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ABSTRACT

Context: A case study is a powerful research strategy for
investigating complex social-technical and managerial phenomena
in real life settings. However, when the phenomenon has not been
fully discovered or understood, pilot case studies are important to
refine the research problem, the research variables, and the case
study design before launching a full-scale investigation. The role
of pilot case studies has not been fully addressed in empirical
software engineering research literature. Objective: To explore
the use of pilot case studies in the design of full-scale case studies,
and to report the main lessons learned from an industrial pilot
study. Method: We designed and conducted an exploratory case
study to identify new relevant research variables that influence the
innovative behaviour of software engineers in the industrial
setting and to refine the full-scale case study design for the next
phase of our research. Results: The use of a pilot case study
identified several important research variables that were missing
in the initial framework. The pilot study also supported a more
sophisticated case study design, which was used to guide a full-
scale study. Conclusions: When a research topic is has not been
fully discovered or understood, it is difficult to create a case study
design that covers the relevant research variables and their
potential relationships. Conducting a full-scale case study using
an untested case design can lead to waste of resources and time if
the design has to be reworked during the study. In these situations,
the use of pilot case studies can significantly improve the case
study design.

CCS Concepts

* Software and its engineering~Software development process
management ¢ Software and its engineering~Collaboration in
software development

Keywords
Innovative behaviour; innovation; software engineering; pilot case
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1. INTRODUCTION

Innovative behaviour is a multidimensional construct defined as
“the intentional generation, promotion, and realization of new
ideas within a work role, work group, or organization in order to
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benefit role performance, a group, or an organization” [6].
Examples of such behaviour include the suggestion of new
products and processes, the adoption of new technologies, and the
application of new working methods. In our research about human
factors in industrial software engineering practice, we observed
and catalogued several examples of innovative behaviour
exhibited by software engineers with positive impacts at the
individual, team, and organizational levels. The benefits of
innovative behaviour in practice motivated us to investigate which
factors foster or suppress this behaviour at the individual, group,
and organizational levels.

As a starting point, we conducted an ad hoc literature review
covering innovative behaviour models from several fields. The
findings showed almost no study focusing on software engineers
and software organizations. Further, the studies from other areas
showed no consensus on a theory, and their results were
impossible to be compared. Several authors have argued that case
study is a suitable choice of research method to early exploratory
investigations of a phenomenon and to build “provisional”
theories when none is available or widely accepted [S][10][17].
Christie et al. [5] suggested the use of pilot case studies in such
contexts to refine the research problem and variables, and the case
study design as a whole, before committing resources to full-scale
studies. However, as far as we are aware, there is no published
example of this use of pilot case studies in software engineering.

Therefore, in this article we describe how a full-scale case study
design was built from the results of a pilot case study. We then
discuss some lessons learned emphasizing the role of pilot studies
in the construction of more robust case study designs.

2. BACKGROUND

The background related to innovative behaviour and the three
existing models is summarized in this section.

2.1 Innovative Behaviour

Innovative behaviour is viewed as a multistage process [18] that
starts with an individual creating and proposing a new (potentially
useful) idea. Then, this individual promotes the idea to gain
support from colleagues, managers, or sponsors. Finally, the idea
can be operationalized with the production of a prototype, a proof,
a concept, or the use of a new technology within a software
project.

2.2 Innovative Behaviour Models

The innovative behaviour phenomenon has been studied in several
areas [1][18][12], but we could not find any study reporting
results from the software development industry. Using findings
from diverse fields, we found three models that attempt to explain
the antecedents of innovative behaviour [1][18][21]. In the model
proposed by Amo [1], the individual innovative behaviour is



positively influenced by 12 factors, which can be grouped into
four categories:

e Characteristics of the organization: expressed strategy and
size of the organization;

e Characteristics of the intersection between employee and
employer: hierarchy, organization desire expressed by
management, culture of the work group, and level of
specialization in job function;

e Characteristics of the actual individual: proactive personality,
intrapreneurial personality, eagerness for learning, and age;

e Characteristics of the innovation itself: embedded learning
potential and fitness with organizational goals.

