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engineering (RE) practices for their elicitation at design time
or runtime.
In this paper, we present a case study with the goal of
exploring the usefulness of existing requirements elicitation
techniques in identifying contextual requirements at design
time. We had the opportunity to work with the Human
Resources Department at the University of Victoria in revising its job applicant tracking system. Reports of actual
RE practice in real projects is rare in the literature [17].
In-depth studies of RE practice are difficult to carry out
given the human, organizational and political aspects that
surround software projects. Yet, they are very important in
providing insights about the application of RE techniques in
the identification and analysis of requirements in practice.
To explore the application of existing elicitation techniques to identify contextual requirements in the software
project at the University of Victoria, the first author acted
as the requirements analyst in the project. The applicant
tracking system was to be replaced to better serve the needs
of thousands of stakeholders. We applied different requirements elicitation techniques, e.g., interviews, prototyping,
scenarios, goal-based approaches, and focus groups to this
real world socio-technical system.
We were able to document a number of contextual requirements when applying particular requirements elicitation
techniques in a particular order: First we identified requirements through interviews and focus groups, attempted to
understand the rationale behind them through interviews,
then used prototyping to get a detailed understanding of
these requirements in context. Next we identified conflicts
between different end-users when discussing requirements
in detail together in focus groups. These discussions helped
identify the need for contextual requirements. Finally we
identified, through interviews with the respective end-users,
the different context related to requirements so that we could
document the contextual requirements.
The insights from our report of a case study of applying
requirements elicitation techniques to identify contextual
requirements include:
• Conflicts among stakeholders indicate the need for
contextual requirements: Requirements of several stakeholders are not alternatives and are not consistent with
each other - they rather apply under certain conditions

Abstract—The need to consider context in order to understand requirements is established in requirements engineering.
Recently, this has been discussed more intensively for sociotechnical systems, which offer a rich spectrum of different
operating contexts. Contextual requirements proved valuable
to model requirements together with the context they are
valid in, but there is a lack of research on how to derive
them from stakeholder needs. Our goal in this paper is
to explore the usefulness of existing requirements elicitation
techniques for the identification of contextual requirements
early, i.e. at design time. In a case study we investigate end-user
viewpoints, together with interviews, scenarios, prototyping,
goal-based analysis, and groupwork as a means to elicit and
clarify contextual requirements already at design time. In our
case study a certain combination of the applied requirements
elicitation techniques stood out as most beneficial for the identification of contextual requirements. In addition, we discovered
valuable indicators of differences in the operative context, for
example when end-users cannot agree on refinements of specific
requirements. Designers and operators of adaptive systems
might benefit by taking such conflicts and resulting contextual
requirements into account.
Index Terms—requirements engineering; socio-technical systems; adaptive systems; exploratory; design time

I. I NTRODUCTION
Socio-technical systems consist of people, their social
relationships, and underlying technical solutions. Not only
do requirements for the technical (software) parts of these
socio-technical systems frequently change, but the system
operating environment and therefore the context in which
certain requirements are valid change as well. In such a
situation, it is important to investigate how the technical
solution continues to support the processes as well as the
social relationships of the stakeholders in a socio-technical
system. It is not enough to focus on requirements, but also
the specific context of a requirement needs to be taken into
account. Contextual requirements promise to offer a suitable
mechanism for the analysis of socio-technical systems [7]
and the changes in their operating environments. They are
defined as requirements that are only valid in a specific
context and combine a description of the requirement and
the context [1], [13].
Yet, while the usefulness of contextual requirements has
been discussed in literature, there is little research on how
to analyze, or more specifically to use existing requirements
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that are determined by the context.
Viewpoints are valuable to identify such context related
to requirements and to analyze contextual requirements.
• Prototypes are particularly helpful to understand the
context of conflicting requirements in detail.
In our case study we also discuss the usefulness of identifying contextual requirements in the design of adaptive
systems. In our case the need for system’s runtime adaptation
(by identifying contextual requirements) became apparent
based on given end-user requirements and their complex
operating environments. The context part offered a starting
point to analyze triggers for adaptation, while the requirement part defined the adaptation goal. Designing such a
system as an adaptive system would allow to fulfill otherwise conflicting requirements of different stakeholders by
adapting to their context specific needs.
The paper is structured as follows: In Section II we
motivate our research and define some concepts for the case
study. In Section III we present our case study on elicitation of contextual requirements. Section IV contains our
experiences and insights that we gained in our investigation.
Finally, in Section V we discuss threats to validity and
conclude the paper in Section VI.

