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This thesis aims to study commercialization possibilities of maintainability analysing
tools. The main research question was to research how the Maintain framework could
be commercialized. Alongside the main research question, Finland’s software industry
approach to testing and maintenance tools as well as the potential demand for Maintain
framework was researched. Qualitative interviews were conducted for this thesis,
interviews were used to approach the research question and generate insights. This
thesis presents various different commercialization possibilities, compares them and
suggest a roadmap for deployment. This thesis aim is to work as a roadmap for the
management of Maintain.
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1 INTRODUCTION
The biggest changes in recent history revolve around the rise of software engineering and the different applications of software engineering in different services and
products (Haikala & Mikkonen 2011). During 2010s we have witnessed the evolution
of business models in the software industry, as many of the software industry leaders such as SAP and Microsoft have shifted focus to Software as a Service (SaaS)
-solutions instead of only offering Software as a Product (PaaS) -solutions (Popp,
2011). SaaS focused business models have been gaining popularity in great
amounts and now it is one of the most common ways to practicing business in the
software industry, as it provides an easy way to offer software products in business
to business and likewise in business to customer setting.
During this change, the role of digital distribution platforms for software applications,
the continuous addition of functional requirements to software products, and the lingering problem of “fixing it later” has had its toll on the total cost of ownership (TCO).
Meaning maintaining costs are higher than ever and growing. The cost structure of
software products are more and more focused on the end of its life cycle. While
strong maintenance efforts are necessary added value to software solutions, dedicated maintenance is expensive and faces decreasing returns over time (Fan &
Griffin, 2017). Gartner report of 2012 reported that the systems with lifespan from
10 to 15 years, 8 % of the investment costs are used during earlier phases of the
software lifecycle (e.g. planning, specification, implementation, etc.) and 92 % of the
investment costs are used during maintenance (new features, testing and deployment, fixing faults, etc.). The maintenance phase of software products has become
the most expensive phase in the development process (Hynninen et al, 2018a). The
net result of poor planning and testing usually manifests as very high enhancement
costs (Gartner, 2012).
These ongoing problems are leading causes of decreasing returns of investment for
software products and have major influence on the overall success of the project
(Fan & Griffin, 2017; Gartner, 2012; Nevalainen et al., 2018). According to
Kasurinen (2013) fixing mistakes during the development process costs 1-2 percent
of the amount what it would cost fixing the mistakes after the release. Kasurinen
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comments that it is completely rational to have more focus in testing during the development as it is financially profitable and worthwhile.
As we are aware of these existing problems in the software engineering industry, it
is rather surprising that testing, maintenance and management, and their supporting
processes, methods and tools are widely overlooked to this day (Hynninen et al,
2018a). Hynninen et al. (2018) found out in their report that there are tools and
products to support development and its surrounding processes, but that there are
fewer tools to support monitoring, testing and measurement of the maintenance
phase of software products. According to Kasurinen (2013) on average only 10% of
testing workload is automated to a point that there is no need for standalone testing.
The Maintain system development began from the realization of the unsatisfied
customer needs and the current state of the competitors. Maintain is automated,
systematic performance analysing tool to support testing and maintenance. This
tool can be integrated and used alongside software engineering projects from early
as beginning of the programming phase. The Maintain product is designed to lessen
the economic burden of the maintenance phase while reducing the TCO and improving internal efficiency of the project. The Maintain framework could provide a
solution to the rising costs of testing and maintenance. The scope is to provide practical tools for measuring and data collection for testers and developers to assess the
validity, feasibility and stability of their produce (Hynninen et al., 2018a).

1.1 Goals and objectives
The goal of this research is to study the Maintain framework, to explore various
possible commercialization methods and gaining deeper understanding of needs of
software business. The purpose of this master’s thesis is to explore and research
the market potential of the Maintain solution. We explore what kind of business
models and commercialization possibilities the Maintain could have. This study was
conducted by reviewing various software-engineering experts and conducting
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qualitative interviews. There are three research questions that this study is trying to
answer:
1. How the industry is approaching testing and maintenance of software
products?
2. What is the potential demand for the Maintain framework?
3. How Maintain should be commercialized and accommodated with proper
fitting business model?
This thesis was limited to only include a generalized view of the Maintain system
and its system architecture. The complex details of the Maintain software are not
covered in this thesis. Thesis was done alongside of TUTLI’s (Tutkimuksesta uutta
liiketoimintaa) Maintain-project. This study should act as a guideline or as a
framework for further planning and possible commercialization deployment.

1.2 Structure of the thesis
The thesis divided into theoretical and empirical parts. The theoretical topics are
divided in to three sections. First section’s goal is to demonstrate the significance of
root causes in manifested problems in IT-projects, and what kind of conjunction they
have to the success rate of an IT project. From the second section the thesis will
introduce the reader to the Maintain framework and its various aspects. The section
includes the Maintain system architecture and its workflow; the outflow of the
Maintain system and potential benefits, and further improvement possibilities for the
framework. Third section of the theory chapter unfolds the research process and
describes the used research methods in this thesis. Empirical part of the thesis
includes the findings of this thesis. First section of the findings is about the insights
gathered and analysed from the interviews. The second section delves into the
commercialization possibilities of the Maintain system. Second section presents and
proposes various commercialization possibilities for the Maintain framework and
does comparison between the different models.
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1.3 Related research
Various studies have explored aspects ranging from developing new concepts to
approach maintainability, building practical models, exploring the possibilities of
cloud based testing and potential business goals (Hynninen et al., 2018a;
Savchenko et al., 2018; Riungu-Kalliosaari et al., 2016; Radchenko & Savchenko,
2014). Frequent business topics and goals are mainly revolving around ease of
application development, cost reduction, improving efficiency, simplicity, costeffectiveness and target representation (Riungu-Kalliosaari et al., 2016; Radchenko,
Savchenko, 2014). Measuring software systems, or the business possibilities of
maintenance and testing tools is not a new idea. There are already existing activity
models, such as continuous delivery (CD) or development operations (DevOps),
which promote maintenance activities during the development process. (Hynninen
et al., 2018a) It is also accounted that the number of testing tools used in the
software industry has been increasing (Hynninen et al., 2017).
Study conducted by Riungu-Kalliosaari et al., (2016) included the possibilities of
cloud computing. The study explains that the current level of cloud computing has
the potential to provide sufficient resources to support the various needs of testing
from performance testing to supporting developers during development and testing.
Ruhe (2003) found in their study that the further development of software
engineering practices has added to the demand for systematic knowledge, skill
management, and Software Engineering decision support systems (SE-DDS). The
demand is on a level where knowledge is being used to support decision-making in
all stages of the software lifecycle. In the near future it can be expected to be a
significant demand for new software testing and analysis tools. (Hynninen et al.,
2018b)
In a study conducted by Antinyan et al., (2017) discusses the problems of existing
software and practice of these tools. Antinyan et al., (2017) concluded that the
existing measures are poorly used in the software engineering industry as the
measures are not satisfactorily good at predicting problematic areas and the
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software engineers don’t have satisfactory understanding how they can optimally
use the measures to analyse and improve the code.
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2 THEORY
This chapter contributes to the theoretical foundation of the thesis. This theory
chapter is divided in three sections. First section defines and demonstrates the
success factors in IT projects. Second section introduces the reader to the Maintain
framework and its various aspects. Third section of the theory chapter unfolds the
research process and describes the used research methods in this thesis.

2.1 Understanding success in IT projects
This section’s goal is to clarify and demonstrate the root causes of manifested problems and their relation to the success rate of the IT project. Why properly executed
steps in the beginning are vital elements for the outcome of the project. To understand what are the fine details to look for or why certain project succeeded or didn’t
work out, it is important to understand what defines success and a successful project
in the first place.

Success is defined as satisfying the desired, planned or ending up with a good outcome. Success can also be defined as the end product turning out as intended or
wished. This definition reveals that the defining the success is subjective. Assessing
if something is successful or not can be troublesome if the measured topic is subjective or characteristically hard to measure. If the measuring process is complicated,
more than often it is also complicated to create or vision proper goals and milestones.
(Nevalainen et al., 2018)

It is also important to take in the account the different perspectives in the assessment process. Nevalainen et al. (2018) clarify that one person might interpret the
result as a success, while another person sees it as a failure. Furthermore even if
the measured topic meets the set criterion it does not guarantee success and vice
versa. It is possible to succeed even if the set goals are not met in the process.
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Nevalainen et al. (2018) assess the success of a project from three major perspectives:


Project management success, what is the rate of delivered functional requirements, is the project schedule or budget exceed.



Commercial success, is the level of return of investment met.



