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Requirements Specification:
Learning Object, Process, and Data Methodologies

pecitying information requirements— determining
and documenting the requirements for an information
system, is arguably the key to developing successful
information systems (IS). Since this is the first step in
the systems development process, it is clear that not
doing it effectively will have significant impact on both
the effectiveness and the efficiency of the resultant
system. Not getting the correct final system
requirernents initially is largely responsible for the cost
and schedule overruns that are still fairly prevalent in
IS development.

Specifying information requirements is not only the
most important step in developing IS, it is probably also
the most difficult. The crucial aspect of the process is
to develop a mental model of the system (i.e., to deter-
mine what the system needs to do) [6]. Once the infor-
mation requirements of the new IS have been specified,
the development process consists of successive transfor-
mations of that initial model until, finally, a computer-
based solution to the problem is achieved.

Specifying requirements is a complex task that is
difficult for systems analysts to address, due to human
problem-solving limitations [3]. Short-term memory is limited in capacity;
transfer from short-term to long-term memory requires a relatively long time,
approximately 5 to 10 seconds; storage and retrieval mechanisms are fallible.
Short-term memory capacity is perhaps the most devastating aspect of these
limitations. Classical estimates of short-term memory capacity suggested that
problem solvers can effectively handle 7 + 2 chunks of information [14], but this
is an upper limit that may be drastically reduced by interference. To overcome
these limitations, human problem solvers resort to various ways of effectively
increasing the capacity of short-term memory as well as using external memory
devices and/or techniques to support working memory.

The aid most commonly used to support working memory in information
requirements specification is a systems development methodology and the
associated representation technique. By methodology, we mean a systematic
approach to the task of systems development (see [16]). Early methodologies pro-
vided guidelines mostly in the form of a set of standardized activities and stan-
dardized forms to be completed; little effort was devoted to handling complexity
explicitly. Subsequently, the major thrust of methodologies has been the desire
to address complexity directly {6, 8, 10].

Despite the significance of information requirements specification to the suc-
cessful design of systems and the large body of descriptive and conceptual
literature on methodologies, there have been surprisingly few empirical studies
conducted on the methodologies themselves. In fact, review of the literature
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revealed only one such study, by Yadav
et al. [24], who investigated the
effectiveness of data flow diagramming
[8] and a variant of the systems analysis
and design technique (SADT) [20] in
specifying information requirements.
They report that although data flow
diagrams are casier to learn and to use,
neither produced significantly better
specifications.

Given the importance of method-
ologies to IS development and the
dearth of empirical evidence regarding
their use, we conducted an exploratory
study to Investigate the performance of
three methodologies in aiding novice
systems analysts who were learning to
specify information requirements, The
methodologies investigated were the
structured techniques [6, 8, 25],
Jackson System Development (JSD)
[10], and the object-oriented approach
[3]. We investigated the structured
techniques and JSD because they are
currently the most widely used struc-
tured analysis methodologies (see
Necco et al.) [15]. Since object-oriented
approaches to systems development
are receiving considerable attention in
the software engineering arena and
since some firms, such as Arthur
Andersen Consulting, are moving
toward replacing their current
methods with object-oriented methods,
it seemed appropriate to investigate the
relative merits of an object-oriented
approach in a business setting.

Methodologles

Humans are limited information pro-
cessors. Specifying information
requirements is extremely difficult for
human problem solvers because it
requires handling large amounts of



knowledge. Such problems are usu-
ally handled by decomposing the
area under investigation into sub-
problems for which solutions can be
found or generated [21]. The key to
successtful  problem  decomposition
lies in structuring the problem in
such a way that the subproblems can
be integrated to form the solution for
the complete problem.

In the systems development do-
main, decomposition is usually
achieved by applying methodologies
that are designed to formally address
ill-structured  systems development
tasks. There are many choices for
decomposition, since many different
types of information must be propa-
gated through a system. In practice,
the types of decomposition employed
in methodologies are relatively few in
number and employ two bases for
decomposition: process and data.
The structured techniques of De-
Marco [6], Gane and Sarson [8], and
Yourdon [25], for example, employ
process decomposition, which views a
system from an input-process-output
perspective. JSD [10] is more data
oriented. Currently, methodologies
are being developed that employ ob-
ject-oriented decomposition [3, 4].

Structured analysis is based on the
concept of top-down partitioning o1
decomposition of systems based on
“processes.” Requirements are speci-
tied using data flow diagrams, a data
dictionary, and process specifications
[6, 8]. Data flow diagramming is the
technique used to represent the hier-
archical decomposition of the real-
world system under investigation.
Specifically, data flow diagramming
achieves top-down partitioning by
decomposing the system first into
subsystems, then into processes per-

formed within a subsystem; each of

those processes is ultimately specified
as a processing cycle, For example, a
manufacturing  enterprise  would
have an order subsystem to track or-
ders for the goods it manufactures;

the order subsystem would consist of

a number of processes, such as create
order, cancel order, amend order.
Each of these functions goes through
a series of processing steps (for exam-
ple, creating an order might involve
validating order details, checking
customer credit status, updating the
order file, and so on). Hence, the

structured techniques emphasize the
processes that transform the data.
Data flows are shown as inputs and/or
outputs to the subsystems, processes,
or steps in the processing cycle. The
data dictionary contains definitions of
the data in the system (flows and
stores). Process specifications are de-
veloped for the lowest level or primi-
tive processes on the set of data flow
diagrams.

