interaction
with the user. Second, the analyst/user interac-
tion is conducted. Third, the representation is
updated with the newly gained knowledge.
Fourth, the revised representation is validated
with the user.

Prior to conducting an interview, analysts pre-
pare for discovery in a variety of ways. The re-
sults of this may range from a broad, general
strategy to listing specific, detailed questions. We
expected the degree of abstraction of the initial
representation to influence the preparation step
and its result.

HI1.1 Analysts using an initial concrete represen-
tation for discovery will generate more rele-

vant questions than analysts using an initial .

abstract representation.

H1.2 Analysts using an initial concrete represen-
tation are likely to generate a more com-
plete discovery pattern than analysts using
an initial abstract representation.

H1.3 Analysts using an initial concrete represen-
tation are more likely to generate a discov-
ery pattern from detailed to general, while
an abstract treatment group will exhibit the
reverse pattern.
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‘Hypotheses H1.2 and H1.3 were suggested by
other research looking for evidence of mental
behavior in similar reasoning tasks, especially in
[11 and 19].

The second product of discovery is the set of
modifications made to the initial representation
to incorporate the new state of knowledge.

H2.1 Analysts using an initial concrete represen-
tation for discovery will make more correct
additions and modifications to the repre-
sentation than analysts using an initial ab-
stract representation.

H2.2 Analysts using an initial concrete represen-
tation for discovery will make fewer errors
in their additions and modifications to the
representation than analysts using an initial
abstract representation.

The initial concrete representation, having
helped generate more relevant questions, should
facilitate more useful and understandable re-
sponses. Analysts in the “concrete treatment”
group will make more correct modifications, and
will make fewer errors.

We may expect that systems analysts using an
initial concrete representation will work faster
than analysts using the abstract version. The op-
posing perspective, however, suggests that de-
tailed knowledge makes analysis more time-con-
suming, because there are more things to identify
and relate to each other.

Conversely, systems analysts using an abstract
initial representation may be expected to take a
relatively longer time to think through the prob-
lem, since the abstract representation provides
fewer cues. The opposing perspective suggests
that they will use less time, since there is less
information to comprehend.

Time measurements relate to the three steps
of discovery: (1) preparation, (2) the interview
central to the discovery process, and (3) the time
taken to modify the initial representation. Hy-
potheses related to time differences are non-di-
rectional, because we had no clear expectation of
the treatment effect on time.

H3.1 There is no difference in the time it takes
to prepare for the discovery process be-
tween systems analysts using an initial con-
crete representation and analysts using an
initial abstract representation.
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H3.2 There is no difference in the time it takes
to complete the user interview between sys-
tems analysts using an initial concrete rep-
resentation and analysts using an initial ab-
stract representation.

H3.3 There is no difference in the time it takes
to complete necessary modifications be-
tween systems analysts using an initial con-
crete representation and analysts using an
initial abstract representation.

The utility of a particular representation may
be partially dependent upon attitudes toward it.
One component of attitude is the perception of
ease of use; another is the perception of effec-
tiveness. Subjects acting as analysts were ex-
pected to differ in their attitudes depending upon
the initial representation they were assigned.

H4.] The systems analyst using an initial con-
crete representation will perceive that
preparing for discovery is easier than will
the analyst using an initial abstract repre-
sentation.

H4.2 The systems analyst using an initial con-
crete representation will perceive that he
discovers more relevant information than
will the analyst using an initial abstract
representation.

H4.3 The systems analyst using an initial con-
crete representation will perceive the task
of modifying the initial representation as
easier than will the analyst using an initial
abstract representation.

Users participate in the discovery process as
respondents to questions. They are expected to
perceive differences between treatments. Specifi-
cally, they were expected to perceive that analysts
using the concrete representation asked more
relevant questions than analysts using the more
abstract treatment. We also anticipated that users
would perceive the systems analyst working from
the initial concrete representation to be more
effective.

HS5.1 Users will rank the questioning by the con-
crete treatment group as more relevant than
those of the abstract treatment group.

