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Abstract

Software development decision makers use many differ-
ent information sources as a basis for their decisions. One
of these sources is the requirements specification, which is
used in a large number of processes throughout the soft-
ware development cycle. In order to make good decisions,
the quality and completeness of the available information
is important. Hence, requirements must be written in a
way that is understandable for the different decision mak-
ers. However, requirements are rarely written with an ex-
plicit perception of how to make them understandable for
different target usages. In this study we investigate the im-
plicit assumptions of current and future requirements engi-
neers and their teachers regarding which usages they per-
ceive as most important when creating requirements. This is
contrasted with industrial viewpoints of the relative impor-
tance of different requirements usages. The results indicate
that the teachers and future requirements engineers have a
strong focus towards in-project perspectives, and very lit-
tle in common with the perspectives of industry managers.
Thus, we are training students to serve as software develop-
ers, and not software engineering managers.

∗Contact Author.
†The remainder of the author list is presented in alphabetical order of

affiliation.

1 Introduction

The quality and usability of a software requirements
specification depends on the understandability of the soft-
ware requirements. The requirements are intended for dif-
ferent target audiences and different target usages. These
different target uses require different information in a re-
quirement for it to be usable (compare e.g. the information
needed for product planning, project planning, and software
design), and the requirement may need to be specified in
a different way to be understandable in the different con-
texts it is going to be used. For example, the requirement
“Support for Multiple Languages” may be understandable
and useful for high level product planning, whereas a devel-
oper requires additional information regarding how many
languages to support, whether the languages should be dy-
namically changeable, whether any languages with special
characters should be supported, what to do when the display
is too short for a specific language, etc.

Requirements engineering education and requirements
engineering text books (e.g. [10, 11, 12, 18]) often describe
different qualities that requirements must possess, e.g. com-
plete, consistent, feasible, necessary, prioritised, unambigu-
ous, verifiable, etc. One characteristic that is often also
mentioned is that requirements should be understandable. It
is, however, rarely discussed further what would constitute
an understandable requirement, let alone for whom it would
be understandable. Since the same books also discuss dif-
ferent users of the requirements (e.g. project management,
project planning, end users, developers, customers, testers,
documentation groups, etc.), one may implicitly assume



that the requirements should be made understandable for all
these different users.

It is our experience that although requirements engineers
may be aware of different users of requirements, the re-
quirements are rarely created with a specific target audi-
ence in mind, let alone a collection of target audiences.
Rather, the requirements are created and made understand-
able based on a general opinion of the requirements engi-
neer that includes a conscious or subconscious assumption
of the target audience. In other words, the requirements
engineer has made a personal prioritisation of the impor-
tance of different requirements users, and creates the re-
quirements to be understandable for the different users ac-
cording to this prioritisation.

The main research question is thus:

• What are the usages that requirements engineers have
in mind when creating requirements?

The implications of this from a decision support per-
spective stems from the fact that the requirements are used
as decision support in a number of decision processes. If
the requirements are not specified in an understandable way
for a specific target audience it follows naturally that deci-
sions are made based on a less than optimal material, and it
may not even be possible to detect this by just studying the
requirements. Hence, we need to understand the implicit
assumptions that the requirements engineers have regard-
ing the possible target audiences when specifying a require-
ment. This will enable decision makers at various positions
to better assess the quality and completeness of the deci-
sion support material (i.e. the requirements specifications)
for their specific usages. In addition, this gives the decision
makers an insight into the perceptions of requirements engi-
neers, which may be valuable during process improvement
work or training efforts.

With hierarchical requirements specifications (see e.g.
[8, 11]), it becomes even more important that the require-
ments are specified in an understandable way for the in-
tended target groups. In these cases, different abstraction
levels are targeted towards different users (i.e. decision
makers) of the requirements, and it should ideally not be
necessary to read requirements from other abstraction lev-
els. A decision maker should ideally be able to use only
one or two abstraction levels as decision support material,
rather than having to sift through the entire mass of informa-
tion. In order to accomplish this, mere implicit assumptions
of the requirements engineers are no longer sufficient to be
able to write understandable and complete requirements for
the actual target audiences. By understanding the usages of
requirements (the target users that e.g. industrial practition-
ers identify), it is possible to more accurately tailor different
abstraction levels, and the requirements themselves, to the
needs of the requirements users.

