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Abstract

To identify and systematize software practitioners’ per-
ceptions of a problem is an important first step toward an-
alyzing and searching for a solution to the problem. This
paper reports on an industrial study, in which the reper-
tory grid technique was used to elicit practitioners’ per-
ceptions of key challenges in the company’s software inte-
gration practices. The perceptions of a total of nine prac-
titioners from three organizational groups (Developer, QA
Manager, Project Manager) were elicited and analyzed. We
found that perceptions differ markedly between groups, but
that on some issues, there is a consensus across all groups.
Three types of challenges were identified as critical, causes,
and easy to handle, namely responsibility, requirements,
and knowledge. The elicited information may be used to
plan process improvement for integration projects in the
company, and may also be used in building a general on-
tology for integration challenges and their solutions.

1. Introduction

Quite often, when discussing issues in an organization, peo-
ple start out by speaking at cross purposes, and it may take
several meetings before a common understanding of an is-
sue and its key components has been reached. Our experi-
ence is that the process of arriving at such a common un-
derstanding is often tacit [2], and it might be unclear to the
participants that such a process has taken place, or even that
there were diverging conceptions in the first place.

Software professionals discussing process improvement
issues are no different. In a comprehensive study [3], Bad-
doo and Hall found that people in different organizational
groups in software development organizations have diverg-
ing views of the concepts and importance of software pro-
cess improvement. They also found differences between
groups in how each of the other groups’ roles in software

process improvement were perceived.
Arriving quickly at a common understanding of the

salient concepts of a problem is a key point in problem-
solving techniques, such as the Productive Thinking Model
[21], the Plan-Do-Check-Act cycle [39, 40, 6], and the
Goal-Question-Metric approach [4]. It seems reasonable to
assert that early effort spent on clarifying concepts will lead
to greater overall efficiency in problem solving.

In this paper, we report from a study conducted at a ma-
jor software vendor, Company X . Company X develops
large-scale enterprise software systems. Often, situations
arise where their in-house products need to be integrated
with each other, or where third-party software needs to be
integrated with their in-house products. These integration
efforts were perceived as problematic from several perspec-
tives within the company, but it was not clear what the exact
pain points or challenges were, what causal relations existed
between the challenges, or which challenges one should ad-
dress prior to other challenges. It was also suspected that
people with different responsibilities in the company would
have different perceptions on the challenges of integration.

We therefore conducted concept elicitation sessions on
professionals involved in the company’s integration work.
We used the repertory grid technique for concept elicita-
tion [10, 23, 41] on a total of nine professionals from three
different organizational groups: Developer, QA Manager,
and Project Manager. The responses were analyzed both
individually and on an aggregated basis within and across
groups. This gave a picture of the main challenges, their
relative importance, and their causal relationships.

Section 2 summarizes notions for the integration of en-
terprise software, Section 3 describes our research method
for the study, Section 4 summarizes the findings of the
study, and Section 5 discusses impacts and concludes.

2. Enterprise Software Integration

The IEEE Standard Computer Dictionary defines integra-
tion as “the process of combining software components,



hardware components, or both into an overall system” [22].
The type of integration of interest to Company X is that
of “making applications work together that were never in-
tended to work together by passing information through
some form of interface” [16], i.e., making two or more in-
dependent systems able to communicate and share infor-
mation. Hardware integration challenges fall outside the
present scope of interest.

2.1. The Need to Integrate

In general, the demands of shorter time to market and faster
processing of business requests exert a constant pressure to
improve the workflows in an organization. Improved work-
flows require, as a prerequisite, at least the following:

• that information is available whenever it is needed
• that information is always correct and consistent

Various departments in the organization might need to
access the same information, but might not have access to
the same systems. As a consequence, information may get
stored in several systems with the risk of generating incon-
sistent data. If these systems are not integrated properly,
further consequences may be poor business processes and
unforeseen costs when reconciling the data [34]. Users of a
system require quick access to data, regardless of whether
the data is spread out in several systems. For example, bank
customers expect diverse information about savings, stocks,
and payments to be presented on one screen [35].

Software vendors that develop enterprise systems there-
fore try to design their systems so as to minimize the need
for post-installment integration in the customer organiza-
tion. For example, in the 1990s the Enterprise Resource
Planning (ERP) system was introduced, whose purpose was
to support activities such as finance, human resources, pro-
duction, supply and distribution in one and the same system.

Enterprise systems such as ERP quickly became popular,
(between 1996 and 1997, there was a 40% increase in the
ERP market [32]), and enterprise systems have to some de-
gree succeeded in meeting the needs for shared data across
an organzation. However, the “one system for all” solution
introduces integration problems of its own. It turns out to be
very hard to meet all the needs of the different departments
of a company within a single enterprise system, and an or-
ganization may have several legacy systems that are diffi-
cult to replace. Moreover, in a survey carried out to identify
the problems with ERP systems, several of the companies
reported that they “faced serious problems with their busi-
ness strategies, as the ERP system imposed its own way
of doing business” [42]. Thus, an enterprise system will
normally exist alongside other systems of the organization,
which again, may cause overlap in functionality and dupli-
cation of data. The aforementioned study states that “The
most serious problems focus on the integration of the ERP
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Figure 1. One-to-one versus bus integration

solution with existing applications such as legacy systems
(82%), or with new business software (e.g. supply chain
management, e-commerce applications etc) (46%)” [42].