Scott and Bruce [18] proposed that innovative behaviour is
influenced by: leader role expectations, leader-member exchange,
the individual intuitive problem-solving style, the individual
systematic problem-solving style, the individual career stage, and
the climate for innovation. However, the potentially complex
interactions among those factors are not described in their model.

West [21] proposed that group creativity and behaviour towards
implementation are influenced by a composition of four
interacting factors: group task characteristics, group knowledge
diversity and skills, integrating group processes, and external
demands. In particular, external demand is a new element to be
considered in the study of work group creativity and innovation,
and it has not been previously addressed in the literature.

Analysing these three models, we observed the following gaps:

e They propose different variables to explain the innovative
behaviour, with few overlaps, which makes the models almost
impossible to compare.

e Two of them [1][18] studied the innovative behaviour
phenomenon at the individual level, while West [21] studied it
at the group level. This also makes it difficult to compare the
models.

These studies were performed in several different industries but
none of them focused on software organizations. According to
Hackman [11], the relationships among factors that explain
individual behaviour during teamwork seem to depend
substantially on the properties of the group task being performed.
This reinforces the need to study innovative behaviour in the
software industry.

3. THE PILOT CASE STUDY

Several authors suggested the use of a pilot case study when the
phenomenon of interest is not fully discovered and understood
[5][10][17]. To design our pilot case study, we followed the
method proposed by Eisenhardt [10]. The full report of these
results and the detailed case study protocol is presented elsewhere
[16].

3.1 Getting Started

We started with the definition of our research question: How is
innovative behaviour of software engineers supported or
supressed in software development industrial practice?

Then, we built the pilot case study design. We chose the software
engineer professional as the unit of analysis, because the research
question is directly related to the expression of the phenomenon at
the individual level. In addition, the design also had to deal with
the contextual factors related to the unit of analysis. In this case,
contextual factors were considered at three levels (based on the
models discussed in Section 2.2): the software team, the team
leader or project manager, and the organization itself.

The existing literature about innovative behaviour did not provide
fully accepted and consistent theories or models that supported the
identification of exactly which variables to observe, control, and
vary with respect to three levels of contextual factors. Therefore,
we needed a flexible design to allow the identification of new
relevant variables.

Figure 1 depicts the pilot case study design. We investigated a
single software organization and studied individuals from two
different projects, with different team leaders. With this design we
obtained variability of teams and leaders, while keeping the
organizational context fixed. To obtain variability at the
individual level, we used the criterion explained in Section 3.2.

Case 1—-Company 1
Project A Project B

Leader 1 Leader 2
Proj/Team 1 Proj/Team 2

Figure 1. Pilot Case Study

3.2 Selection of participants

We investigated individuals with low, medium, and high
innovative behaviour to compare their behaviours and what
influenced them. To select the participants, the project manager of
each project classified the team members according to the
frequency they behaved innovatively, following the innovative
behaviour definition that we presented to them. The project
managers were also interviewed to allow data triangulation. The
limitations regarding this method of participant selection are
discussed below.

3.3 Data Collection

We used interviews and observation to collect data from
participants. Semi-structured interviews were performed with
software development team members and project managers. The
two interview guides (for team members and managers) were
composed of open questions combined with probing questions.
Both guides were piloted with individuals from a company that
did not participate in the study. The audio of all the interviews
was recorded and transcribed verbatim.

Observation was chosen to allow the researchers to monitor
behaviour and interaction among team members that could not be
obtained from interviews [15]. The observations happened during
the project meetings and focused on identifying idea proposal, and
the past or present implementation of an idea proposed by the
team members.

3.4 Data analysis

Data analysis was performed in parallel with data collection, in
incremental and iterative steps. We used coding techniques from
grounded Theory [15] to code, categorize, and synthesize data.
We used QSR NVivo! to support the data analysis and synthesis.

Data analysis began with open coding of the transcripts. Post-
formed codes were constructed as the coding progressed and were
attached to particular pieces of the text with the support of NVivo.
An example of a complete code is C1PATM2_No financial
rewards, which means that the evidence points to the code “No
financial rewards” and was collected from the interview of team
member 2, who worked on project A in Company 1.