recruiters need to be able to get more information
from the few candidates that applied. In this case chat
functionality could enable recruiters to connect to the
applicants and receive more information or to clarify
information already submitted.
Depending on the design of the system under development
it could be implemented as a traditional expert system with
if then statements. Another option could be to implement
algorithms for example to classify the qualification of applicants into the system. Additionally, feedback loops [3]
could be implemented so that the system can "learn" how
to best classify the qualification of applicants as well as for
the evolution of the identified contextual requirement CR1.
Feedback loops could also be used to identify situations in
which contextual requirements are outdated, for example due
to changed end-user needs or changed operational context.
Through such kind of feedback loops the system can adjust
its own behaviour at runtime and therefore would resolve in
a self-adaptive system [3].

•

B. Vision: RE for Self-Adaptive Systems
For adaptive systems requirements have to be identified by
a requirements analyst as always, but in addition it has to be
understood when the system should adapt. Then, at runtime,
the system monitors the context and decides how to adapt
to the current context based on the information defined [4],
[1]. Supporting elicitation methods should therefore help to
understand when the applicability of a requirement depends
on context.
Self-adaptive systems are aware of their requirements and
able to execute basic RE activities on their own at runtime to
change their (adaptive) behaviour [23], [18]. As contextual
requirements depend on runtime context they are prone to
change and points for system self-adaptation. The elicitation
of contextual requirements already at design time allows to
implement the knowledge about points of adaptation into
the system. At runtime the self-adaptive system can monitor
and modify such requirements through the integration of
feedback loops [26].

II. M OTIVATION AND R ESEARCH G AP
A. Contextual Requirements: Definition and Example
To investigate elicitation of contextual requirements we
use the context definition of Dey: Context is "any information that can be used to characterize the situation of an entity.
An entity is a person, place, or object that is considered
relevant to the interaction between a user and an application,
including the user and applications themselves." [9]
Motivated by Inverardi and Ali [1], [13] we define contextual requirements as requirements that are only valid in a
specific context, linked to context-attributes that define this
specific context. Context-attributes are defined as a specific
type of context information that is relevant.
An example of elicitation of contextual requirements from
our case of the applicant tracking system:
1) Requirement elicited: Consider the requirement (R1)
the system should be able to screen the applicants
in case the recruiters have too many applications for
one position and its rationale that screening helps with
identifying qualified applicants.
2) Relevant context identified: A relevant contextattribute in this case is the number of applicants that
applied to an open job posting and can be small
(e.g. 15) or high (e.g. 100). Another context is the
department in which the job is posted, the qualification
of applicants etc.
3) Resulting contextual requirement (CR1): If the number of applicants is high, the screening functionality
should propose the 15 most qualified candidates. If
the number of applicants is small, the functionality
depends on the department. In some departments,

