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Abstract: Requirements elicitation is the process of seeking, uncovering, acquir-
ing, and elaborating requirements for computer based systems. It is generally un-
derstood that requirements are elicited rather than just captured or collected. This
implies there are discovery, emergence, and development elements to the dicita
tion process. Requirements elicitation is a complex process involving many a-
tivities with a variety of available techniques, approaches, and tools for perform-
ing them. The relative strengths and weaknesses of these determine when each is
appropriate depending on the context and situation. The objectives of this chapter
are to present acomprehensive survey of important aspects of the techniques, -
proaches, and tools for requirements elicitation, and examine the current issues,
trends, and challenges faced by researchers and practitionersin thisfield.
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2.1 Introduction

The importance of requirements engineering (RE) within software systems devel-
opment has long been established and recognized by researchers and practitioners
alike (Chapter 1). The elicitation of requirements represents an early but continu-
ous and critica stage in the development of software systems. The requirements
for a software system may be spread across many sources. These include the prob-
lem owners, the stakeholders, documentation, and other existing systems. Because
of the communication rich nature of requirements elicitation activities, many of
the effective techniques do not originate from the traditiona areas of software en-
gineering or computer science research. Techniques for requirements elicitation
are derived mostly from the social sciences, organizational theory, group dynam-
ics, knowledge engineering, and very often from practical experience.

The process of requirements elicitation is generally accepted as one of the criti-
cal activities in the RE process. Getting the right requirements is considered as a
vital but difficult part of software development projects [36]. A recent field study
of fifteen RE teams carried out by Hofmann and Lehner [31] identified key RE
practices that should lead to project success. Effective dicitation of requirements
was arguably among the most important of the resulting recommended good RE
practices.

Requirements elicitation itself is a very complex process involving many activi-
ties, with multiple techniques available to perform these ativities. The multi-



disciplinary nature of requirements elicitation only adds to this complexity. Elici-
tation is subject to alarge degree of error, influenced by key factorsingrained in
communication problems. Despite the importance of requirements elicitation
within software development, insufficient attention has been paid to this area in
industry and software engineering research to date.

In redlity requirements elicitation is a multifaceted and iterative activity that re-
lies heavily on the communication skills of requirements engineers and the com-
mitment and cooperation of the system stakeholders. One of the main problems
facing software development project teams is communication barriers and agree-
ment about the requirements. The main point is that concepts that are clearly de-
fined to one community of participants can be entirely opague to members of an-
other. The fact that this situation exists often goes unnaticed in the course of
elicitation unless specific attention is paid to the problem.

The type of the system and the purpose of the project significantly affect the
way in which requirements dlicitation is conducted. For exampleit can be said that
the method employed for a custom built embedded control system is likely to be
substantially different to that of a commercially available inventory management
system. The dlicitation of requirements can be performed in a variety of settings
including the development of web based information systems (Chapter 15) and
market driven product lines (Chapter 13), the implementation of large enterprise
systems, the selection of commercial off the shelf products (COTS), and the main-
tenance of existing and legacy systems. Furthermore project teams may be spread
across different geographical locations and from diverse cultura backgrounds.
The specific dlicitation techniques used for a particular situation often depend on a
variety of additional factors including time and cost, the availability of resources,
the safety criticality of the system, and any lega or regulatory constraints.

In this chapter we present the state of the art and practice in requirements elicita:
tion through an extensive review and analysis of the relevant literature bearing in
mind the interdisciplinary and practical nature of this important activity. The am
is to inform the reader of the strengths and weaknesses of some of the current
techniques, approaches, and tools used in requirements elicitation today.

The chapter is structured as follows. Section 2.2 introduces the process of re-
quirements elicitation, the activities associated with it, and the roles performed
during €elicitation by the analyst. Section 2.3 surveys a wide variety of techniques
and approaches used for requirements elicitation, and includes a comparison of
these with respect to each other and the ectivities they are used for. Section 2.4
provides some examples of methodology based requirements elicitation, and Sec-
tion 2.5 presents the types of available tool support for this process. Section 2.6
describes some of the most common issues and pitfalls experienced during re-
quirements elicitation, and Section 2.7 is dedicated to the current trends and chal -
lenges inthis field. Section 2.8 offers some suggestions for future directionsin re-
quirements elicitation research, and finally Section 2.9 contains a brief summary
of the chapter.



2.2 What is Requirements Elicitation?

Currently there is very little uniformity in RE research and practice concerning a
standard definition for requirements elicitation. Requirements elicitation is al

about learning and understanding the needs of users and project sponsors with the
ultimate aim of communicating these needs to the system developers. A substan-
tia part of elicitation is dedicated to uncovering, extracting, and surfecing the
wants of the potential stakeholders. Robertson and Robertson [b4] refer to this
process as “trawling for requirements’ to highlight the fact that through this proc-
ess you are likely to get more requirements than expected. This implies that gath-
ering a few extraneous requirements initialy is dways better than gathering less.
This is one of the reasons why prioritization (Chapter 4) and negotiation (Chapter
7) are important parts of RE, especialy within market driven RE (Chapter 13)

where an overload from the constant influx of large amounts of requirementsis a
serious issue (Chapter 10). More recently the concepts of inventing and creating
requirements have been used to highlight the role of creativity and to emphasize
what really goes on during requirements elicitation [43].

2.2.1 TheProcess of RequirementsElicitation

The requirements elicitation process involves a set of activities that must allow for
communication, prioritization, negotiation, and collaboration with all the relevant
stakeholders. It must also provide strong foundations for the emergence, discov-
ery, and invention of requirements as part of a highly interactive dicitation proc-
ess. Requirements elicitation involves activities that are intensely communicative.
These activities increase in significance when one considers the “ culture gap” [62]
or basic semantic differences dividing the problem owning and the problem solv-
ing communities when attempting to engage in meaningful diaogue[7].

Once again there is very little uniformity in the research literature and practice
concerning the names given to the activities often performed during requirements
dicitation. However what is generaly accepted is that dlicitation is the initia
stage within the RE process abeit an iterative and integrated one. Typica activi-
ties of the requirements elicitation process can be divided into five fundamental
types as described below:

Under standing the application domain— It isimportant when beginning the
process of requirements elicitation to investigate and examine in detail the
situation or “real world” in which the system will ultimately reside (some-
times called the application domain) [34, 68]. The current environment needs
to be thoroughly explored including the palitical, organizational, and social

aspects related to the system, in addition to any constraints they may enforce
upon the system and its devel opment. Existing work processes and the related
problems to be solved by the system need to be described with respect to the
key business goals and issues.