HS5.2 Users will perceive systems analysts using
an initial concrete representation to be
more effective than analyst using an isitial
abstract representation.
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4. Experimental Design

The design chosen to test these hypotheses
was a randomized experiment with two treatment
factors [14]. External validity was increased by
having the systems analyst obtain information
from a peer playing the role of a user, rather than
from a paper case.

Systems analyst subjects were split into two
groups. Each was given an incomplete concrete
or abstract representation. Analyst subjects were
informed that a specific, vital section was missing
from the representation. Each analyst subject was
instructed to prepare a list of initial questions.
The second task of the experiment was to com-
plete the representation by interviewing a user to
discover the missing information. Finally, analysts
were instructed to complete the representation
using the acquired information.

The subject pool was formed from a class of
university level faculty who were resident partici-
pants of the Information Systems Faculty Devel-
opment Institute, sponsored by the American As-
sociation of Collegiate Schools of Business
(AACSB), during the summer at the University of
Minnesota. These adults were more likely to have
had experience with real systems in the work
place than the typical undergraduate student.
Another benefit in using volunteers from this
group was that they had completed a graduate
level course in systems analysis before the experi-
ment took place. Participants were therefore fa-
miliar with the form, construction, and interpre-
tation of the data flow diagrams used as the
experimental material.

Subjects were randomly assigned to one of
three categories: user role, concrete representa-
tion treatment, and abstract representation treat-
ment. One analyst from each treatment group
was randomly assigned to interview each user.
Sequence effects were mitigated by alternating
the order of treatment scheduled for each user.

Before the interviewing process began, users
were given documentation about the business and
their roles. A one-hour presentation and discus-
sion session was conducted to ensure that users
understood their roles and the information avail-
able to them. Systems analysts selected for the
first interview were trained in two separate treat-
ment groups. A 45-minute walkthrough, based on
the appropriate set of data flow diagrams, was
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carried out to ensure that the systems analysts
understood the diagrams as well as possible. Sys-
tems analysts assigned to the second time-block
were given their introduction and walkthrough
while the members of the first cohort were carry-
ing out their interviews. All training was con-
ducted by one of the experimenters, to help as-
sure consistency.

All experiments were conducted in one contin-
uous sequence in one afternoon and evening.
This administrative measure was designed to
avoid contamination of results that might other-
wise have occurred. In particular, the proximity
and frequent interaction of participants in a resi-
dential program might have resulted in inadver-
tent transfer from an initial analyst cohort to a
later one.

The treatments were designed to emphasize
differences on the abstract-concrete continuum,
and to minimize all other differences. Data flow
diagrams (DFDs) are widely used modeling tools
that can emphasize such a difference. “Physical”
DFEDs are intentionally concrete, often represent-
ing the current system or the ultimate detailed
design. “Logical” DFDs exclude concrete refer-
ences, sequences, and specific actors in favor of
the abstract in an attempt to divorce the present
and future operational details from the needs.
The two variants use the same syntax: circles and
arrows, and semantic units: sources, sinks, data
flows, transforms, and data stores.

The literature does not emphasize the differ-
ence between physical and logical DFDs explic-
itly as concrete versus abstract [for example, 6, 8,
22]. A typical definition of the logical DFD is [17,
page 160]:

“One dimension of a system that can be
shown in a model is the essential business,
or logical, processing... Thus, the logical as-
pects of a system are those elements that
are the same whether the work is done with
pencils and paper or by a computer.”

The difference between physical and logical
DFDs is explicitly stated as:

“Logical models, then, concentrate on what
the system does, while physical models stress
how the job is done.”
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Physical DFDs explicitly include concrete ref-
erences. DFD references to “data entry terminal,”
or “invoice-customer copy”’ are analogous to
“chair,” “tree,” or “Mary” in the psychological
experiments cited. In contrast, logical DFDs are
abstractions just as are the words “thought,”
“imagery,” and “philosopher” in storage and re-
call experiments. Broader differences do exist, for
example between a prototype implementation and
a narrative description. Representations that
differ more widely on the concreteness —
abstractness dimension were rejected because
they differ in many ways more than abstractness
— concreteness, and would therefore confound
the experiment.