Table 1. Investigated Perspectives
Industry Academia
Management Teachers
Developers Students

In this article we investigate the perspectives of four
groups of people regarding what is important for them to
make a requirement understandable. These groups are listed
in Table 1. We investigate the views of two groups of in-
dustry practitioners (i.e., managers and developers), in or-
der to get a view of what is considered important in in-
dustry. We investigate a group consisting of a large por-
tion of the students educated in requirements engineering in
Sweden during 2004, since these persons are the creators
of requirements in industry during the coming years. Fi-
nally, we investigate a group consisting of a large portion of
the academia involved in requirements engineering research
and education in Sweden during 2004 and 2005, in order to
understand the general opinions of the teachers of tomor-
row’s requirements engineers. This allows us to study the
following questions:

• Is there a shared view of what makes a requirement
understandable between industry managers and devel-
opers?

• Do the students’ perspectives match those of the teach-
ers?

• Do the academic perspectives match the industry per-
spectives?

With these questions, we investigate whether there is one
single perspective in industry, and also whether the perspec-
tives of future requirements engineers match the industry’s
need or whether further training is necessary. In addition,
we get indications of whether academia need to adjust their
perspective to match the needs of industry, and whether the
requirements engineering education is effective in convey-
ing that there are different requirements users that have dif-
ferent importance. If there is a mismatch between what
is required by industry and what the future requirements
engineers are being taught, the education needs to be ad-
justed, and further training in industry of the requirements
engineers may be required. It may also be the case that
academia, or the students, have a more up-to-date percep-
tion than industry, and in these cases it may be possible to
more accurately direct training efforts toward industry.

The remainder of this paper is organised as follows. In
Section 2 we describe our study design. In Section 3 we
present and analyse the results of the study. Section 4 dis-
cusses these results. Related work is presented in Section 5,
and the paper is concluded in Section 6



2 Study Design

Our study is primarily conducted using a survey ap-
proach. With the exception of the Industry Management-
group, participants from each of the groups are asked to as-
sign values to different perspectives on understandability,
using the Cumulative Voting ($100-test) [12] prioritisation
method. For the remaining group (Industry Management),
we extract information from a publication by Wohlin and
Aurum [19] into a comparable form, as detailed in Section
3.1.

2.1 Participants

The Industry Management group consists of people
involved in the decision-making process that determines
whether a requirement should be included in a specific re-
lease or not. Example of roles in the group are: product
manager, project manager, line manager, user experience
engineer and method specialists.

The Industry Developers group is composed of people
actively working with requirements engineering in a num-
ber of companies that are collaborating with Blekinge Insti-
tute of Technology. Examples of roles in this group are: test
engineer, developer, and product manager.

The Academia Teachers group consists of members of
the SiREN network (Swedish Requirements Engineering
Research Network1. This group consists of a mix of pro-
fessors, assistant professors, and PhD students from six
Swedish universities, and comprises a large portion of the
active requirements engineering research and education in
Sweden. In addition, a group of PhD students and lecturers
in Software Engineering at Blekinge Institute of Technol-
ogy participated. These are all active in teaching students in
courses on topics such as project management, quality man-
agement, verification and validation, software architectures,
and software design.

The Academia Students group consists of graduate and
undergraduate software engineering and computer science
students at Blekinge Institute of Technology, Linköping
University and Umeå University. Together, the software en-
gineering and computer science students from these three
universities constitute a large portion of the students edu-
cated in requirements engineering in Sweden during 2004.

The selection of subjects from different companies and
universities is made to ensure that the study results are not
unduly influenced by local variations at a single company or
university. Instead, the goal is to get an as comprehensive
view of the current status in Sweden as possible.