Identifying the sources of requirements — Requirements may be spread
across many sources and exist in avariety of formats [41]. In all software de-
velopment projects a number of possible sources for requirements may be
identified. Stakeholders represent the most obvious source of requirements for
the system. Users and subject matter experts are used to supply detailed in-
formation about the problems and user needs. Existing systems and processes
represent another source for eliciting requirements, particularly when the pro-
ject involves replacing a current or legacy system. Exiging documentation
about the current systems and business processes including manuals, forms,
and reports can provide useful information about the organization and envi-
ronment, as well as requirements for the new system and their supporting ra-
tionale and importance.

Analyzing the stakeholders — Stakeholders are people who have an interest
in the system or are affected in some way by the development and implemen-
tation of the system and hence must be consulted during requirements elicita:
tion. Typicaly stakeholders include groups and individuals internal and ex-
ternal to the organization. The customer, and more specificaly the project
sponsor, is usually the most apparent stakeholder of the system. In some cases
however the actual users of the system may be the most important. Other par-
ties whose sphere of interest may extend to some part of the system opera
tions, such as those responsible for work process standards, customers, and
partners, should also be regarded as stakeholders if affected. One of the first
steps in requirements elicitation therefore is to analyze and involve al the
relevant stakeholders. An extensive list of potentid project stakeholders that
should be consulted during this activity is available in the literature (e.g. [3,
54]). The process of anadyzing the stakeholders aso often includes the identi-
fication of key user representatives and product champions.

Selecting the techniques, approaches, and tools to use — Although some
may advocate that just one dlicitation technique or a single methodology is
sufficient and may be applied to al cases, it is generally accepted that an in-
dividual requirements dlicitation technique or approach cannot possibly be
suitable for al projects. The choice of techniques to be employed is depend-
ent on the specific context of the project and is often a critical factor in the
success of the elicitation process [48]. Hickey and Davis [28, 29] have inves-
tigated the elicitation technique selection and state that a particular elicitation
technique may be selected for avariety of reasons. These include (a) the tech-
nique selected is the only one the analyst knows, (b) the technique slected is
the anadydt’s favorite, (c) the selected technique is the one prescribed by a
specific methodology that is being followed for the system devel opment, and
(d) the choice of techniqueis governed solely by theintuition of the analyst to
be effective in the current context. Clearly requirements elicitation is best per-
formed using a variety of techniques. In the mgority of projects several
methods are employed during and at different stages in the software develop-
ment life cycle, often in cooperation where complementary.

Eliciting the requirements from stakeholders and other sources — Once
the sources of requirements and the specific stakeholders have been identi-



fied, then begins the actual dlicitation of the core requirements using the s-
lect elicitation techniques, approaches, and tools. During this activity it isim-
portant to establish the level of scope for the system and investigate in detail
the needs and wants of the stakeholders, especialy the users. It is aso essen-
tial to determine the future processes the system will perform with respect to
the business operations, and examine the ways in which the system may sup-
port them in order to satisfy the major objectives and address the key prob-
lems of the business.

It is important to remember that requirements elicitation does not occur in a
vacuum. It is strongly related to the context in which it is conducted and specific
characteristics of the project, organization, and environment [11]. In practice the
budget and schedule of the project have a significant effect on the process and the
way in which it is performed. The structure and maturity of the organization will
determine how requirements are elicited, as will the way in which the system will
interact with users and other systems. The level of volatility within a project must
also be considered, as this will directly affect the quality of requirements and the
icitation processitself.

Typicaly the process begins with an informa and incomplete high-level mis
sion statement for the project [69]. This may be represented by a set of fundamen-
tal godls, functions, and constraints for the target system, or as an explanation of
the problems to be solved. In order to develop this description, stakeholders and
other sources of requirements are identified and used for elicitation. These pre-
liminary results form the basis of further investigation and refinement of require-
mentsin atypically iterative and incremental manner.

Over the years a number of process models have been proposed for require-
ments €elicitation [13, 39, 58]. For the most part these models provide only a ge-
neric roadmap of the process with sufficient flexibility to accommodate the basic
contextual differences of individual projects. The inability of these models to pro-
vide definitive guidelines is a result of the wide range of task that may be per-
formed during requirements dlicitation, and the sequence of those activities being
dependent on specific project circumstances. The variety of issues that may be
faced and the number of techniques available to use only makes it more complex.

In most cases the process of requirements elicitation is performed incremental ly
over multiple sessions, iteratively to increasing levels of detail, and at least par-
tially in parallel with other system development activities. In reality its completion
is often determined by time and cost constraints rather than achieving the required
level of requirements quality and completeness. Typically the result of this process
isadetailed set of requirements in natural language text and simple diagrammatic
representations with additional information including descriptions of the sources,
priorities, and rationales.



2.2.2 Roles of the Requirements Engineer during Elicitation

During requirements elicitation the requirements engineer (also sometimes e-
ferred to as the systems analyst or business analyst) may play a variety of roles
and assume different responsibilities. These responsibilities and roles are depend-
ent on the project, people, context and organi zation involved. A substantia part of
elicitation involves exploring the problem domain and the requirements that are
situated in that domain. Furthermore the requirements engineers often need to per-
form some typical aspects of project management. Not only do they have to man-
age the process of dicitation, but they also have to communicate it effectively to
the stakeholders. Thisinvolves among other things, decision-making (Chapter 12),
prioritization (Chapter 4), and negotiation (Chapter 7).

Requirements engineers often play the important role of facilitator. When dlicit-
ing requirements by group work sessions, they are not only required to ask ques-
tions and record the answers, but must guide and assist the participants in address-
ing the relevant issues in order to obtain correct and complete requirements
information. They are aso responsible for ensuring that participants feel comfort-
able and confident with the process, and are given sufficient opportunity to con-
tribute. This role represents a significant part of the skill and expertise required by
the analyst in order to perform effective requirements elicitation.

During dlicitation conflicts between €dlicited requirements and stakeholders
themselves are inevitable. In many cases the prioritization of requirements from
different stakeholders groups is a source of much debate and dispute. When these
situations occur the analyst is often playing the role of a mediator and is responsi-
ble for finding a suitable resolution through negotiation and compromise. Itisim-
portant that the analyst is sensitive to al the political and organizational aspects of
the project when mediating discussions related to the system.

