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Abstract
Although various application domains use requirements elicitation
procedures to gather information and model the application domain, only
a few guidelines mention the important characteristics that are essentisl
for such procedures. This paper reports on identifving a set of character-
istics for a functional requirements elicitation procedure within the
higher education domain,

Introduction

The Internet is no longer a new technology in the higher education
institution application domain. In a recent report published by Edu-
cause (Educause 2003) an increase in the number of institutions in the
USA that use the Internet to provide web-based campus portals was
reported to have risen from 21.2 percent in 2002 to 28.4 percent in
2003. Online registration facilities grew from 20.9 percent in 1998 to
70.9 percent in 2003, The same trend is noticeable in South Africa.

Traditional higher education institutions that have already incorpo-
rated e-learning into their curricula often claim to have gained an ad-
vaniage over their competitors because they serve a larger number of
students, If they wish to retain such an advantage, these institutions
should continuously convert their existing processes so that they pro-
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competitors do (Laurillard 1993; Bates 2000). However, the incorpora-
tion of e-learning into the curricula of traditional higher education in-
stitutions is a complex task (Luker 2000; Ryan, Scott et al. 2000). The
main reason for dissatisfaction with e-leaming and its often inefficient
implementations is similar to those in most application domains where
developments have not been successfuily implemented (Pressman
2000; Whitten, Bentley et al. 2001). Reluctance to incorporate elec-
tronic innovations often originates in a failure to understand the appli-
cation domain adequately. Such an understanding requires an expert
appreciation of all aspects of e-learning technologies and strategies if it
is to be successful.

Requirements elicitation is a technique used by organizations to
describe and specify an application domain. Various requirements
elicitation procedures are used to gather information and model envi-
ronments in different application domains. In software development
projects, for example, a number of software requirements engineering

 procedures are in use (McDermid 1993; Pressman 2000; Hickey and
2 Davis 2003), and in the field of business process re-engineering, au-
% thors such as Davenport (1993) and Hammer (1990) describe special-
© ized re-engineering elicitation procedures. In software and business
< environments numercus guidelines describe the characteristics of the
= procedures concerned. Although requirements elicitation procedures
. might therefore seem to be the ideal tools for building up an under-
- standing of the higher educational domain, only a very limited number
- of descriptions of process modelling procedures for this environment
©. exists, and likewise of the characteristics that a requirements elicitation
¢ procedure for this domain should adhere to (Bruno, Vrana et al. 1998;
~ Tait 1999; Cloete, Van der Merwe et al. 2003).

The aim of our research is to gather information on the processes
- involved in creating a leaming environment and in modelling the
- workflow between these processes. The objective of this paper is to
- identify the output characteristics of a functional requirements elicita-
* tion procedure applicable to the higher education domain. The identifi-
- cation of such a set of characteristics is especially beneficial to re-

490




The Functionality of a Requirements Elicitation Procedure for Process Modelling

quirement elicitation procedure developers because it will help them to
establish a procedure that includes all the important traits that such a
procedure must possess. The recognition and inclusion of these vital
traits will lead io the development of improved producis in the course
of re-engineering the current environment to include e-leaming tech-
nologies. This would naturally increase the rate at which such products
are successfully deployed and accepted. Researchers may also benefit
from this paper because they are not only respensible for establishing
and developing new knowledge that benefits society, but they work
closely with practitioners to define much-needed standards.

The next section identifies the context of the paper with regard to
the modelling of a complex environment, and elaborates on the proce-
dure followed to establish the characieristics of the requirements elici-
tation and modelling procedures identified. This is followed by a sec-
tion describing a requirements elicitation procedure that is applied in a
higher education environment, and a section showing how this proce-
dure adheres to the suggested characteristics. The penuitimate section
addresses the issue of the scientific validation of the reported research,
while the final section makes a few concluding observations.