As a result, focus has shifted to integrating the smaller
systems of the organizations with enterprise software [17].
Several software vendors try to pre-integrate, e.g., third-
party software with their enterprise systems before shipping
the integrated package to customers. This is the type of in-
tegration that was addressed in Company X in our study.
In Company X , the enterprise system with which other sys-
tems need to be integrated, is most often the Customer Re-
lationship Management (CRM) system.

2.2. Integration Techniques

There are two archetypical modes of integrating systems
(Figure 1). The first is to integrate all the systems directly
with each other, i.e., one-to-one. This will result in n2 con-
nections for n systems.

For one-to-one integration, communication between two
applications is commonly handled via shared files. Before
communicating, the applications need to agree on file for-
mat, file location, locking mechanisms, and ownership of
the file. Currently, XML is used as a standard language for
file-based integration [17]. Most of Company X’s integra-
tions are one-to-one based on shared files.

An advantage of this approach is that it minimizes what
the integration developer needs to know about the applica-
tions. File sharing also allows the applications to be altered
as long as they produce consistent file formats. This gives
loose coupling, which for integrations means to “reduce the
assumptions two parties...make about each other when they
exchange information” [17].

A major issue with file transfer is that, in practice, the
data in the files might not always be up-to-date. There is
a large cost of administrating the files if new files are pro-
duced every time the data in one of the application is al-
tered. Therefore, new files are usually produced at certain
intervals. However, if one of the applications alters its data
and does not write the new data to a file immediately, the
other system might read and process obsolete data.

The other mode of integration is to develop an interme-
diator (integration bus) to which all systems are connected.
All systems will only communicate with the bus and the



bus will make sure that a message will reach the system it
is intended for, and in the correct format [17].

Advantages of using an integration bus include that the
systems are ensured to be loosely coupled and that the risk
of reading obsolete data is eliminated. Messaging requires
less administration, and it is possible to update the data
whenever it is needed. Further, an integration bus ensures
that integration is dealt with in a uniform manner and at a
designated location. This also makes the task of integration
an explicit activity with clearer responsibilities.

A main disadvantage is that integration bus downtime
may entail downtime for all systems at once, i.e., massive
systems failure. It is also costly to set up an integration
bus, and resources need to be allocated specifically for the
purpose of developing the bus. It may be a challenge to con-
vince senior management to allocate resources for such ef-
forts since they are not tied specifically to the development
of a sales product. This relates to the general problem of
defending capital expenditures (CAPEX) when operational
expenditures (OPEX) are the main priority. The integration
bus solution is, however, growing more and more popular,
and Company X in this study is currently developing an
integration bus for their purposes.

Combinations of these two modes are common, i.e.,
some systems/applications are integrated through an inte-
gration bus, while others are integrated one-to-one.

3. Research Method

The research method used for this study followed the prin-
ciples below. These principles are intended to apply rel-
evant scientific research methods to highly relevant indus-
trial challenges in a more flexible manner than in traditional
large-scale research programs. These principles are com-
plementary to the principles of evidence-based software en-
gineering [7, 30].

3.1. Research Principles

We adhered to the following principles:

1. Relevant, concrete and general interest: The research
objective is initiated by a desire to solve an important
concrete challenge in a software development company.
The challenge is perceived to be of general interest to the
software industry in general.

2. Practitioners’ theories: The research questions are de-
fined and refined by consulting (possibly by eliciting the
mental models of) practitioners working on the problem.

3. Scientific-strength research methodology: The research
questions are answered by applying sound scientific
research methods, if necessary, with the help of re-
searchers’ expertise on such methods.

Principle 1 is reflected in work by Houdek [20] and
Mathiassen [33]. In our setting, Principle 1 was imple-
mented as follows: The topic of integration challenges arose
in a meeting between the second author and a senior man-
ager in Company X . In two further meetings with two addi-
tional representatives from Company X the following rep-
resentatives’ perceptions were recorded.

1: A disproportionate amount of time is spent on inte-
gration, both in absolute terms and relative to the amount of
resources allocated to integration.

2: The causes of the large amount of resources spent is
probably due to managerial, rather than technical, reasons.

3: Vague responsibilities may be the reason for delays
and the large amount of time spent.

4: A lot of things are not specified well enough.
5: There is little time for specification.
6: Standardization is lacking.
7: Too much time is spent on discussing interfaces, and

perhaps the data semantics.
8: Little emphasis is put on project management in the

integration projects.
9: Very little relevant research into integration chal-

lenges from the above points of view seem to be available.

These perceptions motivated our research objective.

