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Organizing Software Maintenance in a
Small Aviation Software Company:

A Case Study

Master’s Thesis
Espoo, July 9, 2019

Supervisor: Professor Casper Lassenius
Advisor: Ville Santaniemi M.Sc. (Tech.)



Aalto University
School of Science
Master’s Programme in Information Networks

ABSTRACT OF
MASTER’S THESIS

Author: Markus Tyrkkö
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Software maintenance is usually the longest and the most expensive part of any
software system’s lifecycle. It generally includes all of the activities that are done
after the initial release of the system, although the transition between develop-
ment and maintenance phases is not clear cut in agile frameworks. The main
challenges of software maintenance are generally related to entropy, which tends
to increase complexity and degrade quality of the system over time. In small or-
ganizations maintenance is also often an ad hoc process, which encourages quick
and dirty fixes that effectively increase entropy over time.

This study is a single case study on software maintenance process improvement at
QOCO Systems Ltd., a small aviation software company employing 16 persons.
The company had previously relied on an ad hoc maintenance process, that was
solely dependent on key personnel in direct contact with the customers. This
process was replaced with a more structured one before this study, but the new
process has not solved the problems of the previous model. The goal of this study
is to identify the key challenges on the maintenance process, implement solutions
to tackle them and evaluate their effectiveness afterwards. The data collection
methods used in this study are interviews, survey, data exports and workshops.

The main challenges of the maintenance process were knowledge sharing and
inadequate transition to the more structured process. As a solution to these
challenges, three solutions were selected for implementation: rotating triage re-
sponsibility combined with pair working, project presentations and a README
template. These solutions were evaluated after the implementation phase and
the results show that these solutions have indeed managed to improve knowledge
sharing and the maintenance process in general, but they also raised discussion
about further challenges that are to be addressed in the future.
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Ohjaaja: Diplomi-insinööri Ville Santaniemi

Ylläpito on useimmiten pisin ja kallein osa ohjelmistojen elinkaarta. Se sisältää
yleisesti ottaen kaikki ohjelmistoon liittyvät tehtävät sen ensimmäisen julkai-
sun jälkeen, vaikkakin ketterien kehitysmenetelmien myötä siirtymä kehityksestä
ylläpitoon ei ole täysin tarkkaan määriteltävissä. Ylläpidon keskeisimmät haas-
teet liittyvät ajan myötä kasvavaan monimutkaisuuteen ja järjestelmän yleisesti
heikkenevään laatuun muutosten johdosta. Pienissä yrityksissä ylläpito on usein
myös epäjärjestelmällistä, mikä kannustaa nopeiden korjausten tekemiseen, mikä
puolestaan on omiaan heikentämään ohjelmiston laatua.

Tämä tutkimus on yksittäinen tapaustutkimus ohjelmistojen ylläpitoprosessin
parantamisesta pienessä 16 hengen ilmailualan ohjelmistoyrityksessä, QOCO Sys-
tems Oy:ssä. Yritys on aiemmin käyttänyt epäjärjestelmällistä ylläpitoprosessia,
jossa avainhenkilöt ratkovat ongelmia suoraan asiakkaiden kanssa useiden eri vies-
tintäkanavien välityksellä. Aiempi prosessi kuitenkin korvattiin jo ennen tätä tut-
kimusta järjestelmällisemmällä prosessilla, joka kuitenkaan ei ole onnistunut rat-
kaisemaan edellisen mallin ongelmia. Tämän tutkimuksen tavoitteena on tunnis-
taa ylläpidon keskeisimmät haasteet, toteuttaa niihin ratkaisuita sekä tarkastella
ratkaisuiden toimivuutta kokeilujakson jälkeen. Tutkimuksessa kerättiin tietoa
haastatteluilla, kyselyllä, työpajoilla sekä analysoimalla olemassa olevaa dataa.

Ylläpitoprosessin keskeisimmät haasteet liittyivät osaamisen jakamiseen sekä vail-
linaiseen uuden mallin käyttöönottoon. Ratkaisuna näihin ongelmiin kokeiltiin
kolmea ratkaisua: kiertävää triagevastuuta yhdistettynä parityöskentelyyn, pro-
jektiesittelyitä sekä README-pohjaa. Ratkaisuita tarkasteltiin kokeilujakson
päätteeksi ja tulosten valossa niillä näyttää olleen positiivinen vaikutus tunnistet-
tuihin ongelmiin, mutta tämän lisäksi ne onnistuivat myös herättämään keskuste-
lua muista ongelmakohdista, joihin voidaan paneutua tarkemmin tulevaisuudessa.

Asiasanat: ilmailu, ohjelmistojen ylläpito, ohjelmistoprosessien paranta-
minen, tiedon jakaminen

Kieli: Englanti
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Chapter 1

Introduction

This chapter is an introduction to the topic of this thesis on a general level.
It starts by introducing the problem of this thesis and the motivation to solve
it. The problem statement also defines the scope and expected outcomes of
this thesis together with the research questions guiding the entire process.
After this, the overall structure of this thesis is also presented.

1.1 Problem statement

Software maintenance is usually the longest part of software lifecycle since
the developed system might be used for years, or even decades, before it is
replaced with a new one. Therefore maintenance tasks are usually the most
common tasks faced by software engineers on their work (Sommerville, 2011).
This might not be initially the case with small startups that are heavily
focusing on development, but when they manage to deliver systems to their
customers, it is inevitable that they will require some maintenance after the
initial delivery. When the development continues and more deliveries are
made, the amount of maintenance tasks also increases. Usually the very first
model to handle these maintenance tasks is not having a structured model at
all. The tasks are solved on an ad hoc basis with the best effort available. The
ad hoc processes work well in a small context with occasional maintenance
tasks, but when the startup grows and an increasing amount of projects are
shifted to maintenance phase, the ad hoc model is no longer scalable and
there is a need for a structured maintenance process to handle the incoming
requests while maintaining the ability to deliver new features as well.

This has been the background of software maintenance in the case com-
pany of this study as well. The ad hoc process has recently been replaced
with a more structured one, including a proper incident tracking system and

1



CHAPTER 1. INTRODUCTION 2

a defined flow for handling incoming requests. However, it has been noted
that the maintenance process does not work exactly as intended as it fails
to solve the scalability issue of the previous ad hoc model. The goal of this
thesis is to identify the main challenges of the maintenance process, compare
different solutions to solve them and implement the most promising ones.
The expected outcome of this study is to gain insight about suitability and
effectiveness of different solutions on solving the problem. As the scope and
time period of a master’s thesis is limited, this study does not aim to solve
all of the identified problems, but it focuses on the most critical ones. Also
the maintenance process after this study is not intended to be perfectly opti-
mized as this study merely acts as the first iteration of continuous evaluation
and improvement and provides the tools to develop it further. As the focus
is on process improvement, the technical details such as maintainability and
testability are left out of the scope of this study.

Research questions

The research problem of this study is divided into three research questions
reflecting different research phases:

RQ1: What are the main problems in the maintenance process?

RQ2: What are the most suitable solutions to the identified problems?

RQ3: How well do the selected solutions solve the identified problems?

The first research question aims to define the actual problems in the
maintenance process. The starting point of this thesis is a vague feeling that
maintenance is not working as intended without any further details about
the actual problems in the process. Therefore the first thing to be addressed
by this study is to actually model the process in detail and gain further
insight about the problems of it. The first question needs to be addressed
with extensive current state analysis utilizing several data sources to be able
to correctly identify the root causes of experienced issues in the process. As
the scope of this thesis is limited, it is also important to prioritize different
challenges identified to be able to select the most critical ones to focus on.

After identifying and prioritizing the issues, the second question focuses
on finding possible solutions from scientific literature. These suggestions
form a basis for the solution proposals, but they might require modifications
to be better applicable for the case company’s context. Various solution
proposals are evaluated in order to find the most suitable ones, which then
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will be implemented during the implementation phase in order to address
the problems.

The last question then evaluates the efficiency of the solutions imple-
mented. The efficiency of the solutions is defined as the change in selected
metrics representing the state of the maintenance process. The initial state
is already measured while finding an answer to RQ1 and the final state after
this study is measured using the same methods in order to ensure accuracy
of the measurement.