Identifying the Characteristics of the Requirements
Elicitation and the Modelling of Processes

Modelling a complex environment, such as the changing educa-
tional domain, involves two main sub-fields, namely requirements
elicitation and the modelling of the information gathered during the
requirements elicitation process. Requirements elicitation is the sys-
tematic extraction and inventory of the requirements of a system
(IEEE 1998). If a requirements elicitation procedure is to be consid-
ered effective, it should at least produce the initial goal (Rzepka 1989).
Process modeiling presents a technique (comprising several activities)
that graphically depicts the series of processes that accomplish a pre-
defined goal (Curtis, Keliner et al. 1992). The process model is the
structure that represents a group of processes and their relationship to
one another, which together accomplish a specific goal. These two
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sub-fields naturaily exist within cyclic methodologies that have the
aim of developing software or re-engineering cwrrent environments
(Pressman 2000; Hickey and Davis 2003). Our focus, as illustrated in
Figure 1, is on elicitation and modelling activities.

ol T Cross-phase activities ——

Verification

5% Specification
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% of Reguirements Activities

0% '
i Time >
¢ Figure 1. Requirements elicitation activifies procedure {adapted from (Hickey and Davis
2003))

5 In order to identify the required characteristics of an elicitation
- procedure, we conducted a comprehensive literature review of sources
" that referred to characteristics within the field of study and described
- the characteristics of a range of features in requirements elicitation and
% modelling. Twenty-six of these resources mentioned useful character-
¢ istics. After a number of cycles of identification of characteristics and
+ working through references, maturity occurred with fifty-eight identi-
+ fied characteristics.

Table Al (Appendix A) shows a list of the twenty-six resources (a
- number has been assigned to each for further reference). Table A2
= (Appendix A) specifies the list of characteristics that have been identi-
2 fied from these references, and includes a column with the correspond-
1 ing references to a specific characteristic.

Although different authors propose different steps in the require-
- ments engineering process, the core of these methodologies always in-
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cludes (1) a feasibility study, (2) elicitation, (3) modelling, (4) triage,
(5) verification and (6) cross-phase activities (Macaulay 1996; Som-
merville and Sawyer 1997; Hickey and Davis 2003). We found that
some of the characteristics identified as important for requiremenis
elicitation actuailly belonged to other activities such as a feasibility
stage — and were not relevant to an elicitation stage. By using these
core steps and categorizing each of the characteristics into one of these
steps, we ensured that we listed only those charactenstics that were
relevant to our study, namely the requirements elicitation and model-
ling phase (Appendix A, Table A2). We also merged characteristics
with the same meaning and so ended up with a total number of fifty
characteristics. In our last step, we grouped characteristics that natu-
rally belong together into sub-phases (Appendix A, Table A2).

For the purpose of this paper, we are interested in only those charac-
teristics that focus on the elicitation and modelling phases and in the
ones that are applicable to all phases. Table 1 presents a list of these
phases with the relevant characteristics identified. Although we appre-
ciate the importance of the other phases, our focus in this paper will be
limited to the phases mentioned.

A Requirements Elicitation Procedure for the Higher
Education Environment

We now present an overview of a requirements elicitation proce-
dure for the purpose of modelling a higher education enviromment.
This procedure was developed and tfested as part of a research project
(Cloete, Van der Merwe et al. 2003) at the University of South Africa,
and was also used as the fundamental requirements elicitation tool to
determine the core and secondary processes at other institutions. The
procedure consists of five phases. Phase 1 establishes objectives,
whereas the identification of critical institutional units (Phase 2) and
the identification of primary processes (Phase 3) help us to understand
the domain. It is also during Phases 2 and 3 that the developers collect
stakeholder requirements.
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Tabls 1: List of characteristics

Sub-phase Characieristic
Support Provide automaied support for the reguirements enginesring process
Standards Provide standardised ways of describing work products
The precision of definition of lts nofation
Process model standards
= Technigues Select appropriate technique for the problem domain
% Use of use cases to descrbe nelated fasks
& Support a systematic step-by-step approach
Modifiable solutions and be iterafive in
Documentation Support documeniation af requirements
Maintenance Procedures for maintaining work products
Confiict iConflict negotiation
Specification Requirement completenass
Requirement relevance
Expectations during specification of reguirements
Comeciness
m Communication during specification of requirements
& Requirement accuracy
%. Imporiance of necessity. requirements document
= Level of control over specifying requirements
Boundaries Specify constraints / boundaries
Problem analysis  {Support analysis
Degree of undersianding of the task and process
Data gathering Support data gathering techniques
Chentcustomer Support customer/chent involvemnent
Support modelling  Motivation fo support modelling
Goal modelling Mode! the purpese by describing behaviour
z User involvement  |Reflect the needs of customers / users
§ Modelling Mode! business rules
E Support modeliing of workflows
e Clarity of business process
Model system services
ISystems architecture modelling

. The procedure continues with the organization of the acquired in-
- formation into a high-level process model (Phase 4), which is refined
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in the final step into several sub-process models (Phase 5). Each of
these phases will now be described in more detail.