Research objective: To lay out and systematize
knowledge and perceptions within Company X
on what the main challenges of the company’s
software integration activities are. The inquiry
should be conducted on several organizational
levels, since it was postulated that major chal-
lenges are managerial rather than technical. Re-
sults should be fed back into the company, since
the information gained might help the company
to solve some of the challenges. Results should
also be disseminated to a wider audience, since
the topic should be of general interest.

Note that the research objective does not address the above
nine points directly (e.g., in a hypothesis-testing manner).
Instead it pertains to the elicitation of perceptions in a more
systematic and stratified manner.

The impetus of Principle 2 comes from work by, among
others, Argyris, Gigerenzer, Jarvis, and Schön [1, 2, 12, 24],
and is based on the view that practitioners hold valuable
implicit and explicit knowledge of their work domain that
should give input to scientific knowledge. Since practitioner
knowledge is often tacit, various methods for eliciting such
tacit knowledge may be employed. The concept of mental
models [9, 11, 25, 26, 38] gives a framework to define and
elicit tacit knowledge. In our study, Principle 2 not only
underlies the research objective itself, but also determined
in what way the research objective was addressed.



Principle 3 was implemented by using the repertory grid
technique (see Section 3.2 below). This technique is a semi-
structured interview technique which originates from psy-
chology, but which has had numerous applications in other
domains of research [41], such as marketing, quality con-
trol, work training, and software engineering [3, 37]. Prin-
ciple 2 permeates the repertory grid technique. The tech-
nique is based on Kelly’s personal construct theory [28, 29]
which is founded on the axiom: “Man is a scientist”, by
which is implied that people try to understand the world
and their place in it by constantly testing hypotheses about
the world. Though these hypotheses will affect the way we
see the world, they will also change over time, given enough
information or experiences that contradicts the present con-
struct systems. The repertory grid technique seeks to elicit a
person’s present construct system. In our context, this trans-
lates to eliciting a software professional’s construct system
regarding software integration.

3.2. The Repertory Grid Technique

The repertory grid technique is a semi-structured interview
technique. Its main methodological objective is to let the in-
terviewee determine the salient concepts of the subject mat-
ter of the interview, and then to ask the interviewee to rank
these concepts in a systematic manner, but according to the
interviewee’s own value system. We followed the guide-
lines for the technique described in [10, 23]. In order to
facilitate the concept elicitation as well as the subsequent
ranking, we asked interviewees to write concepts on 7cm x
10cm laminated cue cards with a white-board pen. Rank-
ing was then performed by organizing the cards relatively
to each other. This was inspired by the mental model elici-
tation approach in [27]. Prior to the concept elicitation, the
interviewees were asked to give a 5 minute introduction to
the topic of enterprise software integration that should be
understandable to non-experts.

The interviews took place during the period from Octo-
ber 2008 to January 2009, and were conducted by the first
author. Nine software professionals from Company X were
interviewed on the premises of Company X . The inter-
views lasted from 1.5 to 2 hours. All interviews were audio
recorded for the purpose of subsequent clarifications.

3.2.1 Elements

The salient concepts, which are the first things to be elicited
in a repertory grid session, are called elements. In our con-
text, these are the perceived pain points or challenges of
integration efforts in Company X . Each interviewee was
provided with a set of blank cue cards and was asked by
the interviewer to think of what the interviewee considered
to be the most central pain points or challenges regarding

integration in Company X , and to write each such element
down on a separate cue card. The interviewee was free to
write down as many elements as he or she liked. The el-
ements of one of the interviewees (with explanations) are
presented in the first half of Table 1.

After the interviewee seemed to have no further elements
to present, he or she was asked to pick out the nine most
salient elements that he/she had written down. This was
intended as a quick quality check. It often turns out that el-
ements are overlapping or hierarchical, and the interviewee
was thus given the opportunity to merge, split, or rethink
elements. Although hierarchical or overlapping elements
are not wrong, it is recommended to avoid this, since the
subsequent ranking becomes more difficult for the intervie-
wee [41]. Choosing the most salient elements also limits
the number of elements. (The recommended number of el-
ements is suggested to be between five and 12 in most cases
[23].) It would be possible to limit the number of elements
at the outset by simply asking for, say, the seven most salient
elements. However, this would require the interviewee to
hold a large number of elements in working memory simul-
taneously, which is cognitively taxing, e.g., [36]. Writing
an unspecified number of elements on cue cards, and then
reducing elements afterward, is one solution to this issue.

3.2.2 Constructs

After the elements have been established, the interviewer
pools three elements and ask the interviewee to give a char-
acteristic of two of them that distinguishes them from a
characteristic of the third one. This generates a bipolar
pair of characteristics, which goes under the name of a con-
struct. For example, given the elements Lack of knowledge,
Who does what, and Documentation, the interviewee might
group the first two and contrast them to the third, by char-
acterizing the first two as Resource related, and the third
as Information related. This gives the bipolar construct Re-
source related – Information related. Direct opposites, such
as Resource related – Not resource related are to be discour-
aged, since such constructs lack meaning at one of the poles.
This process of construct elicitation is repeated with a new
set of three elements until a desired number of constructs
have been elicited. Note that the same set of three elements
may give rise to several constructs. This triadic elicitation
method giving bipolar constructs is based on the essence of
Kelly’s personal construct theory.

