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Abstract Software requirements specifications (SRS) serve as an important source
of information for a variety of roles involved in software engineering (SE) projects.
This situation poses a challenge to requirements engineers: Different information
needs have to be addressed, which are strongly dependent on the particular
role(s) that SRS stakeholders have within a project. This chapter summarizes the
contributions of a thesis that aimed to address and reduce role-specific defects in
SRS that negatively influence the efficient usage and acceptance of these documents.
To achieve this goal, we collected empirical data about role-specific information
needs in a series of empirical studies that served as a baseline for a secondary
analysis toward the definition of role-specific views. Moreover, we realized a proof-
of-concept implementation that is capable of generating role-specific views on SRS.
The results of a case study revealed that role-specific views have the potential to
efficiently support SRS consumers during the analysis of a given SRS. Besides
conducting further empirical studies in industry, future work aims to foster cross-
disciplinary collaboration and requirements communication, especially in agile
teams. Thereby, we are exploring synergy potential with best practices from non-
SE disciplines.

1 Introduction

Software development is a cooperative and creative process that requires stakehold-
ers from various software engineering (SE) disciplines to collaborate, exchange
information, and coordinate their tasks and efforts [1, 2]. In order to make this
collaboration successful, a shared understanding of the functional and nonfunctional
requirements of a software system is therefore required [3, 4].
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A key discipline that supports the detailed analysis and communication of these
requirements is requirements engineering (RE) — a systematic and disciplined
approach to the elicitation, analysis, specification, and management of requirements
[5]. The results of these RE activities are typically documented in various require-
ments artifacts, which are consolidated and structured in software requirements
specifications (SRS). These SRS finally serve as an important information basis
for various people involved in SE disciplines such as architecture design, interac-
tion/user interface design, and software testing.

Despite their importance, we have observed that the acceptance of SRS is often
limited and that SRS are often neglected in practice. A more detailed investigation
of this observation revealed a number of so-called role-specific requirements defects
that are not sufficiently addressed by today’s RE approaches (see Table 2, Sect. 2.2).
While these defects can basically be traced to insufficient quality of SRS, as well as
the requirements artifacts they contain, they are characterized by an interesting fact:
Different SRS consumers might experience these defects individually — depending
on their particular discipline-related roles, responsibilities, and tasks within an SE
project.

In fact, the occurrence of role-specific defects is critical as they negatively
influence the efficient usage and analysis of an SRS from the consumer’s viewpoint.
This situation can again lead to failures, delays, and frustration in subsequent SE
activities and, ultimately, to costly changes and budget or time overruns [6, 10].

Addressing these role-specific defects finally motivated the practical improve-
ment goals of the thesis “Role-Specific Views on SRS: An Empirical Approach”
[11], whose contributions are summarized in this chapter. Within the scope of this
thesis, we collected empirical data about role-specific information needs in a series
of empirical studies, which served as a baseline for a secondary analysis aimed
at the definition of role-specific views. Moreover, we realized a proof-of-concept
implementation of our envisioned solution that is capable of generating role-specific
views on SRS. The results of the case study revealed that role-specific views have
the potential to efficiently support SRS consumers during the analysis of a given
SRS as well as requirements engineers during specification activities.

Following the thesis work, we continued to further investigate and improve cross-
disciplinary collaboration and requirements communication, especially in agile
teams. In doing so, we even cross the borders of the field of SE to get inspired by best
practices from non-SE disciplines such as criminology, film studies, psychology,
and law. The research objectives that we are pursuing in this research context include
the identification of synergies with such best practices and their incorporation — as
well as adaptation — into innovative methods and techniques to overcome existing
challenges.

In the remainder of this chapter, we will first discuss the background and results
of the research activities that shaped both the practical and scientific thesis goals in
Sect. 2. Then we will provide an overview of the overall solution idea, the research
approach, and our thesis contributions in Sect. 3. In Sect. 4, we will share insights
and results from our series of empirical studies, which served as a baseline for the
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definition of role-specific views on SRS. Section 5 introduces current and future
research activities that followed the thesis. The chapter concludes with a summary
in Sect. 6.

2 Background and Improvement Goals

This section introduces some background information related to the notion and
role of requirements artifacts and shares the results of research activities that were
conducted to shape the practical and scientific improvement goals of the thesis.

2.1 Requirements Artifacts

A central activity of RE approaches is the documentation of requirements-related
information (covering both functional and nonfunctional system aspects, as well as
elements of the usage environment) established and worked out during elicitation,
validation, and negotiation activities. This documentation typically results in a set
of requirements artifacts, which we define as “...an object produced or shaped
by a human conception or agency in order to externalize requirements-related
information” [12].

Requirements artifacts are predominantly written in natural language, both in
unstructured common language and in a structured form using templates and forms
[13, 14]. Other documentation types include conceptual models (like UML state
diagrams or UML activity diagrams) or hybrid documentation combining natural
language and conceptual models [5].

In fact, requirements artifacts represent an important factor for the success
of a project [15, 16] as they serve as a medium of communication between
interdisciplinary project team members with different roles and tasks [17] (see
Table 1).

2.2 Practical Improvement Goals

To become a good basis for the various consumers, both the SRS and the require-
ments artifacts they contain must meet certain quality criteria (such as unambiguity,
consistency, or completeness) in order to prevent the occurrence and propagation of
requirements defects [7, 17]. Such defects ultimately may lead to major delays, cost
overruns, commercial consequences, and even the loss of lives [18].