1For more information, please see http://www.siren.lth.se/

2.2 Questionnaire Design

The questionnaire used for the study contains a number
of perspectives on requirements understandability and the
subjects are asked to rate the importance of each perspective
by distributing 1000 tokens among the perspectives. Table
2 presents the questionnaire and the perspectives that the
participants are expected to rate.

3 Results and Analysis

In this section we present and analyse the results of the
study. We present and discuss each participant group, and
compare them to the other participant groups.

3.1 Industry Management

Wohlin and Aurum [19] present a survey of criteria that
are important when deciding which requirements to include
in a specific project. This serves as a good example of a
decision-making process based on the requirements that is
primarily management-oriented. Wohlin and Aurum [19]
present 13 criteria that 33 industry practitioners were asked
to assess using the same method (i.e. the $100-test) that we
use in this study. Because their survey has a different fo-
cus than the study in this article the results and perspectives
cannot be compared directly (the selections of criteria and
perspectives are, for example, depending on the foci of the
studies), but it is possible to translate the results into some-
thing that is usable in the context of this article. A trans-
lation between the criteria used by Wohlin and Aurum and
the perspectives used in this study is presented in Table 3.

In this table we see the criteria used, its importance (in
%), and the perspective (from this study) that is closest to
the criterion. This translation is based on the brief descrip-
tion of each criterion provided in the original article [19].
As can be seen, three perspectives are not used, i.e. Veri-
fication & Validation, Reuse, and Product Planning II, and
one criterion is not mapped to any perspective, i.e. Support
for Education / Training. The reason for this can be found
in the differing foci of the two studies. The Industry Man-
agement column in Table 4 sums up the importance of the
different criteria for each perspective. The perspectives that
are not used are left blank, and the 1.7% stemming from the
missing “Support for Education/Training” perspective are
not included. All results in this table are normalised to sum
up to 100, regardless of how many points were available for
the participants in the respective sub-study.

3.2 Industry Developer

In total, 18 industry practitioners participated. A sum-
mary of their answers is presented under the Industry De-



Table 2. Perspectives Questionnaire
Perspectives (What do you think is important from a requirements understandability perspective?)

• Development Requirements understandability from a Development perspective, i.e. requirements being good-enough to base design on.

• Requirements understandability from a Project planning perspective, i.e. being good enough to base resource and time estimations on.

• Requirements understandability from a Risk management perspective, i.e. being good-enough to base risk analysis, impact analysis etc. on.

• Requirements understandability from a Verification and validation perspective, i.e. being able to base tests on requirements.

• Requirements understandability from a Reuse perspective, i.e. being able to reuse requirements and other parts associated with a requirement, e.g.
description, risk analysis, estimations, etc.

• Requirements understandability from a Product planning (I) perspective, i.e. being able to be good-enough to give product planners a basis for
strategic product decisions (e.g. what requirements to include in a release, what requirements to dismiss, etc.).

• Requirements understandability from a Product planning (II) perspective related to the company at large, i.e. being able to be used as a basis for
establishing company strategy.

Table 3. Translation of Perspectives from Wohlin and Aurum
Criterion (Wohlin & Aurum) Value Perspective (Our Study)
1. Competitors 7.4 Product Planning I
2. Requirements Issuer 13.8 Product Planning I
3. Stakeholder Priority of Requirement 16 Product Planning I
4. Requirement Volatilitty 3.5 Risk Management
5. Support for Education / Training 1.7
6. Development Cost / Benefit 11.1 Product Planning I
7. Resources / Competencies 7.7 Project Planning
8. Delivery Date / Calendar Time 14.8 Project Planning
9. System Impact 4.7 Development
10. Complexity 6.6 Development
11. Requirements Dependencies 5.8 Project Planning
12. Evolution 3.5 Risk Management
13. Maintenance 3.5 Development

velopers column in Table 4, with the exception of one par-
ticipant that put 900 tokens on Verification & Validation and
distributed the remaining 100 tokens on the other perspec-
tives.