Frequently requirements engineers are responsible for documenting the re-
quirements elicited. Thisrde is particularly important as it represents the produc-
tion of results from the elicitation process, and forms the foundation for the subse-
quent project phases. Evaluation of the elicitation process and the work performed
by the andyst is based on these resultant artifacts, which in some cases may form
the basis of contractual agreements.

Analysts are often required to assume the various roles of the developer com:
munity during requirements elicitation. This includes system architects, designers,
programmers, testers, quality assurance personnel, implementation consultants,
and system maintenance administrators. This is often due to the fact that these
stakeholders have not yet been assigned to the project at the requirements elicita-
tion stage. Despite this the decisions made during this phase of the project will
significantly affect these stakeholders and the subsequent phases of development.

All the requirements elicited must be validated against the other stakeholders,
other systems, each other, and then compared with previously established goals
for the system. By this it is meant that the requirements describe the desired fea-
tures of the system appropriately, and that those requirements will provide the
necessary functions in order to fulfill the specified objectives of the target system.



This process typically involves al the identified stakeholder groups, and resultsin
further dicitation activities.

2.3 Techniques and Approachesfor Requirements Elicitation

For over two decades now much of the research and practice within RE for soft-
ware systems has been largely directed towards improving the complex process
known as dlicitation through the application and development of various tech-
niques, gproaches, and tools. Many of these methods have been borrowed and
adapted from other disciplines such as the social sdences, and only a select few
have been devel oped specificaly for eliciting software requirements [14].

It is important to explain what we mean by the terms “technique” and “ap-
proach” as for each of them there exists a number of different uses for them in
practice and multiple definitions in the literature. A “technique’ is away of doing
something or a practical method gpplied to some particular task. An “approach”
on the other hand is a systematic arrangement, usually in steps, of ideas or actions
intended to deal with a problem or situation.

In redlity there are literally hundreds of different techniques and approaches
from avariety of sources that can and have been employed for requirements elici-
tation. Below we present only some of those that are more widely used. Although
not exhaustive, we believe this selection is representative of the range described in
the literature and practiced in industry today.

Interviews

Interviews [1, 32] are probably the most traditional and commonly used technique
for requirements elicitation. Because interviews are essentially human based socia
activities, they are inherently informal and their effectiveness depends greetly on
the quality of interaction between the participants. Interviews provide an efficient
way to collect large amounts of data quickly. The results of interviews, such asthe
usefulness of the information gathered, can vary significantly depending on the
skill of the interviewer [23]. There are fundamentally three types of interviews be-
ing unstructured, structured, and semi-structured, the latter generally representing
a combination of the former two.

Unstructured interviews are conversational in nature where the interviewer en
forces only limited control over the direction of discussions. Because they do not
follow a predetermined agenda or list of questions, there is the risk that some top-
ics may be completely neglected. It is also a common problem with unstructured
interviews to focus in too much detail on some areas, and not enough in others
[45]. This type of interview is best applied for exploration when there is a limited
understanding of the domain, or as a precursor to more focused and detailed struc-
tured interviews.

Structured interviews are conducted using a predetermined set of questions to
gather specific information. The success of structured interviews depends on
knowing what are the right questions to ask, when should they be asked, and who



should answer them. Templates that provide guidance on structured interviews for
requirements elicitation such as Volere [54] can be used to support this technique.
Although structured interviews tend to limit the investigation of new ideas, they
are generally considered to be rigorous and effective.

Questionnaires

Questionnaires [21] are mainly used during the early stages of regquirements elici-
tation and may consist of open and/or closed questions. For them to be effective,
the terms, concepts, and boundaries of the domain must be well established and
understood by the participants and questionnaire designer. Questions must be fo-
cused to avoid gathering large amounts of redundant and irrelevant information.
They provide an efficient way to collect information from multiple stakeholders
quickly, but are limited in the depth of knowledge they are able to €licit. Ques-
tionnaires lack the opportunity to delve further on atopic, or expand on new idess.
In the same way they provide no mechanism for the participants to request clarifi-
cation or correct misunderstandings. Generally questionnaires are considered more
useful as informal checklists to ensure fundamental elements are addressed early
on, and to establish the foundation for subsequent dlicitation activities.

Task Analysis

Task analysis [9, 53] employs a top-down approach where high-level tasks are de-
composed into subtasks and eventually detailed sequences until al actions and
events are described. The primary objectives of this technique is to construct a hi-
erarchy of the tasks performed by the users and the system, and determine the
knowledge used or required to carry them out. Task analysis provides information
on theinteractions of both the user and the system with respect to the tasks as well
as acontextual description of the activities that take place. In most cases consider-
able effort is required to perform thorough task analysis, and it is important to es-
tablish what level of detail is required and when components of the tasks need to
be explorer further.

Domain Analysis
Examining the existing and related documentation and applications is a very use-
ful way of gathering early requirements as well as understanding and capturing
domain knowledge, and identification of reusable concepts and components.
These types of investigations are particularly important when the project involves
the replacement or enhancement of an existing legacy system. Types of documen-
tation that may be useful for eliciting requirements include design documents and
instruction manuals for existing systems, and hardcopy forms and files used in the
current business processes. Application studies often aso include looking at both
upstream and downstream systems, as well as competitive or like solutions. In
most cases these studies involve other elicitation techniques such as observing the
exiting system in use and interviewing the current users.

Domain knowledge in the form of detailed descriptions and examples plays an
important part in the process of requirements elicitation. Approaches based on this



type of information are often used in conjunction with, and as the input to other
dicitation techniques. For example analysts use previous experience in similar
domains as adiscussion template for facilitating group work and conducting inter-
views. Anaogies and abstractions of existing problem domains can be used as
basdlines to acquire specific and detailed information, identify and describe possi-
ble sol ution systems, and assist in creating a common understanding between the
analyst and stakeholders. These approaches aso provide the opportunity to reuse
specifications and validate new requirements against other domain instances [61].
Problem Frames [35] in particular provide a method for detailed problems exami-
nation in order to identify patternsthat could provide links to potential solutions.