Despite this major impact that requirements defects have throughout the whole
lifecycle of a software product, the data analysis of an industry survey as well as
literature reviews revealed that industry is still facing problems and challenges in
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Table 1 Consumers of requirements artifacts [5, 15]

Role
Project manager

Tasks based on requirements artifacts

Planning of work packages and milestones for the implementation of the
system

Customer Validation of requirements as part of contract
Software architect ~Design of system architecture; analysis of change impacts;
validation of requirements as part of quality assurance

Usability expert Design of interactions and user interface; analysis of change impacts;

(Interaction validation of requirements as part of quality assurance

designer)

Developer Implementation of the system; analysis of change impacts

System test Development of test cases to validate the system; analysis of change
engineer impacts; validation of requirements as part of quality assurance
Maintenance Analysis of defects during system maintenance

engineer

addressing quality-related issues when documenting requirements artifacts. As a
consequence, the acceptance of SRS is often limited and the documents are often
neglected in practice by their consumers.

To better understand and shape the practical problem of the thesis, we conducted
expert interviews and performed a literature review with the goal of identifying
requirements defects that hinder an efficient use and analysis of SRS from the
viewpoint of their readers. This activity resulted in a taxonomy of 14 requirements
defect categories [11].

Within the thesis, we focused our research activities on a subset of these
defects — so-called role-specific requirements defects — which are characterized by
an interesting fact: In contrast to “general defects” (such as ambiguity, missing,
or lacking traceability), role-specific requirements defects are possibly experienced
differently by different readers, depending on the role they have in a project [19].
Hence, we excluded the aforementioned “general defects” from our taxonomy and
obtained a list of role-specific defects, which are summarized in Table 2 together
with a list of requirements for a suitable solution.

Table 2 Role-specific defects and corresponding solution requirements

Role-specific requirements defect
Important information is missing
[6-9]

Superfluous information is specified
[6, 8, 9]

Important information is misplaced
[6, 8, 9]

Requirements artifacts are in an unusable form
(6, 8,91

Requirements for suitable solution

The SRS contains all information that is
relevant for a particular role

The SRS contains only information that is
relevant for a particular role

The SRS is appropriately structured so that
relevant information can easily be found by
a particular role

Requirements artifacts are specified at the
right level of detail using the right notation



Crossing Disciplinary Borders to Improve Requirements Communication 119

As highlighted earlier, the occurrence of role-specific defects negatively influ-
ences the efficient usage and analysis of an SRS, as it is time-consuming and/or
cognitively difficult for SRS consumers to resolve and reconcile these problems
while working with the SRS [6, 8]. This is critical, as it might again lead to failures,
delays, and frustration in subsequent SE activities, and ultimately to costly changes
and budget or time overruns [6, 10].

Hence, addressing these role-specific problems ultimately constituted the practi-
cal improvement goals of the thesis, which are stated as:

Improve the quality of SRS by addressing and reducing role-specific require-
ments defects in SRS. Resulting from this achievement, we aim to increase
the efficiency of SRS analysis and hence the acceptance of an SRS from the
viewpoint of its readers.

2.3 Literature Review Activities

To strengthen and isolate the scientific contribution of the thesis, the role-specific
defects and corresponding solution requirements in Table 2 were subjected to further
literature review activities. The underlying research goal (RG) and related research
questions (RQ) of these activities are summarized in Table 3.

Table 3 Research goals and research questions of literature review activities (LRA)
RGpra: Investigate and analyze the state of the practice/state of the art with regard to existing
solutions that particularly address role-specific defects and the corresponding requirements.

RQpLrA-1: To what extent do existing requirements documentation and quality assurance
methods, techniques, or guidelines address role-specific defects and corresponding
requirements?

RQprraA-2: To what extent do existing view-based approaches support our overall solution idea
of generating role-specific views on requirements documents?

Our literature review activities toward RQpra.1 revealed several (normative)
references that highlight and report on good quality characteristics of both individual
requirements and SRS [5, 8, 15, 18, 20]. However, we found that all of these
references are quite vague when it comes to describing what completeness or
minimality means from a role-specific point of view. This issue is also claimed
and supported by the work of [17], who argue that some quality criteria (such as
completeness) have to be rethought from a quality-in-use perspective. In fact, their
ABRE-QM (activity-based RE quality models) concept fits well into the scope of
this thesis as our empirical work contributes to the instantiation of their quality
models and our tool-based solution represents a concrete implementation of their
vision.
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Similarly, existing writing guidelines [15, 21], languages, or requirements
templates [5] do not provide any information on the preferred level of detail and
notation that is suitable for a particular role. This observation also holds for standard
SRS structures such as [20, 22], which define an overall structure and corresponding
information that should be included in an SRS but do not provide any advice on the
suitable level of detail, as well as the right notation that should be used to specify
the information in the various sections. Moreover, these references do not address
the requirement of “minimality,” i.e., they do not hide irrelevant information from
the reader.

Requirements validation techniques [5, 23-25] seem to be helpful for identifying
and resolving role-specific defects [26] but typically happen after the SRS has been
created (rather than during the construction of the SRS). Moreover, these activities
easily get tedious and cognitively difficult for the inspectors if they have to search
for the relevant information that they have to validate from a dedicated perspective.
Also, inspection guidelines and checklists have to explicitly contain and address
the role-specific information needs that are to be checked with regard to their
fulfillment. And this knowledge is often missing.

