
Eliciting Required Characteristics for Usable
Requirements Engineering Approaches

Kristina Winbladh, Hadar Ziv, and Debra J. Richardson
Department of Informatics

Donald Bren School of Information and Computer Sciences
University of California, Irvine

{awinblad,ziv,djr}@ics.uci.edu

ABSTRACT
It has been reported that many software companies do not
use existing requirements engineering approaches. This indi-
cates that there is room and opportunity for improving the
usability of existing requirements engineering approaches.
This paper describes a market study intended to elicit a
set of characteristics that could improve the usability of re-
quirements engineering approaches. The survey is aimed
toward software stakeholders such as developers, designers,
customers, and managers at various software companies.
The survey results are used to define a set of desirable char-
acteristics for usable requirements engineering approaches
and to suggest a set of guidelines that could help achieve
the desirable characteristics.

Categories and Subject Descriptors
D.2.1 [Software Engineering]: Requirements/Specificat-
ions

Keywords
Requirements approaches, survey, usability

1. INTRODUCTION
The goal of Requirements Engineering (RE) is to aid the

elicitation, specification, analysis, and validation of stake-
holder needs and wishes for a software system. RE is recog-
nized as an important and difficult undertaking, and as such,
the software community has produced a wide variety of RE
approaches including [3, 4, 5, 6, 7, 8, 9, 10, 11, 12] among
others. Despite the availability of RE approaches, a recent
study shows that many software development companies do
not use “textbook requirements engineering processes” [1].
There are naturally many contributing factors to why ex-
isting RE approaches are neglected, e.g., stakeholder prefer-
ences, habits, and application domains. This paper explores
one contributing factor in more detail, namely usability of
RE approaches. Although RE values eliciting stakeholder
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needs prior to design and development, the usability needs of
RE stakeholders – software developers, designers, managers,
customers, etc. – were not fully explored and defined prior to
the implementation of many RE approaches. The ultimate
goal of this research is to elicit and specify RE stakeholder
needs, to determine whether usable RE approaches exist,
and if they do not, to design such a RE approach.

This paper reports on a survey of usability characteristics
for RE approaches aimed toward RE stakeholders at several
software companies. The survey results are used to define
a set of desirable characteristics for usable RE approaches
and a set of guidelines that could help achieve the desirable
characteristics.

2. SURVEY DESIGN
The survey is aimed toward users of RE approaches within

various companies with different cultures, application do-
mains, and sizes. Random sampling was achieved through
open solicitation for participation through company email
lists. The survey was designed using the Goal-Question-
Metric (GQM) framework [2]. The goal of the survey is to
explore and determine characteristics that improve usability
of a RE approach. The overall goal is decomposed into two
sets of questions, “Rate & Rank” and “Free text”; and stan-
dard statistics are used as metrics to evaluate the results.
The “Rate & Rank” questions are used to get feedback on a
set of characteristics that we perceive particularly important
for usable RE approaches. The“Free text”questions address
the incompleteness of our initial set of usability characteris-
tics by asking open-ended questions to gain knowledge about
other important usability characteristics. Detailed descrip-
tions of survey design and demographics of participants are
available in [14]. The characteristics provided by us are
listed below and are divided into three categories: clarity,
testability, and manipulability.

1. Clarity: Understandable requirements.
2. Clarity: Unambiguous requirements.
3. Testability: Using requirements for test case creation.
4. Testability: Using requirements for test data selection.
5. Testability: Using requirements for test coverage cri-

teria definition.
6. Testability: Using requirements for test oracle cre-

ation.
7. Testability: High quality test artifacts (test cases, test

data, test coverage, test oracles).
8. Testability: Easy to use the requirements for various

testing activities.



9. Manipulability: Easy to initially create the require-
ments.

10. Manipulability: Easy to maintain the requirements
throughout software development.

The participants are first asked to rate the importance
of each characteristic and then to rank the characteristic
relative to other characteristics within the same category.
The combination of rating and ranking provides a better
measurement than either one alone. The use of only rat-
ing typically generates over-optimistic results because every
characteristic seems important and the result is that nothing
is more important than anything else. The use of only rank-
ing is problematic because we cannot assume even spacing
between each pair of ranked items. When combining the two
approaches we can get a better idea of the actual perceived
importance of the characteristics. We evaluate the answers
to the“Rate & Rank”questions by calculating the average of
the ratings and the frequency count of the relative rankings.