Quality of the product, the level of complexity, is the solution further
developable, what technologies the solution depend on.

These three prospects are related and the impact of failures can multiply. The relations of these three major aspects are further discussed in the later sections.
2.1.1 Success factors in IT projects
Meaning of success and how to define success is always tricky and the general term
is broad. In software engineering the typical success factors are related to the
success of such as completed requirements, time and resources, management.
There are various opinions on the subject, what are the ‘real’ success factors.
Authors and figure heads have their own definition of success and success factors.
Table 1 includes different takes on success factors in IT projects from various
authors.
Table 1: Various studies about success factors
Author

Topic

Findings

Mohd &

Critical success factors for
software projects

The most significant success factors were:
Clear requirements and specifications,
objectives and goals, realistic schedule

Little (2003)

Critical success factors in
software projects

The role of project management and the skill
set of the team.

Nevalainen et

Understanding success in
IT projects

Root causes of problems are the biggest
influence to success of the project

Correlation of critical
success factors with
success of software
projects

Project team’s experience with the task and
software development methodologies, Project
monitoring and controlling.

Requirements Engineering
as a Success Factor in
Software Projects

Knowledge. More resources to planning and
testing. Understanding of the process is
important

Shamsul. (2011)

al, (2018)
Garousi et al.,
(2018)

Hoffman,
Lehner. (2001)
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Study methods, research settings and research backgrounds vary between the
authors, but the researchers have many common findings. Studies have identified
that the project management’s role, clear specifications and former knowledge have
the strongest influences to the success rate of the project.
Nevalainen et al. (2018) expands the topic with a different approach. Instead of
gathering empirical data on successful projects, Nevalainen et al. (2018)
approaches the subject by inspecting failed projects and demonstrating the role of
root causes of problems and its relation to the success of the project.
2.1.2 Failure of project management

Failure of project management is usually seen as severely exceeding the project
schedule or the project budget, or severely not managing to deliver promised features of the solution product. (Nevalainen et al., 2018, 63) The Standish group
(1995) only defines project failure when the project is aborted. Projects in which the
budget or schedule goes over by 5% or does not manage to deliver 95% of the
promised features are defined as challenged projects. Nevalainen et al. (2018) consider both of the cases as failure of project management.

Failure of the project management generally leads to commercial failure, but not
always. Nevalainen et al. (2018) emphasises that it is important to take in account
that going over the project schedule or budget, or not delivering the promised features might be caused by insufficient planning or preparation, when the budget does
not cover all the necessary cost instalments or the height of costs are under estimated. This kind of behaviour can be caused by lack of proper expertise, or as even
intentional decision, as some organizational cultures are inhabited with the bad habit
to under estimate the investments so that they will pass the evaluation of the management, which will later on ascend the TOC (Gartner, 2012; Nevalainen et al.,
2018) Perception from the management and customer side has evolved to the point
where problems with project schedule are expected (Kasurinen, 2013; Helander &
Ulkuniemi, 2012)
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2.1.3 Commercial failure
Success of commercial level can be hard to assess. If the project's goals are not
properly set, the project can be labelled as unsuccessful, even if architecture and
project management fulfil the properties of a successful project. Failure of project
management can lead to commercial failure. It is possible for example that the elevated costs cripples the rate of return of investment, or the delayed deployment can
lead to contractually unmanageable situation. (Nevalainen et al. 2018, 64)
2.1.4 Failure of the solution
Even if the project succeeds in the aspect of project management and fulfils the
commercial expectations during the next few years, but if the solution is no further
developable it will enroot major financial problems. In such cases the developed
solution works but is unadaptable to the changes of surroundings and needs of the
market. Solution failure can manifest from the appliance of older, rare or minor technologies, when the lack of experts cripples the further development. Other detrimental problem is the poor quality of solution, if the further development of solution
is hard even to experts. More problems arise if further functionality is added with
poor documentation. (Nevalainen et al., 2018) The success of the solution has the
biggest impact on the fruitfulness of the project.

Nevalainen et al. (2018) highlight that complicated solution almost always leads into
increase in the working hours and in a surge of additional costs. If the management
is not properly prepared to handle the arisen situation, the failure of solution can
lead into failure in project management, which can lead into commercial failure. Solution failure can directly lead in to commercial failure, if the maintainability and further development cause steep wounds in the budget, or if the benefits of the developed solution will not meet the expectations in the long run.
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2.1.5 Relation of the different aspects
Generally failure is result of multiple missteps within the project. When analysing the
failed projects, more often than not these three major perspectives are strongly related, and the mishaps of one section can also have an impacts the other sections.
Nevalainen et al. (2018) illustrates that failure within the quality of the solution/product can also lead to failure in project management, which on other hand can lead to
failure in commercialization. Failure of solution/product might directly lead to failure
in commercialization. This relation of different aspects is presented in Figure 1 below

Figure 1: Relation of the aspects of the failure (Nevalainen et al., 2018)

Nevalainen et al. (2018) continues that commonly when failed project is presented
to masses, it is usually presented as failure of commercialization, the organisation
did not meet the expectations; or as a failure of project management, when the project’s scheduling went out of bounds or the promised features were not delivered.
The aspect of solutions and its success is hardly brought into the daylight.
2.1.6 Is it possible to succeed reliably?
In failed IT projects and their problems, the detrimental mistakes related to the succession are more commonly made in the beginning phases of the project than in
later phases of the project. Delving into the problems in the failed project reveals
that the found problems arise from the end of the project towards to the beginning
of the project. In other words most of the problems are caused by mistakes and bad
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decisions in earlier phases. As the consequences manifold between the phases, it
can be argued that the decisions in earlier phases are more crucial rather the ones
in the subsequent phases. (Nevalainen et al., 2018) Understanding the importance
of weeding out problems as early as possible is crucial factor to the success rate of
the project. This concept is visualized in Figure 2 below.

Figure 2: Root causes of manifested problems and their origin (Nevalainen et al., 2018)

This highlights the importance of proper testing and planning, when mistakes in
early phases of development can manifold into detrimental problems for the project.
The net result of poor planning and testing usually manifests as very high enhancement costs (Gartner, 2012). Kasurinen (2013) emphasises that fixing mistakes during the development costs 1-2 percent of the amount what it would cost fixing the
mistakes after the release. Kasurinen comments that it is completely rational to focus in testing during the development as it is financially profitable and worthwhile.

2.2 Framework for the Maintain project
This section’s goal is to introduce the reader to the Maintain project, and how the
developed framework could provide a solution to the recent problems in software
engineering. Focusing on the core problems to combat the problems such as the
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recent shifting of TCO and the rising costs of testing and maintaining in software
engineering projects. After reading this chapter the reader can identify the working
process and architectural structure of the Maintain system, as well understand the
relevancy and potential development possibilities of the Maintain system.
2.2.1 Reasoning of the Maintain development

The recently emerged shift of costs and the problems of project management in
software engineering projects is a swelling problem. It can be reasoned that the
methods of administration and management of software engineering projects are
flawed and lacking in their current state. Furthermore decision making in software
engineering projects is often problematic and faces various concerns from time
pressure, to understanding the impact of certain decisions, to basing decisions on
arbitrary evaluation. (Ruhe, 2003) These ongoing problems are leading causes of
decreasing returns of investment for software products and have major influence on
the overall success of the project (Fan & Griffin, 2017; Gartner, 2012; Nevalainen et
al., 2018).

As we are aware of these existing problems in the software engineering industry, it
is rather surprising that testing, maintenance and management, and their supporting
processes, methods and tools are widely overlooked to this day (Hynninen et al.,
2018a). This can be observed as that the current market and competitors are not
sufficiently satisfying the universal need of the customers, or don’t understand the
degree of enabled technological possibilities of modern software solutions. Understanding the underlying customer needs and capitalizing on technical possibilities
are important to fundamental business and business innovation (Teece, 2010). The
Maintain system development began by the realization of the unsatisfied customer
needs and the current state of the competitors. The scope is to provide practical
tools for measuring and data collection for testers and developers to assess the
validity, feasibility and stability of their product (Hynninen et al., 2018a).
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2.2.2 Maintain system architecture and its workflow
In the study by Savchenko et al. (2018) the technical workflow and architectural
structure of the early developed version of the Maintain system is introduced. The
general system architecture of the Maintain system is presented in Figure 3 below.
The role of the different components in the presented system is following:


Probe(s) are the main workers of the Maintain system. Probes are individual,
interchangeable and modularly designed instruments to investigate code
quality characteristics. Probes main function is to gather data from the analysed system. To each probe it is possible define on which quality characteristics to focus and assign an associated analyser to it;



Data storage stores the normalized data gathered by the probes. Data storage is implemented with Representational State Transfer (REST) interface
so it can collect the data from the probes;



Analyser is an analysing program that handles the raw, normalized data from
the examined system and generates appropriate reports using the gathered
data;



Reports Storage stores the generated reports from analysers;



Report Visualizer forms a visual representation of the analysed material in
the form of report;



Notificator notifies the end user when the system generates a report.