There also exist a variety of formal methods that are capable of automatically
detecting and handling quality-related defects such as ambiguities, inconsistencies,
or missing traceability [27-29]. However, to the best of our knowledge, none of
these approaches is capable of automatically detecting and resolving the role-
specific defects that are the focus of the thesis.

Addressing RQrra-2, we identified several view(point)-based solutions in the
context of RE [30-32]. However, the definition and usage of these viewpoints
differ between the various solutions. That is, some viewpoints reflect (orthogonal)
viewpoints of the system, or process-specific or organizational viewpoints rather
than role-specific views. Moreover, from a technical perspective, existing com-
mercial requirements management tools are capable of automatically generating
views on SRS that fit role-specific information needs. This is typically realized
by applying filter rules to predefined attributes [5]. However, in order to define
and instantiate these attributes, detailed knowledge about role-specific information
needs is required, which is not available in the tools but rather has to be obtained
individually.

We conclude that many good approaches are available that at least partially
address the role-specific defects and related requirements stated in Table 2. How-
ever, what all of these approaches are lacking is the explicit provision of detailed
knowledge about role-specific information needs. That is, to sufficiently address
role-specific defects and corresponding requirements — and hence to ultimately
address our practical improvement goals — we claim that detailed empirical knowl-
edge about role-specific information needs is required. It is exactly this empirical
knowledge that constitutes the core scientific improvement goal of the thesis, stated
as:
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Investigate role-specific information needs regarding SRS from the viewpoint
of different SRS readers.

3 Solution Idea and Research Approach

The overall solution idea of the thesis is illustrated in Fig. 1.
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Fig. 1 Solution idea

The approach is based on the idea of conducting a series of empirical studies on a
given set of domain-specific requirements artifacts in order to collect empirical data
with regard to role-specific information from the perspective of SRS consumers.
To limit the scope of the thesis, we focused our investigations on three types of
SRS consumers: software architects, usability experts in the role of designers, and
software testers. We selected these three types because their SE-related activities
strongly rely on information documented in SRS. Table 4 briefly summarizes the
main responsibilities of the three different roles.

The collected empirical data serves as a baseline for the derivation of role-specific
views on the investigated requirements artifacts. In this context, a role-specific view
comprises a set of requirements artifacts that are relevant for performing role-
specific tasks specified at a preferred level of detail using preferred notations.

These role-specific views in turn serve as input to a technical solution that utilizes
the empirical knowledge to apply filter rules to a given SRS structure, as well as
requirements artifact templates, in order to ultimately generate role-specific views
on the specification that meet the role-specific information needs.
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Table 4 Roles and responsibilities of selected SRS consumers [33-35]

Software architects are responsible for designing an architectural solution
that satisfies expected system functionalities and has a long-lasting impact on
major quality attributes of a software-intensive system (like cost, evolution,
performance, safety, and security). To achieve this, software architects have
to fulfill a variety of complex tasks in order to make, realize, validate, and
document design decisions regarding a high-quality software architecture
based on a detailed understanding of the expected functionalities and
qualities of a software system.

Designers (usability experts) are responsible for conceptualizing and
designing human-system interactions based on documented requirements
with the aim of ensuring effectiveness, efficiency, and satisfaction when
performing tasks with the system (interaction designer). Moreover, efficient
task execution requires suitable organization and structuring of information
(information architect) as well as suitable visualization and implementation
of the user interface (UI) on the target platform (user interface designer).

Software testers have different responsibilities that require skills, such as
in-depth knowledge about test design and execution methods and techniques
and a good understanding of the system to be tested. The main
responsibilities of software testers include: (1) reading all relevant
documents and understanding what needs to be tested; (2) creating and
defining test designs, test processes, test cases, and test data; (3) executing
testing as per the defined procedures; and (4) preparing test reports that

document procedures as well as test results.

Within the thesis work, we followed a design science research approach as
proposed by [36]. Our approach is illustrated in Fig. 2, including the various
contributions we elaborated in each phase of the approach.
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Fig. 2 Research approach and contributions
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The previously introduced taxonomy of (role-specific) requirements defects (see
Sect. 2.2) as well as the results of the literature review activities conducted to shape
the scientific contributions of the thesis (see Sect. 2.3) were identified and elaborated
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in the problem identification phase, as well as in the solution objectives phase of the
research approach.

In the subsequent design and development phase, we conducted a series of empir-
ical studies to first collect empirical data with respect to role-specific information
needs, from which role-specific views were then derived and defined in a subsequent
secondary analysis. A more detailed discussion of the empirical work can be found
in Sect. 4.

In the demonstration phase, we realized a proof-of-concept implementation (and
alternative solution concepts) that is capable of utilizing the gained empirical
knowledge about role-specific views to support typical usage scenarios of SRS both
from the consumers’ and from the requirements engineers’ point of view [37].
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Fig. 3 Proof-of-concept implementation

This technical solution (depicted in Fig. 3) was implemented as an extension of
Microsoft Excel®, a common tool often used in practical settings for creating and
reading requirements specifications. It comprises an SRS template that defines the
overall structure of the SRS as well as a set of domain-specific requirements artifact
templates (see Sect. 4.1). The empirical data we collected and analyzed in the series
of empirical studies (see Sects. 4.2 and 4.3) was incorporated in the form of priority
tags and filter rules (see Sect. 4.3). These filter rules can be applied via commands
in the menu bar (see Fig. 3) to generate different views for each of the three roles
(software architect, designer, and software tester):
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» TOP Artifacts: Executing this filter function displays only requirements artifacts
and related information details that are of high priority for the corresponding role.
Such requirements artifacts include key information for the artifact consumers
that is critical for fulfilling their role-specific tasks. Hence, these artifacts and the
related information have to be specified timely and precisely.