I ntrospection

The technique of introspection [23] requires the analyst to develop requirements
based on what he or she believes the users and other stakeholders want and need
from the system. Despite being employed by most analysts to some extent, this
technique is mainly used only as a starting point for other requirements elicitation
efforts. Introspection is only really effective when the analyst is not only very fa
miliar with the domain and goals of the system, but also expert in the business
processes performed by the users. In cases where the analyst is forced to use this
technique more, for example when the users have little or no previous experience
with software systems in their work environment, a type of facilitation introspec-
tion should take place via other elicitation techniques such as interviews and pro-
tocol analysis.

Repertory Grids

Repertory grids [38] involve asking stakeholders to devel op attributes and assign
vauesto aset of domain entities. As aresult the system is modeled in the form of
a matrix by categorizing the elements of the system, detailing the instances of
those categories, and assigning variables with corresponding values to each one.
The am is to identify and represent the similarities and differences between the
different domain entities. These represent a level of abstraction unfamiliar to most
users. Asaresult thistechnique istypically used when eliciting requirements from
domain experts. Although more detailed than card sorting, and to a lesser degree
laddering, repertory grids are somewhat limited in their ability to express specific
characteristics of complex requirements.

Card Sorting

Card sorting requires the stakeholders to sort a series of cards containing the
names of domain entities into groups according to their own understanding. Fur-
thermore the stakeholder is required to explain the rationale for the way in which
the cards are sorted. It isimportant for effective card sorting that al entitiesarein-
cluded in the process. Thisis possible only if the domain is sufficiently understood
by both the analyst and the participants. If the domain is not well established then
group work can be used to identify these entities. Class Responsibility Collabora
tion (CRC) cards [5] are a derivative of card sorting that is also used to determine



program classes in software code. In this technique cards are used to assign re-
sponsibilities to users and components of the system. Because entities represent
such a high level of system abstraction, the information obtained from this tech-
nigueislimited in its detail.

Laddering

When using laddering BO] dakeholders are asked a series of short prompting
guestions, known as probes, and required to arrange the resultant answers into an
organized structure. A primary assumption when employing laddering is that the
knowledge to be elicited can actualy be arranged in a hierarchical fashion. For
this technique to be effective, the stakeholders must be able to express their under-
standing of the domain and then arrange it in a logica way. This knowledge,
which is often displayed using tree diagrams, is reviewed and modified dynami-
caly as more is added. Like card sorting, laddering is mainly used as a way to
clarify requirements and categorize domain entities.

Group Work

Group work such as collaborative meetings is a very common and often default
technique for requirements dicitation. Groups are particularly effective because
they involve and commit the stakehol ders directly and promote cooperation. These
types of sessions can be difficult to organize due to the number of different stake-
holders that may be involved in the project. Managing these sessions effectively
requires both expertise and experience to ensure that individua persondities do
not dominate the discussions. Key factors in the success of group work are the
makeup of participants and the cohesion within the group. Stakeholders must feel
comfortable and confident in speaking openly and honestly, and it is for this rea
son that group work isless effective in highly political situations.

Brainstorming

Brainstorming [B0] is aprocess where participants from different stakeholder
groups engage in informal discussion to rapidly generate as many ideas as possible
without focusing on any one in particular. It is important when conducting this
type of group work to avoid exploring or critiquing ideas in great detail. It is not
usually the intended purpose of brainstorming sessions to resolve major issues or
make key decisions. This technique is often used to develop the preliminary mis-
sion statement for the project and target system. One of the advantages in using
brainstorming is that it promotes freethinking and expression, and alows the dis-
covery of new and innovative solutionsto existing problems.

Joint Application Development (JAD)

Joint Application Development (JAD) [65] involves al the available stakeholders
investigating through general discussion both the problems to be solved, and the
available solutions to those problems. With al parties represented, decisions can
be made rapidly and issues resolved quickly. A major difference between JAD and



brainstorming is that typically the main goals of the system have aready been es-
tablished before the stakeholders participate. Also JAD sessions are typically well
structured with defined steps, actions, and roles for participants (including a spe-
ciaist facilitator). The focus of this type of meeting tends to often be on the needs
and desires of the business and users rather than technical issues.

Requirements Workshops

Reguirements workshop [25] is a generic term given to a number of different
types of group meetings where the emphasisis on developing and discovering re-
quirements for a software system. There are many different forms of requirements
workshops including cross functional which involves different types of stake-
holders from various areas of the business, Co-operative Requirements Capture
(CRC) [42] wherelike JAD thereisadefined set of activities and the development
community is especially involved, and Creativity [43] which encourages innova
tive thinking and expression. Another variation of requirements workshops often
used in market analysisis the Focus Group [40].

Ethnography

Ethnography [4, 60] being the study of people in their natura setting involves the
analyst actively or passively participating in the normal activities of the users over
an extended period of time whilst collecting information on the operations being
performed. These techniques are especially useful when addressing contextual fac-
tors such as usability, and when investigating collaborative work settings where
the understanding of interactions between different users with the system is para
mount. In practice, ethnography is particularly effective when the need for a new
system isaresult of existing problemswith processes and procedures, and in iden-
tifying social patterns and complex relationships between human stakeholders.

Observation

Observation is one of the more widely used ethnographic techniques. As the name
suggests the analyst observes the actual execution of existing processes by the us-
ers without direct interference. This technique is often used in conjunction with
others such as interviews and task analysis. As a genera rule ethnographic tech-
niques such as observation are very expensive to perform and require significant
skill and effort on the part of the analyst to interpret and understand the actions be-
ing performed. The effectiveness of observation and other ethnographic tech-
niques can vary as users have a tendency to adjust the way they perform tasks
when knowingly being watched.

Protocol Analysis

Protocol analysis [23, 46] is where participants perform an activity or task whilst
talking it through aloud, describing the actions being conducted and the thought
process behind them. This technique can provide the analyst with specific infor-
mation on and rationae for the processes the target system must support [45]. In



most cases however talking through an operation is not the norma way of per-
forming the task, and as a result may not necessarily represent the true process
completely or correctly. Likewise minor steps performed frequently and repeti-
tively are often taken for granted by the users, and may not be explained and sub-
sequently recorded as part of the process.

Apprenticing

Apprenticing [54, 6] involvesthe analyst actually learning and performing the cur-
rent tasks under the instruction and supervision of an experienced user. In this
technique the analyst is taught the operations and business processes by observing,
asking questions, and physicaly doing, rather than being informed of them, asis
the case with protocol analysis. Similar to Role Playing but more involved, -
prenticing is very useful where the analyst is inexperience with the domain, and
when the users have difficulty in explaining their actions. The technique of Emer-
sion takes apprenticing one step further whereby the analyst becomes actively in-
volved in thereal life activities of the business.