Figure 3: The system architecture of Maintain (Savchenko et al., 2018)

As Figure 3 suggests, the probe(s) are interchangeable and are not located inside
the original mother system. The architectural structure and the workflow of Maintain
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is constructed around the data storage. Probe’s main focus is to gather data from
the software that is under development for the Maintain system to process and analyse. Data storage is the connecting bridge to enable the communication between
probes and analysers.

The key functional element of the system, probe(s), are designed in a modular fashion and are meant to be completely interchangeable. The design choice provides
flexible and various measurement possibilities for the end user. The goal was that
users can tailor and tune the probes to perform analysis in the desired scenario with
the desired analysis criteria. Savchenko et al. (2018) introduces the working principle and technical workflow of the Maintain system as following:


Probes gather data within the given source code, the data can contain static
analysis results or dynamic performance data;



Gathered and processed, normalized data is then sent and stored to the Data
Storage. Probe can have different data types and the structure of data is defined by analyser;



The data gathered in Data Storage then calls the associated analyser. Analyser handles and processes the data to produce a report, which is then
stored in the Reports Storage.



Report Visualizer displays the produced reports in presentable and easily understandable form.

The role of user in this workflow is to provide the input for the inflow. In this case the
inflow consists of source code and specification for the probes and analysers. Rest
of the workflow, data processing and handling is executed by the Maintain system.
The finished analysis, the outflow of the process, is then provided back to the user.
(Savchenko et al., 2018)
2.2.3 Further improvement possibilities of Maintain system
The initial study by Savchenko et al. (2018) was understandably limited to parts of
the selected quality models, and the developed system focused only on certain qual-
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ity characteristics. The objective of the study was to develop and arrange a fundamental framework for the Maintain system to build on. The interchangeable design
of the Maintain system stands and works as a groundwork for the Maintain system
to further improve on. The shortly followed study conducted by Hynninen et al.,
(2018a) expanded on the subject and introduces a wider framework of measurable
quality characteristics based on ISO/IEC 25010 quality standards. The introduced
list of quality characteristics is applicable to Maintain system as reference and as a
foundation to further develop on. As the Maintain system is developed in a flexible
and modular manner, it is possible to implement and include various quality characteristic analysers without extensive rework of the original system itself.

The framework conducted by Hynninen et al., (2018a) aims to integrate broader
measurement approaches for software development to incorporating system run
time. This entity is achieved by measuring direct and indirect metrics from the software system. The study expresses these two different type of metrics as following:


Direct metrics - Direct metrics are metrics, which are descriptive statistics of
runtime events. For example performance efficiency of the software (Metrics
of response time)



Indirect metrics - measures which are derived from the direct metrics. For
example maintainability is derived from runtime and static analysis, for example lines of code and complexity.

Direct metrics are straightforward statistical metrics from the system and are easier
to apply and analyse. On other hand as Indirect metrics are derived from direct metrics and thus are more complex than direct metrics and implementing indirect metrics require more knowledge and expertise from the user. (Hynninen et al., 2018a)
The following Table 2 presents the collection of possible measurements using the
quality characteristics and monitoring of the developed framework. The ambition of
the framework is to be applicable in various applications while allowing developers
to derive application-specific measurements.
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Table 2: Measurement possibilities of quality characteristics in PoC environment (Hynninen et al.,
2018a)
ISO 25010 Quality characteristics

Measurement in the framework

Measurement type

Software implementation

Functional suitability

Code coverage, user-applied action to achieve use case outcomes

Indirect

Analysis tool calculations
with IDE plugin code insert

Performance efficiency

Mean response time, response
time adequacy, mean throughput

Direct

Analysis tool calculations
with IDE plugin code insert

Compatibility

External interface adequacy

Indirect

IDE plugin code insert

Usability

Error messages understandability, user error recoverability

Direct

Analysis tool calculations,
IDE plugin insert

Reliability

Mean time between failure
(MTBF), Failure rate

Direct

Analysis tool calculations,
IDE plugin insert

Security

System log retention

Direct / Indirect

Analysis tool calculations
(log retention)

Maintainbility

System log completeness, Modification correctness

Indirect

Analysis tool calculations
(errors after tailoring)

Portability

Operational environment adaptability

Indirect

Analysis tool calculations
(errors after tailoring)

Effectiveness

Task error intensity

Direct

Analysis tool calculations,
IDE plugin code inserts

Efficiency

Task time

Direct

Analysis tool calculations,
IDE plugin code inserts

Satisfaction

Feature utilisation

Direct

Analysis tool calculations,
IDE plugin code insert

Freedom from risk

Business performance, errors
with
economic
consequences

Indirect

Analysis tool calculations,
IDE plugin code insert

Contect coverage

Proficiency
independence

Indirect

Analysis tool calculations,
feature utilization-%

The objective of this collection of quality characteristics and built monitoring framework is to provide a robust and transferable metrics for developers to assess the
wellbeing of the system, and provide systematic and relevant information or desired
benchmarking of the inspected system environment (Hynninen et al., 2018a).
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2.2.4 The outflow and benefits of the of Maintain system
Maintain system’s goal is to provide understandable and informative system analysis presented in visualised reports. The decision support reporting contributes to the
upkeep of the project and improve organizational performance during the lifecycle
of a software project. In a sense it can be argued that the Maintain system serves
as a Decision Support System (DSS), as the objective of the system is to processes
data and produce visualized, informative reports with the intent of helping the developers and management to identify and solve current and emerging problems. (Bernus, 2006; Brustein et al., 2011)

The output and the outflow of the Maintain system are the visualised reports. Maintain reports visualise the scoring of the selected quality characteristics and evaluates the wellbeing of the inspected system. The frontend, prototype version of Maintain system and examples of the generated reports are exhibited in Figures 4 and
5. These visualized reports illustrates the strengths, weaknesses, and benchmarking of the various characteristics in the analysed system.

As the Maintain system analyses and ranks the quality of selected characteristics it
indirectly alleviates the burden of version control and the management of a software
engineering project. The potential pitfalls and faulty code are recognized as they
come apparent by the analysis done by Maintain. This produces an environment
where the development cycles shorten and the development team can produce better quality code. This improved development environment improves the efficiency
and thus reduce the costs and combats the shift of TOC in software engineering
projects. Moreover the visualised reports provide guidance for decision making and
for further development. As the Maintain system visualises the development trajectory and highlights the parts of the system which need revision it provides guidance
for the developers how to approach and continue the ongoing development. Figure
4 below exhibits a radar chart generated by the prototype version of .Maintain system.
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Figure 4: The scoring of quality characteristics visualised in a form of a radar chart

The result of the analysis is presented in Figure 4 above. The user can choose which
probes are projected and displayed at the time. Presenting the performed analysis
in the form of radar chart visualises the overall scoring and performance of the quality characteristics in a understandable chart. The user can identify and acknowledge
the high or low scoring quality characteristics, which makes radar charts ideal for
displaying the performance statistics. This kind of visualization method highlights
the overall wellbeing and underperforming elements of the system. As we can see
from Figure 4 that the end user has the control of the probe(s) and the quality characteristics which are desired to analyse. For example we can see in Figure 4 the
user has set four different probes for: HAML, JavaScript, Ruby and Browser performance. These interchangeable probes can be assigned with desired quality characteristics. For example in this case the user wanted to measure the maintainability
of the code along other quality characteristics in their assigned probes.
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Maintain system is also capable of producing more detailed reports of the desired
analysis elements, these reports include the projects development trajectory in relation to time and code quality assessment. The second type of reporting also concretely highlights the problematic modules of the system. Problematic modules are
modules which don’t meet the certain criteria level in code quality. The second type
of visualized reporting is presented in Figure 5 below.

Figure 5: Timeline graph of the quality of code assessment within the analysed system

Figure 5 style of visualized reporting provides a decision support <element> for the
developers as well the project management team. This kind of visual reporting displays how quality of the system develops during the project. Any negative and impactful changes in the code quality come apparent fast and the problematic modules
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are easily distinguishable. Maintain system provides an environment where the project team can quickly react to possible faulty code and pitfalls from early as beginning of the programming phase. This enables the developers to find and fix the faulty
code before passing to the next stages.