e IMPORTANT Artifacts: Executing this filter function displays requirements
artifacts that are rather important, respectively of medium priority. In contrast to
high-priority artifacts, these artifacts and the related information are less critical.
That is, the artifact stakeholders could also do their tasks based on high-level
descriptions of these artifacts.

o VALIDATE Artifacts: Executing this filter function displays all requirements
artifacts that are of both high and medium priority. This artifact view is intended
to support validation activities following perspective-based techniques to assure
SRS quality.

Besides these role-specific views, our implementation also offers the possibility
to display all requirements artifacts and related information details (both with
and without meta-information). Additional views such as “Project Overview,”
“Document Info,” and “Appendix” are intended to further reduce the complexity
of the information displayed in the SRS.

Finally, within the evaluation phase, the proof-of-concept implementation was
applied in a case study within the context of a team-based software engineering
project at the University of Kaiserslautern. There we investigated several hypotheses
with regard to the practical and scientific improvement goals of the thesis. Even
though the validity of the case study is limited, the case study revealed promising
results. Among the conclusions and lessons learned from the case study, we found
that role-specific views have the potential to efficiently support SRS consumers
during the analysis of SRS, that the views reflect role-specific information needs,
and that they are helpful for supporting the communication and discussion of
requirements in software-developing teams. On the other hand, we found that the
usefulness of the views strongly depends on the project setting. That is, they are
possibly most beneficial in the context of the development of large systems resulting
in complex SRS that serve as a major source of requirements-related information.

In addition to the case study, we performed two trial runs of experimental
investigations with the overall goal of investigating hypotheses that compare the
efficiency of SRS analysis with our view-based solution and that of “traditional”
SRS. We found that properly designing such experiments is indeed a challenge
in terms of ultimately drawing valid conclusions. However, we gained interesting
insights and learned lessons from these investigations that will serve as guidelines
for future evaluation activities.

We continuously shared and published the results of our research activities
with and to research and industry as part of the communication phase. The
presentations of our results, the feedback we gained from the reviewers, and the
fruitful discussions we had at the various conferences and workshops confirmed the
relevance of our research for the RE community. The feedback we obtained from
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both practitioners and researchers helped us to continuously improve and validate
our work.

4 Empirical Studies

This section shares some insights into the series of empirical studies we conducted
to address the scientific improvement goal of the thesis, which ultimately served
as a baseline for the definition of role-specific views. In fact, we consider the
results of these studies as well as the underlying methodological approach as a core
contribution of the thesis that can be utilized and transferred into different solutions
aiming to improve requirements communication in software development.

4.1 Research Goals and Agenda

The overall research goal that we aimed to investigate in the empirical studies
was to identify and characterize requirements-related information that downstream
development engineers (SRS consumers) seek in an SRS to satisfy their needs and to
accomplish their role-specific tasks.

As outlined in the background section (Sect. 2), requirements-related information
is typically specified in the form of requirements artifacts in SRS. Due to the variety
of existing requirements artifacts, and to ensure comparability between the different
study results, we focused our investigation on well-known requirements artifacts
that are typically created when RE is performed within the information systems
domain. In particular, we considered artifacts that are created during the application
of the Task-oriented Requirements Engineering Framework — or TORE Framework
for short [38]. Due to their general nature, these requirements artifacts and thus
the results of our investigations can be easily mapped and transferred to other RE
approaches that produce requirements artifacts of this kind.

The investigated artifacts comprised:

» Descriptions of stakeholders capturing relevant information and characteristics
about stakeholders who are to be supported by or have an influence on the system
to be built.

* Descriptions of project goals that different stakeholders would like to achieve
with the system to be built. The project goals include and refine the vision of the
system and are considered the rationale for the system’s requirements.

* Descriptions of as-is situations that illustrate the execution of the tasks/business
processes that are to be supported by a system in the current situation, i.e.,
without the system to be built.

* Descriptions of to-be situations that illustrate the execution of tasks/business
processes to be supported in the future by the system.
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Descriptions of the system context that define the system’s environment (e.g.,
users, external systems), including an overview of functionalities that the system
offers to it.

Descriptions of interactions that describe how the system interacts with entities
in its environment (e.g., users, external systems).

Descriptions of system functions that specify the input, internal behavior, and
output of system functionalities. In contrast to interactions, system functions
represent functionalities that are automatically performed by the system.
Descriptions of quality requirements that specify desired qualities (nonfunctional
requirements) of the system to be built.

Descriptions of technical constraints that limit the solution space beyond what is
necessary for meeting the requirements.

Considering these requirements artifacts, we further refined the above research

goal into three research questions and corresponding metrics, which are summarized

and stated in Table 5.

Table 5 Research questions (RQ)

Research Question RQ-1Empstudies

What are typical requirements artifacts that should be contained in an SRS from the viewpoint
of document stakeholders (SRS consumers) in order to accomplish their role-specific tasks?

Metric RQ-1gmpstudies: Importance level of TORE requirements artifacts
Research Question RQ-2Empsudies

At what level of detail should relevant requirements artifacts be specified from the viewpoint
of document stakeholders (SRS consumers)?