Prototyping

Providing stakeholders with prototypes of the system to support the investigation
of possible solutions is an effective way to gather detailed information and rele-
vant feedback [60]. It is common that prototypes are used in conjunction with
other dicitaion techniques such as interviews and JAD. Prototypes are typically
developed using preliminary requirements or existing examples of similar sys-
tems. This technique is particularly useful when developing human-computer in-
terfaces, or where the stakeholders are unfamiliar with the available solutions.
There are a number of different methods for prototyping systems such as story-
boards, executable, throwaway and evolutionary, with varying levels of effort re-
quired. In many cases prototypes are expensive to produce in terms of time and
cost. However, an advantage of using prototypes is that they encourage stake-
holders, and more specifically the users, to play an active role in developing the
requirements. One of the potential hazards when using prototypes for require-
ments elicitation isthat users may become attached to them, and therefore become
resistant to alternative solutions from then on. Despite this the technique is ex-
tremely helpful when developing new systemsfor entirely new applications.

Goal Based Approaches

The fundamental premise of goal modeling (Chapter 9) and goal based approaches
is that high-level goals that represent objectives for the system are decomposed
(e.g. usualy using AND and OR relationships) and elaborated (e.g. with “Why”
and “How" questioning) into sub goals and then further refined in such away that
individual requirements are elicited. The result of this process is significantly
more complicated and complete than the traditional methods of representing sys-
tem goals using tree dructure diagrams. These approaches are able to represent
detailed relationships between domain entities, requirements, and the objectives of
the system. In general one of the risks when using goa based approaches is that



errors in the high-level goals of the system made early on can have a mgjor and
detrimental follow on effect, and that changing goals are difficult to manage.

In recent times significant effort has been devoted to developing these types of
approaches for requirements elicitation such as the F° project [8], the KAOS meta
model [16] and the i* framework [67]. The use of goals in conjunction with sce-
narios to elicit requirements has also attracted considerable attention [55, 51, 26].
In practice these approaches have been particularly useful in situations where only
the high-level needs for the system are well known, and there exists ageneral lack
of understanding about the specific details of the problems to be solved and their
possiblesolutions.

Scenarios

Scenarios are widely used in requirements elicitation and as the name suggests are
narrative and specific descriptions o current and future processes including a-
tions and interactions between the users and the system. Like use cases, scenarios
do not typically consider the internal structure of the system, and require an in-
cremental and interactive approach to their development. Naturally it isimportant
when using scenariosto callect al the potential exceptionsfor each step.

A substantial amount of work from both the research and practice communities
has been dedicated to developing structured and rigorous approaches to require-
ments dicitation using scenarios including CREWS [15], The Inquiry Cycle [51],
SBRE [37], and Scenario Plus [56]. Scenarios are additionally very useful for un-
derstanding and validating requirements, aswell astest case development.

Viewpoints

Viewpoint approaches aim to model the domain from different perspectivesin or-
der to develop a complete and consistent description of the target system. For ex-
ample a system can be described in terms of its operation, implementation and in-
terfaces. In the same way systems can be modeled from the standpoints of
different users or from the position of related systems. These types of approaches
are particularly effective for projects where the system entities have detailed and
complicated relationships with each other. Viewpoints are also useful as away of
supporting the organization and prioritization of requirements. One common criti-
cism of viewpoint approaches is that they do not enable non-functional require-
ments to be represented easily, and are expensive to use in terms of the effort re-
quired.

Some viewpoint approaches [59, 47] provide a flexible multi-perspective model
for systems, using different viewpoints to dicit and arrange requirements from a
number of sources. Using these approaches analysts and stakeholders are able to
organize the process and derive detailed requirements for a complete system from
multiple project specific viewpoints.



2.3.1 Comparison of Techniquesand Approaches

Two important questions that need to be addressed during requirements elicitation
are, (1) which techniques and approaches should be used for a given requirements
elicitation activity, and (2) which of the these techniques and approaches are com-
plementary or can be used as aternatives. Ultimately each situation is unique and
the answers to these questions are highly dependant on the context of the project
and system. We acknowledge that because of this there is dways the possible for
exceptions to any rule made along these lines, however the following two tablesin
this section are presented as away of offering some high level support to this end.
The intention is to provide an overview of how different techniques and g-
proaches can be used for each of the requirements licitation activities, and which
of the commonly used techniques and approaches often employed for require-
ments elicitation can be used in cooperation with, or instead of each other.

Rather than including all the techniques and approaches previously presented in
Section 2.3 of this chapter, we have selected a core group of eight techniques and
approaches which we Lelieve provide suitable coverage across the spectrum of
available techniques and approaches (for example ethnography includes observa:
tion, and JAD is an example of groupwork), and that are also appropriately repre-
sentative of those that are currently both state of the art and state of practice. The
information contained in these tables is based largely on our assessment of the lit-
erature as well as practical experience and observation in requirements elicitation
research and prectice.

Techniquesand Approachesfor Elicitation Activities

We have seen that different techniques and approaches have different and relative
strengths and weaknesses, and may be more or less suited to particular types of
situations and environments. Likewise some techniques and approaches are more
gopropriate for specific dicitation activities and the types of information that
needs to be acquired during those activities. Table 2.1 below presents which of the
selected core group of techniques and approaches are best suited (marked with an
“X™) for the specific requirements elicitation activities described earlier onin Sec-
tion 2.2 of the chapter.

Table 2.1. Techniques and Approaches for Elicitation Activities.
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We can see from Table 2.1 above that for each of the requirements dlicitation ac-
tivities there are a number of suitable techniques and approaches that can be used.
Apart from interviews, domain analysis, and groupwork, which are generic and
flexible enough to provide support for al the listed dicitation activities, goal, sce-
nario, and viewpoint based approaches can aso be used extensively throughout
the process. Given that we have already classified them as requirements dlicitation
techniques and approaches, it is natural that all the core techniques and approaches
presented in the table can be used for activity of actually dliciting the require-
ments.

Complementary and Alter native Techniques and Approaches

In most projects more than one requirements dlicitation technique and approach
will need to be used, therefore it is useful to select those techniques and a-
proaches that are complementary to achieve the best possible results from the re-
guirements elicitation process. In the same way aternative requirements dicitation
techniques and approaches enables greater flexibility to the process, and more
choice for the analysts and stakeholders. Table 2.2 below provides some guidance
with respect to which of the selected core group of techniques and approaches can
be used in cooperation (marked with a“C"), and which can be used as aternatives
(marked with an “A”).