1.2 Structure of the thesis

This thesis is divided into ten chapters. After this introductory chapter,
relevant research on software maintenance, knowledge sharing and software
process improvement is presented in chapter 2. After this the research design
and methodology of this study is described in chapter 3. The case company as
the context of this study is then introduced in chapter 4, followed by analysis
of the initial state in chapter 5. After identifying the points of improvement
in the initial state, they are prioritized and proposed solutions to them are
explained in chapter 6. The practical implementation details of the selected
solutions are then presented in chapter 7 and after the implementation phase,
the efficiency of the solutions is evaluated in chapter 8. The outcomes of
this thesis are then discussed together with analysis on validity and future
research opportunities in chapter 9. Finally chapter 10 summarizes the whole
research process including background, used methodology and outcomes.



Chapter 2

Background

This chapter describes the background knowledge related to this thesis. The
main focus is on software maintenance and knowledge sharing in agile orga-
nizations, but also software process improvement guidelines and frameworks
are presented to support change process in the case company. As measur-
ing the change is important in software process improvement, also the most
relevant software maintenance metrics are described. Finally to solve the
challenges, a set of common solutions is presented, forming a basis of solu-
tion proposals applied to the case company’s context. The time period of
the articles reviewed was typically last ten years for industry specific topics
and last 20 years for more general topics.

2.1 Software maintenance

Software maintenance generally includes all of the activities that are done
after the software has been delivered (Sommerville, 2011). In modern agile
frameworks the transition from active development to maintenance phase
might not be as clear cut as presented in the waterfall model, but it can
be set to the first successful production deployment that actually provides
some business value. Of course there might be new releases requiring active
development, but the first version still stays in use in parallel and most likely
needs some maintenance every now and then. The maintenance phase is
usually the longest phase for any software project as it might last for decades
before the system is eventually replaced with a newer one. Taking the long
lifespan into account, it is important to consider the maintainability of a
system under development as investing more time and money on improving
maintainability in the early phase could result in large savings in the future
(Sommerville, 2011).

4



CHAPTER 2. BACKGROUND 5

2.1.1 Maintenance task types

Software maintenance activities can be divided into six main categories: re-
pair tasks, adaptation tasks, addition tasks, preventive tasks, perfective tasks
and user support tasks (Desharnais and April, 2010)(Sommerville, 2011).
These concepts partly overlap as same task could include for example adap-
tations to a new environment, but also additions based on newly introduced
features (Sommerville, 2011). The main categorization still acts as a good
guideline for task grouping and is quite widely adopted as a general division.
Some researchers such as Desharnais and April (2010) for example combine
repair and addition tasks together as corrective maintenance, but the idea is
still the same as presented by the base concepts.

Repair tasks are generally tasks that are required due to detected errors
or faults in design or technical implementation (Sommerville, 2011). They
are required for the software to meet its initial requirements and are done
reactively, meaning that the error or fault needs to become an issue before it is
actually fixed (Desharnais and April, 2010). Generally coding errors are much
easier and cheaper to correct in comparison with design errors that could
require a major redesign in order to meet the requirements (Sommerville,
2011).

Adaptation tasks are tasks that are related to changing requirements ei-
ther considering the environment the system is running on, (Sommerville,
2011) or the data it processes (Desharnais and April, 2010). Depending on
the severity of the changes these could be fairly simple or require heavy
modifications if, for example, a version update on the deployment platform
introduces breaking changes that affect the system. In comparison to repair
tasks that are done after the fault has already occurred, adaptation tasks are
conducted in a preventive manner. This means that they are done to pre-
vent issues from occurring in the future due to changes in the environment
or data.

Addition tasks are tasks that are caused by changes in the system require-
ments due to changed organizational or business requirements (Desharnais
and April, 2010)(Sommerville, 2011). These could be combined with adap-
tation tasks if the changes are related to new features provided by changed
environment or data, but could also be entirely separate from them (Som-
merville, 2011). Addition tasks are generally much larger and more expensive
compared to other types of tasks as they require one or more new develop-
ment iterations including requirement analysis, planning, implementation,
testing and deployment.

Preventive tasks are related to known issues or threats that have not be-
come issues yet, but could potentially cause some harm in the future (Deshar-
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nais and April, 2010). They could also be done to improve maintainability
and to make it easier to introduce likely changes in the future, thus reducing
the cost of future maintenance tasks (Sommerville, 2011). Preventive tasks
could include for example refactoring the codebase, improving error handling
or adding validations to ensure integrity of the data. The cost of these tasks
vary based on their context and the amount of work required, but depending
on the case, they could significantly decrease the future maintenance costs.

Perfective tasks are similar to preventive tasks as they are also related to
improving quality of the software and preventing future faults (Desharnais
and April, 2010). The main difference between these two is that perfective
tasks aim to improve the quality of the system by performance improvements
or improved monitoring for example. These are not strictly related to issues
that could introduce faults in the future, but are related to improving ser-
vice quality and development experience. Their business value might not be
clearly visible during the implementation, but similarly to preventive tasks,
they could also decrease the maintenance costs in the future.

User support tasks are tasks that are not directly related to changing
the system and therefore do not belong to any of the previously described
categories (Desharnais and April, 2010). These tasks are mainly responses to
user needs that do not require changes to the system itself, such as providing
usage instructions. These tasks could also be done by other than technical
personnel, because they do not necessarily require technical knowledge about
the implementation of the system, although it would still be beneficial.

The proportion of different task categories varies heavily depending on
the context and therefore several distributions have been suggested. They
are relatively difficult to compare as the categories might be defined differ-
ently, merging several categories together, defining new ones or splitting the
main categories into subcategories. However it can be argued that the most
common tasks are usually adaptation, repair and addition tasks, since for
example a case study by Desharnais and April (2010) suggests that these
make up roughly 80 % of all maintenance tasks with user support being the
second after them. Sommerville (2011) also argues that addition tasks re-
quire significantly more effort than any other category, which draws a clear
suggestion about the time usage of maintenance personnel. Perfective and
preventive maintenance tasks are not generally common as their direct busi-
ness value is hard to measure, which makes them difficult to include in the
maintenance budget (Desharnais and April, 2010)(Sommerville, 2011).
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2.1.2 Software maintenance in agile organizations

It is estimated that there is roughly a 2:1 ratio between maintenance and
development tasks in typical software projects (Sommerville, 2011). This
ratio has not changed significantly during the last decades and the fact that
maintenance is usually the longest and the most expensive part of a software
system’s lifecycle seems to hold quite well. Therefore the point of view of ag-
ile methodologies focusing solely on active development phase, starting from
scratch and ending with a delivered release, is odd and unrealistic (Hanssen
et al., 2009)(Kajko-Mattsson and Nyfjord, 2009). Although agile method-
ologies have several well justified benefits and they are generally accepted
as a modern way of working (Sommerville, 2011), the lack of maintenance
tasks make the models idealistic and could result in inefficient maintenance
processes.

Of course it might be the case that the development and maintenance
teams are completely separate, which could be because maintenance in gen-
eral is considered as an activity of lower skill levels (Sommerville, 2011).
Therefore the maintenance personnel could be much less experienced and
familiar with the system compared to the developers. In this case it is un-
derstandable that developers can focus on working with agile methodologies
on development phase only, while maintenance team resolves maintenance
tickets with their own process, completely separate from development. Even
though agile development methodologies result in lower complexity with less
errors and generally do not reduce maintainability of the codebase itself
(Knippers, 2011), there are still various challenges with them. One of the
challenges is lack of documentation since agile methodologies in general do
not encourage writing extensive documentation, resulting in knowledge loss
during handover between development and maintenance teams (Ito et al.,
2016)(Sommerville, 2011)(Stettina and Kroon, 2013). Therefore it is encour-
aged to have the developers handle the maintenance tasks as well rather than
having an entirely separate maintenance team (Sommerville, 2011)(Stettina
and Kroon, 2013), which results in combining maintenance activities with
agile practices, which is not a well studied subject (Kajko-Mattsson and
Nyfjord, 2009).