Metric RQ-2Empstudies: Relevant description items of TORE requirements artifacts
Research Question RQ-3Empstudies

Which notation should be used to specify relevant requirements artifacts from the viewpoint of
document stakeholders (SRS consumers)?

Metric RQ-3gmpstudies: Preferred notation for documenting TORE requirements artifacts

In order to investigate the research goals and questions above, we designed and

conducted a series of four empirical studies as part of our research agenda. These
studies comprised:

» Study #1: An eye-tracking study conducted with two software architects and two

usability experts in the role of designers to investigate the relevance of TORE
artifacts (RQ-1gmpstudies) as well as the suitable level of detail (RO-2gmpsudies)
and the preferred notations (RQ-3 gmpStudies)-

Study #2: A survey study (U-KL) conducted in two practical software engineering
courses with a total of 18 participants in the role of software architects. In this
study, we retrospectively evaluated the relevance of TORE requirements artifacts
for architecture design activities (RO-1Empstudies)-

Study #3: A survey study (MUC) conducted with ten usability experts during a
tutorial session that aimed to investigate the relevance of TORE requirements
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artifacts (RQ-1EmpSudies), the suitable level of detail (RO-2gmpsudies), and the
preferred notations f(RQ-3Empsuadies) for interaction/UI design activities.

o Study #4: A survey study (FHNW) conducted in semi-industrial software devel-
opment projects with a total of 47 participants in the role of software architects,
40 participants in the role of usability experts/designers, and 49 participants in
the role of software testers. This study aimed to collect data with regard to the
relevance of requirements artifacts for architecture design, interaction/UI design,
and testing activities (RQ-1 gmpStudies)-

Detailed descriptions of the design and the procedures of each of these studies
can be found in [11]. The elicited raw data of the studies is publicly accessible via
[39].

4.2 Analysis of Individual Studies: Empirical Baseline

Even though the setting and the procedures varied between the four different studies,
we asked the participants in each of the studies to rate the importance of various
requirements artifacts on a 4-point rating scale with the help of a questionnaire.
This rating scale was defined as follows:

e 1 = “This requirements artifact is very important for my task”

e 2 = “This requirements artifact is rather important for my task”

* 3 = “This requirements artifact is rather unimportant for my task”
e 4 = “This requirements artifact is very unimportant for my task”

We decided to use this 4-point scale in order to evoke a decision between (very)
important and (rather) unimportant.

4.2.1 Data Analysis Strategy: An Example

In the following, we would like to share some insights into the data analysis
strategies we applied on the questionnaire data based on the example of survey study
#4. This study was conducted within the scope of a practical project course offered
at the University of Applied Sciences and Arts Northwestern Switzerland (FHNW).
A first study run (FHNWa5013) was executed during the autumn term of 2013. We
repeated the same study in a second run (FHNWs.2014) in the subsequent spring
term of 2014. A third run (FHNWa_3014) was executed during the autumn term
of 2014, and the final fourth run (FHNWs.2015) in the subsequent spring term of
2015. At the end of a term (i.e., after the students had completed their role-specific
tasks), the coach responsible for the requirements engineering phase distributed our
questionnaire, which captured the importance of specified requirements artifacts for
role-specific tasks on the 4-point scale introduced above.

Table 6 shows an extract of the results of the application of our data analysis
strategy to the questionnaire data we collected from the viewpoint of usability
experts in the role of designers in the different study runs at FHNW.
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To analyze the questionnaire data, we first calculated descriptive statistics,
particularly the median (Mdn), sample means (M), minimum (Min), and maximum
(Max) values, for each requirements artifact in each study run based on the
questionnaire data [39]. As all the data sets were not normally distributed (according
to the Shapiro—Wilk test), we applied the Kruskall-Wallis test (KW) for independent
samples in order to determine possible differences in the medians between the four
groups (FHNW 2013, FHNWg.2014, FHNW 2014, and FHNWs.2015) for each of
the investigated requirements artifacts. For those variables that did not reveal any
significant difference in their median, we calculated the aforementioned descriptive
statistics on the consolidated data set (FHNWx11). Moreover, we applied the
one-sample Wilcoxon signed-rank test to check whether the participants shared a
meaningful opinion with regard to the relevance of the investigated artifacts. To do
so, we verified whether an observed median (Mdn(x)) was equal to hypothetical
values H-Mdn = 2 (if Mdn(x) > 2), respectively H-Mdn = 3 (if Mdn(x) < 3). The
significance level (p) was set to 0.05 in all tests. We performed all data analysis
activities with IBM~ SPSS” PASW Statistics 18.

As highlighted in Table 6, we detected significant differences between the
samples FHNW 2013 and FHNWa 2014 in the case of descriptions of goals, as-
is situations, and to-be situations. Due to this significant difference, we decided
to exclude the values of sample FHNW 42013 from the consolidation step. This
decision was also underpinned by our assumption that the observed difference
between the samples might be attributed to a slight difference in the questionnaire
design that we used in the FHNW 5013 study. However, we did not yet discard this
sample at this point in our analysis but kept the values of FHNW 2013 separately
as input to the secondary analysis (see Sect. 4.3).