! www.gsrinternational.com/products_nvivo.aspx



Then, we grouped the codes into categories that affect innovative
behaviour. As the process of data analysis progressed, we built the
interacting effects of these factors, expressed as propositions, and
created a model that described the innovative behaviour of
individuals in this organization.

3.5 Enfolding the Literature

We then looked at the literature to sharpen construct definitions
and generalizability, and raise the theoretical level. In addition to
the literature review discussed in Section 2, a supplementary
literature review was performed after the pilot case study. While
the pilot case study provided new variables to be investigated, this
review focus was to provide a theoretical foundation to the
findings and to support the refinement of the case study design
(see in Section 4).

3.6 Model Development

We synthesized the findings from the coding process to create a
model that represent the relationships among factors related to
innovative behaviour. The model, called Initial Innovative
Behaviour Model for Software (IBMSW-i), is shown in Figure 2
and described in detail by Monteiro et al. [16].
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Figure 2. The IBMSW-i

The core element of this model, which is novel in the literature
about innovative behaviour, is the direct influence of individual
attitude on the expression of innovative behaviour. External signs
of this attitude are behaviours related to curiosity, desire to learn,
proactivity, etc. The expression of innovative behaviour is also
indirectly influenced by situational or contextual factors in the
workplace. These factors create conditions that will be perceived
and interpreted by the individuals, and will, in turn, moderate the
expression of innovative behaviour at the individual level. We
grouped these factors into two higher-level categories: those
containing Human Factors and those containing Technological
and Organizational factors. From the findings related to the
Human Factors category, we built a hypothesis:

Hypothesis — The relationship with peers (team members and
leaders) at the workplace will indirectly affect the expression of
innovative behaviour through the creation of (favourable or
unfavourable) working conditions for idea proposition,
promotion, and implementation.

The organization as a whole also influences the expression of
innovative behaviour. The organizational factors and the

uncertainty levels of the tasks related to technological aspects are
likely to be interrelated, as expressed in this hypothesis:

Hypothesis — Higher levels of task uncertainty (requirements
flexibility and technological challenge) in the presence of
support for innovation and low bureaucracy in the organization
will indirectly affect innovative behaviour through its
moderating effect on the relationship between individual
attitude and individual innovative behaviour.

We also postulate that individuals would react differently to the
situational factors depending on their personality traits. Further,
the expression of innovative behaviour evolves over time,
contingent on the feedback received.

4. THE REFINED CASE STUDY DESIGN

Christie et al. [5] suggested the use of pilot case studies to refine
the research problem, the research variables, and the case study
design as a whole, before committing resources to full-scale
studies. Similarly, Runeson emphasized that “a pilot case [can be
used] to explore the phenomenon under study, and the following
cases may be used for more in-depth investigations” [17].

We used the IBMSW-i model to guide the refinement of a full
case study design. We started by selecting factors from the model
to guide the sampling of projects, teams, and individuals. We then
investigated theories to raise the theoretical level of the factors
selected and to provide data collection instruments (Section 4.1).
Finally, we created the new case study design (Section 4.2).

4.1 Selecting Factors

We wanted to select factors from the IBMSW-i to improve the
design of the case study, in particular regarding sampling the
projects and participants. In the pilot case, our design selected
projects and participants from a single company. We decided to
keep this design choice because we still do not know enough
about which organizational characteristics would be important to
guide the selection of new organizations.

As we looked at the individual behaviour expressed in the context
of a software team, we decided to use the Project Type and the
Leader’s Behaviour to guide the sampling of projects. To do this,
we needed two operational definitions that could be used to
distinguish styles of leadership and types of projects.

Regarding the sampling of participants in each project, we
decided to look for a suitable operational definition of
innovative behaviour. Finally, to be able to investigate the
moderating effects of personality, we also decided to select a
personality test to be used.