The first question in the “Free text” section asks the par-
ticipants to select three activities, among a list of activities,
and/or enter their own activities, that are the most impor-
tant for a RE approach to support. The second question of
the “Free text” section asks the participants to select three
characteristics among a list of characteristics, and/or en-
ter their own characteristics, that are the most important
for a RE approach to exhibit. Figure 5 and Figure 6 list
the choices available for each question. The metric used for
both questions is a count of which alternatives are most fre-
quently selected. The remainder of the “Free text” section
is a set of questions for which the participants provide free
text answers (see list below). The metric for these questions
is qualitative analysis of the answers.

1. What requirements approaches/notations do you use?
2. What are some weaknesses of the requirements ap-

proaches/notations you use?
3. What characteristics or activities do you wish your re-

quirements approaches/notations would support?
4. What characteristics of a requirements approach/not-

ation do you consider the most important and why?
5. What techniques do you use to validate your require-

ments, and what are the pros and cons of those?
6. Do you use requirements in testing activities? If so,

what techniques do you use and what are the pros and
cons of your current process?

We compare the results from rating and ranking and com-
bine these with insights from the “Free text” section to es-
tablish a set of desirable characteristics for usable RE ap-
proaches as well as propose practical guidelines that could
help achieve the characteristics.

2.1 Limitations
The characteristics in the “Rate & Rank” questions are

by no means a complete set of characteristics with regard to
usability of RE approaches, rather they are a set of charac-
teristics that we think are important but often neglected by
existing approaches. The free text questions are intended to
get a more complete set of characteristics, beyond the ones
covered in the rating questions, by asking the participants
to evaluate their current practices as well as describe their
needs and wishes. As with any survey, the results of our
study are impacted by interpretation and time issues. We

addressed these concerns by explaining the terms used in
the questions and by posting the survey online so that the
participants can choose when to participate.

3. RESULTS & GUIDELINES

3.1 Participation
The survey was completed by 25 anonymous participants

that accessed the survey through an open call for partic-
ipation. The participants are from several different soft-
ware companies of different sizes and application domains.
The participants consider themselves experienced with soft-
ware development activities such as requirements engineer-
ing, software architecture and design, testing, and planning.
More details regarding demographics are available in [14].

3.2 Rate & Rank Results
When comparing the ratings of understandability and un-

ambiguity (see Table 1) to their relative ranking (see Fig-
ure 1), we see a slight difference in the two results. The
rating shows that the two categories are equally important,
but when forced to choose, participants chose understand-
ability to be more important almost twice as often.

Although understandability and unambiguity are both im-
portant, we believe that it is often difficult to achieve both.
In general unambiguity can be improved by more formality.
More formality, however, generally decreases understand-
ability for many software project stakeholders. One of the
survey participants described the situation as follows:

The problem is that you can easily have multiple
parties read something and say they understand
it, yet have different understanding and expec-
tations. This creates problems because you have
an artifact that everyone understands, but dif-
ferently, yet it does not stand out as ambiguous
because everyone understands it.

Characteristic Average rating Standard dev.
Understandability 4.56 0.58
Unambiguity 4.40 0.82

Table 1: Average rating of understandability and
unambiguity.

Figure 1: Understandability vs. Unambiguity

On the other hand, many participants pointed out that,
although not an optimal solution, unambiguity can be iden-
tified and dealt with in later stages of development whereas



understandability is absolutely essential up front. The re-
sponses to this question offer a new insight that there are
two types of understandability: perceived understandability
and true understandability. Perceived understandability is
the ease with which stakeholders interpret the requirements,
and true understandability is whether stakeholders actually
understand the requirements properly. These insights lead
to the following desirable characteristics:

Desirable characteristic 1 Unambiguity. It is typically
more difficult to achieve unambiguity than perceived under-
standability, but the advantage is that with reduced ambiguity
comes increased true understandability.

Desirable characteristic 2 Perceived understandabil-
ity. It is important to recognize that understandability is
perceived more important than unambiguity and a RE ap-
proach is unlikely to be used unless it offers a high level of
perceived understandability.

Although the two guidelines might seem contradictory, we
believe this to be an area open for improvement rather than
a necessary correlation. Natural language processing, for
example, could yield high marks with regard to both per-
ceived understandability and unambiguity. There are how-
ever other challenges with natural language processing mak-
ing it an unlikely candidate for usable RE approaches.