Fitzgerald and Stol (2014) introduce a definition for ”continuous *”,
bounding together development activities, business operations and process
improvements. These concepts bind together process improvements on de-
velopment and maintenance processes and it is beneficial for the management
to understand the close relationship of these activities, no matter whether
there are separate maintenance and development teams or not. By improv-
ing both processes, or joining them together, the transition between active
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development and maintenance phase can be smoother, resulting in a more
efficient maintenance process, which will eventually benefit the development
process as well.

2.1.3 Main challenges

Maintenance of a software system is a challenging task as the system quality
tends to degenerate over time due to an increasing amount of changes and
knowledge loss. This phenomenon is called software entropy and just like its
thermodynamical paragon, it also increases naturally over time if no actions
are taken to reduce its effects. Entropy is also evident in increasing complex-
ity and interdependencies between systems, which makes changes even more
complicated as modifications to one system might cause a need for modifi-
cations in several other systems as well (Hanssen et al., 2009). Increasing
amount of interdependencies and modifications cascading from one system
to another could also cause team separation to not reflect system separation.
This increases the risk of conflicts between streams as different teams are
making changes to same parts of the system. There are several actions that
could be taken to reduce entropy and chaos. One of the most effective of
them is refactoring, which can drastically reduce the complexity of the code-
base, improving maintainability and reducing future costs. In addition to
refactoring, Hanssen et al. (2009) also suggest semi automatic code inspec-
tions to detect code smells already during the development phase and unit
testing to ensure that changes do not break the requirements.

Richardson and von Wangenheim (2007) also suggest that rapidly chang-
ing technologies are causing increasing entropy, knowledge loss and general
difficulty in maintenance of older projects. Even though it could be argued
that advancements in technology could also solve the problems in software
engineering practices, Demir (2009) argues that this is not the case, with
the most challenging parts of software lifecycle being in estimation and re-
quirements management. Rapidly changing technologies together with the
challenges in software engineering practices yield software projects that are
difficult to maintain due to lack of knowledge about technologies used or re-
quirement definitions. These challenges are closely related to lack of formal
documentation, which is problematic for agile methodologies that generally
rely on the codebase itself as documentation (Ito et al., 2016)(Sommerville,
2011)(Stettina and Kroon, 2013). Relying on codebase itself as documenta-
tion is risky as it might be insufficient in some cases due to lack of refactoring
for example (Hanssen et al., 2009)(Tiarks, 2011). In addition to the code it-
self, developers also rely on tacit knowledge, which might or might not be
available, but also comments in the codebase, which also divides people with
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different opinions about whether or not they are actually a useful source of
documentation (Tiarks, 2011).

The major problem related to software maintenance processes especially
in small organizations of 10-20 people is the fact that most of the suggested
maintenance processes are targeted for medium to large size organizations
and are therefore not suitable for small companies (Basri and O’Connor,
2010a)(Hasan and Chakraborty, 2011)(Sánchez-Gordón and O’Connor, 2016).
These processes usually require an amount of resources that small organi-
zations simply do not have, which has been identified as the main factor
preventing small organizations from adopting standardized maintenance pro-
cesses (Basri and O’Connor, 2010a). Lack of resources generally leads to ad
hoc processes, where maintenance is done on a ”best effort” basis without
a strict structure (Hasan and Chakraborty, 2011). This is also a benefit of
small organizations as they can be more agile and provide more customized
services with better customer experience for their customers and therefore
small organizations should not try to replicate larger ones directly (Aranda,
2010). The significant drawback of these ad hoc processes is their depend-
ability on certain key persons that have usually a long history with the cus-
tomers and have gained their trust. This relationship becomes problematic
as the company grows and most of the maintenance tasks are still handled
by these key persons, which prevents knowledge sharing and scaling (Hasan
and Chakraborty, 2011). It has been shown that organizational dynamics
usually change around 10-20 employees and 50-100 employees at least and it
is important to recognize these changes in dynamics to be able to readjust
processes, such as maintenance, that do not scale that well any more. This
flow of causalities is presented in figure 2.1, which is an adapted version of a
model proposed by Hasan and Chakraborty (2011, p. 5).

Figure 2.1: Reason for challenges in software maintenance in small compa-
nies. Adapted from Hasan and Chakraborty (2011, p. 5)

Many of the heavier maintenance processes also emphasize quality, which
might not be the most important thing for rapidly growing small organi-
zations (Sánchez-Gordón and O’Connor, 2016). This poses a challenge on
implementing standardized maintenance processes, since it would also require
improving quality standards for example by refactoring. It has been shown
that the main focus of small companies is usually not in improving quality by
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refactoring as there rarely is enough resources for that (Kajko-Mattsson and
Nyfjord, 2009). Therefore the small companies need more tailored models
of maintenance, some of which are proposed, but not extensively researched
(Hanssen et al., 2009).

Another typical challenge for small companies is the lack of explicit port-
folio management, which results in multitasking with different projects in
parallel (Vähäniitty et al., 2010). This encourages ad hoc processes and can
be visible as ”fire fighting” while trying to resolve issues with entirely differ-
ent projects concurrently. Lack of strategic focus and portfolio management
could also lead to an overload of projects, which is not beneficial when con-
sidering quality and process aspects as the time pressure for ad hoc solutions
and poor maintainability grows. Additional effect of multitasking is assign-
ing multiple roles for employees, meaning that the same employee could act
as a business analyst, developer, tester and sales representative at the same
time, which reduces the productivity and efficiency of all processes that are
operated in parallel (Hasan and Chakraborty, 2011).

2.2 Knowledge sharing in agile software de-

velopment

There are mainly two types of knowledge: explicit and tacit. Explicit knowl-
edge refers to knowledge that can be easily verbalized, documented and
shared with other individuals, whereas tacit knowledge is the exact opposite
of that, meaning knowledge that can not be easily described or shared via
explicit documents (Ryan and O’Connor, 2013). Tacit knowledge is gained
through experience and learning by doing and it can not be learned from a
book. In software development, sharing both is important, but tacit knowl-
edge has a much more significant effect on software development skills both
on team and individual level and therefore sharing tacit knowledge should be
focused over explicit (Ersoy and Mahdy, 2015)(Ryan and O’Connor, 2013).
This is especially important in agile software development as there is usu-
ally no explicit documentation available and development methods rely on
sharing tacit knowledge between team members (Ryan and O’Connor, 2013).
Sharing tacit knowledge has also proven effects on performance and innova-
tion capabilities on team level (Wang and Wang, 2012) and these effects are
much more significant on smaller teams compared to larger ones as smaller
teams tend to work closer together (Ersoy and Mahdy, 2015).

In addition to performance improvements and encouraging innovation,
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sharing individual tacit knowledge to other team members reduces risks re-
lated to individuals as there is always a possibility that they could have
an accident, which forces them on a sick leave or they could just leave the
company taking all of the acquired tacit knowledge with them (Ersoy and
Mahdy, 2015). The more tacit knowledge the person has, the more serious
the risk becomes and therefore it should be addressed accordingly. To re-
flect the phenomenon of shared knowledge and a ”collective mind”, Ryan
and O’Connor (2009) extend individual tacit knowledge to team level by in-
troducing the concept of team tacit knowledge, representing the knowledge
that the group has. This is more than the sum of individual knowledge areas
because individuals working as a team can share and create new knowledge
much easier and faster than the same individuals working alone.

The theoretical model for acquiring team level tacit knowledge by uti-
lizing transactive memory system (TMS) is presented in figure 2.2, which is
originally presented by Ryan and O’Connor (2013). TMS was first defined
by Wegner (1987) as a shared storage of internal, external and transactive
memories, meaning that each individual in a group has access to certain infor-
mation through the expertise of each other. The development of transactive
memory is directly related to the level of team tacit knowledge and therefore
highly developed TMS improves team performance (Ryan and O’Connor,
2013).