The purpose of eliciting bipolar constructs is subse-
quently to rank all elements on each construct (regardless
of whether an element was involved in eliciting a particular
construct). Thus, the focus is not on eliciting all possible
constructs, but on eliciting sufficiently salient constructs.
(In any case, comparing all possible triads would will usu-
ally not be practically possible if the number of elements



Table 1. Elements and constructs of Developer 1
Elements
1. Missing flow of information: Developers in the integration project work on their own areas and do not discuss their solutions with each other.
2. Meaning: It is a challenge to find out what a concept is called and means in the system they are integrating with.
3. Waiting for technology: Currently, an integration bus is in development, and a lot of challenges would have been easier if they could have used the integration bus instead.
4. Low amount of recycling: Several integration projects require some of the same work, and this is done all over again for every integration.
5. What information: It is usually not possible or necessary/desirable to exchange all the information in the systems. Therefore one has to agree on what information to exchange

in order to fulfill the requirements.
6. Errors in external components: Unexpected errors caused by external components might cause a lot of problems because one does not understand what has happened and what

the problem is.
7. Lack of knowledge: When integrating with another system the project participants have to acquire knowledge about the other system. This is knowledge you will only use in

the current integration. This usually ends with a lot of nagging on the people with knowledge about the system. It might also be that these people are not accessible.
8. Who does what: When integrating with another system the developers have to acquire knowledge about the other system. This is time consuming and developers from the

other system might have done the same tasks a lot faster because they have more knowledge about the system. It all comes down to the availability and use of resources.
9. Documentation: The documentation of systems is not good enough. This is due to the routines of documentation not working as they should and the documentation is hard to

find when needed.
Constructs
1. Usage of resources – Agreement: Some of the challenges require resources. The reason why they are challenges is because it takes time and resources to solve them. They

might be internal or external resources. Other challenges might require discussions to be resolved.
2. Something we can solve/influence – Something we cannot solve/influence: There are different levels of how easy it is to overcome a challenge. Some we can influence, while

others we just have to evade. The things we can affect are often internal, while the things we cannot affect are external.
3. Resource-related – Information-related: Resource-related challenges concern what people are told to do and what they really should do. Information-related challenges

concern the structure and maintenance of documents with information about the system and how easy accessible these documents are.
4. Information spread – Information gain: On the one hand knowledge is made visible for others. On the other hand, information is obtained for one’s own purposes.
5. Technology – Information: Technological solutions versus documentation and knowledge about the system (not information in the system).
6. Information about the system – Information in the system: Knowledge about the system and how to integrate with it versus what information to exchange and what information

is stored in the system.
7. Active action – Passive action: Something you do versus something you don’t do, absence of doing something, or not acting at all.
8. Cause – Consequence (supplied).
9. Critical – Not critical (supplied).
10. Easy to handle – Hard to handle (supplied).

exceed five or six.) In our case, the triads were usually
pooled in a random manner, but it was ensured that all ele-
ments were used approximately the same number of times.
If there were any combinations of elements that were partic-
ularly interesting, these were pooled deliberately, see [10]
for further suggestions. A process known as laddering [10]
was performed if clarification of the constructs was needed.
Laddering is the process of going from general constructs
to specific constructs or vice versa according to what is in-
teresting for the interviewer. For a given construct one can
go from specific to general (up the ladder) by asking “why”
questions (“why is it that Lack of knowledge and Who does
what are resource related?”). If a construct is too general
and needs to be more specific to give meaning relative to
the research objective, one may go down the ladder by ask-
ing “how” questions (“how is it that Lack of knowledge and
Who does what are resource related?”).

One of the main ideas behind the repertory grid tech-
nique is that it should be free from interviewer bias. The
nine perceptions in Section 3.1 were therefore not men-
tioned to the interviewees. Still, such interviews are nor-
mally carried out for a specific purpose, which in our case,
is to answer our research objective. It is the interviewer’s
responsibility to guide the interviewee to come up with con-
structs that relate to the purpose of the interview. One way
to guide the interviewee is to introduce the phrase “in terms
of” when comparing elements. We thus asked “what sepa-
rates pain points A and B from pain point C, in terms of how
they influence integration work at Company X?”. This will
guide the interviewee to present relevant constructs without

the interviewer actually suggesting constructs [10, 41].
In some applications of the repertory grid technique, it

may be pertinent to provide predefined elements and con-
structs [10, 23, 41]. For our study, three constructs were
provided for all the interviewees:

1: Cause – Consequence

2: Critical – Not critical

3: Easy to handle – Hard to handle

These constructs were provided in order to elicit infor-
mation that may be useful for solving the challenges. The
first construct was supplied in order to give an indication of
where to try to solve the problems; attacking the cause is,
in principle, better than ameliorating the consequence. The
intention of the next construct, was to make the interviewee
prioritize the problems according to the level of criticality.
A possible problem with this construct is that the problems
might be rated according to their scheduled priority. For in-
stance, a problem that is critical, but will require a lot of
work to solve may be rated as Not critical because other
problems that are easier to solve will be prioritized. To re-
solve this issue the third construct was provided.