The problem of stimulus equivalency between
treatments was a consideration throughout the
process of treatment development. While the two
treatments describe the same underlying system,
logical DFDs are much more compact than the
corresponding physical DFDs. We considered and
rejected an alternative notion of equivalency that
would have required us to make each treatment
the same number of pages, symbols, levels, etc.

A more subtle equivalency issue was also con-
sidered: normally, the logical DFD is derived
from the physical in the process of requirements
determination. This dependency might introduce
new problems, for example, the logical DFD
might be a clarification of the physical, as well as
a more abstract view of the system it represents.
To diminish the potential for error resulting from
the dependence of one treatment on the other,
both sets of DFDs were derived from a third
description of the underlying system. This third
view was a more graphical description that in-
cluded an office layout, examples of forms and
documents used, a sample business conversation
in the context, etc. This third, non-treatment rep-
resentation of the system was a basis for training
volunteers in the user role.

After the experiment was completed, all data
were encoded on paper, and then statistically
analyzed using the “RS1” package operating on a
PC. Coding was a lengthy and complex process in
several respects. First, questions prepared by the
analyst subjects were classified into discrete cate-
gories and quantified. Second, modifications to
the initial DFD representations were identified,
decomposed, classified, and quantified according
to a predefined set of categories. Coding reliabil-
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ity was examined by independently coding se-
lected samples and comparing results. Formal
tests of coding reliability were not considered
necessary due to the consistency of results.

5. Resuits

Since the subject pool was relatively homoge-
neous, no background factors were expected to
affect the results. Table 1 describes the subjects
and their assignments. A one-way ANOVA F-test
on age differences between analyst groups showed
an F statistic of 2.26 (p =0.12). There was no
significant difference between groups with re-
spect to age.

During the debriefing, subjects were asked to
evaluate the quality of the material handed out to
them. In addition, their perception of the quality
of our presentation and walkthrough of the mate-
rial was solicited. No significant differences be-
tween groups were found on these items.

Hypothesis H1.1 predicted that systems ana-
lysts using initial concrete representations would
ask more relevant questions than the analysts
using the initial abstract representations. Subjects
wrote their questions on forms that were col-
lected at the end of the experiment. Questions
were considered to be relevant if they fit into one
of the following categories:

— questions about the business in general, that
would help the analyst understand interaction
between the user and the rest of the organiza-
tion;

— specific questions about user-environment in-
teractions

— general questions about the user’s role;

— specific questions about tasks carried out by
the user, or about documents, data stores and
information flows;

— questions about alternative sources of informa-

Table 1
Subjects and treatment groups.

Subjects: Representation

Abstract Concrete User Total
Number participating 12 12 14 38
Mean age 434 37.0 425 41.6
Standard deviation of age 6.26 4.27 6.79 6.79
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Table 2
Classification of prepared interview questions.

Questions asked Representation

Abstract Concrete t-value p-value

Mean number asked  14.8 14.5 —0.00 0.53
Mean number relevant 7.3 11.8 2.08 0.02
Relevant /total 0.517 0.855 264 <0.01

tion, such as who else the systems analyst might
interview; :

— questions about the user’s perceived need for
changes.

Questions about the organization that were
clearly not connected with the user’s role, ques-
tions containing unknown terminology given the
facts of the case, and incomprehensible questions
were categorized as not relevant. One example of
an irrelevant question was a request for an expla-
nation of the analyst’s DFD: “Please describe all
bubbles and data stores in diagram 0.”

The analysis is presented in Table 2. All t-tests
were one-tailed, physical greater than logical.

These results show that the two groups of
analysts asked the same total number of ques-
tions of the user. After questions were screened
for relevance, however, significant differences
were apparent. Analyst subjects using the initial
concrete representation asked more relevant
questions than did those in the abstract treatment
group.