JSD, despite being known as a
data-oriented approach to systems
development, in effect emphasizes
both data and processes, and is con-
ceptually  similar to  the object-
oriented approach, In JSD, require-
ments are specified using 1) an entity-
action list, which identifies the entities
in the systems and the actions that are
performed on them and the actions
that they themselves perform, 2) an
entity-structure  diagram,  which
shows the order of actions for each
entity, and 3) an initial model (Jack-
son System Diagram), which connects
real-world processes to model pro-
cesses. Additionally, to provide speci-
fications comparable across method-
ologies, the novice analysts in this
study were required to produce a
data dictionary, which does not form
part of Jackson's methodology. Fur-
ther, rather than annotating the pro-
cess boxes in the initial model with
sys-0, sys-1, and so forth, which have
no significance to the problem at
hand, the novice analysts were in-
structed to annotate the model with
the actions from the entity-structure
diagram.

Object-oriented analysis and de-
sign uses the concept of an object as
the unit of decomposition [3]. An ob-

ject is a component of the real world

that is mapped into the software
domain. It is an entity that is charac-
terized by the actions that are im-
posed on it and the actions it imposes
on other objects. Hence, an object
contains both data structures and the
allowable set of operations on the
data. The process of object-oriented
design interleaves analysis and design

of objects with analysis and design of

operations relating to objects. The
object-oriented approach to systems
development, then, provides a more
balanced treatment of the objects and

operations that exist in the model of

the real world than the process ap-

proach. Further, object-oriented de-
velopment encompasses explicit defi-
nition of message input and message
output for each object.

In the object-oriented methodol-
ogy used in this research' [%], re-
quirements are specified using a se-
ries of lists. These are the object list,
action list, object-attribute list, and
action-attribute list. The final system
design is represented as a “Booch”
diagram. Object-oriented analysis as
described by Booch uses Ada con-
structs to define messages between
objects. In doing so, several concep-
tual leaps are taken in the design that
require making changes in the previ-
ously defined tables (i.e., object lists,
action lists, and sometimes the attri-
bute lists). The instruction in object-
oriented analysis for this experiment
had the novice analysts construct a
further table, known as the message
list, that identified 1) the calling ob-
Ject, 2) the called object/action, 3) the
input to the called object, 4) the out-
put from the called object/action, and
5) whether the called module does
read-only or write processing.”

The Study

We investigated the effectiveness of
the process-, data-, and object-
oriented methodologies in specifying
information requirements. We used
process-tracing  techniques, which
provide data about what happens
during a problem-solving exercise,
rather than simply giving partici-
pants a stimulus and measuring the
outcome once problem solving was
complete. Input/output analysis per-
mits assessing only problem-solving
outcomes, such as time taken to de-
velop a solution to the problem and
the quality of that solution. Process-
tracing techniques, on the other
hand, also permitted us to determine
certain characteristics of the problem-
solving processes used. Hence, pro-

'Note that, although Booch used the term “ob-
ject-oriented  design” rather than “object-
oriented analysis and design,” it is clear that he
regarded his methodology as incorporating
annlyais‘ as well as (lc\ign, since he positioned 1t
as a mapping from the problem domain to the
solution domain.

“Note that neither the changes made to [SD nor
to Booch'’s object-oriented methodology affected
the integrity of the methodologies. The changes
were made simply to aid novice analysts to apply
the methodologies.

COMMUNICATIONS OF THE ACM May 1994/ Vol .37, No.3 103



cess-tracing data is far richer than
outcome data.

Our study examined the perfor-
mance ol novice systems  analysts,
There are several reasons. First, the
major objective of this study was 1o
examine the effect of methodologies
on learning to specify  information
requirements. In this context, novice
systems analysts have not previously
been exposed 1o any formal systems
development methods (i.e., they do
not possess a large store ol alternative
methods). Hence, it is casier to teach
them to apply a specific methodology
than it is to teach new methods to
people who may already be experts in
developing systems, either by their
own cfforts or by using a given meth-
odology. Further, experienced prob-
lem solvers might prefer to use the
methods they use in practice rathen
than the given methodology. Second,
examining expert problem solving
can be quite difhicult, since experts
automate their problem-solving pro-
cesses to the point at which they are
no longer able to articulate what they
are doing [2].% Novice problem solv-
g, on the other hand, is more ame-
nable to investigation.

Further, this study investigated
learning over tume. It is important
not only to assess the performance of
methodologies immediately following
mstruction but also to determine
whether certain methodologics dif-
ferentially facilitate the ability to learn
them. This study investigated the fol-
lowing rescarch questions:
® Are novice systems analysts able o
develop requirements
specifications more readily with cer-

information

tain methodologies than with others?
¢ Do novice analysts learn to use cer-
tain methodologies more readily than
othersr

Method
To explore the preceding rescarch
questions, a process-tracing study was

conducted in which novice systems

analysts  specified the information
requirements for each of three appli-

\[['LIHIII\['I_\, consider the difficulty of trying 1o
communicate 10 a nondriver how to drive an
automobile. Once we have learned 1o drive, we
lose the ability to describe exactly how we do it
while at the same time keeping abreast of traffic
conditions, carrying on a conversation with
those travelling with us, and so on.

cations. Protocol analysis was the pro-
cess-tracing technique used, since it
provides richer insights into pro-
cesses than alternative process-trac-
ing approaches (see Ericsson and
Simon [7] for a discussion of protocol
analysis and the validity of protocol
data). The problem-solving sessions
were videotaped, providing a visual
as well as a verbal record of problem-
solving behavior,
Participants  developed  informa-

ton  requirements  specifications
using a given methodology (Le.. we
g,

Participants were randomly assigned

used a repeated-measures de

to a methodology. The order of pre-
sentation ol two of the three applica-
tons was counterbalanced. The re-
maining application, which was not
analyzed in this research, was always
completed second. The data from
the first and third trials were ana-
lyzed to better differentiate the par-
ticipants” attempts at learning to use a
methodology.