Table 2 shows the average rating of the importance of
a RE approach supporting four different testing activities.
Figure 2 shows the response distribution for first to fourth
place ranking per testing activity and Figure 3 shows the
overall ranking results. The results from rating and ranking
correlate in that support for test case creation is perceived
the most important, then support for test data selection,
then support for test coverage criteria, and test oracle cre-
ation is perceived least important. Most survey participants
find it highly important that a RE approach supports test
case creation and test data selection.

Characteristic Average rating Standard dev.
Test case creation 4.68 0.48
Test data selection 3.82 0.96
Test coverage criteria 3.55 1.14
Test oracle creation 3.45 1.37

Table 2: Average rating of the importance of RE
support for four different testing activities.

Test case creation Test data selection Test coverage criteria Test oracle creation

Figure 2: Response distribution per testing activity.

In most companies software testing is mainly a human
dependent and human intensive activity. As such, survey
participants pointed out that rather than supporting par-
ticular testing activities, it is more important that the re-
quirements are clear so that a human tester can use them
for testing; this reinforces Desirable Characteristics 1 and

Figure 3: Overall ranking of testability activities.

Characteristic Average rating Standard dev.
Initial Ease 3.45 1.10
Maintenance Ease 4.41 0.59

Table 3: Average rating of importance of initial ease
to create and maintain requirements.

2. One survey participant pointed out that a more impor-
tant problem, than generating tests from the requirements,
is generating tests at all. Software testing typically does not
receive enough resources to be done sufficiently.

The responses regarding testability reinforce our notion
that requirements-based testing is quite important. Direct
support in the form of automation for at least one or two
of the testing activities is advantageous as it provides an
additional direct benefit of using the requirements approach
as well as it addresses the need for testing efficiency since
testing is often under-budgeted. These insights lead to the
following desirable characteristic:

Desirable characteristic 3 Testability. Automated req-
uirements-based testing provides support that the software
developed meets stakeholder needs and also makes use of ex-
isting testing resources effectively and efficiently.

When comparing the results of importance of initial ease
and maintenance ease, both the rating (see Table 3) and
ranking (see Figure 4) results show that it is highly impor-
tant to support maintenance of requirements and that it is
more important to support maintainability than initial ease.

Figure 4: Initial Ease vs. Maintenance Ease

These results are certainly not surprising. Although main-
tenance is only important once requirements exist, mainte-
nance is often more costly than initial effort and therefore
requires better support. One survey participant gave the
following motivation (others expressed similar motivations):



Reality: requirements are never completely spec-
ified up front, and things change midstream. It is
more important to be able to easily update them
during a project, because it’s almost a certainty
that this will be happening often.

Desirable characteristic 4 Maintainability. Requirements
will change throughout the software lifecycle and updating
their specification while keeping it correct and consistent should
require least possible effort.

3.3 Free text Results
The free text questions show that approximately 90% of

the survey participants use informal textual requirements.
Below is a typical response from one of the participants:

The requirements are text in various formats such
as documents, spreadsheets, emails, meeting min-
utes. Sometimes they are worked out during soft-
ware development (*shudder*). Yeah, this is the
stone age, no doubt about it.

When asked about weaknesses of current approaches, most
survey participants mentioned lack of formality or guidance
when creating requirements; too much ambiguity; that clar-
ity for one group of users seems to be at the expense of
another group (developers, designers, customers); and that
it is difficult to maintain the requirements as they change.

When asked which characteristics they wished their RE
approaches exhibit, the majority of survey participants an-
swered that it has to be quick and easy to create and main-
tain the requirements. Several also mentioned that the re-
quirements should be clear and unambiguous.

Figure 5 shows activities the survey participants wish their
RE approach would support. The four most popular alter-
natives are: support for maintenance, support for transition
to design, automatic test generation, and support for in-
formal conversations with customers. Figure 6 shows the
results for the question of what characteristics the survey
participants wish their RE approach would exhibit. The
most frequently selected alternative is operational descrip-
tions. This alternative is followed by traceability between
requirements and other software engineering artifacts, do-
main descriptions, and links between requirements.

Figure 5: Activities the survey participants wish
their RE approach would support.

Most of the answers from the “Free text” questions rein-
forced the desirable characteristics defined above, but a few
brought up new desirable characteristics:

Figure 6: Characteristics the survey participants
wish their RE approach would exhibit.

Desirable characteristic 5 Designability. It is perceived
important that a RE approach provides appropriate support
for transition to design.

Desirable characteristic 6 Traceability. It is perceived
important that a RE approach provides traceability support
to other software engineering artifacts, e.g., design and tests.