It can be reasoned that the inclusion of Maintain style of DSS could be beneficial in
various forms in a software engineering project. Typical benefits such as: Increased
performance from reducing the required labour, better analytical view of the developed system and reducing the errors made in early phases. The novelty of the presented Maintain system is the extensibility and modularity of the system architecture.
As the system architecture is not platform specific, the addition of new probes and
corresponding analysers can be added to the system at any stage (Savchenko et
al., 2018). Information that support maintenance is crucial not only the wellbeing of
the system, but as well the connection to the overall success of the project in all
aspects. The exhibited Figures 4 and 5 are from the early prototype version of the
Maintain system and the system has not reached its maximum potential. Chapter
3.2 introduces various commercialization possibilities of the Maintain system and
how the system can be integrated to be the key component of business.

2.3 Research process
The purpose of following section is to explain the main aspects of used research
methodologies in this thesis. First section presents the research type and its relevancy for this thesis. Second section goes over how the research methods were
approached and explains the basic process of the chosen method. Last section explain how the data was collected and how it was processed and analysed for this
research.
2.3.1 Research setting

The research problem arose from the desires of the project. What is the current
market status and demand for this line of products? What are the possible ways to
commercialize the Maintain framework? What kind of underlying requirements or
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features are desired by the experts in the industry? The specification of the viewpoints was needed to specify the scope of the interviews and the thesis. When selecting the research methods, the main goal was to choose the best accommodating
research method to approach the research problem.

The thesis approaches the research problem with qualitative research setting. The
goal was to analyse material and generate valuable insights. The basis of qualitative
research is to describe real life. The research subject is comprehensively selected
and researched. Instead of proving existing theorems the objective of qualitative
study is to reveal and find facts (Strauss & Corbin, 1990). Strauss and Corbin (1990)
define qualitative research as any kind of research that produces findings not arrived
at by means of statistical procedures or other means of quantification. Qualitative
research is often applied when the purpose is to gain new knowledge and gain insights with the research subject. Qualitative methods can be used to understand
what lies behind any phenomenon about which little is yet known. For qualitative
research the most common sources are from interviews and observations. (Strauss
& Corbin, 1990)

The interview method was chosen as the research method. The material was handled and analysed with process of building theories from case study research (Eisenhardt, 1989). Analysing and extracting insights was the motivation to use building theory from case study research method. The method of building theory from
case study research is seen as one of the best bridges from qualitative evidence to
mainstream deductive research (Eisenhardt & Graebner, 2007).
2.3.2 Building theory from case study research

The case study is a research strategy which focuses on understanding the dynamics
present within single setting. For the research method it is typical to build comparisons of emergent concepts, theory or hypotheses. The method produces insights
by iterating between theory and data. Case studies typically combine data collection
methods such as archives, interviews, questionnaires, and observations. The evidence may be qualitative, quantitative, or both. (Eisenhardt, 1989) Eisenhardt and
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Graebner (2007) explain that building theory from case studies is replication logic.
That each experiment stand as on its own analytic unit. Even though these experiments isolate the phenomena from context, case studies emphasize the rick, realworld context in which the phenomena occur. The theory-building process occurs
via recursive cycling among the case data, emerging hypotheses and literature. The
method emphasises on developing constructs, measures, and testable theoretical
propositions for the sake of testable theory within mainstream deductive research.
(Eisenhardt, Graebner, 2007) The process of building theory from case study research (Eisenhardt, 1989) is presented in Table 3.

Table 3: Process of building theory from case study research (Eisenhardt, 1989)
Step
Getting started

Activity
-Definition of research question
-Possibly a priori constructs

Selecting cases

-Neither theory nor hypotheses
-Specified population

Crafting instruments and protocols

Entering the field

Analysing the
data

-Theoretical, not random, sampling
-Multiple data collection methods
-Qualitative and quantitative data
combined
-Multiple Investigators
-Overlap data collection and analysis, including field notes
-Flexible and opportunistic data
collection methods
-Within-case analysis
-Cross-case pattern search using
divergent techniques

Shaping hypotheses

Enfolding literature

Reaching closure

-Iterative tabulation of evidence
for each construct
-Replication, not sampling, logic
across cases
-Search evidence for “why” behind relation ships
-Comparison with conflicting literature
-Comparison with similar literature

-Theoretical saturation when possible
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Reason
-Focuses efforts
-Provides better grounding of construct
measures
-Retains theoretical flexibility
-Constrains extraneous variation and
sharpens external validity
-Focuses efforts on theoretically useful
cases
-Strengthens grounding of theory by
triangulation of evidence
-Synergistic view of evidence
-Fosters divergent perspectives and
strengthens grounding
-Speeds analyses and reveals helpful
adjustments to data collection
-Allows investigators to take advantage of emergent themes and
unique case features
-Gains familiarity with data and preliminary theory generation
-Forces investigators to look beyond
initial impressions and see evidence
through multiple lenses
-Sharpens construct definition, validity
and measurability
-Confirms, extends, and sharpens theory
-Builds internal validity
-Builds internal validity, raises theoretical level, and sharpens construct definitions
-Sharpens generalizability, improves
construct definition, and raises theoretical level
-Ends process when marginal improvement becomes small

The process of building theory from case study research (Eisenhardt, 1989) begins
with the initial definition of the research question, getting started, the research question is initially defined with broad terms. The research question is broadly defined so
the research focus can be found. Selection of cases is important aspect of the process. In this step the research defines the population, the entity related to the research pool which the research sample is to be drawn. Basically it is the process of
choosing and limiting the research scope and pool.

Crafting instruments and protocols refers to the data collection methods. The qualitative research methods aim for triangulation by applying multiple data collection
methods which then provide stronger substantiation for constructs and hypotheses.
The combining of qualitative with quantitative evidence can be used together can
be highly synergistic. (Eisenhardt, 1989)

Entering the field, one of the features in research to build theory from case studies
is the iterative research style, there are frequent overlaps of data analysis with data
collection. During data gathering process field notes are created. Field notes are
personal notes which speed up the process of gathering and analysing. Overlapping
data analysis with data collection give the researcher head start in analysis and
enables flexible data collection. With the gained iterative information the researcher
can improve the definition of the scope or the research tools during the process.
(Eisenhardt, 1989)

Analysing the data, data analysis can be approached within-case analysis and or by
searching cross-case patterns. Generally these methods are coupled together.
Within-case analysis’s idea typically is to become familiar with each case as a standalone entity. The singular analysis allows unique patterns of each case to emerge
before investigators push to generalize patterns across cases. Searching for crosscase patterns expands this and forms categories, dimensions and then looks for
similarities within the groups. The categories and dimensions are suggested by the
researcher or the literature. Other ways of handling are also available. One possibility is to form pairs of cases and compare the similarities and differences between
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each pair. Other one is to divide the data by data sources, patterns from singular
data source stronger and better grounded findings. (Eisenhardt, 1989)

Shaping the hypotheses, is a highly iterative process where the emergent frame is
compared systematically with the evidence from each case and asses how well or
poorly it fits with the case data. Idea is that the researcher constantly compares
theory and data while iterating towards a theory which fits the data. When themes,
concepts or relationships between the variables start to emerge the next step is to
sharpen the constructs. The process refines the definition of the constructs and
shapes the relationships between construct and how they fit the evidence. At this
point, the qualitative data provides good understanding of the underlying dynamics
in the relations. (Eisenhardt, 1989)

Enfolding literature is a process of asking what is this similar to, what does this contradict, and why. The comparison of the emergent concepts, theory, or hypotheses
with the extant literature is an essential feature of building theory. Examining broad
range of literature, including also conflicting literature for the sake of research process. The results can be deeper insights or better understanding the limits or the
generalizability of the research. Reaching closure happens when the iteration process between theory and data reaches theoretical saturation. In such situation the
iteration process stops when the incremental improvement to the theory is minimal.
In practice theoretical saturation often combines with considerations such as time
and resources to dictate when case collection ends. (Eisenhardt, 1989)
2.3.3 Data collection and analysis

For the case study various experts from the software engineering industry were interviewed. The study included theme based, bundle of recorded interviews. The interviews were conducted during the early 2018. The duration of the interviews varied
between half and one and half hours and they were all recorded for further editing.
The recorded interviews were transcribed to separate files which were used during
the analysis process. The data collected from interviews is solely qualitative data.
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The goal was to gather data which as analysed would identify concepts and their
relations as well to provide deeper understanding of the topic.

