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Abstract

During development, requirements of software systems
are subject to change. Unfortunately, managing changing
requirements can take a lot of time and effort. Yet some
companies show a better management of changes in re-
quirements than others. Why? What is it that makes some
projects deal with changing requirements better than oth-
ers? We pursue the long term goal of understanding the
mechanisms used to successfully deal with change in re-
quirements. In this paper we gather knowledge about the
state-of-the-art and the state-of-practice. We studied eight
software development projects in four different companies
–large and small, inclined toward structured and toward
agile principles of development–, interviewing their project
managers and analyzing their answers. Our findings in-
clude a list of practical (rather than theoretical) factors af-
fecting the ability to cope with small changes in require-
ments. Results suggest a central role of size as a factor
determining the flexibility showed either by the organiza-
tion or by the software development team. We report the
research method used and validate our results via expert
interviews, who could relate to our findings.

Keywords: requirements change, software develop-
ment, case study

1 Introduction

Many, if not all, real life software development projects
must deal to some extent with changes in requirements,
scope, and technology during the project’s life cycle. These
changes are caused by the intrinsically dynamic (business)
environment in which software systems are developed. In
fact changing requirements are one of the major causes of
software development projects failure [27, 23]. Mistakes
made in the requirement elicitation phase are proved to be
extremely costly [2] and cause the product’s defect density
to increase. Despite the difficulties, some companies seem
to succeed in handling changing requirements effectively,

while others fail. How can this be explained? What is
it that makes certain organizations deal with changing re-
quirements better than others? Because changes cannot be
eliminated, effectively dealing with it seems the only viable
strategy.

This paper presents empirical research that investigated
the factors –in theory and practice– affecting the ability to
cope with small changes in requirements. Case studies were
performed at four completely different companies, located
in The Netherlands. We report the results obtained by inter-
viewing project managers of eight different projects from
this heterogeneous sample of companies selected. Our find-
ings include a list of factors that, according to the experts,
play a significant role in practice to deal with small require-
ments change. Results suggest a central role of size as a
factor determining the flexibility showed either by the orga-
nization or by the software development team.

Structure of the paper. Section 2 and Section 3 present
factors related to changing requirements and flexibility re-
spectively. Section 4 presents the research method used to
execute this research step by step. Section 5 presents the re-
sults of the case study. Section 6 elaborates on future work
and the paper concludes in Section 7.

2 Requirements Change

Since requirements change and requirements volatility
have such a large impact on the success of software de-
velopment projects a lot of research effort has been put
into these topics over the last decade. A broad range of
change-related aspects have been studied. The sources of
change have been investigated in [12, 22, 17, 13], while
a classification of changing (software) requirements have
been reported on [3, 18, 22]. The impact of requirements
change in general and on project performance and defect
density in particular has also been thoroughly investigated
by [19, 10, 29, 12, 15, 13]. Other fields of research are re-
quirements traceability [3, 19], requirements management
tools [14, 3, 4, 16], the assessment and prediction of change
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[13] and means to measure requirements volatility [13, 7].
Moreover several Requirement Change Management Pro-
cess Models have been developed as presented in [20].

Despite all the research effort on requirements change,
there is still the need to improve characteristics of compa-
nies to better deal with requirements change. In particular,
and to the best of our knowledge, there is empirical research
needed in the domain of software development. The litera-
ture, however, is a valuable source of factors and aspects
that contribute to the extent of requirement volatility. A
summary of the factors that we have identified in the lit-
erature is listed below:

1. Internal and external (with client and users) communi-
cation and relationships. Inadequate and poor commu-
nication could be one of the reasons causing require-
ments to change [12, 29, 18, 16, 22].

2. Means of communication. Close, face-to-face commu-
nication makes that changes in requirements are com-
municated more clearly [6, 1, 22].

3. Presence and influence of client and users. Hav-
ing the user and/or client present during the project
makes communication and the detection of changes
easy [26, 16, 22].

4. Project/product size. The size of the project (in terms
of budget and manpower for example) and product
(complexity and KLOC) is an important factor accord-
ing to [29, 12, 16, 1].

5. Organization size. The size of the organization (in
terms of number of employees and annual turnover)
[12].

6. Development methodology. Some development
methodologies inhibit flexibility while others advocate
it [29].

7. Outsourcing. Whether (part of) the project is out-
sourced can influence the way change is managed and
communicated [14].

8. Project Management (formalization of documents,
tools present, etc.) [16, 14]

9. Project team Flexible, self-organizing, small teams
with a flat hierarchy and experienced team members
tend to cope well with requirements change [6].