The desirable characteristics identified above provide high-
level non-functional requirements for RE approaches, that
should be further refined into more concrete guidelines that
could then be used to achieve them. We provide one pos-
sible set of such guidelines. Figure 7 shows our guidelines
and the desirable characteristics they address. The following
paragraphs describe the guidelines in more detail.

(3)  Modularity

(4)  Relations among requirements

(6)  User-friendly tool support

(1)  Narrative structures

(2)  Domain descriptions

(5)  Formal internal model

Desirable characteristics Guidelines
Unambiguity

Understandability

Testability

Maintainability

Designability

Traceability

(1)

(2)

(3)

(4)

(5)

(6)

Figure 7: Relations between desirable characteris-
tics and guidelines.

Guideline 1 Strive for narrative structures. Require-
ments with narrative structures, e.g. use cases and stories,
describe operational requirements and can capture informal
conversations with customers (highly ranked in Figures 5,
6). Narrative requirements are typically easy to understand,
could be the starting point for test scenarios, and message
sequence charts (Desirable characteristics 2, 3, 5).

Guideline 2 Strive for domain descriptions. Domain
descriptions ranked high in Figure 6. Consistently referenc-
ing defined terms in a domain model can decrease ambiguity.
Clearly defined terms can also increase understandability. A
domain description aids testability as abstract test data can
be selected from the model. A domain model can also be a
useful starting point for module design. (Desirable charac-
teristics 1, 2, 3, 5).



Guideline 3 Strive for modularity. Keeping narrative
and domain models separate and decomposing these into
related functionalities and concepts, is a useful strategy to
provide higher levels of maintainability and traceability (De-
sirable characteristics 4, 6).

Guideline 4 Strive for relations among requirements.
Providing syntactic and semantic relations between require-
ments was highly ranked in Figure 6. Relations between do-
main and narrative structures can improve unambiguity and
understanding of the requirements. Relations can provide
guidance for change impact analysis during maintenance.
Desirable characteristics 1, 2, 4. Syntactic and semantic re-
lations could also be the basis for a useful RE tool.

Guideline 5 Strive for a formal internal model. Pro-
viding a formal description of the requirements could in-
crease the level of unambiguity, could be used as a basis for
automated test support (Desirable characteristics 1, 3), and
was expressed as a need in the “Free text” answers .

Guideline 6 Strive for tool support. Tool support could
make use of the guidelines above to provide functionality
including searching, refactoring, and showing relations. The
tool should provide an easy-to-use interface that shields the
user from the complexity of internal formal representations.
(Desirable characteristics 2, 4, 6).

4. LESSONS LEARNED & FUTURE WORK
Although none of the desirable characteristics in this pa-

per conflict with other lists of requirements properties, the
major novelties in this paper are that our characteristics sug-
gest a different set of priorities than previous work and that
these priorities are derived from a survey of actual software
practitioners. One of the most well-known published lists
of requirements properties is the IEEE standard 830 [13],
which states that requirements in a software requirements
specification should be correct, unambiguous, complete, con-
sistent, ranked for importance and/or stability, verifiable,
modifiable, and traceable. Although these properties are im-
portant and sometimes overlapping with our desirable char-
acteristics, they are properties of a requirements document
and not of the approach used to produce the document and
most of the properties in the IEEE standard 830 do not con-
cern the usability of a RE approach. The survey results in
this paper clearly show that usability of a RE approach is a
major concern for practitioners and should be a focus in RE
research. We are unaware of any existing RE approaches
that in fact address each of our desirable characteristics or
that have been designed with regard to usability.

We intend to address the different requirements by cre-
ating a new RE approach, iMuse – Integrated Model-based
Use-case Storytelling Environment – whose requirements will
be based on the guidelines described above. Particularly
iMuse will be used to create narrative requirements in the
form of stories, use an ontology to describe the domain with
which the system under development interacts and that can
be referenced from the stories, and provide an internal and
formal representation of stories and domain that can be used
for generation of test scenarios. These features will be man-
ifested in a RE environment for creating and manipulating
stories through an easy-to-use interface that shields the user
from the complexity of internal representations.

We will set up several usability studies with students and
industry professionals in order to evaluate how well the pro-
totypes of iMuse fulfill our usability characteristics. These
studies can also be used by other RE researchers when eval-
uating the usability of other RE approaches. During our
development of a more usable RE approach we will con-
tinue to explore other usability requirements. In particular
we will research what characteristics would make a RE ap-
proach support the transition from requirements to design.
We hope that other researchers in RE will find the usability
characteristics presented in this paper useful as a guideline
in ongoing and future research efforts.
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