Theme-based questions (see appendix 1 and 2) served as the instruments for data
collection. Before the interview the interviewees were provided with short introduction to Maintain framework. The objective was to achieve a deeper understanding
of the software testing and maintenance practices. The questions were themebased and concerned topics such as software industry’s approach to maintenance
and the current level of utilization of software development tools in software engineering businesses. The objective of the qualitative studies was to collect and gain
insights from the view points of the experts in the field.
The gained data from the interview process was handled and processed according
to the building theory from case study research. Table 4 below shows the simplified
general progression of the qualitative research.

Table 4: Steps of iterative research illustrated

Step

Activity

Getting started

Defining research question: 1) How to approach commercializing maintain
2) State of testing and maintenance in software engineering sector. 3) Is
there possible demand for maintain?

Selecting cases

Selection focused in the Finland’s software engineering sector. Focus on
software engineering experts and consultants. Companies ranging from
small to bigger companies

Crafting instruments and protocols
Entering the field

Crafting the interview questionnaire. Gathering relevant literature

Analysing the data

Cross comparing the interview cases. Finding patterns

Shaping hypotheses
Reaching closure

Iterating the theory and data, generating insights

Conducting the interviews and improving the interview questions

Set of interviews were deployed and data gathering was stopped

During the process the iterative research method refined the original research questions and the interview questions. The footnotes and overlapping iterative theory-
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data analysis provided and generated insights from the start of the process until the
end. The insights from the interviews are introduced in the next chapter.
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3 FINDINGS
This chapter contributes to the empirical foundation of the thesis. Empirical part of
the thesis was structured and achieved through conducting analysis of Finland’s
software engineering industry. Primary research was done through interviews and
literature review. The first section covers the insights from the interviews. The
second section applies these insights and provides possible commercialization
possibilities for Maintain framework.

3.1 Insights from interviews
This section presents the insights and findings from the interview data. The gathered
interview data was organized into their corresponding topics which reflect the initial
research question of this study. To illustrate the findings, the most important and
relevant insights were translated and are presented with quotations. The interviews
and their themes are organized into three topics:
1. State of testing and maintenance
2. Potential demand of maintainability testing tools
3. Approaching commercialization
3.1.1 State of testing and maintenance
When discussing the state of testing and maintenance in the interviewee’s company,
most of the interviewees described that the current practice of testing and
maintenance is better than in other countries, but there is still room for improvement.
When discussing what the interviewee’s held as important values, most of the
interviewee’s thought functionality and reliability as corner stones of testing and
maintenance. From the interviewee’s perspective one of the main challenges in
testing is understanding what to test and how. There was general consensus that
testing and maintenance is hard phases to handle. More often the management will
experience problems during these phases. One of the interviewees mentioned that
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maintainability becomes painfully hard when the version control gets out of hand
and there starts to be multiple various branches. The interviewee commented that:
“…If we produce poorly maintainable software, in the long run it will be poor
decision and it will affect the business result. As called ‘Quick and dirty’
software solutions will generate revenue only for the short time period. It will
be expensive if we find ourselves in a development jungle due to poor
development decisions. We are tied to maintain these ‘Quick and
dirty‘ solutions and the lifecycles are long. If there are over thousands of
customer specific branches out there more likely the business is not profitable
and not worthwhile. The expenses of maintenance will grow exponentially…”
There was noticeable unanimity that the current level of testing and maintenance is
not on a sufficient level. Insufficient testing and maintenance stem from issues such
as lack of resources, tight schedule and management problems. However how the
interviewee’s experienced troubles seem to depend on the size of the company. The
interviewee’s from smaller companies more often experience issues related to
resources and scheduling. Whereas the bigger software companies do have the
resources and systematic methods to perform testing and maintenance, but seem
to experience issues with managing the testing and maintenance processes. It is
possible that as the amount of developers are higher in bigger software houses,
there is more need for integration testing and general maintenance efforts. Most of
the interviewee’s expressed that there could be more resources allocated to testing
and maintenance. In addition systematic testing and maintenance processes are
preferred by the interviewees. Interviewee’s expressed that the current testing and
maintenance efforts are more reactive processes instead of proactive processes.
Overall, the extracted insights from the interviews indicate that the importance of
testing and maintenance is understood, but still testing and maintenance does not
receive enough attention.
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3.1.2 Potential demand of maintainability testing tools

When discussing the currently utilized tools in practise, the interviewee’s brought up
that there are tools to support testing parts of the development process, but there
aren’t many tools to support maintenance. When asked how they would assess the
demand for software solutions which support the maintenance phase, most of the
interviewee’s expressed that the demand and need for proper tools is there. Some
of the interviewee’s expressed that the testing and maintenance is also seen as a
burden for developers as it takes time from the typical development. One of the
interviewee’s had comments about the issue.
“…The time what I could save is time which I could use in developing new
features…”
Tools which support the development process are gaining popularity and have
become the norm in larger scale operations. Interviewee’s whose backgrounds are
from bigger software companies mentioned using software development tools such
as DevOps and SonarCube to support their development processes. Bigger
companies have various tools in use to support testing process in all the different
phases of the development. As the scale gets bigger, the testing and maintenance
processes start to require external and automatic assistance. Doing large scale work
manually could be inefficient and in worst cases waste of resources.
“…Tools are used more and more... Simply because it will cut costs or free
resources to other tasks…”
Analysing the outcome of the interview data, most of the interviewee’s expressed
that there is demand for solutions like Maintain system. It is likely that Maintain
systems analysis and decision support reports could support the current practices
while improving the efficiency of the developers and supporting the maintenance
phase.
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3.1.3 Approaching commercialization
When discussing the option to outsource testing or maintenance the interviewee’s
focus was quickly drawn into the importance of trust. Some of the interviewee’s had
taken part in multiple organization projects, so outsourcing was seen as a viable
option. The concerns were raised concerning trust. Some of the interviewee’s
pointed out that the company, which will be performing the outsourcing, has to be
reliable and can be trusted with the project. Some interviewees mentioned the
importance of various licences and certificates in services related to software
development.
There was a general consensus that Interviewee’s want and appreciate easy to use
and easily integrable solutions. The tools could be offered from cloud or within, but
the tools must not require extensive process to integrate them.
“…As we are now heading to automation, when you write code, it
automatically installs and performs integration tests. If this tool does not
integrate to this, most likely they will be left unused…”
Some of the interviewee’s brought up the possibility of having the tool as plug-in in
software development tools such as DevOps. In such cases the integration process
would be simple for the customer and might increase the perceived value of the
solution. Easily integrable solutions are easier to approach. One interviewee
commented their company’s practice with tools outside the DevOps:
“…If there is a tool which is not automatically part of DevOps, the tool gets
weeded out really fast…”
One interviewee suggested collaboration with bigger companies for deployment
method. In such case the Maintain could speed up the deployment process and
focus on further developing the software. Table 5 below summaries the key insights
gained from the interviews.
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Table 5: Summary of key insights

Interview themes
State of testing and
maintenance

Summary of the key insights
-Bigger software houses try handle testing systematically
-Smaller companies often suffer from lack of resources and tight
schedule
-Testing and maintenance is still not on a sufficient level

Potential demand of
maintainability testing
tools
Approaching
commercialization

-There is need and demand for software development tools
-The current tools are mainly to support the phases of testing
-Tools are seen as efficient and profitable
-Could be offered as a service (requires trust)
-Could be plug-in or SaaS or PaaS solution
-Has to be easily integrated to processes
-Must be reliable

3.2 Commercialization possibilities of Maintain
The purpose of this section is to display and propose distinct potential business and
commercialization possibilities for the Maintain project to be considered. The goal is
to introduce the reader to various fundamental commercialization possibilities, as
well to illustrate the probable strengths and weaknesses of the introduced models.
The objective is to build solid foundation for commercialization team to further
develop on.
3.2.1 Basic working principle and functionality of Maintain
In the course of the commercializing the Maintain product it is important to understand the essential working principle and the role of the developed product in various
models. The functionality of the systematic and automatic performance analysing
process can be described by simplified process model presented in figure 6 below.
The Maintain product will eventually be the key component in the business practising, but for the sake of coherency it is represented in a simplified manner.
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Figure 6: Simplified working principle and functionality