4.2.2 Data Interpretation

In order to draw a conclusion with regard to the overall importance level of a certain
requirements artifact — and hence to contribute to RQ-1gmpstudies — We interpreted
the mean values (M) that resulted from the analysis of the descriptive statistics on
the consolidated data set. To do so, we applied the following rules:

e If 1.0 < M(x) < 1.5, the RA is very important for role-specific tasks.

e If 1.5 < M(x) < 2.5, the RA is rather important for role-specific tasks.

o If2.5 < M(x) < 3.5, the RA is rather unimportant for role-specific tasks.
e If3.5 < M(x) <4.0, the RA is very unimportant for role-specific tasks.

Applying this scheme to the example data presented in Table 6 led to the
following conclusions:
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From the viewpoint of the participants of the FHNW study in the role
of designers, we identified descriptions of system functions and quality
requirements as very important requirements artifacts. In order of importance,
these were immediately followed by descriptions of goals, as-is situations, to-
be situations, interactions, and descriptions of stakeholders, which were all
identified as rather important artifacts. Only descriptions of system context
were identified as rather unimportant.

All these findings were also underpinned by the application of the one-sample
Wilcoxon signed-rank test (see column OS-WSRT, Table 6). This observation
proves the existence of a meaningful opinion shared among the participants
regarding the importance rating of the investigated requirements artifacts.

We applied the data analysis and interpretation scheme to the questionnaire
data of all studies for each role [39]. Ultimately, we consolidated the various
interpretations with regard to the importance of the investigated requirements
artifacts that we received from these initial data analysis activities.

Table 7 provides an overview of the consolidated findings over all requirements
artifacts from each of the investigated viewpoints.

This cross-study comparison of the analysis results revealed interesting findings.
We identified differences between the different studies (and even between different
study runs) with respect to the importance rating of the various requirements
artifacts. At this point of our research, it was still unclear whether the observed
differences between the different studies are significant or not. This analysis was
the subject of the secondary data analysis (see Sect. 4.3) that consolidated the results
we gained in the individual studies in order to arrive at final and more fine-grained
conclusions with regard to role-specific information needs and implications on role-
specific views.

In this fine-grained conclusion, we also aimed to address the following obser-
vation: We identified many requirements artifacts as “rather important” — some of
them close to the border to “very important.” In other words, the range underlying
our categorization based on the mean value (1.5 < M(x) < 2.5) was possibly too
broad for the definition of role-specific views.

Apart from the differences between the different studies, we also observed
variances within samples of the individual studies. This was indeed an interesting
observation that motivated future research on factors such as personality or individ-
ual reading behavior, which might possibly influence the relevance of requirements
artifacts from the viewpoint of their consumers (see Sect. 5).
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Table 7 Cross-study comparison

Descriptions of

stakeholders

Descriptions of

RI
goals
Descriptions of
RI
as-is situations
Descriptions of
L RI RI RI
to-be situations
Descriptions of
RI RU RI
system context
Descriptions of
RI RI RI

interactions
Descriptions of
system functions
Descriptions of
quality requirements
Descriptions of

technical constraints

Very important (VI) Rather important (RI) Rather unimportant (RU) Very unimportant (VU)

4.3 Secondary Data Analysis: Role-Specific Views

Based on the empirical baseline introduced in the previous section, we performed
a secondary data analysis. The overall goal of this secondary data analysis was
twofold: First, we aimed to compare and consolidate the data we had obtained in the
various empirical studies in order to ultimately arrive at a conclusion with regard to
the overall importance level of the different TORE requirements artifacts from the
viewpoint of software architects, designers, and software testers (RQ-1Empstudies)-

Second, we aimed to link our findings to our envisioned solution idea (see Sect.
3) and interpret the findings in terms of suitable contents of role-specific views for
each of the three downstream roles. The latter decision explicitly incorporated the
results we obtained from investigating RQ-2gmpstudies and RQ-3Empstudies-

In the following, we will introduce and illustrate our data analysis strategy and
interpretation of this secondary data analysis with a concrete example.



Crossing Disciplinary Borders to Improve Requirements Communication 133

4.3.1 Data Analysis Strategy: An Example

The statistical data analysis strategy we followed during the secondary data analysis
comprised six analysis steps:

1. For each requirements artifact, we created a table summarizing the final priority
ratings of the different samples we derived from the data analysis of the
individual studies (see Sect. 4.1).

2. To test whether our data is normally distributed, we applied the Shapiro—Wilk
test, which led us to assume a non-normal data distribution.

3. Hence, in order to test for possible significant differences between the different
study samples, we applied nonparametric tests of independent samples (in
particular Kruskal-Wallis tests, respectively Mann—Whitney U tests) and reported
the resulting p-values, which correspond to the asymptotic significance values
(for N > 30) and the exact significance values if N < 30.

4. In the case of any significant differences identified in Step 3, we performed a
pairwise comparison to identify the particular samples that revealed differences
and reported the corresponding significance level (p), the observed value (Z), the
sample size (N), and the effect size (r).

5. Next, we calculated descriptive statistics based on the consolidated sample data
sets comprising median (Mdn), mean (M), minimum (Min), and maximum (Max)
values and generated a histogram visualizing the frequencies of the importance
ratings.

6. Last, we performed a one-sample Wilcoxon signed-rank test to check whether a
meaningful opinion shared among the participants can be observed with regard
to the importance of a particular requirements artifact. To do so, we tested for
possible significant differences to a hypothetical median value H-Mdn(x) = 2,
respectively H-Mdn(x) = 3. We report the Wilcoxon signed-rank observed value
(Z) as well as the significance level (p).