Two applications were used  as
stimulus materials in the experiment.
The applications were chosen to be of
roughly equivalent complexity and to
within
Standard sets of training materials

be completed two  hours.”
were developed for each methodol-
ogy to ensure comparable levels of
training. Participants were provided
with materials on 1) what the meth-
odology entailed, which included the
steps involved in the methodology.
the information recorded at each
step, and the format in which icis re-
corded. We refer to this material as
declarative  knowledge, ie., it i
knowledge about what needs to be
accomplished at ecach step to fullill
the requirements of the methodol-
ogy; and 2) how to apply the method-
ology (this material was presented in
the form of the solution to a problem
using the given methodology). By
examining the example solution, par-
ticipants could see how the methodol-
ogy was applied in a given instance.
We refer to this material as proce-

dural knowledge. The volume of

materials  on  methodologies  pre-
sented to partcipants was similar for
cach

mately 5 to 6 pages of material on

methodology  with  approxi-

- L . .
I'he applications are available from the authors
lII‘(J” TL'illll‘\T.
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the declarative and
dural aspects.

cach of proce

Of necessity, the number of partci-
pants m protocol analysis studies is
small. Participants were six students
enrolled ina course on software engi-
neering in the business school of a
large university. Participants received
instruction in a number of methodol-
ogies as part of their course work.
I'he students had no prior experti-
ence in using any ol the methodolo-
gies investigated in the study. Meth-
odology knowledge at the time of the
study was assessed via a background
questionnaire. On a scale of 1 ("no
very familiar™) to 7 (Cextremely famil-
1ar’), participants using the process,
data, and object methodologies re-
ported their level of knowledge of the
methodology they used in the study
as 4, 4, and 3.4, respectively.

The novice analysts received  in-
class instruction, completed in-class
exercises, and a homework exercise
in each ol the methodologies.

At the experimental session, partic-
ipants reviewed both the standard
instructional materials (the declara-
tive aspect of the methodology) and
the application presented using the
given methodology (the procedural
aspect ol the methodology) prior o
the problem-solving  session. They
were then videotaped as they speci-
fied the informaton requirements for
the three applications using the given
methodology. During the study ses-
sion, they could refer to the class ma-
terials on methodology as well as the
example solution. Participants were
permitted breaks following the com-
pletion of each requirements specili-
cation. Finally, they were debriefed
regarding their performance, the dif-
ficulties they had encountered, the
ways in which they overcame those
difficulties, and their thoughts on the
experimental session. The sessions,
with requirements specilication for
three applications and two breaks,
lasted from 3.75 to 6.35 hours.

Two types of formal analyses were
conducted on the protocol data. First,
the protocol data was coded to reflect
the time spent referencing certain
documents. The documents exam-
ined in the study were 1) the problem
statement (i.c., the application), 2) the
notes on the steps that comprise the
methodology (declarative methodol-



ogyv knowledge), 3) the example solu-
ton specified using the given meth-
odology  (procedural  methodology
knowledge), and 4) the resultant
specification or solution. Since the
novice systems analysts who partic-
pated in this study were in the pro-
cess of learning the methodologies
they had been taught, we expected
they would sull need to acquire both
declarative and procedural knowl-
edge related to those methodologies.
Hence, in our analyses, we inlerred
that the novice analysts applied the
knowledge acquired.

Second, the protocols were exam-
ined the breakdowns that
during problem
Breakdowns difficuluies

for 0C-

curred solving.
are that
occur during the problem-solving
process [9]. In this instance, they can
be viewed as impediments or obsta-
cles to successtully specifying require-
ments.” Breakdowns were character-
ized as due to  problems in
1) formulating a mental model of the
application, 2) carrying out the steps
of the methodology, and 3) applving
the methodology to a particular ap-
plication to reach a solution. Further,
a breakdown in any of these catego
ries may be due to one of three fac-
tors: lack of knowledge, incomplete
knowledge, or incorrect knowledge.

*Note that breakdowns are an indication of the
eftectiveness of the problem-solving  process.
Since unresolved  breakdowns  will result in
problems in the final requirements specifica-
tions, they can be used to infer the quality ol
those specifications.

lable | presents the types of break-
downs that may occur in cach of the
categories.  Breakdowns  resulted
from lack of ability to formulate a
mental model in one of the above cat-
egories, or the formulaton of an in-
complete or incorrect mental model.
For example, lack of ability to formu-
late a mental model of the declaratve
knowledge relating to the methodol-
ogy means that the analyst does not
know what steps to perform; having
incomplete declarative methodology
knowledge means the analyst misses a
step in applying the methodology.
Formulating incorrect mental
model of the declarative methodol-
y means the analyst performs a

dl

Og
step of the methodology out of se-
quence, or performs a step that is not
part of the methodology, hence mis-
interpreting what needs to be done
next in applying the methodology.
Similarly, lack of ability to formulate
mental model of the procedural
knowledge relating to the methodol-
ogy means the analyst does not know
how to apply the methodology to
specity requirements.
Having incomplete procedural meth-
odology knowledge means the ana-
lyst does not complete a particular
step in the methodology. Formulat-
ing an incorrect mental model of the
procedural methodology means the
analyst performs a step of the meth-
odology incorrectly.

The breakdown results are pre-

mformation

sented as made up of three compo-
nents: 1) the number of breakdowns

Table 1. Problem-solving breakdowns

Mental
model

Application

Declarative
methodology

Jective, It

the participant actually committed,
2} the number of breakdowns from
which the participant recovered, and
3) the number of breakdowns from
which the participant did not re-
cover.” A recovery occurred when a
participant corrected, or in some way
overcame, a breakdown committed
earlier in that part of the problem-
solving session.