Phase 1: Establish High-Level Objectives

In Phase 1, the requiremenis engineering team, in cooperation with
stakeholders, compiles a detailed description of the high-level purpose
of the requirements elicitation exercise. The deliverable of the first
phase is a descriptive document that acts as a framework for future
reference and verification purposes. A document of this nature in-

cludes a short description of the goal(s) as well as a clear specification
of the required deliverables.

Phase 2: Identify the Critical Institutional Units

The objective of the procedure is to identify the critical processes
in the application domain (i.e. their essential activities and workflow)
so that the application domain can be understood. The critical proc-
esses can only be identified from a consideration of different opera-
ticnal units within the institution. A unit refers to 2 working segment
of the instimation that is responsible for specific tasks such as, for ex-
ample, a financial section, an academic department, a technical divi-
sion, et cetera. As a first step, all such units within the institution are
listed. This list is compiled from documentation and diagrams, such as
organizational charts, or from data gathered using interviews. If e-
learning is being contemplated, the sccond step involves extracting
those units that actively create and present learning environments. The
units that focus on other aspects of the institution are then labelled as
support units and are deleted from the unit list. For exampie, while the
catering services department prepares food, it has no direct responsi-
bility the learning environment, and will therefore be removed from
the unit list. The deliverable of Phase 2 is a list of the critical opera-
tional units of an institution.

Phase 3: Hentify Primary Processes
In the next three phases, the procedure involves a formal approach
to identify the relevant processes. The procedure distinguishes be-
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tween primary and support processes in the application domain. Pri-
mary processes are the critical activities responsible for, or invoived
in, the design and construction of a smdent’s learning environment.
Support processes are those that provide sustenance for the primary
processes and play a secondary role in accomplishing the defined goal.
The purpose of Phase 3 is to identify the primary processes in each of
the critical units of the application domain. The procedure suggests an
initial list of primary processes for the e-learning domain that includes
the registration process {REGISTRATION). development of course
material (COURSE DEVELOPMENT), production of course material
{PRODUCTION), distribution of course material (DISTRIBUTION),
and academic support available to the student (ACADEMIC STU-
DENT SUPPORT).

The following steps will expand the list and verify its adequacy
and completeness. These steps should be applied to each of the institu-
tional units identified in the second phase (compiled into a unit list).

1. List and documnent the most important processes of a par-
ticular unit in order to establish the main duties within the unit. The
focus sheuld be on the goals to be achieved rather than on whatever
individual activities might realize these goals. A general guideline is
to include what-processes rather than how-processes. A whai-
process is goal-oriented in its description and expresses the objec-
tive of the particular process, while a how-process is action-oriented
and explains the particulars of specific activities that will accom-
plish the specified goal.

2. Categorize each process as being either a support or a pri-
mary process by using the definitions provided earlier,

3. Attempt a mapping for each of the newly identified primary
processes to an item on the initial list. A process list is created from
items on the initial list that correspond to primary processes through
their mappings, while primary processes that cannot be mapped are
added to the process list as new items.

= The deliverable of Phase 3 is a process list consisting of set of the
& identified primary processes, namely:
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{B} forkmeN,

where m denotes the total number of processes for all critical op-
erational units.

The procedure recommends that developers should reconsider the
list if there are more than ten primary processes included in the list.
Eriksson and Penker (2000} also comment that it is unusual, even for 2
complex environment, to have more than ten primary processes.

Phase 4: Construct the High-Level Process Model

The procedure for constructing a high-level process model em-
ploys a standard notation that includes the process itseif, process re-
sources and the goal description of the process (Eriksson and Penker
2000). Process resources can be either inmput (I) or outpur (O) re-
sources. An input resource is used to assist in the flow of process ac-
tivities. For example, in a stadent registration process, the registration
form (input) is used to capture primary information about potential
students. An output resource is the resultant output of activities in a
specific process. It might in turn serve as an input resource for another
process. Each process has at least one input resource and one output
resource that is associated with it. The first step towards constructing
the high-level process model is to define the goal, input resources, and
output resources that are associated with each item on the process list,
which had been created in the previous phase. At the end of this siep, a
set of all resources for primary processes of the application domain can
be described as:

{Rj};_:! for j,neN,
with n denoting the total number of input and output resources.
The second step is to indicate the workflow between different pri-
mary processes through input and output resources. This task remains
simple provided that (1) there are only 2 small number of primary
processes to consider, and (2) they can be accomplished simply by
connecting related processes through directed lines on the process
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model diagram. However, as the number of primary processes in-
creases, the degree of complexity in depicting the workflow increases
proportionately. In such cases, the procedure would indicate that a
more formal approach to establish relationships between primary proc-
esses is reqgilired.