C. Research Gap: Req. Elicitation for Adaptive Systems
Current research on adaptive systems concentrates mainly
on modeling, architecture and monitoring, see for example
[24], [1], [28], [21]. However, research previews present
the importance of further investigations in RE for adaptive
systems, e.g. [5], [20], [28]. Especially defining the context
as well as which context-attributes might change at runtime
as part of the RE activity at design time, that links requirements with context is an important activity that needs further
investigation [5], [6].
D. End-Users and Viewpoints as a Source for Contextual
Requirements
End-user involvement in RE is crucial for systems that
integrate context-awareness [25], [22]. Van der Zanden argues that software prototypes of the developed system would
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be the best way to validate context-awareness [25]. His
work is only based on literature and is missing empirical
investigation. We use mock-ups from an existing system
and similar systems to set users in context, so that they can
imagine how the system under development can look like.
Dalpiaz et al. [7], Lapouchnian et al. [15], and Ali et
al. [2] investigate requirements analysis for adaptive sociotechnical systems. They model and analyze contextual requirements that represent end-user needs in goal models. An
interplay of modeling and analysis as well as research that
investigates the communication around contextual requirements is necessary. As one of the few real case studies we
extend their work by investigating the communication about
requirements, so that this information can then be modelled.
In turn, models are used as a foundation for communication
about requirements in our investigation.
In the preparation of our case study we identified the
importance of different user viewpoints. Therefore, we assumed that different user viewpoints have an impact on the
requirements for our system. We use the viewpoint definition
by Easterbrook: "A viewpoint is a self-consistent description
of an area of knowledge with an identifiable originator" and
is "the context in which a role is performed" [11], [12].
The choice of requirements elicitation techniques for our
study is based on the usefulness of the technique to be used
in combination with viewpoints approaches. Zowghi and
Coulin present techniques and approaches for requirements
elicitation [29]. Additionally, they show techniques that can
be used complementary: Interviews, groupwork, prototyping
and goal-based analysis are the complementary techniques
to viewpoints.

an exploratory case study [16] with the office of Human
Resources of the University of Victoria, Canada. Our aim for
this case study is to explore and continually reflect on the
usefulness of different requirements elicitation techniques
(alone or in combination) in the elicitation of contextual
requirements. A case study of exploratory nature [19] allows
us to observe natural behaviour of stakeholders in sociotechnical systems and the results of elicitation techniques.
Such end-user behaviour and the outcome of different requirements elicitation techniques cannot be observed from
the outside, but needs to be studied in context. Instead, a
researcher has to stay a longer time in the field and become
a part of local culture [16].
Our research group was asked to help with the RE process
for the applicant tracking system at the University of Victoria
at a time when some initial requirements have already been
elicited but some dissatisfaction with the elicited information
was expressed. We decided to integrate one researcher as
requirements analyst into this project.
Table I shows the process of RE activities in the entire
project. At the start of our investigation, the first iteration
of requirements analysis had already been completed by a
professional requirements analyst and integrated all end-user
groups. At this point, the RE process was considered to be
complete, with the prioritization of requirements missing.
Our task (second iteration of requirements activities in
this project) was to revisit the participants of the initial
RE activities to enable prioritization of the documented
requirements as well as ensure that all end-user requirements
were covered.
For research purposes we were interested which of the
elicited requirements depend on context and how this context interplays with the socio-technical system. Our task
was to combine different existing requirements elicitation
techniques for the elicitation of contextual requirements and
related context-attributes that define the context. Systems
integrating contextual requirements have to capture this
context at runtime to decide about necessary adaptation. In
the scope of this study we investigate how the dependence
of requirements on context and the specific context itself
can be determined based on discussing requirements with
end-users. Specific context-taxonomies for different kinds of
systems are already proposed in literature (e.g. [27]), which
can be used for identification. Nevertheless, the problem that
we encountered is that there cannot be a single specific taxonomy for context that applies to all situations, as contextattributes change based on the project itself, the conditions
of the project etc.
Hence, our goal in this investigation is to explore existing
requirements elicitation techniques with the goal to combine
both, elicitation of requirements as well as the identification
of related context that the requirements depend on at the
same time at design time through the involvement of endusers. We used existing requirements elicitation techniques
that are complementary to viewpoints: interviews, prototyping, goal-based analysis, and groupwork [29]. We add