Since the number of participants in
protocol analysis studies 1s always
small, we used multiple outcome
measures, as well as a repeated-
measures design. 1 the multiple mea
sures suggested essentially similar ef-
fects, we could feel reasonably confi-

dent we had indeed identified an
underlying phenomenon.
Rehability  analyses  were  con-

ducted on the breakdown and the
timing data. Intercoder reliability as-
sessment conducted the

was on

breakdown data, since analyzing
problem-solving breakdowns is, 1o a
certain extent, subjective. Test-retest
reliability was conducted on the tim-
ing data. Since coding visual observa-
t t
tions from video tapes is largely ob-
not

particularly fruitful to have a second

was considered

coder also code the data. The same
coder, therefore, recoded certain
protocols six months after the initial
coding.

"I'he last figure is presented tor simphcity. Tt can
be obtained by subtracting the number ol break
downs from which the partcipant recovered
the total number of breakdowns the

participant commitied (1.e., the third figure
(-:Iu;ll\' the first minus the second).

from

Procedural
methodology

Lack

Incomplere
problem

Incorrect

unable to form a mental
model of the application

mental model does not
address the entire

mental model does not
match the problem

does not know what steps
to perform

skips a step

performs a step out of
sequence
performs a step that s not

part of the methodology

misinterprets what is to
be done

cannot apply the method
to obtain a representation
of the solution

does not complete a step

does the step incorrectly

incorrectly integrates the
current step with previous
steps
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Table 2. Reliability assessment of breakdown data

Protocol breakdown

54

([1‘i;11 3) Application

Declarative
methodology

Procedural

methodology
56
(trial 3) Application
Declarative
methodology
Procedural
methodology
512
(trial 1} Application

Declarative
methodology

Procedural
methodology

Number of breakdowns

Coder 1

242"

20042

|RUS

/0

0/0/0

3142

O/0/0

4/0/4

4/0/4

Coder 2

2/0/2

1/0/1

1/0/1

07070

0/0/0

3172

0/0/0

5/1/4

4/0/4

"The entries in each column are:
1. the number of breakdoumns
2. the number of breakdmens subjects resolved
3. the number of unresolved breakdouns

Reliability was assessed for one
protocol selected randomly from
each of the methodologies. The same
protocols were used for the break-
down and timing reliability assess-
ments. Tables 2 and 3 present the re-
sults. Scanning of Tables 2 and 3
shows that both the breakdown and
timing data are reliable. The data
derived from the first coding were
used, in both instances, in the ensu-
ing analyses. Tables 4 and 5 present
the results of the breakdown and um-
ing analyses, respectively.

Results

We first assessed research question :
whether novice analysts are able to
specify  information requirements
more readily with certain of the
methodologies investigated. To do
this, we examined the results of the
breakdown and timing analyses for
the first trial. Results show that par-
ticipants found the object methodol-
ogy difficult, and the process and
data methodologies much easier to

apply.

We used Anderson’s learning the-
ory [2] as the basis for investigating
the ability of novice systems analysts
to use the three methodologies. This
theory suggests that declarative
knowledge is acquired first, and that
procedural knowledge can be assimi-
lated only following the assimilation
of declarative knowledge. Hence, we
examined the extent to which novice
analysts made declarative and proce-
dural breakdowns and sought declar-
ative and procedural knowledge in
specifying information requirements.

Breakdown analysis for trial 1 pro-
vides substantial evidence of the diffi-
culty in using the object methodology
compared with the process and data
methodologies. Although the object
methodology resulted in  similar
numbers of breakdowns overall (17}
as the data methodology (18), object
participants were less able to resolve
breakdowns (0 compared with 9),
leaving 17 and 9 unresolved break-
downs for the object and data meth-
ndol()gics, respectively. Participants
using the process methodology com-

Table 3. Reliability assessment of timing data

Protocol

5S4
(trial 3)

S6
(triaf 3}

512
(trial 1}

Document

Application

Declarauve

methodology

Procedural

methodology

Solution
Application

Declarative
methodology

Procedural
methodology

Solution

Application

Declarative
methodology

Procedural
methodology

Solution

Percentage time

Time 1 Time 2

33.1 329
0.0 .0
2 2
66.7 66.8
34.5 33.7
4.2 1.0
5 4
b8 61.9
27.6 28.0
16.8 16.4
0.4 0.0
5h.6 55.6
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mitted tewer breakdowns overall (12)
than the data and object methodolo-
gies (18 and 17, as stated previously);
they resolved 4 of the breakdowns,
leaving 8 unresolved. These results
suggest that the novice analysts inves-
tigated had much greater difficulty
applying the object
than the data and process methodol-

methodofogy

ogies.

This finding is substanuated by
examining the different types of
breakdowns that occurred for each
type of methodology knowledge (i.c.,
declarative and procedural). Results
show that the object methodology was
associated with substantially more ini-
tial and unresolved breakdowns in
each of the declaratve and proce-
dural methodology categories than
the other two methodologies. The
numbers of unresolved declarative
and procedural methodology break-
downs are shown graphically in Fig-
ure la. The data methodology re-

sulted in low numbers of unresolved
declarative methodology breakdowns
compared with the process and object
methodologies (1 compared with 4
and 6). These figures suggest the
novice analysts had a better grasp of
the declarative aspects of the data
methodology than of the process and
object Note,
ever, the low number of procedural

methodologies. how-
breakdowns for the process method-
ology compared with both the data
and object methodologies (4 com-
pared with 8 and 10). These figures
suggest the novice analysts applied
the process methodology much more
effectively than the data and object
methodologies.