The objective is to identify the resources that serve as both input and
output resource for the different processes and then eliminate redun-
dant resources {(those resources that would appear more than once on
the same process model diagram). To identify these resources, deter-
mine the association value (say Ty; ) that a resource R; has with a proc-
ess Py (for all j and all k). These association values may be input (Ty; =
I}, output (Ty; = O), or ne association (Ty; = Null). Each Ty, is stored as
an entry in an association list, which tabulates vertically all processes
from top to bottom and tabulates horizontally all resources from lefi t¢
right.

The following steps assist in indicating the work flow and associa-
% tions between the different processes and as a result describe the high-
7 level process model:
= 1. Fork=1.m and j = 1..n, describe all the resources in terms of their

association values with P, This is written as a tnplet (P, B, 7).
(Nuil values can be ignored.)

2. For k = 1..m, graphically depict P; on a diagram with its associated
goal.

3. Forj = 1..n, add the identified resources, R; to the diagram.

~ 4. Use the set of triplets (identified in 1), in particular the third coordi-
nate, to add directed lines between processes and rescurces.

This approach produces a high-level process model for the appli-
;. cation domain, as is illustrated in Figure 3.
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Figure 3: High-level process model for the higher education domain

Phase 5: Refinement

A complete understanding of the application domain is depicied
through a single high-level process model with several smaller sub-
process models to accomplish the intended goal. The purpose of the re-
fincment phase is io decompose and particuiarize the individual proc-
esses in the high-level process model through iterative sieps into 2 set
of sub-processes or atomic activities. An atomic activity is a process
that cannot be broken down into further sub-processes.

The activities required io depict the sub-models mentioned zbove
are similar to those described in the previous phase for the high-level
process diagram. In summary:
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1. For each (primary} process, identify the set of affiliated sub-
processes involved in the generation of its output resource(s). For
cach sub-process, define its associated goal, input and output re-
sources.

2. Associate the sub-processes with one another through input
and output resources, as described in Phase 4.

3. Draw the process model. This model graphically depicts the
sub-processes and their relationships between one another.

4. Repeat these steps for each of the identified sub-processes
until all processes are atomic — or until the requirements engineer-
ing team decides against further refinement.

The deliverable of this phase is a set of smaller sub-process medels
augmenting the high-level process model.

How Does the Reguirements Elicitation Procedure Ad-
here to the Characteristics Identified?

In this section we consider the requirements elicitation procedure
% described above and portray its scientific soundness in terms of the
- characteristics listed in Table 1. Using the characteristics as a starting
* point, we evaluated and rated the requirements clicitation procedure
< with relation to each characteristic by using the following descriptors:
¥ 1. Not adhere: The requirements elicitation does not adhere to the
# characteristic at all.

- 2. Partially adhere: Some aspects of the requirements elicitation ad-
% here to the characteristic.

¢ 3. Strongly adhere: The requirements elicitation procedure fully ad-
“  heres to the characteristic.

The result of this rating of the different aspects of the requirements
+ elicitation procedure is presented in Table 2. In the first column, we
i hst the three phases followed by the sub-phases of each phase. In the
* third column, we include the characteristics identified followed by the
. rating achieved for each characteristic.
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Table 2: Degree o which requirements elicitation procedure adheres to the iden-
tified characteristics

Characteristic
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{vd) 01 sazeupe Apeaied

{

Provide automsied support for the re-
Support qQuirements engineering process
Provide standardissd ways of describing y
Standards work products

The procision of definiian of its notation
Frocess modsl standards

Select appropriste technique for the prob 3
Technigues lem domain
Use of uss cases to describe related tasks | i
Support 3 sysiemalic step-by-step \
proach
Solutions can sasily be modified and N
= iterative in nature

i Documentation  Support documentation of requiremants N
Maintenance  Procedures for maintaining work products ¥
Conflict Conflict negotistion J
pecification uirement completeness ¥
Requirament relevance
Expectations during specification of re-
quirements
Correctness
Communication during specification of re-
quirements
Reguirement accuracy
importance of necessity: requirements|
document
Level of control over specifying require-
ments