The cue cards with elements written on them were used
in the elicitation of constructs. Three cards at a time were
placed in front of the interviewee, who was asked to move
the cards around, grouping and regrouping them. Moving
elements around physically is meant to facilitate the mental
processes that are involved in finding similarities and differ-
ences [27]. The constructs of one of the interviewees (with
explanations) are presented in the second half of Table 1.



3.2.3 Grid

The last phase in the elicitation session, is to rank each el-
ement on each of the constructs. The nine cards with el-
ements were placed in front of the interviewee. The two
poles of a specific construct were written on two fresh cards
and placed some distance apart. The interviewee was then
asked to place the elements relatively to each other between
the two construct poles, according to how close the inter-
viewee felt an element associated to one or the other pole,
relative to the other elements. The range of the scale used in
the ratings can be chosen by the interviewer. In most mod-
ern applications of the technique, one normally uses a 5- or
7-point scale [23]. These scales will provide enough points
to capture nuances, without giving too wide a range. (The
interviewee might find it difficult to differentiate between
the elements if the range is too wide.) The use of a scale
with an uneven number of points will allow the interviewee
to place elements medial to the poles. Sometimes it is sim-
ply not possible to determine which of the poles the element
is closest to. In such cases the grid would not provide the
correct picture of the interviewee’s construct system if he
or she was forced to choose one of the poles. However, the
interviewee was encouraged not to use the mid-point of the
scale as a way out when he/she was unsure where to put
the element or if the element was not possible to rate on the
given construct. Thus, a 5-point scale was chosen for the
ranking. Elements that were not possible to rank according
to the given construct were left out. For alternatives to rank
ordering, e.g., absolute rating, see [23].

After the ranking, each interviewee was asked to give a
brief explanation of why he or she had placed each of the
elements on the specific rank on the scale. This was done
for two reasons. First, the interviewee was given the oppor-
tunity to verbalize his or her decisions. Such verbalization,
which is intended to reason or explain action (Type 3 verbal-
ization, in Ericsson and Simon’s terminology [8]), has been
shown to increase performance, e.g., [5]. In all cases, this
verbalization resulted in the interviewee making changes to
the ranking. The other reason was that the verbalizations
were necessary for the interviewer’s understanding of the
often tacit choices made by the interviewee.

3.2.4 Preparations

In the repertory grid technique, the determination of the
salient concepts of the interview are left to the intervie-
wee. However, some guidance should still be given, such
as to what the subject matter is (i.e., enterprise software in-
tegration challenges), and whether the interviewee should
think in terms of, e.g., problem finding or problem solv-
ing. To this end, it is important to gain some insight into
what sort of responses one might expect in a particular do-
main (e.g., software development). Prior to conducting the

interviews proper, two researchers at Simula Research Lab-
oratory with substantial industrial backgrounds were inter-
viewed by the first author on two topics in software develop-
ment, namely configuration management and software cost
estimation. Based on this, many of the decisions mentioned
above regarding the elicitation session were made. Then,
one of the research contacts at Company X was interviewed
to assure that the technique would provide suitable material
and be adequate for the purpose of answering the research
objective. Based on this, changes were made to the elicita-
tion process. These changes were mainly on the introduc-
tory presentation of the subject matter to the interviewee,
the introduction of the three supplied constructs, and the
decision to conduct the interviews depth first, rather than
breadth first, see [23].

3.2.5 Threats to Validity

The main threats to validity of the study concern the relia-
bility of the elicitation and interpretive processes involved
in the repertory grid technique and the subsequent content
analyses. Attempts to minimize these threats were made
by recording the interviews for context understanding, by
feedback to the interviewees, and by dual content analyses.

4. Findings

The data from the repertory grid sessions were analyzed per
individual, per organizational group, and overall.

4.1. Analyses per Interviewee

Table 1 presented the elements and constructs of one of the
interviewees. The responses of a single interviewee may
be analyzed in different ways [10, 23, 41]. In our case, we
looked at which constructs that were similar in terms of how
many elements that received similar ratings.

For example, for Developer 1 (Figure 2, uppermost di-
agram), the constructs with the highest score of similar-
ity were Active action – Passive action and Critical – Not
critical (similarity score 80.6%). An interpretation of this
fact is that those elements (challenges) that are critical are
also those that are active actions in the integration project,
and that those elements that are non-critical are also pas-
sive actions, i.e., activities that might have made integra-
tion projects less challenging but that are not carried out at
present. The correlation between criticality and activeness
did not apply to the elements Missing flow of information
and Lack of knowledge, which were seen as passive, but crit-
ical actions. Further, the constructs Critical – Not critical
and Easy to handle – Hard to handle had a similarity score
of 77.8%. This indicates that the challenges that are most
critical to overcome in order to succeed with integration are



also the ones that are easiest to handle. However, the two
most critical elements, Meaning and What information, are
not easy to handle.