3 Flexibility

Flexibility is quite an elusive and vague concept. When
does one call something flexible? What properties does a
flexible company have? Flexible with respect to what? The

Oxford English Dictionary gives the following definition:
”Susceptibility of modification or alteration; capacity for
ready adaptation to various purposes or conditions; freedom
from stiffness or rigidity”, while [6] defined flexibility as
”the ability of an entity to proactively, reactively or inher-
ently embrace change in a timely manner, through its inter-
nal components and its relationships with its environment”.
The literature does not provide metrics to measure the flex-
ibility of a company to deal with requirements change, but
literature on Agile software development [11, 5, 25, 1, 21]
issued some suggestions. Aspects taken in one way or an-
other from literature that are related to flexibility were:

1. Autonomy of team members. Autonomous team mem-
bers who can determine which tasks have to be done
are more flexible than team members that are micro-
managed [1, 21].

2. Close customer partnerships and continuous user in-
volvement. A close relationship with customer and
end-users makes it easy to adapt to change since
changes are easily observed [11, 21, 5].

3. Team proximity and amicability. A team that is located
in close proximity and gets on very well together is
likely to be more flexible [11, 5].

4. Length of feedback loop with customers and manage-
ment. A long feedback loop inhibits a team’s agility
[11].

5. Emphasis on people factors. According to [5] the most
important implication to managers working in the agile
manner is that it places more emphasis on people fac-
tors in the project: amicability, talent, skill, and com-
munication.

6. Intense interaction and communication between team
members and, developers and users. (Development)
teams that work closely together and interact often
tend to be very flexible [5, 11].

7. Small, organic and dynamic teams. Small teams that
fit together naturally and allow people to join or leave
whenever necessary are more flexible according to [1,
25].

These aspects largely cohere to a dominant idea in agile
development, assuming that a team can be more effective
in responding to change if it can reduce the cost of moving
information between people, and reduce the elapsed time
between making a decision to seeing the consequences of
that decision.
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4 Research Method

We use an exploratory case study [24] as basis of our re-
search. First the scope of the research was determined by
formulating a research question. Next a literature study was
performed to learn about related research and the state-of-
the-art in the field. Drawing from this knowledge a reason-
ing framework was developed, serving us to cover the col-
lection of related properties discovered before by multiple
investigators. The reasoning framework contained means to
reason about the constructs that were investigated, such as
flexibility, success and proximity. It formed the basis of the
interview framework, which listed the questions that should
be asked during the interviews in order to get the right data
from which a sound conclusion could be drawn.

Drawing from established processes of investigation
aimed at the discovery of facts [8, 28], the research was
structured in the following way:

1. Define the research question

2. Perform a literature study

3. Develop an interview and a conceptual framework

4. Select cases

5. Perform the interviews

6. Evaluate and analyze the data

7. Draw conclusions and report them

The following subsections elaborate on these steps.

4.1 Research Question

It is important to determine the boundaries of the re-
search to prevent an information overload and to be able
to focus on what has to be achieved. Therefore a clear def-
inition of the research question is mandatory. Having in
mind that ability to deal successfully with small require-
ments change brings projects closer to success, the research
question that has to be answered by this research is:

What is it that makes some projects deal with changing
requirements better than others?

All case studies were performed with this question in
mind. The expectations were that large companies would
be less flexible and that less flexible organizations would
be inferior with respect to the ability to cope with changing
requirements.

4.2 Perform a literature study

A literature study was performed to learn about related
research and the state-of-the-art in the field. The results of
this step have been presented in Section 2 and Section 3.

ORGANIZATION SIZE
Number of employees
Number of countries
Annual turnover (in millions)
PROJECT
Product complexity
Number of levels in team hierarchy
Project’s budget
Project duration
Outsourcing
Formalization of documents
Tools
Emphasis on people
Influence of opinion of the customer
TEAM ORGANIZATION
Number of team members
Autonomy
Project manager - Developers relationship
Team proximity (geographical location)
Team interaction and communication
Self organizing team
Hierarchy levels within the team
DEVELOPMENT METHODOLOGY
Length of feed back loop with customers
communication level with customers

Table 1. Some factors affecting the ability to
cope with small changes.

4.3 Develop an interview and a conceptual frame-
work

Drawing from the knowledge gathered from our survey
of the state-of-the-art, we developed a list of key concepts
that served as a framework to reason about flexibility and
requirements change. The reasoning framework evolved
during the process of interviewing representatives from in-
dustry until the list of key concepts reached a point where it
became stable. In other words, the list of key elements com-
prised our reasoning framework when experts, recognizing
the elements described in the framework, agreed with all of
them.