<
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Boundaries Specify constraints / boundaries ¥
Problem anaysis [Support analysis N
! Degree of understanding of the task and N
} OIDEess
' |Data gathering  [Support data gathering technigues v
Client/cusiomer  [Support custemerfeiient invoivetnent y
Support modelling [Motivation to support modelling N
Mode! the purpose by describing behav- \
Goal modelling  lour
 User involvement [Reflect the needs of customers / users ¥
% Modeliing Mode! business ruies
= Support modeliing of workflows ¥
& IClarity of business process ¥
‘ Model system services ¥
[Systems architecture modelling i

The procedure strongly adhered to the use of standard notation
.and existing process model standards. It also supports a step-by-step
:approach, which is defined in the original documentation as izerarive.
- Because reference is made more than once in the procedure to the out-
----- - put of a phase as being a set of documentation, it therefore also sup-
< ports the use of documentation of the requirements.
% Within the elicitation phase of the procedure, the procedure sup-
" ports requirement relevance by excluding units and processes that are
»not applicable to the goal and modelling only the primary processes
“:that are important in creating a learning enviromument. This goal and
_ the limitations are expected in the beginning of the procedure. This in-
“dicates that the developers support the definition of expectations and
= the specification of boundaries.
¢ The procedure suggests a systematic method for gathering the in-
formaa‘mn from the different units - information that is correct, neces-
ssary and accurate. The procedure divides the educational environment
" into units for the purpose of gathering informatior, and uses communi-
- cation techniques to extract whatever information is necessary from
* the employees.
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The goal of the elicitation procedure is 1o analyse the current envi-
ronment so that a different developer could, with this information and
his or her understanding of the environment, identify tasks and proc-
esses within the educational domain.

Three of the five phases in the elicitation procedure are concerned
with the modelling task. The procedure therefore strongly adheres to
the modeliing of business rules, workflows and different services. The
procedure gives a motivation for using modelling in this application
domain and also adheres to the purpose by producing the goal, the
high-level process model, and sub-process models.

Table 3: Characteristics that the procedure ‘oes not aghere o'
]
g Characteristic g Comment
[=]

Provide automated suppori | NA Whiie thers is no automated suppor! developed for

for the requirements engi- procedure, it should be possible o uss exdsting

neering process {such as existing Case Tools) to support the

documentation process.

Select appropriate technique | PA [The procedure suggested only one way of gathering

for the problem domain information. Other techniques such as questionnaires
£ ould also be appropriate for the application domain.
= iUse of use cases to describe | NA JA few resources mentioned this as being important.
& rolated tasks procedure did not include use cases 1o describe

narios. Object-onented notation supports the use

! f use cages.

Procedures for maintaining | PA Mhile the procedure did nof specifically mention the

work prodicts mportance of maintenance, they support the use of

i Hlocumentation that is essily maintainable.

Conflict negotiation NA WNo confiict negotiation is mentioned by the procedure.
m Requirement compleieness | PA JAlthough the procedure does not specifically define
e measurements fo Maasiing requienents complete-
% hess, they do suggest a cyclic system that ines to ob-
2 tain complete requiraments.
g Reflect the needs of cus- | PA Because the goal of the procedure is lo model the
2 %men { users current business processes, no need analysis is in-
= wohved.
© Isystems architecture model NA No system architecture modelling is included. This is

iling imporiant during the re-design of curment workilows.
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There are only a small number of characteristics that the procedure
does ‘not adhere to’. Table 3 includes all the characteristics that the
procedure ‘does not adhere 10’ or ‘partially adheres to’, with a com-
ment in the last column on each of the ratings.

One characteristic that needs further investigation is the automated
support for the requirements engineering process. As we mentioned
above, it should be possible o use existing tools, such as existing case
tools, to support the documentation process. Furthermore, aithough the
procedure did not specifically mention the importance of maintenance,
it supports the use of documentation that is easily maintainable. Cloete
et al. (2003) do not give any guidelines on conflict negotiation al-
though this is an important characteristic and research into this is nec-
essary — especially in the educational domain where a diverse group of
people is involved in development. The remainder of the characteris-
tics are self-explanatory.

- Validation of Requirements Elicitation Procedure

The objective of this work is to identify the characteristics that are

= required to render functional outputs for an elicitation procedure that
i could enable successful e-learning implementations in higher educa-

© tion institutions. In Section 3, we described the elicitation procedure

for the application domain that was suggested by Cloete et al, (2003).