The starting point for the acquisition cycle is the initial team tacit knowl-
edge previously acquired by working together and sharing experiences. This
team level knowledge forms a base for individuals to construct their own
thoughts and learn more, which then leads to a creation of individual tacit
knowledge. The most important part of the cycle is sharing tacit knowledge
through social interaction and working together, which then eventually leads
to an acquisition of new team tacit knowledge through shared experiences.
Ryan and O’Connor (2013) emphasize the quality of social interaction as
tacit knowledge is best shared in informal face-to-face interactions between
individuals. These interactions also help to develop the TMS for the team,
which in turn leads to increased team tacit knowledge and improved team
performance. Ryan and O’Connor (2013) also recognize that there are sev-
eral other human factors in addition to social interactions and TMS that
affect the acquisition cycle. These factors include for example trust, lead-
ership and team cohesion that also have a significant effect on team tacit
knowledge creation and the development of TMS and therefore they should
not be neglected.
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Figure 2.2: Acquiring team tacit knowledge with transactive memory.
Adapted from Ryan and O’Connor (2013, p. 8)

2.2.1 Main challenges

There are various challenges in knowledge sharing, some on general level
and some specific to software development. Ersoy and Mahdy (2015) group
the challenges into three main categories: sociological, documentation and
implementation challenges.

Sociological challenges

The sociological challenges in knowledge sharing are related to human fac-
tors, not technical implementations or processes. One of the most significant
sociological challenges in knowledge sharing is the notion of knowledge as
a property and the importance of its ownership. This is caused by consid-
ering knowledge as power and rewarding individuals for having it, rather
than sharing it, by higher salary for example. This encourages individuals to
hoard knowledge as they do not want to risk losing their position by sharing
what they know. To prevent this, managers should start to recognize indi-
viduals for the knowledge they share, not the knowledge they have and also
give credit for knowledge products they create (Dalkir, 2013). This is the
key to create a better culture of knowledge sharing in an organization, which
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improves the performance and capability of the organization as a whole, but
also requires time to build.

Another sociological issue is the developer turnover rate as employees
leaving the company will take the knowledge with them (Ersoy and Mahdy,
2015). There might be some legacy projects that no one else has touched,
which results in an orphaned code that no one is familiar with. This is
especially problematic with strong code ownership as individual employees
become the key contributors in certain projects and do not want to share the
ownership due to lack of trust for example (Ersoy and Mahdy, 2015). Lack
of trust can be present in both ways as those with the knowledge do not
want to share it due to lack of trust on other persons, or those needing the
knowledge might not trust the knowledge provided due to lack of trust on
expertise of the one with the knowledge (Dalkir, 2013). This is definitely a
challenge of organizational culture and needs to be taken seriously as it poses
threats on team dynamics in general. In addition to employees leaving the
company, knowledge also tends to get forgotten over time if it is not actively
used (Basri and O’Connor, 2011). This occurs frequently and can not be
entirely prevented, but sharing knowledge from individual level to the team
level certainly helps to memorize the knowledge if it is needed again and thus
reduces knowledge loss.

Other considerations about sociological issues include practical issues
such as working in different locations or during different times. This de-
creases the amount and quality of social interactions which are essential in
knowledge sharing. Additionally constant occupational stress reduces knowl-
edge sharing drastically. It could be caused by several different factors in-
cluding organizational culture, team dynamics and workload for example. It
is important to notice the signs of stress as early as possible since it has a
significant effect on knowledge sharing and team morale in general causing
lower performance and introducing new problems if not addressed properly.
(Ersoy and Mahdy, 2015)

Documentation challenges

Documentation challenges in knowledge sharing are related to creating, using
and maintaining explicit knowledge with documentation (Ersoy and Mahdy,
2015). Agile methodologies generally do not emphasize extensive documen-
tation and therefore documents used in agile development are generally infor-
mal, especially in the case of small companies having less than 20 employees
(Basri and O’Connor, 2011). However as Ersoy and Mahdy (2015) argue,
transferring explicit knowledge is difficult without proper documentation,
which is one of the reasons agile methodologies rely mostly on sharing tacit
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knowledge. Stettina and Kroon (2013) also argue that a formal handover
between active development and maintenance phases would help preventing
knowledge loss, which also supports the argument of creating proper docu-
mentation. The need for documentation could be decreased by introducing
the maintenance team to the project already during the active development
phase, or even having the developers handle the maintenance phase as well.
However this does not remove the challenge of introducing new employees to
the project either during the development or maintenance phase.

The most common issue with documentation after missing it entirely,
is keeping relevant artifacts up to date (Ersoy and Mahdy, 2015)(Stettina
and Kroon, 2013). This is problematic as outdated information could lead
to wasting time while working on already resolved issues or trying to get
newer version of a project to work with outdated documentation. Outdated
documentation also lowers the value of updated documentation as devel-
opers might have concerns about the validity of it as well due to previous
experiences of using outdated documents. This is one of the reasons agile
methodologies emphasize the code itself as a documentation with clarifying
comments if necessary (Stettina and Kroon, 2013). By using the code itself
as a documentation, it is guaranteed to be always up to date and usually
properly version controlled, which ensures that the person is always looking
at the documentation that matches the executed code. Of course there is a
risk that comments will be outdated after changes, which highlights the im-
portance of readable code instead of relying on clarifying comments. Another
popular format for documentation is using a wiki, which could be beneficial
for larger projects. However the practices should be carefully evaluated as
writing documentation for no one and without a purpose is a waste of re-
sources and generally lowers the team morale (Stettina and Kroon, 2013).

Implementation challenges

Implementation challenges in knowledge sharing are related to the practical
implementation of different knowledge sharing techniques and practices. One
of the proposed solutions to implement knowledge sharing in agile develop-
ment is pair programming, which is further described in section 2.5.1. Pair
programming has several benefits, most importantly encouraging knowledge
sharing and improving the quality of the code being developed. However
there are several practical issues in implementing pair programming includ-
ing pairing, lack of resources and motivation towards it. One of the reasons
for lacking motivation for pair programming is the skill level gap between
the individuals participating on it. If, for example, junior team members
are paired with the most senior ones, the seniors might find less satisfaction



CHAPTER 2. BACKGROUND 15

in their job due to considering pair programming tasks simple and resource
intensive. (Ersoy and Mahdy, 2015) On the other hand, pairing junior team
members with each other does not encourage knowledge sharing as much as
junior-senior pairs, which partly defeats the knowledge sharing purpose of
pair programming (Sun, 2011). Additionally pair programming introduces
scheduling issues as it requires more resources and increases the overall time
consumed to complete the task at hand (Ersoy and Mahdy, 2015).

Another issue related to the practicalities of knowledge sharing is rapid
pace of technological development (Ersoy and Mahdy, 2015). Rapid devel-
opment of the technologies requires more time spent while catching up with
the latest trends and renders older knowledge outdated faster. Therefore
the need for a constant effort to keep up with the technologies could cause
sociological issues such as stress and lack of trust on knowledge credibility,
but also affect team dynamics as there might be differing opinions about the
latest development trends in used technologies.

Knowledge sharing barriers

Literature sources generally refer to challenges in knowledge sharing as ”bar-
riers” since their presence prevents effective knowledge sharing. There are
several barriers suggested in various sources and next the important barri-
ers from software development point of view are listed and briefly explained.
Recognizing these barriers helps to categorize and solve knowledge sharing
challenges as there are various studies describing the best practices to address
each of them.