Our reasoning framework organized the concepts into
levels (e.g., organization size, project, team organization
and development methodology) and specified concrete fac-
tors related to that level. As a consequence, rather that re-
ferring simply as “Communication issues”, our reasoning
framework allowed us to quickly and consistently focus in
a concrete aspect, e.g., “Project manager - Developers re-
lationship” (i.e., relationship between project manager and
developers (close vs distant) at the team organization level.
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The reasoning framework was made up of the aspects
identified in sections 2 and 3. Table 1 depicts our reason-
ing framework and the elements deemed relevant after re-
viewing the state-of-the-art and confronting with the use in
practice as described by the experts.

Having at our service this kind of structure, we expected
it to help us to reason about the elements that were in-
vestigated. We developed an interview protocol based on
our reasoning framework. The interview protocol listed the
questions that should be asked during the interviews in or-
der to get the right data from which a sound conclusion
could be drawn.

4.4 Select Cases

As pointed out by Eisenhardt [8] it is often desirable to
study extreme cases rather than typical ones because the
phenomena to be investigated are more evident. Or, as
stated by Flyvbjerg [9], “A typical or extreme cases often
reveal more information because they activate more actors
and more basic mechanisms in the situation studied”.

Therefore, four companies were selected based on the
dimensions flexibility and size. Two of the selected cases
were expected to be each others opposite. The other two
were expected to be more typical. In total eight different
projects were investigated. At some companies several peo-
ple, involved in different projects, were interviewed to get a
good overview of the situation at the company.

Table 2 shows the size-related aspects on both the com-
pany and project level. The company-level figures are an
approximation of the actual numbers while the project level
ratings are on a scale from 1 (very small/short/low) to 5
(very large/long/high).

4.5 Performing the Interviews

The reasoning framework made up of the aspects iden-
tified in sections 2 and 3 formed the bases of our interview
protocol.

The structured interviews were all conducted on site
and involved primarily project managers. Participants were
guaranteed anonymity and all information that was pub-
lished had been carefully sanitized so that no person, project
or company could be identified. Most interviews were
recorded with knowledge of the interviewee, but the inter-
viewee was offered the possibility to (temporarily) turn off
the recording device so they could speak freely.

4.6 Evaluate and analyze data

After all the interviews were performed and worked out
the data was analyzed and evaluated by the authors. To

make this analysis sound, the reasoning framework was ap-
plied again on each of the answers.

This is an exploratory case study and our objective was
simply to gather knowledge. Rather than focusing on the
influence of a variable over another, we summarize the data
collected and put it in a format that is easy to digest. Table
3 summarizes the answers obtained in the interviews.

Again we recur to our reasoning framework, this time
to read the results. Table 3 lists the factors together with a
rate given by the authors. A scale from 1 to 5 summarizes
the answers, indicating the relevance of the factors in each
company. The value 1 is a pragmatic way of indicating that
a flexible view is observed, while 5 indicates that the strict
view applies in that company.

For instance, at the level of communication, one entry
in Table 3 is “Project manager - Developers relationship is
close vs distant”. This reads as follows:

In company A (2-3) the everyday contact between the
project manager and developers is neither too close nor
too distant.

However, the value 4-5 in the next column shows that in
company B the relationship between project manager
and developers is distant.

Moreover, in company C (the cell next to the right, con-
taining value 1) the relationship between project man-
ager and developers is perceived as very close.

Finally, in company D, that relationship tends to be per-
ceived as close.

4.7 Draw conclusions and report them

Projects are managed in different styles. Nevertheless,
study of the answers revealed that companies were consis-
tent in their view and management of the projects regarding
their dealings with small requirements change: company B
choses a rigid style and this shows in every factor recog-
nized by our framework. Table 3 shows consistently high
values in the column corresponding to company B. For ex-
ample, company B choses to use “static documents” rather
than letting documents change; and tends to impose the
same standard for deliverables no matter the kind of project,
rather than to let them vary according to the project needs.

Moreover, company B was consistent with this behavior
in every level. The same structured choices are revealed at
the levels of development processes, team organization, in-
dividual employee and communication level, whereas rep-
resentatives of company A, company C and company D
showed the opposite behavior – a more flexible one– also
consistently.

Finally, interviewees from company B showed concern
on the ability of the projects to deal with small requirements
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Company
A B C D

Company level
Number of employees 150 100,000+ 35 4500
Number of countries 1 130+ 2 1
Annual turnover (in millions) ? 300,000+ 3.5 570
Project level
Product complexity 2 3 3-4 4
Number of team members 1-2 4 2 2
Number of levels in team hierarchy 1-2 4 1 1
Project’s budget 2 2-4 2 2-3
Project duration 1-2 2-3 N/A 2-4

Table 2. Size of the companies and projects studied in our exploratory case study.