.. Because of the scarcity of published research in this domain, we used
% this procedure as a basis for our work. However, scientific validation
© (and possibly augmentation) of the procedure is still necessary if it is
“ to be rendered suitable and valid as an instrument that can be used by
. other researchers and practitioners. Such an instrument should be able
* to produce repeatable, usable and effective outputs that could over-
.. come those obstacles to requirements elicitation that contribute to in-
= adequate e-learning implementations.

In attempting to perform such a validation, we conducted a litera-
ture study over a wide set of application domains where requirements
elicitation 15 conducted. We demonstrated earlier how requirements
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elicitation and the subsequent modelling procedure are closely related.
The literature review presented us with a list of desirable characteris-
tics that the requirements elicitation and modelling phases in general
should possess. By focussing on the specific application domain of this
paper, we also extracted a similar, associated list of characteristics.
Table 4 summarises these, lists the different phases, and lists the char-
acteristics that the procedure adheres to in the specific phase.

Table 4: Phases in the requirements elicitation procedure, which adhere to the
identified characteristics

Characteristic .Phiase Phase|Phase Phass Phase

© 4 2 5

Provide standardised ways of describing |
work products i
The precigion of definition of its notation |
Process model standards i
Support a systematic step-by-step ap-
proach !
Modifiable solutions and iterative in nature
Support documentation of requirements
Requirement refevance
Expectations during specification of re-
uirements
Comectness :
Communication during specification of re- |
fuirements
Requiremant accuracy i |
importance of necessity: requirements i N :
urnent ;
Level of control over specifying require- |
iments i
iSpecify constraints / boundaries
Support anaiysis
Degree of understanding of the task and .
process i
Support data gathering techniques :
Sunpornt customer ! client involvement

waseyd |y

< et 2
L) <. jajel| L lde
P P R B N

L L L3N R B P A ]
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Motivation for modeliing support VR v
Model the purpose by describing behaviour

Reflect the needs of customers / users NN A
Model business nules 3

Suppart modafling of workflows
Clarity of business process

Busiepow

E LA L P, P PR
LA N B N P

From Table 4 it is clear that ali the phases in the procedure support
a systematic approach. It is iterative in nature (the procedure is cyclical
and is only completed after a number of iterations). In all the phases,
the information gathered by the developers is documented. This indi-
cates that the procedure supports the documentation of the require-
ments and the documentation of the different models. Furthermore, in
Phases 3 to 5, a notation used by modellers in process modelling envi-
ronments, is prescribed. The charactenistic provides standardised ways
of describing work producis is therefore adhered to. Similarly, the no-
 tation is precise and process model standards are used.
% The only characteristic supported in only one phase of the proce-
- dure is the expectations during specification of requirements. This is
“ understandable because this characteristic is only applicable to the
= specific phase of the procedure.
& Conclusion
~ The main result of this research is a subjective instrument with
+ fifty-eight indicators aimed at the higher education domain. We at-
- tempted to retrieve the indicators or characteristics from authors that
- commented on the characteristics of requirements elicitation and mod-
= elling procedures. We also extracted some from domains such as elici-
- tation or modelling within software engineering or within business
process re-engineering. This 1s, as far as we know, the first research ef-
¢ fort that has resuited in an instrument of this nature.
5 The potential applications of our research results can be discussed
# from both research and practice perspectives. Researchers may use the
. instrument as a guideline during the development of similar require-
.~ ments elicitation procedures. Practitioners using procedures that ad-
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process re-engineering. This is, as far as we know, the first research ef-
fort that has resulted in an instrument of this nature.

The potential applications of our research resuits can be discussed
from both research and practice perspectives. Researchers may use the
instrument as a guideline during the development of similar require-
ments elicitation procedures. Practitioners using procedures that ad-
here to a set of clearly defined characteristics can do so with the
knowledge that the procedure is well-defined, and that it adheres to
standards that are used in different application domains.