Lack of formal documentation means missing official documents describ-
ing a software product or service. Formal documents are usually considered
quite heavy and are more common in large corporations rather than small ag-
ile organizations. Lacking proper formal documents could prevent knowledge
sharing especially in larger systems, depending on the context. (Ghobadi and
Mathiassen, 2016)

Lack of informal documentation means missing unofficial documents. In
comparison to a formal documentation, informal documents can be of free for-
mat and varying levels of quality. Informal documentation is more common
in agile development as it is easier to create and maintain. If formal docu-
ments are missing or outdated, informal documents should fill their purpose
and lacking them therefore prevents efficient knowledge sharing. (Ghobadi
and Mathiassen, 2016)

Lack of trust, meaning lacking trust towards other employees and their
knowledge. As already described in the previous sections, lack of trust is
a significant issue in knowledge sharing effectively preventing it totally and
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encouraging an unhealthy organizational culture. It is a serious issue and
should be addressed with proper caution. (Ersoy and Mahdy, 2015)

Lack of comments in code. As code itself generally acts as a documen-
tation in agile methodologies, the importance of its clarity and quality in-
creases. In some cases the code can be further explained with additional
comments and missing them in unclear parts of the codebase might lead to
difficulties in knowledge sharing. (Stettina and Kroon, 2013)

Messy and complex code. In addition to comments, the code itself acts as
a documentation and it generally should be understandable without clarify-
ing comments. Having a messy and complex codebase becomes problematic
over time as natural knowledge loss occurs and the codebase becomes legacy
that no one knows in detail anymore. Reducing complexity improves future
maintainability and decreases the effect of forgetting unused knowledge over
time. (Stettina and Kroon, 2013)

Lack of informal communication is closely related to the acquisition cycle
for tacit knowledge presented in figure 2.2. As tacit knowledge is best shared
through informal social interactions, lacking them effectively breaks the cycle
of acquiring team tacit knowledge eventually slowing the learning process of
individuals as well. (Ghobadi and Mathiassen, 2016)

Knowledge hoarding means refusing to share tacit knowledge with other
persons due to its value or lack of trust. Hoarding is most likely a symptom
of issues in the organizational culture and reward system as the reasons to
hoard knowledge generally reflect the organizational dynamics. Therefore it
can not be solved by forcing individuals to share knowledge, but it needs to
be addressed on an organizational level. (Dalkir, 2013)

Difference in experience levels could become an issue if it is so large
that different persons do not generally have the same tools to discuss about
specific topics. This could cause frustration on more experienced employees
when they need to explain the most simple concepts of some topic to less
experienced colleagues, who on the other hand will not benefit much from the
discussion if they are lacking the basic knowledge on the subject and can not
follow the explanation. This situation makes knowledge sharing difficult and
time consuming, which could affect other barriers by decreasing the amount
of informal communication for example. (Ghobadi and Mathiassen, 2016)

Tight schedule can prevent the usage of pair programming for example as
it generally requires more time than solo programming. Tight schedules could
also cause stress and prevent knowledge sharing since there basically is no
time available for knowledge sharing activities such as informal discussions.
Tight scheduling might reflect the problems on managerial side, which is why
its root causes need to be identified for effective resolution. (Ghobadi and
Mathiassen, 2016)
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Lack of motivation could also be a sign of managerial problems, but could
also occur due to reasons completely outside of work environment. Either
way, lack of motivation towards working in general or knowledge sharing in
particular affects the team dynamics negatively and could affect the motiva-
tion of team members as well. It is important to identify the root cause for
lacking motivation before it spreads further to the organization. (Ghobadi
and Mathiassen, 2016)

Used communication tools could be a preventive factor in knowledge shar-
ing, especially if they are the main way of communication due to distributed
locations for example. One important factor is the usability of the communi-
cation tools as it greatly affects the quality of social interaction, but also the
communication practices that are supported by those tools. It is important
for the managers to analyze whether the tools actually support or prevent
communication and to make changes if considered necessary. (Ghobadi and
Mathiassen, 2016)

Multitasking means working on different projects or tasks in parallel so
that one needs to constantly switch context from one to another. These
context switches decrease efficiency and quality of work as each time the
context is switched, some time will be lost while readjusting the mindset
to work on a new context. Time spent to understand and solve the tasks
is reduced and therefore learning and knowledge sharing is disturbed by
constantly changing tasks, which could also increase stress. (Ghobadi and
Mathiassen, 2016)

Complex domain, such as aviation industry, could also prevent knowledge
sharing as its complexity requires much more learning compared to simpler
ones. It also effectively increases the knowledge gap as novices will have to
learn a lot to be even able to discuss with the experts using same terms.
Complexity could also mean more tacit knowledge and make certain aspects
more difficult to verbalize so that they could be understood without a de-
tailed knowledge about the related concepts. Working in a complex domain
could also lead to knowledge hoarding as domain specific knowledge becomes
an increasingly valuable asset when complexity increases. (Ghobadi and
Mathiassen, 2016)

Working in different locations naturally affects the communication be-
tween team members by reducing the amount of informal face-to-face inter-
actions. Even though remote working is popular in the software industry,
it certainly affects the team dynamics and there should be clear rules about
its practicalities to minimize the negative effects. Special concern should
also be on the used communication tools so that they will effectively support
remote working and lower the barrier of knowledge sharing. (Ghobadi and
Mathiassen, 2016)
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Difference in age is related to a gap in skill levels, but rather than be-
ing related to skills and terminology, it is more concerned about the social
constructs during interaction. The challenge is usually even more signifi-
cant if a younger employee would be the expert and an older one the novice,
which turns the social hierarchy upside down and might be threatening or
depressing to some persons. (Riege, 2005)

Individual communication skills are essential on daily discussions, both
formal and informal, as weak communication skills generally lowers the qual-
ity of interactions and could even lead to misunderstandings. Improvement
of these skills is the responsibility of each person individually, but organi-
zation could help them to improve by encouraging and giving constructive
feedback. (Riege, 2005)

Strong code ownership is related to knowledge hoarding as individuals
with strong ownership on a certain codebase are unwilling to share their
knowledge and ownership of it. This can become an issue if these individuals
leave the company or are otherwise unavailable to answer the questions about
the codebase. There is no shared knowledge about the codebase and gath-
ering it without the key persons might be difficult. In the worst cases, the
project becomes legacy and requires heavy re-engineering before any further
updates can be made to it. (Riege, 2005)

Physical work environment can also prevent knowledge sharing, since if
the workspace does not support team activities or informal discussions, the
amount and quality of interactions will decrease. This is an important aspect
to keep in mind while considering changes at the office. Managers could
support knowledge sharing by providing enough group working rooms with
sufficient equipment such as screens and whiteboards to support co-working.
(Riege, 2005)

Organizational culture is one of the key aspects in knowledge sharing
since if it does not support and encourage knowledge sharing, there will
be significant performance and team working issues. Organizational culture
itself is hard to measure and define, but there are plenty of other barriers
that could be present due to issues in organizational culture, which makes
it an influential aspect that should be considered and evaluated frequently.
(Riege, 2005)

Strong organizational structure or hierarchy could also prevent organi-
zation wide knowledge sharing and encourage individual work. If there are
for example strict rules about communication between different teams, the
amount of interactions between the teams most likely decreases. Also if the
organization relies too heavily on top-down management, there will not be
knowledge co-creation on team level, which could improve performance and
innovation capabilities. (Riege, 2005)
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2.3 Software process improvement

Processes are a crucial part of software development and their efficiency can
make a difference between success and failure. It has also been recognized
that software process improvement (SPI) is one of the key challenges for
small and medium sized software companies and therefore it should be taken
seriously (Sulayman and Mendes, 2009). According to the lean ideology the
processes should be under continuous improvement, which makes them sim-
ilar to agile software development with small incremental iterations to react
to changing requirements. Osterweil (2011) argues that software processes
can be treated exactly the same as software itself and therefore SPI can
be addressed with similar methodologies as software development, including
iterations and continuous improvements.

There are various frameworks to implement these improvements, most no-
tably Capability Maturity Model Integration (CMMI), which is used to eval-
uate the maturity of a software organization. CMMI includes 22 processes
to measure and improve, which can be evaluated either with four capabil-
ity levels in a continuous representation (incomplete, performed, managed
and defined) or with five maturity levels in a staged representation (initial,
managed, defined, quantitatively managed and optimizing) (CMMI Product
Team, 2010). This maturity model can be used to evaluate internal processes
or a subcontractor for example. However, it is not exactly suitable for small
organizations since small organizations in general do not have the resources
required to implement full SPI programs that are more targeted towards
large corporations (Mishra and Mishra, 2009b). There has been an identified
need for tailored SPI frameworks for small organizations and several have
also been suggested, one of them being an Approach for Software Process
Establishment in Micro and Small Companies (ASPE-MSC) model that is
especially tailored to meet the requirements of these companies (Mishra and
Mishra, 2009b). It is based on various other approaches consisting of three
main phases: planning, monitoring and control and post-mortem. The plan-
ning phase includes also the implementation itself whereas monitoring and
control acts as a rapid feedback for the effectiveness of the plan and suggests
updates if necessary. The post-mortem phase then focuses on gathering feed-
back about the iteration to prepare for the next one. The whole process is
facilitated by a process engineer, that is usually suggested to be an external
consultant to achieve the best results.