3.3 Academic Perspectives

In total, 15 teachers (who are also active researchers)
in the area of requirements engineering participated. A
summary of their answers is presented under the Academia
Teachers column in Table 4. A total of 179 students com-
pleted the questionnaire as a part of another experiment in
requirements engineering courses at the respective univer-
sity. A summary of their answers is provided under the
Academia Students column in Table 4.

3.4 Analysis

Figure 1 presents another view of the results in Table 4.
In this figure the results for each participant group is pre-
sented for each perspective. For the Industry Managers, we
see that two perspectives stand out as being more important
than the others, i.e. Product Planning I (i.e. that the require-

ments are good enough to give product planners a basis for
strategic product decisions, such as which requirements to
include in a release, which requirements to dismiss, etc.),
and Project Planning (i.e. that the requirements are good
enough to base resource and time estimates on). For the
Industry Developers, we see that the Development and Ver-
ification & Validation perspectives are considered a most
important.

The two academic groups do not have any pronounced
differences between each other. However, when comparing
to the industry perspectives, we see some interesting differ-
ences.

The first four perspectives (i.e., Development, Project
Planning, Risk Management, and Verification & Validation)
comprise 71% of the industry developers’ points. Interest-
ingly, these perspectives comprise 64.6 % of the teachers’
points and 65.9% of the students’ points. This is a clear con-
trast to the industry managers’ distribution of points, where
the first four perspectives only comprise 50% of the total
points. This means that the students think as developers,
not as managers. It is also alarming that this trend is visi-
ble throughout the remainder of the data, i.e. the teachers
also think as developers, and do not consider the manage-



Table 4. Results Summary
Perspective Industry

Management
Industry
Developers

Academia
Teachers

Academia
Students

Development 14.7 23.5 19.2 21.6
Project Planning 28.3 16.4 13.3 17.1
Risk Management 7.00 9.76 13.8 12.1
Verification &
Validation

21.1 18.3 15.1

Reuse 5.18 8.75 9.70
Product Planning I 48.3 19.7 16.7 15.3
Product Planning II 4.23 10.0 9.05
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Figure 1. Results Summary

ment perspectives. Thus, we can suspect that the students
are trained (not only in requirements engineering courses)
to think and act as developers.

Some other interesting differences that we may study is
for example that the students rate the Verification and Val-
idation perspective as considerably (29.4%) less important
than the industry developers. The reason for this may be
that (a) the students have not yet been offered any courses
in verification & validation, and/or (b) that the industry de-
velopers have more experience about the importance of this
perspective.

Moreover, the academic perspectives rate Reuse and
Product Planning II as almost twice as important as the In-
dustry Developers do (These data points are not available
for the Industry Managers). For the Reuse perspective, it
may be the case that reuse is much advocated in academia
and not so much practiced in industry, where hard dead-
lines and new features are much more pressing. A similar
explanation could be given to the differences in the Product
Planning II perspective: the industry developers can not af-
ford the luxury to plan further than their current work log,
and rely on that the managers do this type of strategic think-

ing for them, whereas the two academic groups have a more
aloof view and have at least an initial awareness of that it is
important to have a long-term perspective as well.

4 Discussion

Given the focus of the original study [19], the extreme
importance that the Industry Management group put on the
product planning perspective is perhaps not surprising. Nor
is it, in itself, surprising that Industry Developers have a
different view, i.e. that the Development and Verification &
Validation perspective are considered more important than
the Product Planning perspective. What makes it interest-
ing is that there is such a pronounced gap between the two
groups. More practically, the Industry Developers expect
requirements to be understandable in their specific context,
i.e. Development and Verification & Validation, whereas
the Industry Managers (in the context of deciding which re-
quirements to include in a release) focus on Product and
Project Planning.

Hence, there is not a shared view between managers
and developers of what makes requirements understand-
able. Moreover, the data indicate that the perceived impor-
tance of different perspectives is at least role-dependent, but
maybe also usage-dependent (one role may be involved in
different usages of the same requirement). The results indi-
cate that requirements are created with specific purposes in
mind, especially Development, Product Planning I (Strate-
gic Product Decisions), and Verification & Validation. It
is thus for these purposes that requirements are primarily
made understandable. We see that perspectives such as Risk
Management, Reuse, and Product Planning for Company
Strategies (Product Planning II) are considered to a lesser
degree when creating requirements. Decision makers seek-
ing to use requirements for these purposes should thus be
made aware that the decision support material may not be
completely adequate.