Similar results for all interviewees are summarized in
cluster diagrams1 in Figures 2–4. Each cluster diagram dis-
plays the constructs with poles on either side of the scoring
table. Note that the poles may be reversed to account for
negative correlations. The constructs are sorted according
to similarity on element scores (numbers in the table). The
elements are displayed beneath the scoring table. The den-
drograms (trees) to the right are a summary of the similarity
between constructs. Each node in the tree is an aggregation
of the two subtrees that correspond the most.

Each analysis per interviewee was fed back to the indi-
vidual, who was given the opportunity to comment on the
analysis. This proved very useful for the interviewee, since
quite often, the interviewee became aware of implicit un-
derstandings and relationships in his/her mental model that
he/she had never thought of before. For Company X , the
information gained from these individual analyses provided
valuable insights into the challenges of integration.

4.2. Aggregated Analyses

An underlying expectation in this study was that percep-
tions on integration challenges would vary according to
organizational group. We therefore conducted aggregated
analyses in order to compare the responses of one group
to another. A content analysis is a systematic way of ag-
gregating individual statements into more general classes of
meaning [18, 31]. We conducted a content analysis of both
elements and constructs.

4.2.1 Aggregation of Elements

The content analysis of elements was carried out in an ex-
ploratory inductive manner following guidelines in [23].
The element cue cards were spread out on a table. If two
elements seemed to be related, they were grouped, thus
forming an initial inductively formed category. Other el-
ements might be added to such a category, or they might
form a new category. This aggregation process continued
until all element cards were allocated to a category. Both
authors performed this process independently. Inter-rater
reliability in this case concerns which categories that arise
and then how elements are allocated to categories. Prior
to computing agreement scores, we consulted each other’s
categories and decided which ones corresponded seman-
tically to the other’s categories. As expected in such in-
ductive approaches [23], inter-rater agreement was low on

1The cluster diagrams were generated in WebGrid of the Centre for
Person-Computer Studies (repgrid.com).

Developer 1 

Developer 2 

Developer 3 

Figure 2. Cluster analyses developers

the first pass: 51.25% when considering both correspond-
ing and non-corresponding categories and 74.5% when con-
sidering only corresponding categories. Then, the non-
corresponding categories were negotiated upon until a full
category set, with agreed-upon names, was obtained. After-
wards, all elements were recategorized independently giv-
ing an agreement score of 92.5%, which is acceptable. The
remaining discrepancies were discussed and resolved. The
resulting categories are given in the upper part of Figure 5,
together with the distribution of elements to the categories,
both overall and by organizational group.

The categories to which most elements were allo-
cated, were (12) Difficult communication between stake-
holders regarding integration requirements and (14) Allo-
cating/acquiring the right personnel/knowledge/skills (Fig-
ure 5). In the latter category, the three organizational groups
are represented evenly (via their respective elements). This
indicates that this category summarizes challenges that con-
cern all three groups, and that there is agreement that al-
locating the appropriate human resources is indeed a chal-
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Figure 3. Cluster analyses QA managers

lenge. In contrast, the former category (12) only contains
elements put forth by QA managers and product managers.

Developers. The categories that contain most elements
put forth by developers are the technically focused (5) Coor-
dination of functionality and (6) Coordination of platform.

QA managers. QA managers have most challenges in
(13) Lack of ownership of integration tasks, and (14) Al-
locating/acquiring the right personnel/knowledge/skills.
They seem less focused on technical challenges and more
focused on responsibilities and allocating human resources.

Product managers. Product managers place most ele-
ments in (16) Too product focused/Resistance to integra-
tion and (12) Difficult communication between stakehold-
ers regarding integration requirements, which indicates that
product management is concerned with challenges that are
related to organizational issues and communication.

4.2.2 Aggregation of Constructs

The content analysis of the constructs was carried out in
a similar manner as for the elements. Inter-rater agree-
ment was 82% on the first pass, and 87.5% on the second
pass. However, three categories were abstracted into a sin-

Product manager 1 

Product manager 2 

Product manager 3 

Figure 4. Cluster analyses product managers

gle category, which gave a final interrater agreement score
of 96.4%. The remaining discrepancies were discussed and
resolved. The resulting categories are given in the lower
part of Figure 5, together with the distribution of constructs
to categories, both overall and by organizational group.

The categories that contain most constructs are (6) Or-
ganizational challenges – Technical challenges and (8) In-
tegration implementation and technology – Integration re-
quirements, design, and interfaces. In the former category,
all three organizational groups are represented, but with
more constructs from product managers and QA managers.
The latter category is dominated by developers’ constructs.

Developers. This group spread their constructs over the
most categories. This group also placed the most constructs
in one category (8) Integration implementation and technol-
ogy – Integration requirements, design and interface, which
may indicate a joint focus on the dilemmas of prioritizing
the more technical parts of integration engineering in con-
trast to the more planning-related phases.