Relevant questions were also categorized into
the four groups:

(1) General business questions

(2) Interrelationships between the organization
and the user’s role

(3) General questions related to the user’s role

(4) Detailed user’s role questions and othe.
specifics. :

A pattern of reasoning might be revealed by
the sequence of questions among these cate-
gories. If the pattern is categories 1, 2, 3, and 4,
the analyst’s reasoning is characterized as top
down. In the opposite sequence, the reasoning
pattern is characterized as bottom up. An addi-
tional consideration is the depth of the reasoning
pattern. If all 4 categories are present the pattern
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Table 3
Category of the first prepared question.
Question category Abstract Concrete
Fre- Per-  Fre- Per-
quency cent quency cent
(1) General business 3 250 2 16.7
(2) Business/role
interrelation 2 167 O 0.0
(3) General user role 5 41.7 10 83.3
(4) Detailed 0 00 O 0.0
No discernable pattern 2 16.7 0 0.0
Total 12 100.1 12 100.0

has a depth of 4. If only two are found, the depth
is 2. In this study, depth was measured from the
sequence of questions until (1) four categories
were included, (2) a particular category repeated
itself, or (3) all questions the systems analyst had
written down had been scored.

The depth of the patterns resulted in a signifi-
cant difference between groups. The group using
an initial concrete representation had a mean
depth of 2.9 while the abstract representation
treatment group had a mean depth of 2.0 (r =
—2.11, p =0.04). This result supports hypothesis
H1.2: the concrete initial representation resulted
in a more complete discovery pattern.

The first category in the sequence of questions
strongly indicates the pattern. This first selection
is documented in Table 3.

Although general questions related to the
user’s role (category 3) were dominant in both
groups, there was some difference between the
patterns of the two treatment groups. The initial
abstract representation led to an initially broader
pattern (categories 1+ 2=41.7 percent com-
pared to 16.7 percent for the concrete treatment
group). Although the number of subjects per cat-
egory was small, the treatment difference be-
tween the combination of categories 1 and 2 with
category 3 was significant (chi-squared =2.79, p
= 095) (Note that the chi-square was performed
on a collapsed version of the table: the sum of
rows 1 and 2, and row 3. The test did not include
empty cells). This result provided some empirical
support for hypothesis H1.3. Subjects in the con-
crete treatment group seemed to begin their in-
terviews with more focused questions.

In hypothesis H1.3, we predicted that the tea-
soning pattern induced by an initial concrete rep-
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resentation would be from detailed to general,
and the reverse pattern would hold for the ab-
stract treatment group. The results documented
in Table 4 support this hypothesis. The number of
subjects was small but a comparison of the treat-
ment difference on the pattern “from detailed to
general” was significant (Chi-squared = 4.44, p =
.04).

In addition to directly confirming the hypothe-
sis, our data indicated an additional pattern in
these recorded questions. Of the 14 patterns dis-
cerned, all but one repeated or cycled. For exam-
ple, the pattern of questions of eight subjects
cycled from detailed to general and back to de-
tailed again.

The end result of the discovery process was
modifications and additions to the initial repre-
sentations. These end results of the experiment
were evaluated by scrutinizing every atomic item
of addition, change, or deletion made to the
initial representations. Each atomic item was
coded:

— As an addition or a deletion. A change to an
existing portion of a diagram was coded as
two changes: a deletion followed by an addi-
tion.

— As relevant or irrelevant.

— As a violation of data flow diagramming syn-
tax. These errors were defined and docu-
mented as:

(1) an error in connecting a symbol or a flow;

(2) a symbol or flow with no name;

(3) a physical name on a logical diagram;

(4) an unrecognizable symbol;

(5) the wrong name used, i.e., the subject in-
vented a name when appropriate terminol-
ogy was available;

(6) an existing part of the DFD was duplicated
by the subject;

Table 4
Pattern of reasoning in prepared interview questions.

Pattern of reasoning Abstract Concrete

Fre- Per- Fre- Per-
quency cent quency cent

General to detailed 3 250 2 16.7
Detailed to general 2 16.7 17 58.3
No discernable pattern 7 583 3 25.0
Total 12 100.0 12 100.0

PN
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Table 5
Data flow diagram modifications resulting from discovery.