Model in Figure 6 displays the primary working principle of Maintain product. During
the process user inputs the material (source code) and the desired quality characters to analyse. The inputs are processed by the Maintain system and the system
produces a corresponding report elements. In this model the Maintain system is
processing the input and output elements of the data. The process of the model can
be split to three parts: Inflow, Analysis and Outflow. Inflow contains of the user inputted data (source code) and set parameters for the program to perform the analysis. With these inputs the Maintain system can process the user request and proceed to perform the analysis. After the system analysis is done, the .Maintain system
returns the analysis in the form of decision support reports. This is presented as the
outflow of the process.
3.2.2 Functionality of different kind of business models
Business model can be described as the activities how the company creates value,
and how returns are to be realized. It is a conceptual framework that describes the
relationships between processes and people, and expresses company’s logic of
earning money. (Druilhe & Garnsey, 2004; Viswanadham, 2018). There are few different business models and commercialization possibilities how to proceed deploying the Maintain project. The process of comparing different models and choosing
the best suiting business plan is a crucial decision when determining the course of
action and establishing supporting strategy to accommodate it. As good solution
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itself does not guarantee success, every development effort should be assigned its
own ‘go to market’ and ‘capturing value’ strategies (Teece, 2010). The decision to
provide specialized knowledge consultancy service, or SaaS solution, or a mix of
both is highly conditional on the external variables. Selecting the best fitting course
of action is dependent on the understanding of the surrounding environment and its
dynamics. It is vital to thoroughly understand the solution’s and its relation to: potential customers, competitors, positioning on the market, market response, market
size, perceived value, market’s knowledge and customers understanding of the importance (of the subject).
3.2.3 Knowledge consultancy while using software internally
One of the methods to deploy the Maintain project is to use the Maintain system
internally in knowledge consultancy. In this model the core of the business is traditional knowledge consultancy, which is enabled and enhanced by the Maintain system. The Maintain company would enter the market as a knowledge oriented consultancy company specialized in software engineering. Value proposition would rely
on knowledge and expertise of maintenance and testing, and the revenue would be
created through consultancy services.

As the Maintain system would be used internally and the customer does not have
direct interaction with the product, there is the possibility to implement small adjustments and further improve or finalize the product within a controlled environment.
Furthermore as the system is used internally there is more room and freedom to
experiment with the data and material received from the customer. The developers
can benefit from operating in a controlled environment as it is possible to find errors
or flaws which did not arise during the original development period. The main benefit
of using the system internally and finalizing or tweaking the system in controlled
environment is that the possible errors or flaws found do not decrease the customer
satisfaction or the brand value. In a sense internal usage also provides other indirect
benefits, as the system is internally used it is hard-to-imitate and it can become a
competitive advantage for the company (Teece, 2010).
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Figure 7: Business process of using Maintain internally

The business process of deploying Maintain product for internal use is presented in
Figure 7. As we can see from Figure 7 that for the most part the model follows
traditional consultancy process and the flows in business process are fairly simple.
In a typical case the customer provides the problem statement and the analysable
material to the service provider, and service provider produces a solution to the
problem with the help of .Maintain system. In this model the .Maintain system is only
affecting the internal actions of the company, therefore customer value and customer perceived value in this model are only created by the means of the consultancy process.

This kind of business model is somewhat secure choice, as the Maintain system
doesn’t need to be finished and polished for the team to attempt to penetrate the
markets. From the customer perspective the brand image or value creation process
are not affected by the Maintain system. On the other hand it is important to take in
account the customer perceived value when offering specialized consultancy services. Does the targeted market have demand, realize, find or appreciate the value
offering. As the Maintain system is only used internally, there is the possibility of risk
that the company does not convey sufficient value to the market or for the potential
customers. The second potential risk of limiting the use of Maintain system just to
internal use is the somewhat limited scalability. Nevertheless this model provides
simple and somewhat secure way to enter the market with the product. The main
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benefits of the model come from the freedom and flexibility with the developed system. The model provides a simple foundation to test the market response, and the
possibility expand with other different business models.
3.2.4 Using Maintain as an additional offering
The second possibility to utilize the Maintain system is to expand the traditional consultancy business model to include .Maintain system as an additional offering. The
continued business process is introduced in Figure 8 below. The main function of
this model is to offer the core competency (specialized consultancy services) and to
find potential utilization possibilities for the Maintain system during the consultation
period. When the consultancy period is closing the company would offer additional
services which are suitable to be solved by the appliance of Maintain system, including the proper training and adoption of the system.

Figure 8: Continued business process model to include additional service offerings

The business process can be seen as a continuation of the first introduced model
with the inclusion of offering the Maintain service to the customers. In this model
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the consultancy process and the information flow are similar to the traditional consultancy process model.

The advantages of this model are comparable to the internal use of Maintain system.
The core value is similar to the earlier model, but the extended model has potential
for better revenue generation and longer scale profits. This model aims to have better utilization of the Maintain product, longer scale commerce and deeper relations
with the customers. As the Maintain system is offered additionally the team has
more control over the deployment process and the customers can be taught to understand and operate the system on a sufficient level. It is important to guide and
demonstrate to the customers how to operate and what kind of problems can be
solved with the Maintain system. Deploying the system while working together with
the customer could provide various benefits. The main benefits are the potential
boosts to company’s brand value and customer perceived value, as the customer is
more involved in the process. In software business the involvement of customer,
and support and training have major roles defining the company’s brand value and
the perceived value of the solution (Ojasalo et al., 2008). Furthermore the feedback
during the consultation period can reveal hidden customer needs and provide guidance for further development of the Maintain system.

Depending how the business continues to grow, the company always has the option
and possibility to flip the core focus of the business process. If the market shows
sufficient or increased demand just for the Maintain system, it is possible to focus
on building a larger customer base and focus on acquiring more long term clients.
In such case the company could switch the focus to providing the Maintain system
as a primary business practice and provide consultancy services as, if needed. The
two business practices do not exclude each other and the company has the option
to react to the needs of the markets.
3.2.5 Possibilities of partnership
One possibility to focus on providing the .Maintain system is to explore the possibilities of partnership with software or consultancy companies. The business process
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model would take a shape where the .Maintain team would provide the knowledge
or the system to the partner company. The customer acquisition and consultancy
process would be performed by the partner company. In this model the end customer interacts and does the business with the partner company, and the .Maintain
team would be in the position of the subcontractor. The structure of this business
process is presented in Figure 9 below.

Figure 9: Business process model in partnership

The advantages and the potential risks of this model follow typical aspects of partnership. The main benefits of this kind of business process derive from the gained
networking benefits and the possibility to focus on the core competency. As the
partner company would be in charge of customer acquisition and customer interaction, the Maintain team could focus on further development of the Maintain system.
The benefits of this model could manifest as accelerated growth and potentially fast
market penetration. In a preferred scenario the Maintain team would partner with a
respectable or well-known software/consultancy company in the field. The partnership could provide knowledge benefits of networking, free advertising and access to
wider customer base. Additionally partnering with a respectable or well-known company could also rapidly improve the brand image of the Maintain system due to
brand image transfer.
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On the other hand it is crucial to understand the shortcomings and the potential risks
of the presented model. One of the biggest questions always in partnership is the
question of the revenue sharing model. Secondly it is important to take in account
the dynamics of strategic decision making in the partnership. There is always the
risk of being overrun by the bigger company, the larger the company the more power
it holds to force decisions and strategic visions. Due to brand image transfer and the
fear of tarnishing the brand image some larger companies might have policies where
the company refuses to mention or acknowledge the partner companies in public,
thus there is the risk of remaining in the shade of the partner company. One of the
typical risks in partnership is leakage of knowledge, the information of company’s
strategy and future direction, data or vital competencies might leak or even the key
employees might be lured away once the important knowledge and details emerge.
3.2.6 Offering software as plug-in or as a SaaS or PaaS solution
The second available possibility is to offer the Maintain system directly to the end
customers via various available channels. The Maintain system could be provided
as in a plug-in in widely used and popular software development tools such as used
in DevOps. The main focus of this business method is to focus on providing solution,
and trying to reach and amass as large client pool as possible. In the presented
business practice there are various different channels to offer the service product.
The choice of distribution channel affects the nature and dynamics of the business
model in certain ways. For example offering Maintain as a plug-in in software, the
distribution provider would take a share of the money in some form; as single transaction, regular fee, or as percentage of the revenue or profit. The other option is to
provide Maintain as a SaaS (software as a service) or PaaS (platform as a service)
solution, when the Maintain company will solely provide the product. The general
nature of this model is presented in Figure 10 below.
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Figure 10: Business process model in partnership

Plug-in, SaaS and PaaS models would provide easy access for the customer, as
the implementation is faster and initial investments and costs are lower compared
to the other the models. Offering Maintain in this fashion could be more suitable and
attractive solution for some customer segments. It is easier for the customer to estimate the required resources and workforce to adopt the system. All options need
to consider the risks of security and regulation, and adapt the software to fit these
requirements.