QA managers. The QA managers are represented in
the fewest categories, although their constructs are evenly
distributed in the categories in which they are represented.
Most constructs from QA managers are placed in the cate-
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Figure 5. Element and construct categories and distribution of elements and constructs to categories

gories (1) Need resources to handle – Need (only) to agree
what to do or to allocate resources and (6) Organizational
challenges – Technical challenges, which may indicate a
main concern among QA managers toward trade offs be-
tween (human) resources and organization on the one hand,
and tasks to be done and technology on the other hand.

Product managers. Product managers put most of their
constructs in (5) Challenges within Company X – Chal-
lenges that involve 3rd parties, including customers and
(6) Organizational challenges – Technical challenges. This
may indicate a view among product managers that integra-
tion challenges primarily concern balancing internal proce-
dures with external customer-driven demands, as well as
with balancing organizational and technical issues.

4.2.3 Correspondence with Supplied Constructs

Following Honey’s method [19, 23], we computed the simi-
larity scores of each construct against each of the three sup-
plied constructs: Cause – Consequence, Critical – Not crit-
ical, Easy to handle – Hard to handle. These three sup-
plied constructs are intended to map the elicited constructs
to practice. If an elicited construct, say Development – Test-
ing receives a high similarity score with, say Critical – Not
critical, this means (1) that the elements that were ranked

on the elicited construct were ranked similarly on the Criti-
cal – Not critical construct, and (2) that the respective poles
of the two constructs describe each other; i.e., that develop-
ment is critical, while testing can wait.

Aggregated results can be obtained by comparing con-
struct categories to the supplied constructs. Thus, similarity
scores for individual constructs within a category were ag-
gregated into an average score. See Figure 6 for the average
similarity scores for each of the 13 construct categories with
respect to each supplied construct.

We summarize the correspondence with the supplied
constructs below. Note that categories that contain few con-
structs or only constructs from one interviewee (e.g., cat-
egories 4, 9 and 12) are not commented upon since they
provide a weak basis for generalization. Of the remaining
categories, only those where the majority of the constructs
had high similarity scores are commented in depth.

Critical – Not critical. In category (5) Challenges within
Company X – Challenges that involve 3rd parties, includ-
ing customers five of the six constructs allocated to this cat-
egory have a high similarity score with the supplied con-
struct Critical – Not critical. Half of the constructs indicate
that the internal challenges are the most critical, while the
other half indicates that the external challenges are the most
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Figure 6. Average percentage similarity with supplied construct

critical. In the latter case, all the constructs are from prod-
uct managers, while in the former case there is one construct
from each organizational group.

In the category (6) Organizational challenges – Techni-
cal challenges most constructs indicate that the organiza-
tional challenges are the most critical. The constructs have
mixed similarity scores, with an emphasis on intermediate
scores. All organizational groups are represented evenly,
which indicates that there is an agreement that the organi-
zational challenges are more important than the technical.

The product managers also have the highest similarity
score to the supplied construct Critical – Not critical within
category (6), which might indicate that the constructs placed
in this category have the same meaning as Critical – Not
critical to the product managers, i.e. the elements have a
similar rating on Critical – Not critical as on the constructs
from the category.

Within the category Need resources to handle – Need
(only) to agree what to do or to allocate resources, the
constructs from QA managers are the ones with the high-
est similarity score to the supplied construct Critical – Not
critical. This would indicate that the constructs in this cate-
gory might be perceived by the QA managers as having the
same meaning as Critical – Not critical.

Easy to handle – Hard to handle. In (5) Challenges
within Company X – Challenges that involve 3rd parties,
including customers half of the constructs indicate that the
internal challenges are easier to handle than the external
challenges. These constructs are put forth by product man-
agers. In contrast, the other half of the constructs in this
category indicate that the external challenges are easier to
handle than the internal challenges. These constructs con-
stitute one from each group. This indicates that there is not
a consensus on whether the external or internal challenges
are easiest to handle, but that most of the product managers
see the internal challenges as easier to handle.

Similarly to the previous category, there seems to be dif-
fering opinions about the organizational and technical chal-
lenges. Half of the constructs in the category (6) Organi-
zational challenges – Technical challenges indicate that the
organizational challenges are easier to handle than the tech-
nical challenges. These constructs are put forth by product

managers and QA managers. The other half indicates the
opposite, i.e. that the technical challenges are easier to han-
dle than the organizational challenges. In this latter half, all
three groups are represented. However, the constructs from
QA managers and product managers are put forth by only
one person from the each group. In the former half, each
group is represented by at least two persons, and therefore
there is a stronger correlation. It is therefore likely to as-
sume that the product managers and QA managers perceive
the organizational challenges as easier to handle than tech-
nical challenges. There is a correlation indicating that the
critical challenges are easier to handle than the non-critical
challenges. All groups agree on this correlation and they all
have high similarity scores.

Cause – Consequence. There is no strong correlation
between the construct Cause – Consequence and Easy to
handle – Hard to handle. Nevertheless, most constructs
with intermediate and high similarity scores indicate that
the causes are easier to handle than the consequences. There
is consensus between all three groups that the critical chal-
lenges are the causes. In the category Organizational chal-
lenges –Technical challenges there seems to be an agree-
ment between the QA managers and the product managers
that the technical challenges are causes. Two developers
agree on the opposite, that the organizational challenges are
causes. (The former correlation is stronger than the latter.)