From the viewpoint of the timing
analyses, it is interesting to note the
inverse relationship between the time
spent referencing  declarative and
procedural methodology knowledge.
See Figure 1b. The time spent on
declarative methodology knowledge

was 0.0, 3.7, and 10.1 minutes for the
process, data, and object methodolo-
gies, respectively, while that spent on
procedural methodology knowledge
was 7.3, 1.5, and 0.0 minutes, respec-
tively. Note that novice analysts using
the object methodology did not ex-
amine the example solution at all,
suggesting perhaps, that they did not
understand the methodology itsell,
let alone how to apply it. Based on
the notion that novice analysts who
spend more time referencing mate-
rial on the procedural rather than the
declarative aspects of a methodology
are able to apply the methodology
more effectively [2], the results sug-
gest that novice analysts are better
able to apply the process methodol-
ogy and least able to apply the object
methodology.

Hence, in summarizing evidence
relating to research question 1, we see
that the breakdown and timing analy-
ses both provide convincing evidence

Table 4. Breakdowns and recoveries in specifying information requirements

Perflormance over Time

Trial 3

Totals Trial 1
Appln' DecMeth PrMeth Appln DecMeth PrMeth Appln DecMeth PrMeth
Process
S4 5/3/2% 7/1/6 5/0/5 3/3/0 5/1/4 404 2/0/2 2/0/2 1071
Sl 0/0/0 0/0/0 1/0/1 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 17170
5/8/2 7/1/6 6/1/5 3/3/0 5/1/4 4/0/4 2/0/2 2/1/1
(18/5/13} (12/4/8)
Data
56 212/ 6/6/0 5/2/3 2/2/0 6/6/0 20171 0/0/0 0/0/0 3172
S10 0/0/0 2/0/2 12/0/12 0/0/0 1/O/1 7007 0/0/0 LA/ 1 5/0/5
2/2/0 1712115 2/2/0 7/l 97178 0/0/0 11071 B/ 177
(18/9/%) (9/1/8)
Object
53 6/2/4 4/0/4 T1/10 1071 2/0/2 6/0/6 5/243 2/0/2 5/1/4
S12 0/0/0 7/0/7 10/0/10 0/0/0 4/0/4 1/0/4 0/0/0 3/0/3 6/0/6
6/2/4 O/ T 21/1/20 1071 6/0/6 10/0/10 5/2/3 5/0/5 17110
(38/3/35) (17/0/17) (21/3/18)
Querall
13/7/6 44/4/40 6/5/1 L8/7/11 28/1/22 712(5 21/3/18
(47/13/34)

"The headings ave the types of breakdowns committed:

Appin = application

DecMeth = declarative methodology knowledge

PrMeth = example solution using given methodology (procedural methodotogy knowledge )
ZThe entries in each column are:

1. the number of breakdouwns

2. the number of breakdowns subjects resolved

3. the mumber of wnresolved breakdowns

Hence, (3) = (1) — (2)
The numbers in brackets vepresent the totals wnder that heading.
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that the object methodology 15 the
most difficult of the methodologies ex-
amined for novice systems analysts to
apply. Further, novice analysts found
the process methodology easier to
apply than the data methodology.

We next assessed research ques-
tion 2: whether certain methodolo-
gies are easier for novice systems ana-
lysts to learn than others. Requiring
participants to specify the informa-
tion requirements for each of three
applications permitted us to examine
how the ability of the novice analysts
to use the methodologies changed
over time (in this case, from trial 1 to
trial 3). Results suggest the process
methodology was the easiest for nov-
ice analysts to learn over time, fol-
lowed by the data, and then the ob-
ject methodology.

The first piece of evidence on ease
of learning comes from training
times. To train novice analysts to the
same level in the process, data, and
object methodologies required 3, 7,
and 10 hours, respectively. Hence,
the object method required a training
session twice as long as the process
approach, while that for the data
methodology was intermediate be-

tween the two.

Second, we can assess whether
there are differences in learning to
use the methodologies by examining
the number of methodology break-
downs that occurred over time (i.e.,
from trial | to trial 3). Figure 2 pres-
ents both committed and unresolved
methodology breakdowns for trials 1
and 3. The process and data method-
ologies experienced fewer committed
methodology breakdowns over time
(9 to 4 and 16 to 9) compared with
the object methodology (16 to 16),
which was static. The only difference
in this pattern of results for unre-
solved breakdowns was that the re-
sults for the data methodology were
relatively static over time (9 to 8), re-
sulting in a pattern more similar to
that for the object methodology than
for the process methodology. These
results suggest the process methodol-
ogy is not only easier for novice ana-
lysts to learn initially, but also that it is
the only methodology with which
they improve over time (ie., for
which learning occurs), at least in the
early stages of learning.

Further in-depth analyses were
conducted by examining the number
of declarative and procedural break-
downs that occurred over time for
each methodology (see Figure 3).
With the process methodology, unre-
solved  declarative  methodology
breakdowns decreased from 4 to 2
and unresolved procedural method-
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ology breakdowns from 4 to | from
trial 1 to 3, indicating a marked im-
provement in ability to learn the
methodology. With the data method-
ology, the number of unresolved de-
clarative breakdowns was unchanged
at 1 over time, while the number of
unresolved procedural breakdowns
decreased from 8 to 7. Hence, there
was little consistent improvement in
novice analysts’ ability to learn the
data methodology over time. Simi-
larly, for the object methodology, the
number of unresolved declarative
methodology breakdowns decreased
from 6 to 5 over the three trials, while
the number of unresolved procedural
methodology breakdowns was un-
changed at 10. These results, there-
fore, indicate no overall improve-
ment in  learning the objeat
methodology over three trials. In
summary, note that, for the more
critical  procedural  methodology
breakdowns, there was a considerable
decrease over time for the process
methodology, a slight decrease for
the data methodology, and no de-
crease for the object methodology.
Third, the timing analyses also
suggest the process methodology was
easiest for the participants to learn,
followed by the data methodology.
The mean times spent referencing
the methodology on trials 1 and 3
were 7.3 and 0.5 minutes for the pro-
cess methodology, 5.2 and 2.0 min-
utes for the data methodology, and



10.1 and 3.7 minutes for the object
methodology. Hence, while all partic-
ipants spent less time referencing the
materials o methodology on the
third trial, time spent on process,
data, and object methodology knowl-
edge decreased over 3 trials to 7%,
37%, and 38%, respectively. These
figures show that greatest learning
occurred for the process methodol-
ogy, with much less (and similar) lev-
els of learning occurring for the data
and object methodologies.