4.1.1 Project Type

The pilot case study was conducted with participants of software
development projects. The results from the pilot study indicated
that the requirements stability in the project and its technological
challenges influenced individual innovative behaviour. We
needed a classification model that could distinguish the projects
regarding their requirements stability and technological
challenges. The Three Horizons Model [20] (Figure 3) proposes a
classification scheme according to the levels of two orthogonal
uncertainties faced by projects: technological uncertainty and
market uncertainty. Technological uncertainty is defined by the
organization’s ability to overcome the technical difficulties of an
opportunity. In turn, market uncertainty is defined by the
organization’s ability to understand and address the needs of a
group of customers.
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Figure 3. Three Horizons Model

Using the technological and market uncertainties as an axis, the
model defined three spaces of innovation:

e Horizon 1 (H1): projects that involve mature technologies and
that are targeted to the markets already served by the
organization are classified as H1. In this horizon, the risk is
small and the innovations are marginally incremental.

e Horizon 2 (H2): projects that involve technologies that are
new to the organization and/or that are targeted to a market
that the company has not yet explored are level H2. Such
technologies already exist and are available, but they are not
dominated by the organization. In H2, there are relative
uncertainties and projects with a moderate level of innovation.

e Horizon 3 (H3): projects that involve emerging technologies
and/or are targeted to a market that does not yet exist (are
untapped by any other organization) are level H3. Such
technologies are still in development or have been used in an
experimental way. H3 projects have a high level of
uncertainty and can provide the highest opportunities for
innovation.

In this model, more uncertainty (technical or market) is likely to
be related to less stable requirements and/or more technical
challenges and, consequently, more space to change.

In the pilot case study, both projects were H1 and the influence of
the requirements stability and technological challenge emerged
when comparing the current projects with projects in which the
participants had worked in the past. Thus, using the Three
Horizons Model it will be possible to select projects from
different horizons in future case studies to obtain greater
variability of requirements stability and technological challenge.

4.1.2 Leadership Style

The variables related to the leader’s behaviour found in the pilot
case study were the leader acceptance to ideas, the feedback,
and the autonomy provided to the individuals to perform their
tasks. However, we could not find studies investigating the
influence of these specific variables on the individual innovative
behaviour. Thus, we used the results of a broader search that was
performed using a systematic literature review (SLR) [9] to
compile the leadership influence on individual innovative
behaviour. The research questions of the SLR guided our analysis:

RQ1. How do leaders influence the innovative behaviour of
individuals?

RQ1.1. Which of the leader factors are most studied?

In this SLR, we found two theories connected to the variables
related to leader behaviour found in the pilot case study: the
transformational and transactional leadership styles.

The transformational leader “raises associates level of awareness
of the importance of achieving valued outcomes and the strategies
for reaching them” [4]. They also encourage followers to
transcend their self-interest for the sake of the team or
organization. Further, they encourage followers to raise their
needs in areas such as achievement, autonomy, and affiliation [4].

Burns was the precursor of the transformational leadership theory
and Bass and Avolio [2] helped it to evolve.

In turn, the transactional leadership style [3] builds the foundation
for relationships between leaders and followers in terms of
clarifying responsibilities, specifying expectations and task
requirements, negotiating contracts, and providing recognition and
rewards in exchange for the expected performance [14]. The
transactional leader usually operates to guarantee that
subordinates will work according the existing culture. Such
leaders pay close attention to deviations, irregularities, and
mistakes in order to take action and make corrections.

Thus, considering these leadership styles, we related them to the
pilot case study variables using the following rationale.
Transformational leaders stimulate the individual using influence
and motivate them to engage in actions to promote change. On the
one hand, the transactional leader uses the explicit task definition
to control and measure performance. Relating this to the
leadership variables we found, we saw that when the leader
provided low or no autonomy to the individuals and did not accept
changes, there was strong control over their actions and tasks.
This situation is directly related to the characteristics of the
transactional leadership style. On the other hand, the
transformational leader is related to higher levels of delegation,
autonomy, and openness to change.

Using this rationale, we can use the transformational and
transactional leadership style theories to raise the theoretical level
(use more precise definition of the constructs) of the category
Leader’s Attitude.