In further work, we plan fo use the instrument to see how other re-
quirements elicitation procedures within the educational domain ad-
here to the suggested indicators. According to various sources
(Finkelstein, Ryan et al, 1996; Maiden and Ncube 1998) we shall in
future see the development of reference models for specifying re-
quirements. If this is so, the effort involved in developing requirements
models such as ours from scratch will be reduced. This will help move
many projects from being creative design to being typical design, and
will facilitate the selection of commercial off-the-shelf (COTS) soft-
ware. Further research into this domain is also necessary in education
studies.
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Appendix A
Tabie A1: Activities in 2 requirements ELICITATION procedure
Referoncs Rafsrsncs Refsrence Rsferance
Numbar Number
{iMacaulay 1998) 2 (Madhav]l, Hottie ot ol 1984}
K {Goodrich and Oman 1990} 4 (Eman and Madhavii 1985}
5 {Dawson 1981) B {Cordes and Carver 1880)
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7 {Davis 1993) 8 (Zagoraky 1980}
9 {Besili and Werss 1981) 10 (Farbey 1090)
11 {Kotonya snd Sommerville 1985} 12 Nuseibeh and Easterbrook 2000}
13 (Meaiden and Ruag 1996) 14 Johnaon 1092)
15 {Schneidar and Wintars 1958) 16 {Jarke and Kurkl-Suonio 1898}
17 {Maceulay, Fowler of 8, 1980) 18 {Nusebeh and Roberison 1897}
19 (Sommarville and Sawyer 1997} 20 {Viiler snd Sommerviile 1940)
21 {Loucopouios and Kavakli 1995) 73 {Yu 1987
23 {Greanspan and Feblowiiz 1883) 24 (Dardanns, Lamsweerde ot g. 1983}
25 {Lamawesrde 2000 2% {Young 2002}
Tebls AZ; Characteristics
Phass Subphese Charactarietic o Refrerose

Provide autometed support for the

Al pheses  Automaied supporl  requirements enginsering pracess g 1281011171926
Provids steaderdiesd wiys of de-
Standards seribiing work products 6 12111928
The prcieion of deflnttion of He note-
tion 2 1119
Procoss modsd etanderds T 46712132025
Appropriste  tach-Selsct appropriste tachniqus for the
nigues problen domaln 6 212131826
Uss of use ¢ased fo describe relatad
teths 4 15161926
Support & systamstic step-by-step
spproach 3 11928
Solutions can eaally ba modifiad end
£ro itarathve 3 21128
Support documentation of require-
Documentation mante 4 1101926
Provide procedures for maintaining
Maintenance wolX products 1 1
Conflict Conflietn 1 1§
“Feesibiity  Goal Descripion  Define the geal of the modetling 4 2222425
Managemenl  in-
volvement Management consant with salution 2 21
Msnagemant stiituds iowerds change 2 919
Feasibility Support fasslblilty studias 6 124114718
Pradictions about the systam 1 3
8cops for Intsgration with existing
sysisms 1 1
Scope for evelution 11
Cost-benefit Do coat-benefit anstysie of options B 14568781017
Regquirements
Specification Requirament compisisness § J4181928
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Roguirement relevance
Expectations during specification of
equirsments
Corectnees
Communication during specification of
mguiremsnts
Regquirement sccurscy
importance of necassity: rauiramants
documant
Lowl of control ovar spaciying re-
Quirgmients
Constraints !
Boundsries Specly constralats | boundares
Problem ansivsis  Support anslyele
Dagree of understanding of the task
0l procase
Usa dats gatharing
techniques Support data gatharing techiniguee
Chort lnvoivamant  Support customaricilent lnvelvamant

[

231826

4N %
6111718

I
326

626
3

21112198
121112992526

2314

2121928
328

Motivetion ior mod-

1237111217 19

Modelling  aling Bupport modeling 1 0226
Mods! the purpess by describing be-
Goxl modedling haviour 2 %
Reflsct e natds of cusidmers [ uo-
User invohvament e 8§ 2411013
kiode! anvironment  Modsi businoss ruiss I nE»
Support moseiling of workfiows 3 2%
Clarity of buginess procsss 2 418
Model aysism sarvitoo 2 3
Systams architscture modellng 1 1%
Support arieulation | coheronce of the
Triage product concspt 3 11218
Id of MeasuremeniProvide ways of ssceasing the quaiily
Verification  ioois of work praducts B 12817984%
Enable idontificetion of maseurse of
the requiremants snginpering process 4 12188
Support descriptions of product effee.
tivenesa : 14
Measurss Queiity of the product 1 4
Procece offectivenees 1 &
Cirals time 1 5
Trace-shitity 1 18
Usereusiomer satistaction § Z481117
Requirements maturity (number of
chenges made 3 481)
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