From an education perspective, the results are more
alarming. That teachers and students share a similar view
may indicate that the education is effective in conveying the



academic opinion2. However, the data also indicate that
the education only focuses on a single industry perspec-
tive, namely the development perspective. Obviously, this
gives an unbalanced view of what is important for require-
ments understandability. In fact, the conclusion is that re-
searchers/teachers as well as newly educated requirements
engineering students have a single-minded view of how re-
quirements are used and for whom requirements are written,
i.e. requirements are written for the purpose of in-project
activities such as development and testing. Pre-project ac-
tivities (especially important in market-driven requirements
engineering) receive no special focus.

An alternative explanation is that a large portion of re-
quirements are product-specific and on a relatively detailed
level (e.g., [8] reports that 57% of the requirements are on
the abstraction level of specific functions or even imple-
mentation details). These detailed requirements are almost
per definition unsuitable for decisions regarding company
strategies. Moreover, there is too much information avail-
able to be able to quickly sift through to the requirements
that are relevant for making strategic decisions. This means
that for some requirements, the product planning perspec-
tive is very important, but for the large majority of (de-
tailed) requirements it is not. However, since the question
was asked generically (i.e. “what do you think is impor-
tant from a requirements understandability perspective?”),
the answers can also be expected to be on a generic level,
where each requirement should be understandable from the
prioritised perspectives, even though the particular perspec-
tives may not be in focus for every requirement.

One way to clarify the intended usages of requirements is
to use hierarchical requirements specifications, where some
of the more abstract levels are targeted towards e.g. Prod-
uct Planning for Company Strategies, and the more detailed
levels are used for Development and Verification & Valida-
tion. In such a case it is important to emphasise to the re-
quirements engineer that, depending on the level of abstrac-
tion, different information is included in requirements to
make them understandable for their purposes (e.g. Product
Planning for higher level requirements and Development for
lower level requirements). Thus, the abstraction level of a
requirement provides valuable information to the require-
ments engineer regarding its usage, and hence for whom it
must be made understandable. If the requirements engineer
understands and uses this, the value of the entire collection
of requirements is increased from a decision support per-
spective. First, it is possible to base decisions on a subset of
the requirements collection (e.g. a subset consisting of only

2The astute reader will observe that we have not shown that the educa-
tion in itself is effective, only that the students share their teachers opin-
ions. Whether this was also the case before the students were subjected
to the education is not evaluated. Strictly speaking, and from a teacher’s
perspective, we can only state that the students do not leave their education
with unreasonable opinions (concerning requirements understandability).

one or two abstraction levels). Second, the requirements on
a certain abstraction level are specified with certain usages
and target audiences in mind. Third, because of the different
needs of different usages and target audiences, more of the
information that is required for a certain type of decisions
may need to be present in a given subset of requirements.

4.1 Validity

Some threats to the validity of the study exists. First,
the questionnaire is very brief and does not provide much
information to the participants. There is thus a risk that
the participants may have misunderstood what is meant by
the different perspectives. On the other hand, the perspec-
tives are fairly commonplace in most software development
processes, which means that most participants have a good
idea of what is meant by them anyway. Second, the par-
ticipating companies may not be representative of all types
of companies, and other companies may have other prior-
ities between the perspectives. The questionnaire is also
distributed to individuals within the company and may thus
not represent the company’s opinions of what is important.
In addition, we have made an interpretation of the perspec-
tives used by Wohlin and Aurum [19], and translated these
into the perspectives used in this article. Although we are
reasonably confident that the translation is accurate, there
is a risk that we may have misunderstood something in the
translation process.