Hence, a substantial amount of evi-
dence suggests that novice analysts’
learning progressed more rapidly
with the process methodology. There
was little consistent evidence of learn-
ing for either the data or the object
methodologies. Although data and
object participants needed to refer to
supplementary materials on the
less frequently over
three trials, they still committed, and
were unable to resolve, similar num-
bers of the critical, procedural break-
downs. In response to research ques-
tion 2, we see that the process
methodology was the only one for
which substantive learning occurred

methodology

over time, with some learning occur-
ring for the data methodology.

We can investigate further the
power of procedural knowledge in
problem solving. Looking at the
numbers of declarative and proce-
dural methodology breakdowns re-
vealed that procedural breakdowns
outnumbered  declarative  break-
downs by factors of 1.7 (44/26) for
total breakdowns and 2.1 (40/19) for
unresolved breakdowns. Hence, we
investigated whether participants
who acquired procedural methodol-
ogy knowledge during the study were
more effective in specifying informa-
tion requirements than those who
acquired declarative methodology
knowledge.

We first categorized participants
according to whether they sought
predominantly declarative or proce-
dural methodology knowledge to aid
them during problem solving. Exam-
ining the verbal protocols reveals that
subjects S1, 84, and 56 referred ex-
clusively to the materials on the steps
involved in the methodology (declar-
ative methodology knowledge—a
total of 34.9 minutes), while §2, §3,
and S5 referred primarily to the ex-
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ample solution (procedural method-
ology knowledge—17.8 minutes;
declarative  methodology  knowl-
edge—4.7 minutes). We see that par-
ticipants who used procedural knowl-

edge quite extensively had a total of

24/10/14 methodology breakdowns.

Figure 2. Committed and
unresolved methodology break-
downs for each methodology
from trial 1 to trial 3

Figure 3. Unresolved declarative
and procedural methodology
breakdowns for each methodol-
ogy from trial 1 to trial 3
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On the other hand, those participants
who made exclusive use of declarative
methodology knowledge had a total
ol 46/
Table 6 summarizes the results.”’
the
methodology breakdowns commiued
by the

/45 methodology breakdowns.

Furthermore, number o

declarative  methodology

group on the first and third trials was
24/0/24 and 22/1/21, respectively.
The corresponding figures for the
procedural methodology group were
17/8/9 and 7/2/5, respectively. Hence,
the use of procedural knowledge is
negatively associated with the num-
ber of methodology breakdowns
committed initially as well as posi-

‘One participant, classified as a user of proce-
dural methodology knowledge, used procedural
knowledge predominantly in trial 1T and declara
tive knowledge predominantly in trial 3. In clas-
sifying this participant in the procedural meth-
odology knowledge group, note that we are
ettectively biasing the results qgainst linding the
expected effects. An alternative view is that ow
results would have been even stronger had we
excluded this participant from the procedural
methodology group, since this participant had
more unresolved breakdowns in wrial 1 than in
trial 3.

tuvely associated with the number of
breakdowns resolved. Further, ability
to spealy information requirements
over time improved only for those
participants who acquired procedural
methodology knowledge.
Examination of the different types
of methodology breakdowns for the
declarative  methodology — group
shows that, on both trials, the major-
ity of' breakdowns were procedural in
nature, 17/0/17 of 24/0/24 in trial |
and 16/1/15 of 22/1/21 in trial 3. Cor-
responding figures for the proce-
dural methodology group were 6/1/5
of 17/8/9 on wial 1 and 5/2/3 of 7/2/5
on trial 3. Interestingly, the proce-
dural methodology group also dem-
onstrated a greater ability to resolve
declarative methodology breakdowns
over tume than the declarative meth-
odology group. The
methodology group committed the

declarative

same number ol declarative method-
ology breakdowns (7/0/7 and 6/0/6 in
trials 1 and 3, respectively) as the pro-
cedural methodology group (11/7/4

and  2/0/2,

less

respectively),  but
successful in resolving
them. Further, note that the numbers
of declarative methodology break-
downs committed by the procedural
methodology group decreased over
time (from 11 to 2), while those of the
declarative methodology group were
substantially similar (7 to 6). These
findings suggest that those novice
analysts
knowledge did so when they already

wds

much

\\’1]() h()l.lgh[ pl'()(ft‘dilr}iE
had a good grasp of the declarative
aspects of the methodology.

In summary, the breakdown analy-
ses for participants using a prepon-
derance of either declarative or pro-
cedural  methodology  knowledge
strongly suggest that novice analysts’
problem solving was more effective
when they sought procedural rather
than declarative methodology knowl-
edge. These findings support Ander-
son’s learning theory [2].