The benefits of offering Maintain as a plug-in are somewhat similar to the benefits
of partnership. If Maintain is accepted as a plug-in to a widely known software development platform, Maintain would get access to the existing customer base. With
existing customer pools targeting customers becomes easier, as Maintain team
could focus on convincing the potential customers from the existing customer pool
instead of having to find to find potential customers through normal ways of business.
The process of getting a plug-in accepted to a software can be challenging. Commonly to get accepted as a plug-in, the plug-in must fill certain conditions such as;
sufficient level of quality, possible certificates and predetermined requirements in
the software. In this model the Maintain company would be highly committing to the
supplier and would have long term cooperation.
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Compared to previous model, in SaaS or PaaS service providing there are no existing customer bases. Maintain team could possibly face problems with delivering
customer value and the company could end up in short scale commerce with single
time transactions, especially in PaaS solutions. In SaaS solutions customers could
be bound with a lower price, but a long term contact. When dealing with SaaS/PaaS
solutions there are always the risks of losing business-critical data or exposure to
third parties.
3.2.7 Possibility of IP
If the project or the Maintain system does not attract enough investors, clients or
third party does decide to freeze the development project, there is always the possibility to explore the possibilities of intellectual properties (IP). Research based projects in Universities are often faced with the issue of deciding whether to forming a
spin-out company (Maxwell, 2009). The Issue is to decide whether to monetize the
IP by licensing the technology or selling the IP all together. Maxwell comments that
The strategy of selling IP is a lower risk and often yields fast flow of revenue, but
generally considerably less than that of a successful spin-out company (Maxwell,
2009). Generally the possibilities of IP are limited to “getting out of the market” while
maximizing the short time revenue, but the option should not be forgotten.
3.2.8 Comparison between the models
All of the introduced commercialization method have their own unique business process and framework to develop on. Deciding what is the best individual method is
challenging because both the internal and external factors apply differently in different commercialization frameworks. The functionalities and the trade-offs between
all the different methods are not clear cut. Each model is unique in their own way
and all models have their strengths and weaknesses. The differences vary from how
the business practices, its core competencies to selected focus customer segments.
Each model has different surrounding environment and dynamics. Table 6 below
summarises the opportunities and risks of each commercialization method introduced in this chapter.
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Table 6: The general overview of the introduced commercialization methods
Commercialization method

Opportunities

Risks

Important to note

Knowledge
consultancy,
using software
internally

-Simple method to test the
waters
-The possibility of tweaking
during consultancy process
-Room to experiment
-Hard-to-imitate advantage
-Feedback

-Scalability is limited
-Potential risks with customer perceived value
-Slow market penetration

-Heavily relies on traditional consultancy methods

.Maintain as
an additional
offering

-Longer scale profits
-Better revenue gain model
-Better model for improving
brand value and customer
value
-Flexibility of the business
competencies
-Feedback

-Endangering the brand
value (if the system is
not finalized)
-Revealing the source of
competitive advantage
-Slow market penetration

-Continued model of
knowledge consultancy
-Has more flexibility
to the earlier model

Possibilities of
partnership

-Access to wider customer
range
-Focus on core competency
and development
-Networking benefits
-Brand image transfer
-Accelerated growth and
faster market penetration

-The question of revenue sharing
-Risks of getting overrun
-Risks of information
spills

-Finding suitable or
willing partnership
could be challenging

Offering software as plugin or as a
SaaS/PaaS
solution

-Faster market penetration
(Plug-in)
-High scalability
-Tangible service providing
-For customer initial investments and costs are lower
-Focus on core competency
and development

-Cuts from Plug-in sales
-Risks of security and
regulation
-Limitations of plug-ins
-Risks of leaking customer data
-Slow market penetration (SaaS/PaaS)

Plug-in:
-Could offer access
to large customer
base with relatively
low effort
-Getting approved as
plug-in could be challenging
SaaS/PaaS:
-Can turn in to short
scale commerce

Possibility of
IP

-Easy way to bail out of the
project
-Instant revenue

-Releasing the rights to
the knowledge and product
-Ultimatum situation

-IP Decisions are always final and must
be considered and
discussed thoroughly

The most important takeaway is to understand the trade-off between risks and opportunities between each model. Internal use or somewhat extended model could
possibly be most secure and easiest way to commercialize Maintain, but as a drawback the model probably provides the slowest revenue growth out of all the methods.
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The possibility of partnership and plug-in offer bigger and more stable revenue
streams. In such scenario the Maintain company has the possibility to focus in their
core competency. But these models include the usual risks of partnership and regulation and risks of information spills. SaaS and PaaS solutions cater to the widest
possible customer segment and provide highest scalability, but probably have the
slowest market penetration. The possibility of IP is always there and provide fastest
revenue to the company, but it might require the Maintain team to release their rights.
3.2.9 Suggested end solution
There is no ‘the best’ method to commercialize Maintain framework. It is suggested
that the commercialization team chooses the solution which suites the company’s
aspiration and preferred operational model. The key issue is to figure out how to
deliver value to the customer and how to capture the capture during the process
(Teece, 2010). Maintain company could transform their business model as the
company develops. The strategy is not limited to one business model at time. In
ideal setting Maintain could follow two or more business models simultaneously. In
the ideal, best case scenario Maintain company could deploy and move forward with
multiple commercialization methods. Druilhe and Garnsey (2004) suggests that
there may be clear performance advantages when there is the ability to pursue
different business models at the same times. Reasoning that the different business
models may be complementary to each other (Clausen & Rasmussen, 2013).
The most likely successful way to commercialize the Maitain system is to setup
business strategy where the aim is to generate low but fast revenue with minimized
risks. It is suggested to deploy the Maintain system as soon as possible. As the
analysis and related research suggest that the current market display a need for
software solutions such as Maintain. The current saturation on the market is low and
there is lack of competition on the market. The underlying demand is not satisfied.
The sooner the Maintain acquires possible clients or partners the faster the Maintain
acquires its position on the market. Having a great launch and focusing the right
customer segments can turn in to a competitive advantage. Establishing strong
position on the market can show it benefits in the economies of scale and attracting
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enough customers can lead to a winter-takes-it-all situation. Successful deployment
could create a barrier to entry for competitors. (Sääksjärvi et al., 2005; Veit et al.,
2014). The longer the decision to deploy is held, the harder it is to deploy the new
technology. Choosing the deployment strategy should be a high priority decision. As
in some cases if the market becomes saturated, the saturation could make the
market penetration close to impossible.
The core idea of the suggested plan is sustainable growth. In best scenario situation
business operation could gain some momentum and enable more growth. The main
advantages of this strategy are balanced incremental growth and no need for further
investments as the system is ready and deployable. Slow market penetration is
expected as the Maintain company is in starting steps of commercialization. The
management should be wary of possible rising competition in the market. When
such scenario will rise the management needs to consider the risks of falling behind
the competitors and react with a proper strategy.
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4 CONCLUSION AND DISCUSSION
To conclude this study, the theoretical and managerial implications of the study are
presented. In the last section the limitations of this thesis are brought, and further
research suggestions are presented.

4.1

Conclusion

This thesis examined the Maintain framework and how it could provide an answer
to the current problem of rising maintenance costs. Key motivation was the skewed
cost structure of typical software products, as the cost structure is more and more
focused on the end of its life cycle. The goal for the Maintain framework is to support
the maintain phase of software development and ease the burden of maintenance.

The literature review of this paper emphasized the how important proper software
testing is, and how big of an impact it has to the succession of the project. This
research highlighted the importance of eliminating root causes as soon as they are
found. In the long run it is worthwhile as fixing mistakes during the development
costs only a fraction of the amount what it would cost fixing the mistakes after the
release. The research adapted qualitative research approach and gathered information from the perspective of Finnish software engineering professionals. The interview data was analysed and was used to create insights. Interviews were done
to acquire better understanding of the needs of Finnish software engineering industry. For the sake of improving and commercializing Maintain it was important to comprehend how the industry approaches testing and maintenance, and what are the
current tools and methods used. The study discovered that the need for better testing and maintenance efforts are found in literature and also in real life. Interviews
unveiled that the current testing and maintenance efforts are still insufficient and
needs more attention.
Maintain system’s analysis and decision support reports could ease the testing and
maintenance process, and could be beneficial in the long run. Maintain system’s
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goal is to provide understandable and informative system analysis presented in visualised reports. The decision support reporting aims to contribute to the upkeep of
the project and improve organizational performance during the lifecycle of a software project. Maintain system’s provided support could be beneficial in various
forms in a software engineering projects. Benefits such as increased performance
from reducing the required labour, better analytical view of the developed system
and reducing the errors made in early phases. The novelty of the presented Maintain
system is the extensibility and modularity of the system architecture. Maintain system’s provided information is crucial not only the wellbeing of the system, but as well
the connection to the overall success of the project in all aspects.