III. C ASE S TUDY ON E LICITING C ONTEXTUAL
R EQUIREMENTS AT D ESIGN T IME
This section gives an overview of our case study, presents
the system under investigation and the requirements elicitation techniques we used in our exploration for the elicitation
of contextual requirements.
A. Research Methodology
TABLE I: Requirements elicitation activities in the project.
Second iteration describes the case study we report on in
this paper.
Iteration
1
2

Resposibility
of
Professional
Req. Analyst
First author

Purpose
Requirements
elicitation
Contextual
requirements
elicitation &
prioritization

Techniques
used
Interviews, focus
groups
Interviews (3+24) in combination with: scenarios,
prototyping, goal-based
approaches.
Focus groups (7).

According to recommendations of Rubå and Cruzes [10]
to study requirements elicitation processes based on field
work and give contextualization, we decided to conduct
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scenarios as a technique to be able to talk about requirements
with users and that gives us the possibility to understand
requirements in context of other requirements, which is
important in a complex setting. We explored the usefulness
of the chosen requirements elicitation techniques for the
identification of contextual requirements based on the need
that we felt in the interview.
Before presenting our insights in the next section, we
describe the system under investigation, users of the system,
and requirements elicitation techniques we applied in more
detail.

others. The groups include people with a high level of
responsibility that are quite busy and have little time to
participate in the RE process, power-users that are using the
system for hiring employees several times a week, novice
users that have only used the system once, and users with
other possible combinations of use in between these ranges.
Only a small sample size of each group could be considered in our study. Each sample covered 4-6 participants for
each of the six core groups during the requirements elicitation activities. For some of these groups, the participants of
the case study were only a very small sample size, whereas
for the smallest group these 4-6 participants covered almost
the entire end-user group.

B. System under Investigation: Applicant Tracking System
Our study is based on a real project that aims at upgrading the staff and faculty applicant tracking system with
thousands of users and introduce it into a bigger systems
landscape. In the past the existing system was only used for
hiring staff (library assistants, nurses, janitorial, etc.). In the
replacement process a new group of end-users is introduced
additionally to staff – the faculty staff members. Another
goal for the replacement is to integrate the applicant tracking
system in the complex environment of a socio-technical
system – the University of Victoria system landscape as well
as the thousands of users that use (parts of) this landscape
– by integrating different systems that are used together. In
the past the transition between the applicant tracking system
and other systems was based on the manual work of endusers (e.g. printing documents and typing them in the other
systems) who transferred the data into related systems. For
example, the replacement system should facilitate to push
or pull applicant data to and from a separate administrative
system that is used to manage personal and accounting data
for all employees.
For the RE effort, thousands end-users of the system were
classified into 6 large groups of end-users whose requirements are considered in the development of the system. The
end-users and their goals are as follows:
• Human resources staff has different roles and goals
that range from helping other end-users in solving their
problems with the system to checking that regulations
are adhered to collective agreement rules.
• Finance staff is interested mainly in confirming the
availability of budget for new positions (also known
as position control). Payroll/HRIS processes job and
employee information for new hires.
• Recruiters for staff from different departments are
looking to fill positions.
• Recruiters for faculty from different departments are
looking to fill positions.
• Operational unit staff supports recruiters in the recruitment process.
• Finally, the biggest group consists of applicants that
are interested in being hired and who use the system
during the application process.
The case study we present offers highly diversified enduser groups. Some groups were substantially larger than