Analysis of results. All the results
presented here suggest that novice
analysts found the process methodol-

Table 5. Time spent in various activities during information requirements specification

Mcans'

Appln® DecM PrM  Soln
Process
54 21.4 .0 3.7 46.7
S11 22 4 5 4.0 47.8
Mean 21.8 3 3.9 472
% 29.9 %] 5.3 647
Data
56 29.4 1.8 1.6 51.1
SI0 28.6 3.8 G 505
Mean 29.0 2.8 M hOK
% 34.8 3.4 1.0 61.1
Object
53 30.8 6.1 0 924
S12 20.9 7.5 O 350
Meun 25.8 6.9 0 637
% 26.8 7.2 0 660
Oruerall
Mean 25.5 3.3 1.6 539
% 30.3 3.9 1.9 64.0

Performance over Time

Trial 1

e PrM

718 34.2 0 7.4 76.0  117.6
74.1 242 .0 7.1 358 87.0
72.9 29.2 0 7.3 65.9 1023
100.3 28.5 0 7.1 64.4 100.0
83.5 38.1 Il 3.0 658  108.0
82.9 28.3 6.3 .0 56.8 9l.4
83.2 35.2 3.9 1.5 61.3 99.7
100.2 33.3 3.7 1.5 61.5  100.0
129.5 43.1 G.1 00 1009 15301
63.4 18.2 1.1 0 36.6 65.8
96.4 30.6 I 0 68.8 1045
100.00 28.0 9.2 .0 628 100.0
&54.2 310 4.6 24 65.3 1038
100.1 29.9 4.4 2.8 62.9  100.0

"means except for “Totals” columns

2The documents referenced are:
Appln=applicalion
DecM =deciarative methodology knowledge
PrM

Soln =the problem solver’s solution

Totals

Appln D PrM  Soln  Totals

H.6 N .0 17.3 26.0
20.4 1.0 .0 39.7 61.1
14.5 5 .0 28.5 43.5
33.3 1.1 .0 35.5 99.9
20.6 2.5 3 36.4 59.0
28.9 1.3 0 44 74.4
24.7 1.9 1 40.3 66.7
37.0 2.8 1 60.3  100.2
18.5 5.1 A 838 105.8
23.6 4.0 .0 33.3 60.9
21.1 3.7 0 H8.6 83.4
25.3 4.5 0 70.5 1001
20.1 2.4 .0 42.5 64.5
31.2 3.1 .0 65.9  100.2

=r*xnm,’u'r* solution wusing grven methodology {frron ecwral methodology knowledge)
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Table 6. Effect of declarative and procedural methodology knowledge in information requirements

specification

Learning

Overall Trial 1 Trial 3
DecMeth' PrMeth DecMeth PrMeth DecMeth PrMeth
Declarative Methadology Group (83, S10, §12)
Total times 34.9 .0 26.5 8.4 0
(minutes)
Breakdowns® 13/0/13 33/1/32 7007 17/0/17 6/0/6 16/1/15
(46/1/45) (24/0/24) (22/1/21)
Procedural Methodology Group (84, S6, S11)
Total times 4.7 17.8 1.1 17.5 3.6 3
{(minutes)
Breakdowns 13/7/6 11/3/8 11/7/4 6/1/5 2/0/2 5/2/8
(24/10/14) (L7/8/9) (7/2/5)

' DecMeth=declarative methodology

PrMeth =example solution using given methodology (procedural methodology knowledge)

*The breakdown entries are:
I. the number of breakdouns
2. the number of breakdowns subjects resolved
3. the number of unresotved breakdouwns

ogy easier to use than the data meth-
odology, which, in turn, was easier to
use than the object methodology. We
present the thoughts of some of the
- participants, reported at the debrief-
ing sessions. These thoughts illustrate
very well the perceived differences in
using the methodologies.
Subject S11, who used the process
approach, states:

[ prefer the data flow process method. 1
think in processes. I can envision the data
changing. There are times when I can see
object-oriented would be really superior,
but I think in processes.

Although 812 used the object
methodology, he, also, indicates a
clear preference for process methods:

I haven't taken systems analysis yet, but

. my preference is data flow diagrams;
itis easier. I have a hard time with object-
oriented; it's very difficult to me .
is calling and called object.

. . what

Similarly, S10, who used the data
methodology, finds the process ap-
proach easier to apply. He states:

Most people would have problems with
JSD unless they had previous implemen-
tation experience . . . it's a really different
approach than structured systems analy-
sis.

Subject $4, who had no difficulty in

applying the process methodology,
illustrates the ease of learning to use
that methodology. She states:

The only way I know is what I learned in
this class . . . I knew what was expected as
far as output (documentation for the pro-
cess methodology) and by then (trial 3), 1
was obviously more comfortable with the
method because I didn’t check back at the
sample case as much.

Hence, the participants themselves
are extremely articulate about the dif-
ferences in their ability in learning to
use the three methodologies. They
would almost unanimously prefer to
use the process method rather than
JSD or object-oriented methods.

Examining the literature reveals
substantial support for the notion
that novice problem solvers prefer to
use processing or procedural ap-
proaches to solve problems. For ex-
ample, Papert [17] claims that pro-
gramming procedurally fits novice’s
preexisting cognitive notions.
Soloway et al. [22] showed that stu-
dents write correct equations more
often when solving word problems
with procedural languages than with
algebra, which is nonprocedural.
Similarly, Welty and Stemple [23]
found rthat student programmers
using a procedural language outper-
formed programmers using a non-
procedural language. In a study on

software design, Ratclifte and Siddiqi
[19] found that students preferred to
use a process approach, although
Jackson's data structure approach
[11] would have led unequivocally to
a correct solution. Their results per-
sisted even with students who had
been trained in Jackson's data struc-
ture approach. Hence, there is sub-
stantial evidence to suggest that nov-
ices find process approaches more
natural than approaches based on
data. Pennington [18], based on em-
pirical evidence, also suggests that
procedural approaches may be more
natural than other approaches for
experienced programmers.

Discussion

Our research investigated the effect
of three methodologies on novice
analysts” performance in learning to
specify information requirements.
The findings and the limitations of
the study are discussed along with
implications of the results for re-
searchers, instructors in IS, and prac-
titioners.

The results demonstrate that, of
the three methodologies investigated,
novice analysts were better able to
apply the process methodology and
least able to apply the object method-
ology. Further, significant learning
over three trials occurred only for the
process methodology. These results
are substantiated by the verbal state-
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ments of the participants following
the experimental session.