Table 8 illustrates our data analysis scheme for the example of the requirements
artifact “Descriptions of as-is situations” from the viewpoint of designers. The
columns Sample S1 to Sample S4 summarize the final priority ratings of the
different study samples we derived from the data analysis of the individual studies
(see Sect. 4.1). The Kruskall-Wallis test applied to the samples S1 to S4 revealed
significant differences between the four study groups (p = 0.006, N = 51). The
subsequent pairwise comparison identified significant differences between sample
S3 and sample S4 (p = 0.006, Z = 3.291, N = 40) with a strong effect size of
r = 0.5. The fact that this secondary analysis also revealed a significant difference
between the FHNW A 2013 and other samples supported our previously stated claim
that the difference might be attributed to a slight difference in the design of the
questionnaire that we used in FHNW 4013 to elicit the importance of requirements
analysis. Hence, to mitigate this possible threat, we excluded sample S3 from the
consolidation and the calculated descriptive statistics (see Column ConDatag;s2s4)
and applied the one-sample Wilcoxon signed-rank test to this consolidated data set.
The latter revealed a significant difference between the observed median Mdn = 2
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and the hypothetical median value H-Mdn = 3 (p < 0.001, N = 38, Z = —4.833).
This shows a clear opinion regarding the high relevance of descriptions of as-is
situations in the consolidated data set. We also observed minor variances in the
consolidated data set, as indicated in the histogram in Fig. 4.

Table 8 Secondary data analysis of “as-is situations” from the designer’s viewpoint

(&7

L
U

&

q

Importance of descriptions of as-is situations®

ConDatag 5254
Sample S Sample S» Sample S3 Sample Sy (N =38)
Eye-tracking MUCy; FHNW 2013 FHNWaLL
N=2) N=9) (N=13) (N=27)
Mdn (M) Mdn (M) Mdn (M) Mdn (M) Mdn® (M)
Min-Max Min-Max Min-Max Min-Max Min-Max
3 2 (1.78) 4(3.08) 1(1.63) 1#%% (1.74)
2-4) 12 14 14 14
4Response rating scale: 1 = The RA is very important for IxXD/UI design, 2 = The RA is rather
important for IxD/UI design, 3 = The RA is rather unimportant for IxD/UI design, 4 = The RA is

very unimportant for IxD/UI design
5One-sample Wilcoxon signed-rank test Hy: H-Mdn (x) = 3; *p < 0.05; **p < 0.01; ***p < 0.001
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4.3.2 Data Interpretation

In order to draw general conclusions with regard to the overall importance level of
a certain requirements artifact, we first interpreted the mean values (M) resulting
from the analysis of the descriptive statistics on the consolidated data. To do so, we
applied the same rules as during the data analysis and interpretation of the individual
studies introduced in Sect. 4.2.2.

As highlighted in our conclusions in Sect. 4.2.2, we aimed to introduce a
more fine-grained differentiation of the classification of those requirements artifacts
that were identified as “rather important.” The fine-grained conclusions link our
empirical data and knowledge to the role-specific views utilized in our envisioned
technical solution (see Fig. 3).

As introduced in Sect. 3, we envisioned a role-specific view containing high-level
or detailed descriptions of requirements artifacts that are of high priority for a certain
role (TOP Artifacts). Besides that, we envisioned a second view (IMPORTANT
Artifacts) containing high-level or detailed descriptions of requirements artifacts
that are important but less critical than the artifacts contained in the TOP Artifacts
view. Requirements artifacts and related descriptions considered as rather unimpor-
tant or even very unimportant will not be included in the role-specific views. Based
on these concepts, we defined the following interpretation scheme for drawing fine-
grained conclusions toward the role-specific views:

e IF (1.0 < M(x) < 1.5), THEN assign detailed descriptions of the requirements
artifact to the view TOP Artifacts for the corresponding role.

* IF (1.5 < M(x) < 2.0), THEN assign detailed descriptions of the requirements
artifact to the view IMPORTANT Artifacts for the corresponding role.

e IF (2.0 < M(x) < 2.5), THEN assign only high-level descriptions of the
requirements artifact to the view IMPORTANT Artifacts for the corresponding
role and hide further details in the role-specific views.

e IF (2.5 < M(x) < 4.0), THEN hide descriptions of the requirements artifact in
the role-specific views.

The concrete shape and representation of “detailed descriptions” or “high-level
descriptions” for each of the requirements artifacts were defined based on the results
regarding the suitable level of detail (RQ-2gmpstudies) and the preferred notations
(RQ-3Empstudies) for relevant requirements artifacts that we investigated in Study #1
(eye-tracking study) and Study #3 (MUC) (see Sect. 4.1).

Referring to our example illustrated in Table 8, the application of our data
interpretation scheme led to the following conclusions for descriptions of as-is
situations from the viewpoint of designers:
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In general, descriptions of as-is situations are rather important for designers.
We assign detailed descriptions (in particular process models (e.g., in the form
of UML Activity Diagrams) and detailed activity descriptions) to the view
IMPORTANT Artifacts for designers.

Again, we applied the data analysis and interpretation scheme to all requirements
artifacts from all three viewpoints (software architects, usability experts in the role
of designers, and software testers).

4.3.3 Data Utilization

Table 9 provides an overview of the consolidated results of the secondary data
analysis. For each of the three roles (i.e., software architects, usability expert and
tester), the table reflects the priority as well as the preferred level of detail of the
investigated artifacts based on the interpretation scheme introduced in Sect. 4.3.2
respectively the data utilization introduced in Sect. 4.3.3.