C. Requirements Elicitation Techniques
In this section we describe the requirements elicitation
techniques and how they were used in detail.
Interviews: Interviews with end-users constitute the elicitation technique most commonly used in practice [4].
This was also the preferred technique for our project. We
started with a series of three interviews with end-users
from different groups for the purpose of understanding the
domain, identifying sources of requirements, analyzing the
stakeholders and selecting techniques and approaches [29].
The results of some of these activities were already well
prepared and documented by the professional requirements
analyst, so that this effort was minimized for us consisted
of studying the documents.
Following, we conducted 24 additional interviews for our
research purpose of identifying contextual requirements. We
used voice recording for later analysis of meetings with endusers. We interviewed each end-user for approximately one
hour. We enriched the interviews with task-analysis, scenario
walkthroughs, and prototyping in different combinations.
Goal-based approaches were used for requirements analysis
in parallel. In some of the interviews we used all three
techniques. In these interviews we started with discussions
about the end-user goals that the system should support and
the tasks they would be performing while using or aiming
to use the new system. Following this, we asked the endusers to describe their scenarios. The last task was to talk
about their (most important) requirements. This question
sometimes helped end-users to think out of the box, and not
only to think about their scenarios. Additionally, by talking
about the most important requirements we got a feeling of
what was perceived by the end-users as important.
Scenarios: The requirements documentation that we received from the professional requirements analyst did not
include scenarios. The requirements were only mapped to
high level user goals, e.g., "interviewing" or "applying for a
job posting". During many of the interviews, we used scenarios for discovering requirements. Scenarios allow talking
to end-users about their requirements step by step and to
understand the goals that end-users aim to achieve through
the completion of tasks.
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We asked the end-users for their scenarios that the replacement system should cover. If the end-user had difficulties
to come up with scenarios, we divided this task in three
subtasks. The end-user should
(i) Describe the scenarios for using the existing system,
(ii) how they could be improved, and
(iii) which of the steps or even which scenarios can be added
beyond the scope of the existing system.
We give a high level example of a scenario with the
goal "fill a new position" that was discussed with one of
the end-users. Note that this scenario can be divided into
subgoals/tasks.
1) Looks at the application of each applicant.
2) Review applications.
3) Forward them to the hiring committee.
4) Create a short list (which is done by the hiring
committee).
5) Email applicants that are shortlisted.
6) Telephone or email applicants (choice is on personal
preference).
7) Schedule interview appointments and document information concerning the applicant in the system.
8) Put information into the system in the case when
someone has been chosen.
After an applicant has been chosen to fill a position, a
new entry with the employee data needs to be created in a
separate administrative system. In this system all employees
have an account, containing personal data, accounting data,
etc. Both of these systems can be integrated in a way
that data can be securely pushed and pulled between this
system and new applicant tracking system. There are some
workflows that may need to bridge the two systems, e.g.,
accounting approvals.
Prototyping: We explored the use of the following prototypes as visual representations to discuss requirements:
1) Screenshots from the existing system, 2) screenshots
from another very successful system that fulfilled the same
purpose, and 3) screenshots that were proposed by end-users.
Screenshots of the actual system and also other systems
that contained further features were used for clarifying
requirements. In some interviews end-users talked about
their experience with other systems which fulfilled the same
purpose. They explained some of their requirements based
on their experience. We asked them to show us the system.
We used these then in some of the following interviews.
Focus Groups: After discussing the requirements with a
few end-users from the same group (the minimum was three
interviews) we set up two hours focus groups. In total,
seven focus groups with 3-7 participants were conducted
to discuss the priorities of requirements. We employed a
simple process: If end-users from the same end-user group
did not give the same priority rating to a requirement it was
discussed.
We based our prioritization process on the work of
Karlsson et al. and used the group sorting technique for
prioritizing requirements with stakeholders [14]. At the end