Modifications to the DFD Representation

Ab- Con- t- D-
stract crete value value

“Jdeal” number possible 25 61
Mean number of changes

made 22.3 36.2 2.16 0.02
Mean number correct 1.8 15.6
Correct /ideal 0.073 0255 444 <0.01
Adjusted number correct 43 15.6
Adjusted number /

Concrete ideal 0.071 0255 436 <001

(7) use of the wrong symbol,;
(8) an atomic item was connected to an exist-
ing symbol on the wrong level;
— Whether the change was semantically valid;
i.e., whether the change could be judged rele-
vant to the case.

The total number of atomic units of change
and the number of correct atomic units of change
were computed for each analyst subject, and a
correctness proportion was calculated. The de-
nominator of the correctness proportion was an
“ideal” (correct) version established by the re-
searchers. Table 5 shows the results by treatment
group.

Concrete representations contain a higher
number of atomic unit symbols than abstract rep-
resentations of the same underlying system. Dur-
ing the discovery process, however, analysts in
both treatment groups might be eliciting and pro-
cessing units of information of a similar level of
abstractedness. It is of course possible that the
initial abstract representation led to discovery at
a similarly abstract level. We considered the more
likely case to be the opposite: analysts using the
initial abstract representation would elicit units
of information that were relatively more concrete
than their initial representations. If that was the
case, then the modification process might be much
more difficult for subjects in the abstract treat-
ment group. They would have to convert the
knowledge they discovered to a more abstract
representation before modifying their data flow
diagrams.

An additional consideration is that error num-
ber 3, “a physical name on a logical diagram,”
could only be made by analysts in the abstract
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treatment group. To see if this was true, we
adjusted the score for analysts in the abstract
group by ignoring this type of error.

This adjustment, however, effectively permits
concrete representation units as modifications to
the initial abstract representation. The ratio “cor-
rect:ideal” is therefore less valid under this con-
dition. To compensate, we tested the ratio “ad-
justed:concrete ideal.” As Table 5 shows, perfor-
mance between the two treatments was signifi-
cantly different even after this adjustment.

Hypothesis H2.1 is clearly supported. Systems
analysts using initial concrete representations
out-performed analysts using initial abstract rep-
resentations by recording a higher score of cor-
rect additions, deletions, and modifications to the
DFDs. We expected analysts using an initial con-
crete representation to make relatively fewer er-
rors because communication during the discovery
process was expected to be dependent on the
relative concreteness of the terminology used.
Differences in the proportion of errors, there-
fore, provided additional evidence that the initial
concrete representation facilitates more effective
discovery. ,

Analysts in the two treatment groups commit-
ted the same mean number of errors, even though
the analysts in the concrete treatment group made
substantially more changes than did their coun-
terparts in the abstract treatment group. Propor-
tionally, however, analysts using the initial con-
crete representation made significantly fewer er-
rors, as Table 6 shows. As in the previous test, we
adjusted the scores of the abstract treatment
group by ignoring error 3, physical references on
logical diagrams. Hypothesis H2.2 is supported by
the experimental results.

Hypothesis group H3 predicted three treat-
ment differences in the time it took to prepare,

Table 6

Data flow diagram modification error analysis.

Modification Representation

€rrors Ab- Con- - P
stract crete value value

Mean number of

errors made 20.0 20.6 0.12 0.55
Error /number of

changes made 0.871 0.555 —5.98 < 0.01
Adjusted errors/

changes made 0.735 0.555 —1.99 0.03
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Table 7
Task time analysis.

Measures of task Representation
time (minutes)

Abstract Concrete f-value p-value

Preparation 38.2 41.2 —-0.42 0.68
Discovery

(interviewing) 33.6 31.3 044 0.66
Revision

(to the DFDs) 44.4 445 —-0.01 0.99

interview, and modify the initial representation.
We were not able to predict the direction of the
expected difference.