Table 2.2. Complementary and Alternative Techniques and Approaches.
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Prototyping | A A C C c c c

Goas| c A c c C c c

Scenarios | C A C A c C A
Viewpoints | ¢ A C A c C A

We can see from Table 2.1 above that for each of the core requirements elicitation
techniques and approaches there are both aternatives and those that are comple-
mentary. In some cases, such as when prototypes are operated by users under the
observation of the analyst, the combination of these techniques has the potentia to
provide much richer and more detailed requirements information on both the busi-
ness processes and the needs of the users. Alternative techniques and gpproaches
are useful if for some reason a selected techniques or approach is not being as ef -
fective as expected, or when the analyst is unfamiliar, uncomfortable, or unable to
use a particular technique or approach. For example it may not be possible to ob-
serve users perform their normal business operations due to the physicaly hazard-
ous environment in which they work. In this case the analyst may choose to use
scenariosto dicit that type of i nformation instead.

2.4 Methodology Based Requirements Elicitation

Methodology and model driven approaches (Chapter 3) provide ways of represent-
ing the existing or future processes and systems using andytica techniques with
the intention of investigating their characteristics and limits. Goal, scenario, and
agent based modeling techniques as detailed later in this chapter are also used for
requirements elicitation in addition to the two approaches described below.

Structured Analysis and Design (SAD) [19, 66] has been around since the mid
nineteen seventies and has been widely written about, promoted, and used. The
approach is largely function oriented. It comprises of a collection of techniques
such as Data Flow Diagrams (DFD) which detail the functional decomposition
with the emphasis on the data in and out of the system and related components,
and Entity Relationship Diagrams (ERD) that facilitate the representation of sys-
tem entities, their attributes, and their relationships to each other. Other SAD
techniques used during requirements elicitation include Data Dictionaries and
Event Lists.

Object Oriented (OO) approaches, and specifically the Unified Modeling Lan-
guage (UML) contain severa techniques often used for requirements elicitation
with established yet flexible notations and formats such as Use Cases diagrams,
Use Case descriptions, and Class Diagrams. Use Cases [12] are essentially d&-
stractions of scenarios that describe the functional behavior of the system, and
have become especially accepted in both research and practice despite their short-
comings such as impreciseness. The diagrammatic and tabular epresentations



make them easy to understand and flexible enough to accommodate some context
specific information. These techniques are especidly effective in projects where
thereisahigh level of uncertainty or when the analyst is not an expert in that par-
ticular domain.

Severa attempts have been made to develop methodologies that combine a
number of techniques with supporting roadmaps and guidelines as a way of a-
dressing requirements elicitation. One such approach of combining techniques
suggests that the process should begin with an ethnographic study to discover fun-
damental aspects of existing patterns and behavior, followed by structured inter-
viewsto gain deeper insight into the needs of the stakeholders and the priorities of
requirements [23]. Furthermore it is proposed that the more extensive require-
ments elicitation techniques are used to examine in greater detail those needs
deemed important.

In other examples of methodology based approaches, requirements elicitation is
a defined but closdly integrated activity within other aspects of the software de-
velopment process, such asis the case with Soft System Methodology (SSM) [10],
which addresses organizational problems and change, and Quality Functional De-
ployment (QFD) [2], which focuses on achieving customer satisfaction through
quality based development. Gause and Weinberg [22] on the other hand have de-
veloped a methodology centered on requirements elicitation, and provide useful
and practica techniques for the process including concepts such as Starting Points
and Context-Free Questions.

Adgile Methods (Chapter 14) for the most part enforce very little upfront e
guirements elicitation hut instead advocate incremental and iterative discovery
throughout and integrated with the software development lifecycle [44]. In addi-
tion to interview and prototypes, Agile Methods supports the use of Customer or
User Staries. These provide basic descriptions of the business processes and what
the system needs to do to support them. Typically these are written on index cards
by the customer and used as starting points for the development process. Addi-
tional regquirements elicited as a result of the process from the ever-present cus-
tomer are added to a Product Backlog, which represents a living reguirements
document consisting of prioritized system features and functions.

2.5 Tool Support for Requirements Elicitation

A wide variety of tools exist that have been developed and used to support re-
quirements elicitation. These range from shallow to deep with respect to the level
of detail and formality, and from generic to specific in purpose and operation.
Tools can support a specific technique or process, and may have varying levels of
task automation and assistance. Much like the techniques and approaches -
scribed above, some of the tools detailed below have been devel oped for purposes
other than requirements dlicitation but applied to it, whereas other have been de-
signed specifically for it. By “tool” we refer to an implement, such as software or
an artifact, used in practice to accomplish some act, in this case being require-



ments elicitation. For the most part the use of tools for requirements elicitation has
been relatively limited and the more successful applications have tended to be
domain or approach specific, with the exception of process guidelines and proto-
typing utilities.

Templates such as |IEEE Std 830 Software Requirements Specification [33] and
Volere Requirements Specification Template [54] represent the most besic type of
tool used by analysts to support the process of requirements dlicitation. In a simi-
lar way reguirements management tools like DOORS, CaliberRM and RequisitPro
provide format based support for the eicitaion of requirements. Many analysts
also utilize specific modeling tools to assist the process of requirements dlicitation.
These typically have an easy to use graphical or tabular notation.

A number of tools have been developed to support specific requirements dicita
tion approaches however so far the mainstream software engineering community
has largely not adopted these. Examples include Objectiver for goal based model-
ing, and ART-SCENE for scenario elicitation. Several tools have been devel oped
with cognitive support for the requirements elicitation anayst in mind such as The
Requirements Apprentice 2], ACME/PRIME RO0], and AbstFinder R4]. En-
hanced multimedia support for this process and distributed stakeholders was also
identified and addressed by severa toolsincluding AMORE [64].

Groupware represents a very wide range of tools that has been applied to re-
quirements elicitation. This covers everything from basic support tools such as
discussion boards and video conferencing to generic meeting tools like mind map-
ping and idea capture software, all the way through to virtual collaboration envi-
ronments specifically designed groups sessions such as developed by TeamWave
[27] and GroupSystems[63].