Generally the most challenging part of SPI or any other process improve-
ment is lack of motivation and commitment towards it, both from senior
management and employees (Allison, 2010). Therefore to succeed in pro-
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cess improvement, a key factor is senior management commitment that sig-
nificantly reflects to motivation of other personnel as well. However, the
managerial commitment alone is not enough as the improvement will be im-
plemented by the employees after all, which makes involvement and influence
to their daily activities a major focus point. (Herranz et al., 2014) The main
difference between large and small companies on SPI is the level of commit-
ment, which is usually high in small companies (Basri and O’Connor, 2010b).
Therefore the key challenge of SPI in small organizations is not commitment
to change, but lack of resources, which is especially problematic when con-
sidering implementing SPI frameworks. As budget and deadlines are already
tight, there is rarely extra personnel available to facilitate SPI, even though it
could yield a high return of investment in the future (Allison, 2010)(Larrucea
et al., 2016). Additionally processes in small organizations are generally in-
formal and small, which makes applying standardized SPI frameworks useless
(Basri and O’Connor, 2010b). In addition, despite the high commitment on
process improvement, there might be change resistance also present in small
organizations as people generally would like to stick to the habits they are
used to, rather than experimenting with new ones (Larrucea et al., 2016).
This could be a result of prior experiences on failed process improvement
experiments and therefore it is important to address these experiences be-
fore implementing any improvements to avoid facing issues related to them
(Allison, 2010).

Despite various challenges and a possibility of a failure in SPI, it has
several benefits that make it worth the effort. In addition to improved per-
formance and efficiency, improved processes can also lead to an increased
customer satisfaction due to faster delivery times and a better customer ser-
vice. Improved processes also tend to yield more satisfied development teams
as they can focus on completing their work efficiently rather than wasting
time on inefficient processes, which can mean for example having unprepared
meetings with a wide audience. This naturally increases productivity as well.
(Sulayman and Mendes, 2009) On the other hand also the company culture
can be improved by SPI as having efficient processes and high job satisfac-
tion correlates with more flexible and open organizational culture. Lee et al.
(2016) also argue that a clan-like culture, where the whole organization is
like a family with low hierarchy, supports knowledge sharing much better
than the traditional hierarchical culture. As a conclusion, it can be argued
that SPI greatly supports organizational development on various aspects in
addition to improved business performance.
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2.4 Measuring software maintenance

To succeed in SPI, it is important to be able to measure the initial state and
changes in it. There are various metrics proposed to measure different aspects
of software maintenance. The most relevant ones for this case context are
briefly listed below and they are later evaluated together with custom defined
metrics in section 5.1.

Reopen rate - The ratio of reopened tickets basically meaning that the
tickets have been marked as resolved, but the resolution did not satisfy the
original reporter and thus they need to be readdressed. A high reopen rate
could indicate a need for further technical training for the maintenance per-
sonnel or deeper problems with projects in general. (Livy, 2017)

Tickets resolved on the first iteration - The ratio of tickets resolved on
the first try without a need for further communication. A higher rate usually
correlates with better customer satisfaction and the overall maturity of the
maintenance personnel. (Livy, 2017)

SLA violations - The ratio of service level agreement (SLA) violations
out of all tickets. Higher ratio indicates severe problems in maintenance
process as the company fails to meet its SLA compliance, which is most
likely a violation of maintenance contract. A higher ratio could indicate
lack of resources on the maintenance process, but could also mean that the
maintenance personnel are unaware of the SLA limits. Either way, this is
an important metric for the business side of the maintenance process. (Livy,
2017)

Cost of a ticket - Internal cost of solving incidents. This metric helps to
identify the most expensive tickets so that their resolution process can be
improved. This is one of the important aspects to measure when evaluating
the business performance of the maintenance process. (Livy, 2017)

Response time - Time between reporting and the first reaction to a ticket.
Could correlate with customer satisfaction as faster response times usually
mean more satisfied customers. A longer average response time could also
indicate lack of resources and correlate with several other metrics such as res-
olution times and the number of active tickets. (Paschke and Schnappinger-
Gerull, 2006)

Resolution time - The average time to resolve tickets on each level. This
fits together with the SLA violation ratio and it can provide early warnings
when the resolution times are growing so that changes can be made before
the SLA limits are violated. This metric works as a good measurement on
the overall performance of the maintenance process and could also correlate
with customer satisfaction. Therefore it could be argued that it is a good
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general metric for the maintenance process. (Livy, 2017)
Customer satisfaction - Not a well-defined metric like others, but still an

important aspect to measure on the maintenance process. Customer satis-
faction could be correlated with other metrics such as resolution time and
reopen rate, but it would still be beneficial to define a direct way to measure
satisfaction itself. (Livy, 2017)

Number of active tickets - The amount of tickets that have been reported,
but are not yet resolved. An increasing number of concurrently active tickets
could mean lack of resources on the maintenance process as the personnel can
not resolve the tickets fast enough to keep up with the pace of newly created
tickets. This could correlate with reopen rate and is most likely also visible
as longer resolution times, but it is good to have it as a separate metric to
identify lack of resources early enough before things get worse. (Livy, 2017)

Tickets by criticality - The amount of tickets on each criticality level.
For example a higher amount of high priority issues could indicate issues
in the latest releases and therefore quality assurance, but could also mean
vaguely defined criticality criteria, which could be a sign of immaturity of
the maintenance process. (Livy, 2017)

Tickets from unofficial sources - The amount or ratio of tickets reported
outside of the official maintenance process. This metric is only an approx-
imation of all unofficial tickets since not all of them will ever be visible in
the official maintenance process, but it still gives an approximation of the
problem. A higher amount of unofficial tickets could indicate problems in
the customer interface of the main process or just lack of training on the
customer side. Either way it would be good to direct more of the unofficial
tickets to the official process. (Livy, 2017)

Ticket count per project or team - The tickets grouped by projects or
teams. This metric could help indicate problematic projects or teams that
require a more detailed inspection of the root causes for problems (Livy,
2017). Could be beneficial, but could also lower team morale if not addressed
in a considerate way.

System downtime - A direct measurement on availability of the system.
This could be included in the maintenance contract making it an important
measure. Tolerance for downtime naturally depends highly on the context
and the business criticality of the system. (Paschke and Schnappinger-Gerull,
2006)
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2.5 Common solutions

As the challenges of software maintenance and knowledge sharing presented
in the previous sections are quite well studied, there are also several proposed
solutions intended to solve them. The most suitable solutions for the context
of this case study are presented here and together they represent a good
variety of different solutions that could be applied to solve the challenges of
the case company.

2.5.1 Pair programming

As sharing tacit knowledge is generally hard and requires effort, it is of-
ten considered a challenge in software companies. One excellent method for
knowledge sharing and especially transferring tacit knowledge is pair pro-
gramming. It generally means that two persons are working together on one
computer so that one is doing the task, being the driver, while the other one
is constantly observing, being the navigator (Williams, 2010)(Wray, 2010).
They are constantly discussing about the task at hand, evaluating different
aspects of the problem and creating the solution together. The roles are not
fixed and they can be constantly changed on the fly whenever necessary to
achieve the best results (Gupta et al., 2013)(Wray, 2010).