4.1.3 Operational Definition of Innovative Behaviour
To overcome the limitation related to measuring participant
innovative behaviour, we decided to use the operational definition
suggested by Scott and Bruce [18]. They proposed a six-item
scale that should be rated by the manager for each team member.
Examples of such items are: “generates creative ideas” and
“investigates and secures funds needed to implement new ideas.”
The responses should be examined using a five-point Likert scale,
ranging from not at all to an exceptional degree.

4.1.4 Personality

The pilot case study showed that some individual’s characteristics
explained her behaviour towards proposing ideas and
implementing them. The following excerpts were extracted from
different professionals and exemplify this finding.

“Once | learn how it works it becomes boring. So | have this intrinsic
need to try to make things... to eliminate as much boring as | can, so |
can focus on the interesting parts.” [CLPATM1]

“Unless | see a problem, or try to resolve a situation, | would have not
an incentive to research on new idea or new way to do things. But they
are totally personal things.” [C1PATM3]

Therefore, the psychology literature was analysed with the aim to
understand the influence of the individual personality. Among the
various theoretical foundations, traits, and types theories we
looked for those that are most used in organizational psychology
and in the studies about personality in software engineering [8].
In particular, the Five-Factor Model (FFM) [7] has been used both
in software engineering [8] and creativity [13] researches. Thus,
we decided to use the FFM [7] to guide our understanding of the
influences of personality on innovative behaviour.

4.2 Refining the Case Study Design
Our goal, after the pilot study, was to refine the initial design to
achieve variations on project type (Three Horizons Model) and



the leadership styles of project managers. Figure 4 illustrates the
refined case design after adding these two criteria to sample
projects. This generic design must be instantiated by choosing the
number of projects in each quadrant. In general, we do not know
this number up front because the size of the sample in qualitative
studies is often defined as the study progresses [14].

Full Case = Company 2

Transactional Transformational

™
Project B Project C

Project A Project D
H1 Leader 1 Leader 2 Leader 3 Leader 4
Team A Team B Team C Team D
S | "
Other projects..
2 " ' " 2
Project E Project F Project G Project H
H2/H3 Leader 5 Leader 6 Leader 7 Leader 8
Team E Team F Team G Team H

e A ~/ -

Other projects.. Other projects..

Figure 4. Design of the full case studv

In the new design, we propose the sampling of projects that are
managed by transactional managers and by transformational
managers. This shall allow a comparison of the influence
performed by different leadership styles on individual innovative
behaviour. To assess the leadership style of project managers, the
MLQ questionnaire developed by Bass and Avolio [2] is a
suitable operationalization of the construct.

The refined design also separates projects according to uncertainty
horizons. To operationalize this factor, we split the projects into
two groups: one with horizon HI projects and the other with
horizons H2/H3. This design allowed a comparison of individual
innovative behaviour when working on projects with low
uncertainty  (stable requirements and low technological
challenges) and medium to high uncertainty (unstable and open
requirements and medium/high technological challenges).

In addition, two instruments also enhanced the data collection
process. First, we included the administration of the FFM
questionnaire [7] to provide information about participant scores
on each personality trait. Second, we included Scott and Bruce’s
[18] instrument to evaluate the innovative behaviour level of
participants. The goal was to use this additional information in
two different ways. Quantitatively, it could be used to identify the
existence of correlations between the individual’s personality
traits and her innovative behaviour. Qualitatively, it could be used
to explain specific individual behaviour according to the scores on
each personality trait.

It is important to highlight that this refined design was created to
increase the diversity regarding the factors uncovered in the pilot
study. We did not have as an objective to control or to manipulate
variables as performed on controlled experiments.