2.6 Issues and Pitfalls of Requirements Elicitation

There has been little doubt in the past about the complexity and difficulty of re-
quirements dlicitation in most situations, but the question is why is this still the
case today? Part of the reason is the number of problems that may need to be ad-
dressed and overcome during the process of requirements elicitation. In genera
terms there are a large number of contextual, human, economic, and educationa
factors which effect and may inhibit effective requirements dlicitation. For the
sake of explanation we have categorized some of the more commonly occurring
issues and pitfalls in requirements elicitation faced by both practitioners and re-
searchers according to the aspect of requirements elicitation that they most relate
to. These have been collected from a variety of sources in the literature [11, 28,
49] aswell asfrom practical experience and observation.

Process and Project

Each project is unique and no two requirements elicitation situations are ever ex-
actly the same. The process can be performed as part of a custom software devel -
opment project, COTS selection activity, product line definition, and existing sys-



tem maintenance operation. Projects can range al the way from simple bespoke
web-based applications to large and complex enterprise information system prod-
uct lines. The environment in which the process takes place can also vary greatly
including the geographic distribution of stakeholders and the familiarity of users
with software systems. Furthermore the process of requirements dlicitation is in-
herently imprecise as aresult of the multiple variable factors, vast array of options
and decision, and its communication and socialy rich nature. Arguably the most
common project based requirements elicitation issue is that the initia scope of the
project has not been sufficiently defined, and as such is open to interpretations and
assumptions. Projects like all functions of a business are subject to change and in-
fluence from internal or external factors including economic, political, socid, le-
gd, financia, psychological, historical and geographical.

Communication and Under standing

It is common that stakeholders have difficulty articulating their requirements. In
some cases this may be as a result of the analyst and stakeholders not sharing a
common understanding of concepts and terms, or the analyst is unfamiliar with the
problem. Often stakeholders will have difficulty seeing new ways of doing things,
or do not know the consequences of their requirements and as such may not know
what is feasible or redistic. Stakeholders may understand the problem cbmain
very well, but are unfamiliar with the available solutions and the way in which
their needs could be met. Alternatively stakeholders sometimes suggest lutions
rather than requirements. Things that are trivial or constantly repeated by stake-
holders are often assumed and overlooked although they may not be apparent to
the analyst and other stakeholders.

Quality of Requirements

The requirements elicited may not be feasible, cost-effective, or easy to validate.
In other cases they can be vague, lacking specifics, and not represented in such a
way as can be measured or tested. Furthermore requirements may be defined at
different and insufficient levels of detail. Because the process of dlicitation isin-
formal by nature, a set of requirements may be incorrect, incomplete, inconsistent,
and not clear to all stakeholders. The context in which requirements are dicited
and the process itsdlf is inherently volatile. As the project develops and stake-
holders become more familiar with the problem and solution domains, the goal's of
the system and the wants of the users are susceptible to change. In this way the
process of elicitation can actualy cause requirements volatility and therefore &-
fect the quality of the requirements asawhole.

Stakeholders

Conflicts between stakeholders and their requirements are common and almost in-
evitable. Furthermore stakeholders may not want to compromise or prioritize their
requirements when these conflicts occur. Sometimes stakeholders do not actually
know what they want or what their real needs are, and are therefore limited in their
ability to support the investigation of possible solutions. Likewise stakeholder can



be adverse to the change a new system may introduce and therefore have varying
levels of commitment and cooperation towards the project. Often stakeholders do
not understand or appreciate the needs of the other stakeholders and might only be
concerned with those factors that affect them directly. Like al humans, stake-
holders can change their mindsindependently, or as aresult of the dlicitation proc-
essitself.

Analyst

Analysts may not be equipped with sufficient implementation expertise and ex-
perience to prepare for and perform effective requirements elicitation including
appropriate technique selection and the identification of all requirements sources.
This may be as a result of lack of education in terms of theory behind techniques
and approaches, or the practice of using soft skills such as listening, communicat-
ing, and questioning. Analyst from traditiona software engineering backgrounds
may sometimes focus on the solution not the problem, and reply on only those
techniques they are familiar with for all situations. It is aso the case that many
analysts do not employ any structured or rigorous processes within software de-
velopment projects to address requirements elicitation.

Resear ch

It is arguable that many of the available techniques are not sufficiently useful or
practical, and the transfer of knowledge required to introduce these methods and
approaches to industry is too difficult. In fact the quantity of detailed process
guidelines with appropriate tool support is very limited, especially with respect to
technique selection and addressing the contextua factors in different situation.
This can largely be attributed to the absence of sufficient empirical research, case
studies and experience reports on the specific topic of requirements elicitation in
the literature. Furthermore, there are no agreed metrics by which to measure the
performance of the requirements elicitation process within a software develop-
ment project.

Practice

In genera terms there is still alack of sufficient awareness, understanding, and
expertise in requirements elicitation practice. Large gaps exist between require-
ments elicitation theory and practice, as well as novice and expert anaysts. The
result of which is that many are still making the same mistakes time and time
again with respect to requirements elicitation and do not acknowledge the red is-
sues and their subsequent effects. It is unfortunate that in many cases organiza-
tions and particul arly customers are resistant to investing the appropriate time and
effort into the process despite an increased need for project success.



2.7 Trends and Challenges in Requirements Elicitation

Over the years a number of important trends and challenges have emerged within
the field of requirements licitation in research and practice athough not necessar-
ily the same for both. For that reason we have divided the following section into
four areas, namely (1) trends in research, (2) trends in practice, (3) challengesin
research, and (4) challengesin practice. These trends and challenges show how the
field has progressed and changed, and what still needs to be done to further evolve
this processin research and practice.

2.7.1 Trendsin RequirementsElicitation Research

As the field of RE began to develop, researchers and practitioners identified that
the elicitation of requirements for software-based systems had some unique and
complicated characteristics, and therefore needed to be addressed as a new and
separate topic from traditional knowledge acquisition [17, 23]. As aresult and for
atime attention was directed to the development of specific tools and techniques
to support this process in the hope of reducing its complexity and resolving some
of the key challenges in its execution [52,20]. In the mid to late nineteen nineties
the focus of requirements elicitation research however was strongly on developing
structured and rigorous manual approaches based on new and different paradigms
as opposed to tools. These included those based on goals [16], scenarios [B1],
viewpoints [59], and domain knowledge [61], which continue to be used today.