Although it has not been universally proven to be always beneficial (Maguire
et al., 2014), there are several claimed benefits of pair programming that
can occur if organized successfully. First of all, pair programming encour-
ages sharing especially tacit knowledge between individuals (Maguire et al.,
2014)(Plonka et al., 2015)(Williams, 2010)(Wray, 2010)(Zieris and Prechelt,
2014). By working on the same task on one computer, individuals automat-
ically start to communicate about the task and share thoughts about the
solution, which leads to a mutual understanding and knowledge co-creation
while solving the task at hand. Knowledge sharing effect works the best with
pairs of one junior and one senior when junior is acting as the driver actually
conducting the task and senior is acting as the navigator by giving advice
and mentoring the junior to solve the task (Plonka et al., 2012)(Plonka et al.,
2015)(Sun, 2011). This forces the senior to verbalize knowledge instead of
just working with the task while the junior is trying to keep up with the pace
and eventually disengages from the task (Plonka et al., 2012)(Plonka et al.,
2015).

In addition to knowledge sharing, literature also suggests that pair pro-
gramming could help to solve problems faster (Hannay et al., 2009)(Lui et al.,
2010)(Wray, 2010), improve code quality (Hannay et al., 2009)(Williams,
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2010)(Wray, 2010) and improve team spirit (Maguire et al., 2014)(Stapel
et al., 2010)(Williams, 2010). First of all, it has been shown that the over-
all resolution time for tasks of any complexity could be faster than solv-
ing the task individually (Hannay et al., 2009)(Lui et al., 2010)(Sun, 2011).
However this comes with a cost of investing the time of two persons rather
than just one, which results in a higher cost for solving the task (Lui et al.,
2010)(Spohrer et al., 2013)(Williams, 2010). Secondly, improved quality of
code is evident as there are constantly two persons who can spot mistakes eas-
ier (Spohrer et al., 2013)(Wray, 2010) and push for working according to the
best practices (Williams, 2010)(Wray, 2010). The effect of pair pressure also
causes both persons to concentrate on the task at hand rather than switching
to private tasks frequently (Sillitti et al., 2011)(Stapel et al., 2010)(Williams,
2010)(Wray, 2010). However it has been shown that while gaining more ex-
perience and being more familiar with each other, the amount of off-topic
discussions is likely to increase (Stapel et al., 2010). Off-topic discussions are
not inherently a bad thing as they help to increase team spirit and might ease
out conversations about the actual topic as well (Williams, 2010). These off-
topic discussions could be directed towards breaks between tasks by agreeing
about common guidelines on pair programming (Maguire et al., 2014) and
having a physical work environment that supports both concentration and
informal discussions (Mishra and Mishra, 2009a).

However these benefits do not come without a cost. The main drawback
of pair programming is the increased investment of human capital especially
with people without prior experience of pair programming (Spohrer et al.,
2013)(Williams, 2010). Due to this, pair programming is not the best ap-
proach for situations with a high market pressure or tight scheduling since
solo programming is more efficient when considering the total cost of solving
the task (Sun, 2011). Another key challenge to address is disengagement,
meaning that the one acting as a navigator can be tempted to lose focus
on the task at hand due to time pressure or being unable to follow the
driver’s work (Plonka et al., 2012)(Williams, 2010). This could be solved
by letting the junior act as a driver and carefully selecting the tasks to be
solved with pair programming (Plonka et al., 2012). In addition to selecting
the tasks, it is also important to select the right pairs to solve them (Gupta
et al., 2013)(Hannay et al., 2009)(Sun, 2011)(Williams, 2010). As mentioned,
junior-senior pairs generally result in the best knowledge sharing experience,
but sometimes the task requires the highest possible quality, meaning that
senior-senior pair would be a better choice (Sun, 2011). It is also important
to rotate the pairs frequently so that the employees get experiences with
different partners and their working habits (Spohrer et al., 2013)(Williams,
2010).
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2.5.2 README

Since agile methodologies do not generally encourage creating and maintain-
ing an extensive documentation (Basri and O’Connor, 2011)(Gupta et al.,
2013), but lacking proper documents is still a major challenge in knowledge
sharing (Ersoy and Mahdy, 2015), some compromise between heavy docu-
mentation and lacking one entirely is needed. One proposed solution to create
and maintain lighter, more informal documentation is a ”README” file. It
is usually located in the root directory of a project’s codebase and written in
a plaintext format, such as markdown (Karimzadeh and Hoffman, 2017)(van
Gompel et al., 2016). It is especially important in open source community
as it gives the first impression to anyone visiting the codebase and acts as
a summary of the project (Karimzadeh and Hoffman, 2017)(Prana et al.,
2018). There is no single standardized structure for a README and there
are various practices that are highly context dependent, although generally
the README aims to provide answers to ”what” and ”how” questions about
the project (Prana et al., 2018).

The most common contents of the README include some background
or a high-level description of the project, usage examples and building and in-
stallation instructions (Ikeda et al., 2019)(Karimzadeh and Hoffman, 2017)(Prana
et al., 2018)(van Gompel et al., 2016). In addition to those, also updated
support information, environments, release notes and links to further docu-
mentation could be included, but these are naturally dependent on the con-
text of the project (Ikeda et al., 2019)(Karimzadeh and Hoffman, 2017)(van
Gompel et al., 2016). Ikeda et al. (2019) also point out that some form of
a task list or known limitations alongside with the application programming
interface (API) documentation could be added to the README if considered
necessary. The clear benefit of including these details alongside the codebase
is the fact that documentation tends to get outdated quite rapidly and having
it in version control system together with the codebase encourages updating
it more frequently and usually results in a better updated documentation,
even though it would be in an informal format (van Gompel et al., 2016).
Informal documents such as README files also act as a support for project
handover and ensure that critical knowledge is kept together with the code-
base to avoid knowledge loss (Stettina and Kroon, 2013).

2.5.3 Project presentations

Another solution to tackle knowledge sharing challenges and improve avail-
able informal documentation, could be regular presentations about different
ongoing projects. Presentation as a communication method is probably fa-
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miliar to most people already from school since they are commonly used in
education, but also regularly in a work environment (Bhattacharyya, 2011).
Therefore most people should be quite familiar about giving presentations
about different subjects under their expertise. A clear benefit of giving pre-
sentations is also the fact that it forces the experts to share their knowledge
in a concise and structured format, which might clarify the topic for them-
selves as well. Also since it is beneficial to have a slide show to support
learning (Wecker, 2012), informal and concise documentation is created as a
side effect.

The natural drawback of the presentations is the effort that is required
to prepare them in contrast to the expected benefits. It can be also seen
as an additional work that prevents working on actual tasks that are con-
sidered more important, which could cause lack of motivation towards pre-
sentations. Additionally the applicability of a slide show as documentation
could be debatable and it could get outdated quite fast, which could lead to
misconceptions in the worst case.

2.5.4 Triaging

The initial incidents reported to the ticket tracking system could be of varying
quality. Some might be very detailed with precise descriptions, while others
do not provide enough information to even start working on the ticket. This is
challenging as it could be time consuming to actually identify what the ticket
is about and who could solve it. The problem effectively gets worse while
the amount of tickets grows and therefore a structured approach, such as a
triaging process, is needed. In software context triage means gathering all
the necessary information needed to solve the ticket, before finding the right
person to assign it to (Ruefle et al., 2013). This way developers can focus on
development tasks rather than having to deal with vaguely defined incidents
that might be entirely out of their area of expertise. With low ticket volumes
this process can be done manually, but once the company grows and a growing
amount of tickets floods the help desk, the manual techniques do not scale
very well and the maintenance personnel will eventually be unable to handle
new tickets (Hu et al., 2014). This is why various automatic processes for
triaging incidents are proposed. These are usually based on machine learning
techniques with hundreds of thousands of sample incidents as a training
material and their purpose is usually to evaluate the priority and find the
right assignee for the incident (Hu et al., 2014). Because of the need for
training data, these techniques are mainly suitable for large corporations or
open source communities with a large amount of historical incidents recorded
in the database.
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Improving ticket quality is beneficial for all stakeholders participating in
the maintenance process as an issue tracking system should be the main
medium for communication between them, containing all the information
related to the ticket handling process (Bertram et al., 2010). However, cus-
tomer might not have the technical expertise to report incidents with all the
details required to efficiently solve them and on the other hand, developers
most likely do not have time and motivation to constantly check for newly
created tickets when there is also some new development to be done. A so-
lution to this problem of shared responsibility would be job rotation (Fægri,
2009) and a rotating triage responsibility. This way the developers could
focus on their main tasks while spending some predetermined time to triage
tickets for other developers. This could be an efficient solution, but its im-
plementation needs to be carefully considered as people still like to get their
main tasks done efficiently and adding additional job rotation to slow down
the main activities could cause loss of motivation (Fægri, 2009).