4.3 Lessons Learned

Before the pilot case study, we did not have established models of
theories to guide our investigation. The existing studies in other
areas were not conclusive, were mostly difficult to compare, and
addressed tasks and jobs substantially different from those found
in the software industry. Therefore, we could only design a simple
case study design to explore the phenomenon and uncover new
factors and potential relationships. We believe that the following
lessons are important for researchers facing similar situations:

e Understand the dual role of the pilot case study: a pilot case
study can indeed support the development of initial,
provisional theories, such as the IBMSW-i, when no one
exists. It can also be instrumental in uncovering new factors or
design issues not previously addressed. Therefore, pilot case
studies can produce results at the substantive and the
methodological levels of the Research Path Scheme [19].

e Do not use pre-defined models or theories: consistent with an
interpretive or constructivist stance, try to avoid the potential
biases of entering the field with pre-defined models or
theories guiding your investigation. This could blind you to
new factors not addressed in these models or theories.

o Keep the design simple: because we have limited knowledge
of the phenomenon in the context of study, it is important to
keep the design of the case study as simple as possible.

e Collect as much information as possible: although you need a
simple design, it is important to get as much (potentially
unrelated) information as possible. Long interview scripts and
several hours of observation are important, even though it
may lead to large amounts of data and increase the complexity
of the data analysis.

e Do not use pre-formed codes in data analysis: as in the second
point above, try not to use pre-formed codes in your data
analysis. Although this type of technique helps in making
sense of large amount of data, it can also hide new factors or
relationships.

e Be grounded on the data, but with freedom to create: bear in
mind that your design, by construction, may not support the
production of necessary data to uncover all aspects of the
phenomenon. Therefore, be faithful to your data but allow
yourself to produce inductions and abductions that fill gaps
and explain inconsistencies, perhaps in the form of
propositions and hypothesis.

e Use the models or theories to refine the design: the starting
point to refine the case study design is the results of the pilot.
Use these results to identify new variables, their
operationalization, and more robust sampling strategies.

e Decrease the breadth of the data collection: after learning
with the pilot case study, you can be less exploratory in your
data collection, leaving out information that was not relevant.
However, exercise this advice with caution according to your
understanding of the phenomenon to not leave out relevant
information.

e Increase the depth of the data collection: now that you know
what matters in your study, collect more in-depth information
about the relevant factors. This may include having more
questions in qualitative interview scripts, more observation
items, and more types of observation, the investigation of
documentations, or even adding quantitative data to increase
the richness of the interpretations. At this stage, operational
definitions of relevant factors should be provided: either
developing new instruments when none exists or using
available instruments from the literature.

Although we followed the items above in our research, we have
not tested them in other cases. Therefore, not all of them may
work in specific contexts. We hope that other researchers,
performing pilot case studies would share their lessons learned
confirming or revising our suggestions.

5. CONCLUSION

We presented the results of a pilot case study conducted to
identify factors that influence the innovative behaviour of
software engineers in practice. From these results, a preliminary



model explaining the relationships among these factors was built
(IBMSW-i), answering our research question. This result is fully
presented by Monteiro et al. [16]

Our model consistently improves and extends existing models
from other fields of study with factors specific to the software
development practice, such as the role of requirements stability.
However, the pilot case study design did not allow full
identification of interacting effects between the factors. Further,
project type and individual personality were not addressed in the
pilot case study. To progress in the study of innovative behaviour,
we produced a refined study design to incorporate new factors and
their operationalization. This new design should be better
equipped to uncover influences of these factors and to increase
construct and internal validity of future studies. We intend to use
this refined design in other case studies about innovative
behaviour in software organizations.

In addition to the results presented, we learned some lessons that
we thought would be worthwhile to share with the research
community. Before the execution of the pilot case study we
experienced considerable difficulty in designing the full case
study. The use of an exploratory pilot case study avoided the
development of full-scale case study based on variables that were
not important to explain the phenomena at hand, removing the
waste of resources and time with rework due to the usage of
wrong premises in the design. In addition, the supplementary
literature review was important to improve the final design. It also
provided tested instruments to improve data collection.

We believe that our results can be used at the substantive and
methodological level, as proposed in the Research Path Schema
[19]. The IBMSW-i, at the substantive level, provides a novel
understanding of innovative behaviour in software engineering
that can be tested in other contexts. The new refined design (and
the lessons learned in its construction) contributes to the
methodological level and to researchers performing studies with
similar characteristics.
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