Insights from the interviews were also applied when constructing various commercialization possibilities. There are various possible commercialization methods for
deploying the Maintain system ranging from basic knowledge consultancy to offering the Maintain solution as a SaaS solution. The goal of this study was to provide
a considerable roadmap for deploying and commercializing the Maintain framework.

4.2

Theoretical implications

Based on the previous research and literature review measuring software systems,
or the business possibilities of maintenance and testing tools is not a new idea.
There are already existing activity models, such as DevOps, which promote
maintenance activities during the development process. Various studies have
explored aspects ranging from developing new concepts to approach maintainability,
building practical models, exploring the possibilities of cloud based testing and
potential business goals.
The outcome of the study findings imply that he cost structure of software products
are more and more focused on the end of its life cycle. Poor testing and maintenance
are the main reasons for skewed cost structure of software products. The study
highlights the importance of proper testing and planning, when mistakes in early
phases of development can manifold into detrimental problems for the project. The
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net result of poor planning and testing usually manifests as very high enhancement
costs. Delving into the problems in the failed project reveals that the found problems
arise from the end of the project towards to the beginning of the project. In other
words most of the problems are caused by mistakes and bad decisions in earlier
phases. The consequences manifold between the phases, it can be argued that the
decisions in earlier phases are more crucial rather the ones in the subsequent
phases. Fixing mistakes during the development costs 1-2 percent of the amount
what it would cost fixing the mistakes after the release. The study suggests that the
root causes of problems have high correlation to success rate of the project and it
is completely rational to focus in testing during the development as it is financially
profitable and worthwhile.
Interview analysis revealed that the current state of testing and maintenance is
insufficient, and that testing and maintenance needs more attention. There seems
to be some correlation between the size of the company and the issues the company
has. Findings hint that the smaller software companies might lack the resources to
carry out proper testing and maintenance, where as the sizable software companies
generally struggle with the management of testing and maintenance processes.

4.3

Managerial implications

Literature review and the interview analysis suggest that there is growing demand
for maintenance supporting software products and that the further development of
software engineering practices has added to the demand. In the near future it can
be expected to be a significant demand for new software testing and analysis tools.
Surprisingly the findings of the study suggests that the current saturation on the
market is low and there is need for Maintain like solutions. The underlying demand
is not satisfied and Maintain could provide an answer to this demand.
There are various commercialization possibilities of the Maintain system and how
the system can be integrated to be the key component of business. The
functionalities and the trade-offs between all the different methods are not clear cut
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and selecting the best fitting course of action is dependent on the understanding of
the surrounding environment and its dynamics. Before deploying Maintain it is vital
to understand and analyse who are the potential customers and competitors, how
the Maintain would position on the market and how the market would response.
If Maintain is decided to be deployed, the deployment should be decided as soon
as possible. The market is not yet saturated with competing products and there are
no barriers set up yet. The longer the decision to deploy is held, the harder it is to
deploy the new technology. Establishing position on the market can benefit in the
economies of scale and attracting enough customers can lead to a winter-takes-itall situation. Successful deployment could create a barrier to entry for competitors.
Timing and deploying the Maintain system is a high priority decision. If the market
becomes saturated, it could make the market penetration close to impossible. The
sooner the Maintain acquires clients or partners the faster the Maintain acquires its
position on the market.

4.4 Limitations of this study and further research
The purpose of this research study was to investigate commercialization possibilities
of maintainability analysing tools in more detail and contribute new insights to future
research purposes. As this thesis is based on qualitative research supported by
literature review, the build theory and the implications of the research should be
taken with a grain of salt. Although Eisenhardt (1989) describes one strength of the
emergent theory that the emergent theory is likely testable and further researchable.
The limitations of this study stem from time and resource constraints. Eisenhardt’s
(1989) theory building from case study research typically includes multiple
researchers using various data collection methods. This thesis was conducted as
solo research and the data collection methods could have been expanded.
Furthermore Eisenhardt (1989) suggests that reaching closure should be achieved
by reaching theoretical saturation. The iteration process should stop when the
incremental improvement to the theory is minimal. However in this study data

51

collection was stopped due to time constrains. Another limitation is that only handful
Finnish software engineering experts of similar field and professions were
interviewed. Care should be taken with any generalizations.

However, the significance of implications should not be overlooked. This thesis contributes to research of software development support tool’s and their current utilization and demand in the software engineering industry, and additionally this thesis
provides a commercialization roadmap for Maintain management. This thesis provides a direction for the Maintain management to consider.

The study also raises new research questions. Firstly, how to approach the issue of
marketing and actually delivering the software solution to the market. How to create
long lasting relations with customers? How the value creation process should be
approached. What are the aspects which affects the customer perceived value and
how they could be maximised? Marketing, value creation and how to build long lasting relations offer further practical area of research.

Secondly, what are the characteristics of a good, optimal customer segment for the
Maintain system? Who are the potential business and key partners for the Maintain
company to seek for? Topics such as business ecosystems, strategic networks, and
communities offer an interesting and important area for further research.
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5 SUMMARY
The purpose of this thesis was to study commercialization possibilities of
maintainability analysing tools. The main research question was to research how
the Maintain framework could be commercialized. Alongside the main research
question, the thesis studied software industry’s approach to testing and
maintenance tools as well as the potential demand for Maintain framework.
The recently emerged shift of costs and the problems of project management in
software engineering is a swelling problem. Testing and maintenance, and their
supporting processes and tools are widely overlooked to this day. The current
market and competitors are not sufficiently satisfying the universal need of the
customers, or don’t understand the degree of enabled technological possibilities of
modern software solutions.
Literature and the interview analysis highlighted that the methods of management
are lacking in their current state. The literature identified that problems arise from
the end of the project towards to the beginning of the project. Weeding out problems
as early as possible is crucial factor to the success rate of the project. The
consequences of not fixing problems as they arise is expensive. Unfixed issues and
their consequences manifold between the phases of as the project advances.
Literature emphasised that fixing mistakes during development costs only a fraction
of the amount what it costs after the release. It is worthwhile and financially profitable
to focus in proper testing and maintenance.
The Maintain system was born by the realization of the unsatisfied customer needs
and the current state of the competitors. The Maintain framework was designed to
combat these issues and could provide support to the various phases of the
software development. Literature and interviews were used to fathom the potential
demand and commercialization methods of Maintain framework. The thesis
approached the research problem with qualitative research setting. The goal was to
analyse gathered interview data and generate valuable insights. Interviews also
supported the findings from the literature. The importance of proper testing and
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maintenance is often understood, but lack of time and resources or problems of
management hinder the process.
The interview analysis provided important insights which were used as cornerstones
for the various commercialization methods. The proposed commercialization
roadmap contains various commercialization possibilities for the Maintain
framework. There was no ‘best’ solution for the commercialization team to choose
from. Rather the thesis suggest that the commercialization team chooses the
solution which suites the company’s aspiration and preferred operational model.
This thesis objective was to provide commercialization roadmap and build a solid
foundation for commercialization team to further develop on.
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APPENDICES
Appendix 1: Interview questions (Finnish)

1.

a) Mitä ylläpito tarkoittaa teidän yrityksessänne
b) Kerro yrityksestänne ja liiketoimintamallin pääpiirteistä
c) Mikä on työtehtävänne yrityksessä, ja mitä työtehtävääsi kuuluu?

2.

Miten testausta ja ylläpitoa toteutetaan yrityksessänne?

3.

Minkälaisia työkaluja teillä on käytössä testaamiseen ja ylläpitoon?

4.

Karkeasti kuinka paljon resursseja on allokoitu testaamiseen ja ylläpitoon?

5.

Näettekö potentiaalia/kysyntää tuotteille ja tai palveluille, jotka pyrkivät automatisoimaan ylläpitoa?

6.

Näkisitkö yhtenä ratkaisuna ulkoistaa tai hankkia testaamiseen ja ylläpitoon
liittyviä palveluita

7.

Mitä näette haastavaksi testaamisessa ja ylläpidossa?

8.

Mitä näette tärkeänä testaamisessa ja ylläpidossa?
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Appendix 2: Interview questions (Translated to English)

1.

a) What maintenance means in your company?
b) Elaborate about your company and its general business model?
c) What is your assigned work in your company and what does it include?

2.

How testing and maintenance is carried out in your company?

3.

What kind of tools you have in use within testing and maintenance?

4.

Roughly, how much resources are being allocated to testing and maintenance?

5.

Do you see potential/demand for products and/or services which aim to automatize the maintenance?

6.

Would you consider to outsource or purchase services related to testing
and maintenance?

7.

What do you see as challenging in testing and maintenance?

8.

What do you view as important in testing and maintenance?
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