Table 7 shows that no significant treatment
differences on experimental task time were de-
tected. We do not interpret this result to mean
there is no treatment effect on analyst’s time in
these three tasks. Rather, our results are likely to
have been artifacts of our administration of the
experiment: it would have been difficult for the
subjects to take much more time than the niean
due to the experiment schedule.

We anticipated that the systems-analysts using
an initial concrete representation would find each
of the three discovery tasks easier than would
analysts in the abstract treatment group. Each
construct was measured by a single item with a

" five-point scale. Each item had “very easy” (coded
+2) as one extreme and “very difficult” (—2) as
the other. Table 8 shows the results.

Hypothesis H4.3 was the only significant find-
ing. Subjects in the concrete treatment group
found it easier to change the initial DFDs than
did those in the initial abstract representation
group. However, both groups perceived the task
as relatively difficult on the absolute scale. On
completion of the experiment, subjects were asked
if they found the DFDs useful as a basis for
discovery. Seven of the 12 analysts using the
initial abstract representation said they were use-

Table 8
Analyst subject perceptions of difficulty and relevance.
Analyst’s perceptions Representation

Ab- Con- ¢ p-

stract crete value value

Difficulty of preparation 0.55 0.18 -0.84 0.80
Difficulty of modifying ~

DFDs -142 -0.75 197 0.03.
Relevance of information 0.91 0.83 —-0.15 056
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Table 9

User perceptions of the distribution of questions.

Focus of questioning (percent) Representation

Abstract Concrete

User’s role and duties 45.9 48.5
Inputs and outputs 25.5 26.9
Files and archives 10.3 12.0
Other organizational entities 15.0 11.1
Other 43 4.0

ful, while nine of the 12 in the concrete treatment
group stated that the data flow diagrams were
useful. These differences were too small to be
significant. The overall conclusion is that hypoth-
esis group H4, analyst subjects’ perceptions, is
only partially supported by the experimental re-
sults.

During their debriefing, users were asked to
categorize the questions they had been asked.
This was done with a forced allocation among
five predefined question categories. The choices
were:

— The user’s role;

— documents used as input to or output from the
user;

— files or archives used;

— external organizational units with which the
user interacted;

~ other.

The category means of the resulting are shown
in Table 9.

A chi-square test on Table 9 (chi-square value
=(.821, p = 0.936) shows that the results of the
two treatments are not independent. As per-
ceived during user debriefing, the two treatment
groups asked questions in the same frequency
pattern.

Users were also asked to estimate relevancy by
question. A relevancy score for analyst subject
was calculated by multiplying category score by
relevancy proportion and summing the result over
the five categories. The weighted mean for sub-
jects using the initial concrete representation was
.866 and for the abstract treatment group .731.
The two scores are significantly different (r = 1.98,
p =0.03). Hypothesis H5.1, which expected the
user to perceive that analysts using an initial
concrete representation asked more relevant
questions, is supported by this evidence.

g
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Hypothesis H5.2 predicted that the user would
rate the analyst using an initial concrete repre-
sentation as more effective. This was tested with
two separate questions. The mean absolute effec-
tiveness score (on a 5-point, +2 to —2 Likert
scale) of this group was 0.40, while the mean for
the abstract treatment group was 0.17. This result
was not significant (1 =0.44, p=0.44) and the
hypothesis was consequently not supported by
this test. The second debriefing question asked
users which of the two analysts, “abstract” or
“concrete,” they preferred. Two users (of the 7
usable pairs) preferred the “abstract” systems
analyst while five chose the “concrete.” Using the
binomial distribution, the result is not statistically
significant (p = .23).

The results of hypothesis group HS5 indicated
that subjects assigned to the user role did per-
ceive a treatment difference in question relevancy
but did not reach a similar conclusion regarding
either effectiveness or preference.

6. Discussion and conclusions

We predicted and found significant treatment
effects. All of the hypotheses except those related
to time and attitude were confirmed by the re-
sults of the experiment. The evidence suggests
some guidelines for practice. Of the three experi-
mental tasks, only one, the interview itself, was
clearly in the domain of interpersonal communi-
cations. Both preparing for the interview, and
later, adding interview results to the representa-
tion, were individual, mental processes.