Company
A B C D

Document level
Documents are likely to change vs. static documents 1 3-4 1 2
Deliverables vary per project vs. deliverables are imposed 2 5 2 2
Development process level
Adapted to fit the client vs. imposed upon the client 1 5 1 1
Agile development process vs. static (waterfall) process 3 4 3 2-3
Team organization level
Team is located close to each other vs. team is scattered 1 5 1 2
Flat and informal hierarchy vs. formal and rigid hierarchy 2 4 1 2
Individual employee level
Project manager has a lot of authority vs. has no authority 2 3 1 1
Project manager has a lot of autonomy vs. has no autonomy 2 3 1 1
Developers have a lot of authority vs. have no authority 2 4 1 2
Developers have a lot of autonomy vs. have no autonomy 1 4 1 1
Employees have to be multidisciplinary vs. do not have to be multidis-
ciplinary

1 4 1-2 2

Communication level
Company - Client relationship is close vs. distant 1-2 4 2 1-2
Company - Client communication is close (face-to-face) vs. distant
(telephone, e-mail, )

2 3-4 3 2

Project manager - Developers relationship is close vs. distant 2-3 4-5 1 2
Project manager - Developers communication is close (face-to-face) vs.
distant (telephone, e-mail, )

1 3-5 1 1

Developer - Developer relationship is close vs. distant 1 3 1 1-2
Developer - Developer communication is close (face-to-face) vs. distant
(telephone, e-mail, )

1 4-5 1 1

Table 3. Summary of the results of the interviews performed in company A, company B, company C
and company D. The scale from 1 to 5 shows the perceived status of the left factor (e.g., relationship
between project leader and manager, signifying 1 = close, 5 = distant). The values are assigned by
the authors after performing the interviews and according to the answers obtained in them.
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change. Rather, the interviewees of company A, company
C and company D showed that they simply accepted small
changes in requirements as part of life and trusted on the
flexible way in which their projects were organized and on
the creativity of the other employees to deal successfully
with it.

5 Results

The reasoning framework proved to be of help to ana-
lyze the results of the interviews, by establishing a frame
that guided us through a methodological analysis. Indeed,
the structure of the framework made us to be precise in the
interview and, more important, it helped us to manage the
concepts (factors) in a consistent way through out the dif-
ferent steps of our method.

Validity of our results was checked via interviews with
experts. They found that the factors showed in our reason-
ing framework were a suitable list of factors to analyze re-
quirements changes under our focus on flexibility view. Ex-
perts suggested that more factors could be added to the list
in our framework, and they found our findings coherent and
realistic, and could relate to them.

6 Limitations and Future Work

The answers collected and our findings based on them
do not reveal surprising practices, but confirm existing the-
ory. However, this is only a first step toward understand-
ing mechanisms used in practice to successfully deal with
changing requirements. This suggests the need to perform
case studies in more companies and to improve our reason-
ing framework toward building an ontology.

Measuring the successfulness of the projects that were
investigated proved to be problematic. A number of projects
investigated was not yet finished and one would not finish at
all. Moreover, all of the interviewees of projects that were
finished stated that the project in which they were involved
was completed successful, but they could not provide any
figures indicating how successful the project was. Most of
the interviewees simply did not had the information or were
not allowed to provide it.

7 Conclusion

Pursuing the long term goal of understanding the mech-
anisms used to successfully deal with changing require-
ments, our objective in this paper is to gather knowledge
as to which are the characteristics of organizations dealing
successfully with small requirements change.

In this paper, presenting an exploratory case study, we re-
port our findings. We studied the state-of-the-art of require-

ment change and factors or characteristics supposed to in-
fluence successful dealing with small requirements change.
In particular, we focused on those factors that are suspected
to influence flexibility of the software development process,
recognized by literature and recognized by experts in prac-
tice.

We constructed an initial reasoning framework includ-
ing factors relevant to flexibility to cope with small require-
ments change. Moreover, we used our reasoning framework
in the development of an interview protocol. Then we se-
lected different cases of companies and projects for study.
Eight projects from four different companies where ana-
lyzed via interviews with the project managers using our
interview protocol. Finally, we analyzed the answers ob-
tained, drew conclusions and reported them.

Results showed that companies were consistent in their
view and management of the projects: one followed con-
sistently a rigid view and stressed rigidity in the factors of
every level, while three companies were more flexible in
their dealings with the factors detected.

Moreover, the company having a more rigid style to
manage the factors supposed to influence successful deal-
ing with small requirements change showed concern on the
ability of their projects to deal with small changes. Rather,
the companies that revealed to have a more flexible style
to manage those factors –the ones present in our reasoning
framework– accepted small requirements change as part of
life and trusted on the creativity of their employees and on
the characteristic of their projects of being less strict, to suc-
cessfully deal with such changes.
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