There are two possible reasons for
the significantly better performance
of process over data and object meth-
ods. The first reason is that process
methods may be better defined. They
were developed earlier than both
data and object methods (see, for ex-
ample, [3], [6], and [10]). That pro-
cess methods may be better defined is
supported by the fact that the struc-
tured techniques are those most fre-
quently embedded in CASE tools.
Further evidence that the more re-
cent methodologies may be less well
defined can be seen in the need to
modify the object approach to in-
clude an explicit step to guide partici-
pants where none was provided by
the methodology (see “Methodolo-
gies” section).

The second reason for the superio
performance of participants using the
with
those using the data and the object

process Elppl'()'cl(fll C()l!l[}&l]‘t?(l

approaches may be that (novice)
problem solvers perform better with
process or procedural methods. Sub-
stantial evidence can be found to sup-
port this notion in both the cognitive
psychology literature per se and in
that on computer programming and
design.

The potential limitations of this

study center on the small number of

participants, the quality of training in

the methodologies, and on the use of

novice systems analysts. First, a small
number of participants 1s the norm
for exploratory studies such as this.
For example, protocol studies by Jel-
fries et al. [12], Guindon et al. [9],
Kant and Newell [13], and Adelson

and Soloway [1] in the related area of

systems design collected data {rom
nine, eight, two, and five subjects,
respectively. Most of the studies ex-
amined only a fraction of those proto-

cols in detail, however, and none of

them formally coded their data. We
attempted to overcome the problems
associated with small samples in two
ways: 1) we used a repeated-measures
design and 2) we used diverse types
of analyses of the verbal protocol
data. In particular, the data were
coded to reflect the time spent refer-
encing experimental materials and
the breakdowns that occurred in
problem solving. Further, intuitive

support for the findings also comes
from novice analysts’ comments on
their own learning processes.
Second, there were significant dif-
ferences in the subjects’ ability to use
the three methodologies. As evidence
of our attempts to control partici-
pants’ initial methodology knowl-
edge, we cite the following measures
taken: 1) the data and object method-
ologies were modified to bridge cer-
tain areas in which students experi-
enced pilot  tests,
2) training was achieved using stan-

difficulues in

dard instructional materials for both
the initial class session and for the
review the participants received at
the beginning of the study session,
and 3) the students were given equiv-
alent class and homework assign-
ments for each methodology. Recall,
also, that students’ perceptions of
their ability to apply the given meth-
odology was captured in a back-
ground questionnaire. Subjects’ per-
ceived abilities to apply the object
methodology were only slightly lower
than their perceived abilities 1o apply
the process and data methodologies
(see “Method” section). We believe,
theretore, that the observed differ-
ences in performance using the three
methodologies  reflect  true  differ-
ences in applicability of the method-
ologies themselves.

Third, since our research investi-
gated learning, we used novice ana-
lysts as subjects (see “"The Study” sec-
tion). Our results do not, therefore,
generalize to the body of practicing
systems analysts.

Implications of the Results

What, then, are the implications of

the results for researchers, instruc-
tors in information systems, and prac-
titioners?

From the viewpoint ol researchers,
the findings of this study should first
be validated using other research
methodologies, due to the use of the
small sample necessitated by process-
tracing studies. Second, similar stud-
ies should be undertaken with expe-
rienced systems analysts to assess
their performance in learning to use
each of the methodologies. Third,
this study addressed only the ability
to learn the three methodologies.
Clearly, research is needed that ad-
dresses the performance of mature
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users of each of the methodologies.
Fourth, and perhaps most important,
based on the specific objectives of this
study, our results represent a chal-
lenge to methodologists, particularly
to supporters of the data and the ob-

ject approaches. Perhaps those meth-

odologies need to be better defined o
facilitate learning to use them in
practice. In particular, our results
suggest that methodologies must pro-
vide clear, unambiguous procedural
details on how to apply them. Object
oriented requirements methods, in
particular, have proliferated since
this research was performed. Some of
them, such as Coad and Yourdon [4],
contain much more detailed tech-
niques for specifying IS requirements
than the Booch approach used in this
study. There has not been more re-
cent material addressing the applica-
tion of |SD, however.

From the viewpoint of instructors ol
systems analysis and design who may
be interested in introducing object-
oriented techniques into their curric-
ula, it appears it may be considerably
more difficult to teach students to use
the object-oriented approach to sys-
tems development than the more tra-
ditional structured techniques. More
specifically, the difficultics encoun-
tered by students in applying the ob-

ject methodology in this research

suggest that more procedural train-
ing in the form of example solutions
and practice exercises will be re-
quired for this methodology.

From the viewpoint of practitioners
choosing methodologies, the results
of this study suggest that object-
oriented approaches may not be
hest for all problem solvers in all
situations. IS managers need to
evaluate the claims made by devotees
of object-oriented approaches very
carefully. Further, given that novices
who have no preconceived notions of
structuring have problems learning
object-oriented approaches, it is likely
that
ready comfortable with an alternative

experienced  practitioners  al-

approach may fare even more poorly.
Caution should be exercised in
mandating the use of a new meth-
odology or technique unless its per-
formance has demonstrated
unequivocally.

A further issue for both research-
ers and practitioners that should be

been



addressed in the future 1s whether
the applicability of a particular meth-
odology depends on the nature of the
problem to be solved. There is very
little explicit consideration in the lit-
erature of the relationship between
methodologies and application do-
Proponents of the object-
oriented approach, for example, fre-
quently claim it is a universally supe-
rior

mains,

However, its
performance in  different
stances has not been evaluated. Fur-
ther research and feedback from
practice are needed in this arca. @

paradigm.
circum-
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