5. Discussion and Conclusion

The research objective laid down in Section 3.1 was
twofold: to address Company X’s specific issues in a sys-
tematic manner and to address and disseminate the findings
to a wider community.

For Company X , this study was the initial step to under-
standing and overcoming software integration challenges.
The study elicited concrete formulations of pain points seen
by key practitioners involved in the company’s integration
projects. The interviewees were chosen from several inte-
gration projects, giving a diversity of situations in which
integration challenges were experienced.

Viewpoints from three organizational groups were
elicited. Process improvement is traditionally initiated by



managers, but as mentioned introductory, it is important to
involve several organizational groups. Both differences and
similarities in perceived challenges and their perceived crit-
icality and tractability were uncovered between groups.

A mutual awareness and understanding of differences in
perceived challenges is crucial for efficient problem solv-
ing. For example, the developers mostly mentioned tech-
nological challenges and challenges related to information
and knowledge. The QA managers on the other hand, were
more concerned about human resources and responsibili-
ties, while the product managers perceived challenges re-
lated to organization and communication as most important.
Even though differences such as these might not be partic-
ularly surprising, they should still be explicated and subject
to analysis when improving development processes.

On the other hand, when there is consensus across all
groups on certain issues the company has a valuable in-
centive to initiate process improvement. For instance, chal-
lenges concerning the allocation of the appropriate person-
nel and knowledge were mentioned by all three groups.

Further indications on how to prioritize process improve-
ment is given by the challenges’ rankings on the supplied
constructs (Cause — Consequence, Critical – Not critical,
Easy to handle – Hard to handle). Challenges that are per-
ceived as critical causes and that are easy to handle may be
a good place to start. Three main areas can thus be extracted
as possible starting points for an improvement process:

A: Responsibility. This concerns issues of allocating
ownership and responsibility for the integration. Currently,
the responsibility is placed with the system initiating the
integration. However, according to the practitioners, this is
not perceived as the most appropriate way of organizing the
integration work.

B: Requirements. This was pointed out by several of
the interviewees as a challenging activity for integration. In
this case, challenges related to requirements concern both
what functionality to include and the translation of the mar-
ket needs into a technical specification.

C: Knowledge. Challenges related to knowledge are
both about access to documentation as well as people’s
knowledge about the systems.

The challenges that were uncovered by the grid analy-
sis confirm several of the representatives’ initial perceptions
(Section 3.1). In particular, the area Responsibility relates
to perceptions 3 (Vague responsibilities...) and 8 (Little em-
phasis...on project management...), Requirements relates to
4 (...things are not specified...), and Knowledge relates to 7
(Too much time...discussing interfaces...) in Section 3.1.

Further, perception 1 (A disproportionate amount of time
is spent on integration...) and 5 (There is little time for
specification) are variants of the interviewees’ perceptions
that they always have too little time on integration projects.
Perception 2 (The causes...are due to managerial, rather

than technical, reasons) is interesting: There was an over-
all consensus that managerial (organizational) challenges
were critical. However, developers saw organizational chal-
lenges mostly as causes. QA and product managers viewed
mostly technical challenges as causes (and organizational
challenges as consequences). Perception 6 (Standardization
is lacking) was not stated explicitly by the interviewees,
though some of the developers stated that the low amount
of recycling is due to the interfaces not being standardized.

We also investigated terminological differences. Such
differences might cause difficulties when communicating
about integrations. Minor terminological differences were
identified both between and within groups, and all differ-
ences were of the type “different terminology for the same
concept”. Different terms for the concepts requirements,
semantics and the concept of protecting your own system
were identified. Though the differences are perhaps not se-
rious, they are now revealed. By minimizing these differ-
ences and introducing consolidated terms, the integrations
might be perceived as less challenging.

The overall results of the study were presented at an in-
ternal seminar at Company X . The authors will initiate fur-
ther discussions with the interviewees, with other represen-
tatives of the three groups, and with senior management.
The objective will be to lay down a course of action for the
ongoing integration projects, for future projects, and for fur-
ther elaborations of this study. This study provides a starting
point for other companies that are involved in software in-
tegration and that see a need to systematize the company’s
knowledge on this topic.

The second part of the research objective concerns im-
pact beyond Company X . The main purpose of the study
was not to generalize the results to a wider range of pro-
cess improvement situations, or even to integration projects
in other companies, but to use scientific methods to shed
light on the situation in a specific company, see also [20].
What may be used in other situations is the research method.
This study provides a starting point for other companies
that are involved in software integration and that see a need
to systematize the company’s knowledge on this topic. In
time, the salient concepts (elements and constructs) that
are elicited and thereafter systematized by grid and con-
tent analyses, may form taxonomies or ontologies [14, 15].
These may be used to define empirically-based concepts
of software integration challenges and their solutions. An
ontology is a system of agreed-upon concepts (a Type 1
theory [13]), and is, in our context, the first step toward a
practitioner-based scientific theory.
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