As introduced previously in Sect. 3, our technical solution utilizes our empirical
knowledge about role-specific information needs by applying filter rules on a given
SRS structure and requirements artifact templates that are defined in Microsoft
Excel’. These filter rules are based on priority tags that are assigned to each
description item of the artifact templates (see Fig. 3). Thereby, each priority tag
corresponds to the relevance of the investigated requirements artifacts from the
viewpoint of software architects (A), usability experts/designers (U), and software
testers (T). In particular, depending on the preferred level of detail, selected
description items of artifacts that were assigned to the view “TOP Artifacts” were
tagged with priority Al (respectively Ul and T1), whereas selected description
items of artifacts that were assigned to the view “Important Artifacts” were tagged
with priority A2 (respectively U2 and T2). That is, executing the command “Top
Artifacts” for software architects in the menu bar (see Fig. 3), for instance, applies
a filter rule that displays only requirements artifacts and description items tagged
with priority tag Al.

5 Limitations and Future Work

The empirical work of the thesis is rather complex, and besides interesting observa-
tions and lessons learned, we also identified and discussed several threats to validity
that have to be considered when interpreting the results and that motivated future
work. For instance, the majority of subjects were students rather than practitioners
with a different level of expertise. Even though we mitigated this threat by cross-
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checking our results with role-specific information needs reported in the literature,
further studies with practitioners are needed to increase the external validity of our
empirical results. Moreover, in all of our studies, we observed differences in the
ratings of requirements artifacts, both between different studies and even within one
sample. Even though these differences were (mostly) not significant, we claim that
there exist factors (such as working experience, project scope, or personality) that
influence the relevance of requirements artifacts. In the future, we aim to investigate
such influencing factors in more detail.

In the thesis, we focused our investigations on requirements artifacts that are
typically created when RE is performed within the information systems domain,
particularly when following the TORE framework. Due to the widespread use of
agile methodologies in industry, we aim to transfer our results to the context of
agile project settings, which are characterized by extensive collaboration, e.g., face-
to-face communication rather than in-depth documentation. In [40], we presented a
research agenda and early results that allowed us to better understand RE-related
challenges and their implications as well as the relevance of RE-related agile
practices from the viewpoint of different agile team members. We also elaborated
first guidelines on the example of user stories that incorporate our findings regarding
role-specific information needs.

In fact, improving requirements communication in interdisciplinary teams is a
highly interesting and relevant topic that motivates our current and future research
activities in the context of “learning from non-SE disciplines.” The core objective
of this research field is to cross the borders of the SE world and get inspired by
best practices from disciplines such as psychology, criminology, film studies, etc.
Thereby, we aim to identify synergy potential between these best practices in order
to ultimately incorporate and adapt them into new methods.

Currently, we are pursuing the idea of so-called “conspiracy walls,” which
are typically used by detectives in criminal investigations to visualize any data,
information, assumptions, and potential interrelations related to a particular crime.
We envision that a similar visualization applied to requirements-related information
could bring several benefits [41]. For instance, joint discussions and analysis
of the visualized data could foster communication and information exchange in
interdisciplinary teams and hence contribute to a better-shared understanding of
both the requirements and the information needs and responsibilities of the various
team members.

6 Summary

Delivering high-quality SRS that fit the demands of their consumers is a challenging
task for requirements engineers, as different information needs and expectations
have to be addressed. These information needs and expectations are strongly
dependent on the particular role(s) that the SRS consumers have within a project.
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Within the context of the thesis “Role-Specific Views on SRS: An Empirical
Approach,” we aimed to address practical problems experienced and observed by
us in industry that can be traced to role-specific requirements defects in SRS. In fact,
such problems might have a negative influence on the efficient usage of SRS, as it
becomes time-consuming and/or cognitively hard for the document stakeholders to
resolve and reconcile these problems while working with the SRS. This is critical as
it might in turn lead to failures, delays, and frustration in subsequent SE activities,
and ultimately to costly changes and budget or time overruns.

In order to address and reduce these defects, we aimed to empirically investigate
role-specific information needs regarding SRS from the viewpoint of different SRS
consumers involved in downstream tasks such as architecture design, interaction/UI
design, and testing. Following a design science research approach, we achieved
various contributions, which are summarized in this chapter. Besides a taxonomy
of role-specific defects as well as an overview of existing quality assurance and
view-based approaches in the context of requirements documentation activities,
we derived role-specific views from a series of empirical studies. These views
ultimately served as a baseline for a proof-of-concept implementation that is capable
of automatically generating role-specific views on SRS by filtering the information
in accordance with the empirical knowledge about role-specific information needs.
The main purpose of this implementation was to demonstrate our solution idea of
generating role-specific views on SRS. Moreover, it was subjected to a case study
that we conducted to investigate hypotheses with regard to the improvement goals of
the thesis. We found that role-specific views have the potential to efficiently support
SRS consumers during the analysis of SRS and that they are helpful for supporting
the communication of requirements in software-developing teams. However, their
usefulness depends on the project setting. That is, they are possibly most beneficial
in the context of the development of large systems resulting in complex SRS.

In future work, we aim to conduct further empirical studies in industry contexts
in order to increase the external validity of our results. Moreover, we will continue
our follow-up activities on improving requirements communication in agile project
contexts, thereby exploring synergy potential with best practices from non-SE
disciplines, such as psychology, criminology, or film studies.
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