of our prioritization process, user requirements fell into
three different groups of requirements: Requirements with
an average of high, medium and low priority. The group with
medium priority requirements contained many requirements
with different ratings (high, medium and low), which we
call here conflicting requirements. These requirements were
analyzed in more detail, to identify the reason for the
contradicting end-user needs.
Goal-based requirements analysis was used in parallel to
document and analyze end-user goals as well as their tasks
to fulfill these goals. We used task analysis in the beginning
of most interviews in order to understand commonalities and
compare the viewpoints to other end-users.
IV. I NSIGHTS FROM THE A PPLICATION OF E LICITATION
T ECHNIQUES TO I DENTIFY C ONTEXT. R EQUIREMENTS
In the following we present our insights from the case
study. One main insight is the need for a combination of different requirements elicitation techniques for the elicitation
of contextual requirements. We present the combination that
helped us elicit contextual requirements in our case study.
End-users from the same end-user group did not
necessarily agree on requirements and priorities due to
different user viewpoints. We identified the importance of
viewpoints to identify context related to requirements early
on in our investigation. One of the initial interviews was
especially important for understanding the dynamics in the
project. The person we interviewed was responsible for the
help desk and knew the problems of the existing system as
well as the needs of the different end-user groups. Through
this interview we understood that project success would depend on the consideration of viewpoints in the prioritization
of requirements. This prioritization was most challenging
because of the complexity of the end-user groups. The
scenarios for the six groups were partially heterogeneous
and end-users from one group could not see the importance
of the other groups, because of the limited understanding for
the viewpoints of others. Therefore we considered different
viewpoints as a source for requirements.
Requirements elicitation techniques should not assume
that stakeholders have similar operating contexts. While
analyzing the documented requirements that resulted from
the first iteration we found 33 requirements with an average
rating for high priority, 86 for medium priority, and 48 for
low priority. From the 48 with low priority, there were even
22 requirements with low priority for the target group, from
which the requirement originated. We investigated those
22 requirements out of 167 in more detail. We made an
observation that requirements were important only for some
end-users from the target group. They seem to have been
documented when the requirements analyst encountered and
understood them for the first time. In our case when we tried
to understand those requirements in the interviews with the
stakeholders the requirement was not investigated in detail,
because the analyst, misled by her previous knowledge,
failed to recognize the subtle differences that were caused by
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different end-user context. Prioritization would not help in
this case as different end-user viewpoints are not considered
for requirements. This is one of the main causes for the
problems we encountered with prioritization. Asking users
cannot solve this problem, because usually end-users do not
have other end-users but only their own viewpoint. They
think they are understood and cannot know that a similar
requirement with potentially contradicting details already
exists.
Designing a system as an adaptive system through
the consideration of contextual requirements helped
resolving conflicting requirements.
In our case study the indication that adaptation to context
is necessary was given by the fact that no agreement could
be achieved with respect to prioritization of some of the
requirements (especially requirements with an average rating
of medium that contained high, medium as well as low
individual ratings) among end-users without considering the
specific context for requirements.
One indicator for the need of systems adaptation to context
is the fact that the execution of a requirement does not only
depend on the input from the end-user the system provides
the functionality to, but also from other sources (e.g., for CR
it is the number of applicants, type of position, qualification
of applicants). These sources are the context-attributes that
need to be considered for context-adaptation. At runtime,
when identifying these context-attributes, the system should
decide which functionality it offers to each end-user based
on the exact value for the attribute. At design time this
context-awareness and therefore consideration of context of
the end-users for adaptation needs to be investigated. One
opportunity for the identification is talking about different
context with end-users and creating a shared understanding.
Conflicts are great sources for contextual requirements and
important context-attributes.
The original requirements elicitation based on established
techniques was not complete and satisfying from the perspective of the project manager. The first indicator for this
was the lack of prioritization of the requirements. Closer
investigation on this issue revealed several problems:
•