5 Related Work

Some work has been done on connecting requirements
engineering and decision making (e.g. [1, 2, 3, 7, 16, 17]).
In these articles the connection made is that requirements
engineering is a decision rich activity, and can benefit from
more structured decision processes. Examples of decisions
made include defining the scope of a product, quality as-
sessment of the requirements themselves, requirements pri-
oritisation, requirements negotiation, and release planning.
These are all requirements engineering activities that in fact
consist of a large number of decisions. Central for these ar-
ticles is that the studied decisions are made as a part of the
requirements engineering activities. In this article we in-
stead focus on the produced requirements as artifacts that
are used in other decision processes “outside” of the re-
quirements engineering process, for example project plan-
ning, verification & validation, and product management.

Several sources describe different aspects of require-
ments management where it is important to take conflict-
ing objectives into consideration (e.g. [4, 5, 6, 9, 14, 13,
15, 17]). These studies, and others like them, motivate our
work since there is a need to understand the different view-
points and objectives both when writing requirements, and



to understand what the authors of a requirement had in mind
when reading requirements.

6 Conclusions

In a survey of decision problems in requirements en-
gineering, Ngo-The and Ruhe [3, chapter 12] discuss the
need for more research that empirically investigates and de-
scribes the current state of practice. We argue that this does
not only concern how to model and view requirements en-
gineering as a decision making or decision support activity,
but also to study how the outcomes of requirements engi-
neering activities are, and can be, used as decision support
in subsequent development activities. This article makes
a contribution in this respect, providing software engineer-
ing decision makers with further insights into the (often im-
plicit) assumptions that requirements engineers make con-
cerning the target audiences of their software requirements,
and the importance of these target audiences.

In this article, we study the assumptions that require-
ments engineers have concerning for what purposes require-
ments will be used by investigating the importance placed
on making the requirements understandable for different us-
ages. We investigate and compare the opinions of industry
managers, industry developers, academic requirements en-
gineering researchers/teachers, and requirements engineer-
ing students. The results indicate that:

• Requirements engineers do indeed have certain usages
in mind when creating requirements. This is visible in
the importance they place on making the requirements
understandable for the different usages. The results in-
dicate that the Development perspective is generally
ranked highly, as is the Verification & Validation and
the Product Planning I perspective. Other perspectives,
such as Reuse, Product Planning for Company Strate-
gies, and Risk Management are not considered to be
very important. In our study we also confirm findings
from another survey [19], i.e. that Product Planning for
Strategic Product Decisions is an important perspec-
tive when deciding which requirements to include in a
particular release.

• There is a large difference between the priorities of In-
dustry Managers and Industry Developers. Whereas
the former consider it most important that the require-
ments are made understandable for product and project
planning purposes, the latter consider development and
verification & validation purposes as being most im-
portant. In fact, this is a dichotomy between pre-
project activities and in-project activities, where the
managers are more concerned with the pre-project ac-
tivities and the developers focus more on the in-project
activities.

• Academia seem to be focusing primarily on the in-
project usages of requirements, i.e. Development and
Verification & Validation. There is a lack of training
of future requirements engineers who understand the
pre-project activities and the importance of these. In
other words, academia is training industry developers.
Considering that a large portion (3/4) of the studied
students are at a master’s level, we argue that academia
should focus more on educating software engineering
managers.

6.1 Future Work

This study is performed on a limited selection of indus-
try partners, and is limited to requirements engineering in-
dustry practitioners, researchers, teachers, and students in
Sweden. Replication of the study with more industry part-
ners and other academic and student participants (including
non-Swedish participants) would increase the validity of the
results.

Within each of the perspectives in this study, there are
several uses of the requirements. Future work includes
defining in more detail how requirements are used in dif-
ferent decision processes, and how requirements (and the
requirements’ specification) should be formulated to best
support the decision processes. Wohlin & Aurum [19] is an
example of such a study, where the criteria that are impor-
tant for deciding in which project to include a requirement
are investigated.

A more challenging future work is to use the knowledge
gained to change the way we teach our students, so that we
may create requirements engineers that are able to serve as
software engineering managers — not only developers.
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