In the first task, generating discovery questions
from the initial representation, we observed that
subjects using an initial abstract representation
did not do well in the task of generating ques-
tions relevant to the portion of the system under
study. In the final task, they were less able to
represent what they had discovered as modifica-
tions to their representations.

The psychology literature more generally sug-
gests this result. We think that analysts starting
with the abstract representation had too few
specifics to generate questions. Similarly, in the
third task, they were less able to connect the
information gained to their abstract model.

The limited inferences we can make from the
results of hypotheses H1.2 and H1.3 are. also
intriguing. These very exploratory hypotheses re-
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sulted in evidence of patterns of reasoning, and
significant treatment effects. Analysts using an
initial concrete representation began with ques-
tions clearly relevant to the user’s role and had
more detectable patterns of questioning than the
abstract treatment group.

Hypothesis group H2 compared the products
of systems analysis in the form of modifications to
data flow diagrams. The results actually are a
composite of performance on the three tasks in
the experiment. Analyst subjects used the initial
representation they were assigned to generate
questions and as the primary guide to their user
interviews. But the treatment differences may not
have become apparent until analysts had to con-
vert the information they discovered to modifica-
tions at the treatment level of abstractedness.

The treatment differences are striking. Ana-
lysts in the concrete treatment group made more
modifications with a lower proportion of error
than their counterparts. The differences remain
significant in spite of adjustments we made to
compensate for difference in treatment size.

We interpret the combined results of H1.1 and
H2.1 and 2.2 to be support for the representation
model as an explanation of both internal, reason-
ing behavior and interpersonal, communications
behavior on the part of systems analysts.

The mixed results on perceptual measures are
explained in terms of the abstract to concrete
continuum. The significant findings are measures
of concrete phenomena. The two examples are:
(1) that the systems analysts using an initial con-
crete representation perceived the task of modify-
ing data flow diagrams to be easier than did the
analysts using the initial abstract representation,
and (2) that the users perceived the questions
asked by the analyst in the concrete treatment
group as more relevant than the questions asked
by the abstract treatment group analysts.

The initial representation formed by a systems
analyst influences subsequent behavior and the
outcome of the discovery process. When the ini-
tial representation is a graphical model on paper,
its concreteness, detail, and references to specific
real-world artifacts, activities, and events result
in: more relevant questions by the analyst (H1.1),
more effective interviews as perceived by users
(H5.1), and more success in completing the dis-
covery task (H2.1, H2.2).

While our subjects were much more mature
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and broadly experienced than the usual student
subjects, they were still immature as systems anal-
ysis. Similarly, our “users” were role-playing and
had no “real,” on-the-job experience in the set-
ting of the experimental treatments. Our results
therefore cannot be interpreted as applying to all
systems analysts, but only to novices, or trainees.
A replication of this experiment with real systems
analysts, real users, or both would more strongly
demonstrate the effect of differences on the ab-
stract to concrete continuum.

A practical conclusion is that the process advo-
cated by Yourdon, Constantine, DeMarco, and
others should not be arbitrarily shortened. It is
very tempting in practice to conduct a systems
study at the “logical model” level, bypassing the
detail and tedium of the “physical model of the
existing system.” The results indicate strongly that
the more abstract “logical DFD” is not as effec-
tive as the concrete “physical DFD” as a basis for
effective discovery in the initial phase of systems
development. We agree that the representation
the analyst eventually manipulates into a new
design must be abstract. The process of abstract-
ing, whether carried out using external tools, or
as a purely mental activity, is prerequisite to a
manipulable representation. Design or redesign
requires manipulation of a representation. But
the systems analyst’s abstract representation does
not relate to the user’s domain of knowledge. The
tools and techniques used for discovery can bene-
fit from these experimental results. Tool-builders
as well as analysts need to provide both concrete
and abstract representations to support systems
development.
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