•

•

with finer grained groups, an agreement about the prioritization and contextual requirements would have needed to
be achieved. Finer grained groups only shift the problem up
and require focus groups that consist of representatives from
different end-user groups which would further increase the
effort. Also, it was not possible to create finer grained groups
in our case, because any two end-users would agree with one
requirement and disagree with another requirement.
Conflicts among end-users helped resolve different
viewpoints and identify important contextual requirements.
We focused on combining elicitation techniques with
viewpoints. The need for this combination became apparent
during a particular conflict in a focus group meeting. After
one third of the scheduled time, one end-user left the
room, apparently angry about the situation ("It was not a
pleasure."). We have conducted a follow-up interview in
which we used prototyping and were able to understand
the end-user viewpoint as well as identify context-attributes
for the discussed contextual requirement. This interview
revealed that the discussion during the focus group was
not aligned to the views of this end-user, even though all
participants belonged to the same end-user group, had the
same role, and no differences were visible. The end-user
could not find herself in the discussion results. In order to
achieve a consistent requirements description, it is important
to be aware that conflicts can lead to great results and
resolve them in a less frustrating way, by facilitating them.
Otherwise, the support of important end-users might be lost
during elicitation and development, rendering the resulting
system useless.
During our study, the following steps proved useful in our
requirements elicitation approach:
1) Confront each end-user with a specific requirement in
context.
2) If two end-users disagree, analyze their viewpoint and
the context they are preassuming.
3) Add as many context-attributes as needed to fulfill
their needs through contextual requirements.
From the requirements perspective, this algorithm leads to
important context-attributes for systems adaptation, i.e. the
ones that determine when the system needs to adapt in order
to fulfill the end-users’ requirements.
Prototypes were useful in understanding the differences of end-users in context. When the first attempt
to prioritize the requirements failed, our assumption was
that the initial requirements elicitation was not sufficiently
detailed. Therefore, we applied prototyping to get more detailed requirements from end-users [8]. For adaptive systems
the activity of identifying and capturing the context for
the development of the software system plays an important
role. Therefore prototyping might have a really important
role in identifying contextual requirements. Therefore our
hypothesis was that prototyping would unveil enough context to identify important contextual requirements and thus
overcome the limitations of only using one requirements

Different end-user groups did not agree on priorities.
For this reason, the priorities of each group were
weighted based on the importance of the group.
Contradicting priorities of requirements even within
groups: It was not possible to achieve an agreement on
the priorities of requirements, not even within end-user
groups, i.e. two end-users with the same role would
often disagree on priorities.
Contradicting requirements: End-users would agree on
an abstract requirement, but would offer contradicting
specific requirements when asked for details. Often,
these detailed requirements would exclude each other.

Having finer grained end-user groups would not have been
a solution, because the prioritization was planned on the
given level of abstraction, i.e. based on end-user roles. Even
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TABLE II: Following these steps we could identify contextual requirements at design time.

elicitation technique. However, prototyping alone was not
sufficient to overcome these limitations and to deliver consistent prioritization and requirements without contradictions.
Our endeavour revealed that the initial requirements were
complete and actually in a good shape. Prototyping lead to
the same requirements, and simply added more details.
Prioritization was still not possible because of contradicting requirements, and no agreement could be achieved
between different end-user groups, or even among the endusers of one group. The major problem was the wide
range of end-users and their different needs (same end-user
group, same requirement). It seemed that the documented
requirements were only documented from the viewpoint of
one end-user, probably the first who had communicated
this requirement. While the other end-users from the same
group generally had the same requirement, when discussed
in detail, they were, in fact, slightly different, demonstrating
the need for different system functionality.
In our project, prototyping helped to identify these differences. By using the same prototypes when talking to endusers about the same requirement, an understanding of the
differences in the needed functionality could be reached in
most of the cases. In a few cases, the personal preferences
were what made the difference.
No single elicitation technique was sufficient to capture
contextual requirements on its own. To summarize we
propose the following seven-step approach for a similar
process that someone wants to use (see Table II for details).
In this project none of the existing elicitation techniques
was successful in eliciting contextual requirements on its
own. This approach was successful because it allowed endusers agree on prioritization and resolve inconsistencies in
viewpoints:
1) Identify all requirements from the (sample of) users
(which in our case study this activity was done by a
professional requirements analyst).
2) Understand the rationale behind these requirements, to
prepare for their discussion with other end-users.
3) Use appropriate prototypes to better understand the
needs of end-users in context.
4) Let end-users prioritize the elicited requirements.
5) Identify conflicting requirements or prioritization of
requirements.
6) Understand the rationales behind conflicting requirements. Are there cases where the end-users can agree
on prioritization if documenting the requirement as
contextual requirement?
7) If steps 1 to 6 do not lead to a successful understanding
of the requirements then conduct further interviews
with end-users who had contradicting priorities for the
same requirement.
This process was successful because it led to contextual
requirements which allow end-users to agree on prioritization. The discussion about different viewpoints helped
end-users to understand the specific context of other endusers. This allowed the disagreeing end-users to accept that