Recently the development of much needed support for this process has once
again been focused on creating tools but this time for the implementation of those
newly developed manual approaches, in addition to adapting generic applications
to requirements elicitation such as template-driven documentation generation and
assistive groupware applications. This has evolved as a result of the continuing
need for improvement and the enduring complexity of the process. Furthermore
new approaches to regquirements elicitation are being devel oped to support current
and specific topics in software engineering such as agent and aspect oriented
methodologies, web based systems, and product lines. Agile methods continue to
gain interest and support and subsequently work has been directed to investigating
how the requirements dicitation process can be effectively implemented with
these techniques whilst still maintaining the fundamental principles.

2.7.2 Trendsin RequirementsElicitation Practice

Unfortunately RE is not universally practiced as a distinct phase in software de-
velopment, however its adoption has been on the steady increase particularly over
the past decade or so. Many software organizations have discovered that it isin
their best interests and the interests of their customers to invest the required time
and effort into this phase by implementing a sufficient degree of structure and



rigor to the process, however for the most part thisis only true for the larger and
more technically mature organizations.

Overall the majority of analysts assigned the responsibility of eliciting require-
ments for software systems still use generic and traditional techniques such asin-
terviews and group meetings, and only attempt to use others that they are familiar
and comfortable with regardless of the circumstances. In recent times however ap-
proaches that have been developed specifically for requirements elicitation, such
as JAD, Use Cases, Goal and Scenario based approaches, have grown in popular-
ity and usage at least among experienced practitioners.

The adoption of Agile Methods and modeling approaches such as UML contint
ues to grow with widespread acceptance of use case diagrams and descriptions.
The concept of just enough requirements engineering and subsequently €elicitation
as proposed by Davis [18] has been readily accepted by industry and will hope-
fully lead to the adoption of robust requirements elicitation without unnecessarily
committing to expensive and overly detailed processes.

2.7.3 Challengesin RequirementsElicitation Resear ch

One of the key challenges for researchers remains the development of ways to re-
duce the infamous gap [57] between research and practice in terms of awareness,
acceptance, and adoption. This can only be achieved by establishing the resultsin
practice and making the approaches more attractive, thereby providing the proof
and motivation for practitioners to use them. In order to make this happen, re-
searchers need to reduce the complexity of approaches, and expertise required to
integrate them into practice. Packaging them into manageable and flexible com-
ponents with appropriate tool support can fecilitate this process.

It is important to work towards reducing the gap between experts and novices
through practical roadmaps, frameworks, and guidelines that can be easily taught
to students and novices. Finding more efficient and effective ways to transfer ex-
pert knowledge is certainly part of this effort. Furthermore educators need to ade-
quately address the wide range of skills and expertise required to produce effective
requirements engineers, and provide authentic learning environments for gaining
redistic experiences.

Overall research needs to continue to develop ways of improving the process
and quality of requirements elicitation, and quantifying its success. Only through
application to practice can the true value of new techniques, gpproaches, and tools
be determined.

2.7.4 Challengesin RequirementsElicitation Practice

Industry like academia must also look for ways to reduce the gap between experts
and novices by investing time and effort in education on what is currently avail-
able, and developing new procedures and process for the transfer of knowledge
from senior analyst to juniors. Knowing when and which techniques, approaches



and tools to use combined with the knowledge of how, will ultimately improve the
chances of customer satisfaction and project success.

Practitioners need to be able to alocate sufficient time and resources to e
quirements elicitation. This can be partly achieved by educating customers of the
value of being diligent in the process, and presenting the risks of not doing so. Itis
also important that stakeholders themselves understand the benefits and are com-
mitted to process.

Organizationsin practice need to be more open to accepting the research resullts,
and prepared to join forces, pool resources, and share information to collabora-
tively produce improved methods of working, and better results for customers. In-
dustry should be more prepared to address the social and organizational factorsin-
volved in requirements dlicitation, and focus on building software systems that
achi eve both the business goals and satisfy the users' needs by using the appropri-
ate techniques.

2.8 Future Directionsin Requirements Elicitation Research

Despite the successes and progress to date, many important topics remain open for
investigation with respect to providing appropriate techniques, gproaches, and
tools for requirements elicitation, including specific assistance for novice analysts,
cognitive support through intelligent tools, and methods that involve direct inter-
action with stakeholders. Below we have listed some of the potentia requirements
dicitation research areas not completely resolved to date that we believe deserve
appropriate attention in the coming years.

Reducing the gap between the theory and practice, and experts and novices
Increasing the awareness and education of analysts and stakeholders in in-
dustry

Deveoping guidelines for technique selection and managing the impact of
factors on the process

Investigating ways of collecting and reusing knowledge about requirements
eicitaion

Integration and use of new technologies including web and agent based a-
chitectures into the next generation of support tools

Produce and publish case studies and industrial experience reports on how
requirements elicitation contributed to successes and failures of projects
Exploring how requirements elicitation activities relates to new and devel op-
ing fields of software engineering such as agent based systems, agile devel-
opment methodol ogies, and web systems

More collaboration is till required between research and practice in order to
fully evaluate the existing approaches, and develop new ones for emerging prob-
lems. Many of the best results in requirements elicitation research achieved so far
have come from this type of joint work with industry. Awareness and education



remain two of the biggest issues faced for those working in requirements elicita:
tion. Students need to be given practical experience as well as a sound theoretical
foundation. Practitioners need to be equipped with a variety of techniques, g~
proaches, and tools to use where appropriate depending on what is best suited to
the situation. Customers need to understand the importance of the process, kelieve
init, and support the effortsinvolved in doing it right.

2.9 Summary

The process of requirements dlicitation, including the selection of which tech-
niques, approach, or tool to use when eliciting requirements, is dependant on a
large number of factors including the type of system being developed, the stage of
the project, and the application domain to name only afew. Because of the relative
strengths and weaknesses of the available methods and the type of information
they provide, the redlity isthat in amost all projects a combination of several dif-
ferent techniques will be necessary to achieve a successful outcome. Thisis sup-
ported by the fact that many of the techniques are intended to be used in conjunc-
tion with each other, and have complementary attributes as discussed throughout
the chapter. Most of the approaches require a significant level of skill and exper-
tise from the analyst to use effectively. However from the range of existing tech-
niques, variations of interviews, group workshops, observation, goals, and scenar-
ios are still the most widely used and successful in practice. Despite atemptsto
automate parts of the process and develop frameworks and guidelines, require-
ments elicitation still remains more of an art than a science.
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