#
1

Description
Identify
requirements

2

Technique
Interview,
Focus
Groups
Interviews

3

Prototyping

Detailed
understanding

4

Focus
Groups

Prioritization of
req.
Identify
conflicting req.

5

6

7

Interviews

Rational behind
priorities

Understand priorities establish
common ground
on detailed req.
Understand priorities and why
they differ.
Back to step 2

Explanation
Having a complete list of
requirements is necessary for
a complete understanding.
Understanding why something is important helps
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in a specific context, a given requirement is important.
Discussing the complete picture during focus groups, especially different context that the end-users of the same
user group had with respect to one specific requirement
helped to establish a complete picture of the adaptation needs
concerning this requirement.
V. T HREATS TO VALIDITY
This exploratory case study is based on authentic data
that were analyzed and interpreted by the first author. The
main concern here is that one of the authors was responsible
for requirements elicitation. Associated with this there might
be some limitations of our ability to objectively discuss the
results. Firstly, it is hard to objectively judge if there were
faults in the requirements elicitation techniques as applied
by the first author. Secondly, the goal of this exploratory
study was to investigate the use of requirements elicitation
techniques for the elicitation of contextual requirements.
With this goal in mind, the first author might have introduced
a bias into the results. However, we are not reporting quantitative results, but share qualitative results in our example
from this specific perspective.
As a single case study, our insights might have a low
generalizability to other projects. Our insights are at least
applicable to other applicant tracking systems for universities. Many issues we encountered seem to result from a wide
range of end-users covered in this study. This indicates that
a significant amount of our experiences are more generally
applicable to the development of today’s complex systems
that often face the similar challenge of having to cover a
wide range of end-users in the RE process.
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In this paper we share our insights from an exploratory
case study on contextual requirements elicitation. Specifically, we investigated the usefulness of existing requirements
elicitation techniques in identifying contextual requirements
at design time. Our insights from this study include that it
was possible in our case to derive the need of a system to
be adaptive from early end-user requirements, i.e. because
certain types of conflicts are encountered between different
end-users concerning particular requirements that were due
to different user viewpoints.
Based on this insight, we are able to draw an important
connection between a) stakeholder conflicts as can be discovered by applying viewpoints in requirements elicitation and
b) adaptive systems. Not only are contextual requirements a
valuable input to the design and running of adaptive systems.
More important, designing the system as adaptive allows to
fulfill requirements that are in conflict with each other. The
system can adapt to the context of its stakeholders and offer
the applicable requirement. Further, contextual requirements
could be a starting point for the implementation of selfadaptive systems when implementing separation of concerns
and feedback loops, e.g., [26]. Our insights could be valuable
for practitioners in supporting the development of adaptive
systems with a large number of end-users.
Further research is needed to transfer our insights into
a more general approach that is applicable to other systems as well as domains for the elicitation of contextual
requirements. Additionally, it would be interesting how
this work can be applied and extended to cases when an
existing running adaptive system needs manual identification
of context related to requirements. The conflicts that surface
based on different viewpoints might be useful for adaptive
systems in general – a potential correlation that should be
investigated in future work.
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