2.5.5 Automatic alerts

Another way to improve ticket quality is to detect the incidents automati-
cally, before anyone needs to report them manually. This can be done with
improved application monitoring, which alerts the maintenance personnel
if certain conditions are met. There are various aspects that cloud applica-
tion monitoring could benefit, troubleshooting being only one of them (Aceto
et al., 2013), but as cloud application management is a relatively new concept
in the field due to an increased popularity of cloud services, their efficient
management is still quite challenging and heavily context dependent (Fatema
et al., 2014). One of the most challenging tasks is to find the right set of
key performance indicators (KPI) to measure. This is especially important
in SaaS business as the amount of customers could be constantly growing
and an automatic detection of incidents and performance issues significantly
improves the service quality (Shao et al., 2010).

The most significant benefit of automatic alerts in comparison to customer
created tickets is the quality and amount of details included. As alerts are
generated automatically on predefined events, it is much easier to find the
root cause of the incident and make more informed decisions about its priority
for example (Aceto et al., 2013)(Fatema et al., 2014)(Shao et al., 2010).
These alerts should be connected to the help desk in order to add them to
the maintenance process rather than directly notifying individual developers
or even teams (Hernantes et al., 2015). The main challenge with alerts is
recognizing the need for alert in different situations as they are highly context
dependent and it might be easy to create a lot of unnecessary alerts about



CHAPTER 2. BACKGROUND 28

performance issues that do not require any actual actions to be taken. On
the other hand failing to alert about actual incidents is also a problem and
therefore the right balance between unnecessary and missing alerts should
be determined based on the business criticality of the system.

2.5.6 Transition model

An important phase in software lifecycle management is the transition from
active development to maintenance mode. During this transition there is a
risk for losing information due to lack of updated documentation delivered
for the maintenance personnel, which results in inefficient maintenance (Stet-
tina and Kroon, 2013). One of the most important factors for any project
is the background information about its context, business case and require-
ments and this information is lost easily as it is rarely documented anywhere
while using agile development methodologies (Ito et al., 2016). One solu-
tion to this problem is introducing maintenance personnel to the project
already during development, or even having developers also do the mainte-
nance work (Stettina and Kroon, 2013). This however does not solve the risk
of personnel changes during maintenance by an employee leaving the com-
pany or new employees joining to the team (Ito et al., 2016) and therefore
it is important to have an actual transition model from active development
to maintenance, including standardized requirements for documentation and
maintenance practicalities.

Ito et al. (2016) identify three main challenges for transition. These are
unrevised documents, unclear background knowledge and omitting necessary
information. They suggest that the challenge of having unrevised documenta-
tion out of sync with the actual codebase could be solved by adding an update
history to each document clarifying the latest changes to them. Stettina and
Kroon (2013) also highlight developers’ mindset of creating documentation
for someone else and thus lacking the motivation for adding detailed infor-
mation. Commitment to artifacts is generally a challenge alongside with a
time pressure leading to lower quality documentation lacking the necessary
information (Stettina and Kroon, 2013). This could be tackled by encour-
aging informal documents like README files (see section 2.5.2) and storing
them with the codebase to encourage updates to them. Additionally docu-
mentation files should be reviewed by other team members or maintenance
personnel, and updated based on their feedback about the necessary infor-
mation (Ito et al., 2016).
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2.5.7 WIP limits

As time pressure and multitasking are a major problem for knowledge shar-
ing, tackling them should be taken seriously. One way to manage time pres-
sure and parallel streams of work in agile development is WIP limits. Their
main purpose is to ensure that the previous tickets have been finished before
new ones can be started, which could prevent over commitment that easily
leads to time pressure and multitasking (Ahmad et al., 2016). If implemented
correctly, WIP limits could improve the efficiency of both maintenance and
development processes (Concas et al., 2013). However, introducing limits
most likely does not solve the root cause of the problems, but it encourages
tackling them as multitasking is no longer an option. Also introducing new
strict practices to daily activities is not an easy task as it requires commit-
ment from the whole team (Ahmad et al., 2013) and a clear internal priori-
tization of different tasks, which might be problematic in some contexts.



Chapter 3

Research methods

This chapter describes the design of this study. First, the selected approach
is discussed and compared to other suitable approaches. After that, all data
collection methods are presented, which is followed by a description of each
research phase in detail.

3.1 Research approach

The aim of this study was to solve an abstract problem in the case company’s
context, meaning that it could not be solved by using only quantitative meth-
ods. Since qualitative methods typically assume that the world is socially
constructed and context-dependent, they fit the setting of this research bet-
ter than quantitative methods (Merriam, 2002). A description of possible
approaches together with an evaluation on their suitability for this study is
presented next, which leads to a justified selection of an approach for this
study.

3.1.1 Comparison of possible approaches

As mentioned, the goal of this study was to solve an abstract problem that
the case company has identified. Possible approaches to reach this goal could
be case study, design science, ethnography or action research (Easterbrook
et al., 2008).

Case study

Case study has many contradicting definitions in software engineering litera-
ture causing confusion (Easterbrook et al., 2008)(Runeson and Höst, 2009)(Rune-
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son et al., 2012). A wide range of studies varying from lab experiments to
large field operations could be called a case study, but at the same time,
similar studies are also called field studies or observational studies (Rune-
son et al., 2012). Despite the confusion, both Easterbrook et al. (2008) and
Runeson and Höst (2009) agree that the definition presented by Yin (2003,
p. 13) is the correct one that actually defines the term ”case study” as it
should be used. According to Yin (2003, p. 13) a case study investigates a
phenomenon in its natural context, especially when the boundary between
the context and the phenomenon itself is unclear. So case studies focus on
understanding a certain phenomenon in a certain context describing the rea-
sons and causalities behind it. A case study is a useful approach for real-life
situations where the boundary between a phenomenon and its environment is
rarely clear-cut, which rules out controlled experiments for example. A pre-
condition for conducting a case study is to have a clear and concise research
question focusing on explaining how and why certain phenomenon occurs or
exists. (Easterbrook et al., 2008)

There are generally two types of case studies: exploratory and confir-
matory. Exploratory case studies are initial studies that aim to understand
some phenomenon and formulate theories about its presence, whereas con-
firmatory case studies aim to validate existing theories in new cases. Both of
them contribute to scientific knowledge by deriving new theories and validat-
ing existing ones. Despite the benefits of conducting a research in a natural
context, it also poses threats to validity as researchers might be biased on
case selection, but also when evaluating the results as the researchers might
interpret the findings to the favor of their theory. Therefore it is important
to have an explicit framework for analyzing the findings and selecting the
cases. Also a case study in a single case context should not be considered as
a strong evidence and it should be confirmed with several other cases before
the theory can be considered valid. (Easterbrook et al., 2008)

A case study is not exactly fit for the purpose of this study as it focuses
on observing the phenomenon and deriving theories out of it rather than
solving the actual problem, which is the interest of the case company. A
pure case study would be appropriate if this study would be only focusing
on the problem definition and its root causes.

Design science

Design science is an approach that focuses on an engineering manner of creat-
ing artifacts to solve problems either in a real-life context or in a conceptual
setting (Offermann et al., 2009). The problems selected are usually socio-
technological, meaning that the researchers need to understand the social
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and technological environment they are working on (Baskerville et al., 2009).
The artifact could be anything tangible that is created during the research
process to address the identified problem, for example a piece of software or a
process model (Peffers et al., 2007). Unlike a case study, design science can be
conducted in a conceptual environment providing scientific knowledge that
can then be applied in a real-life context (Offermann et al., 2009). Generally
design science research consists of three main parts: problem identification,
solution design and evaluation (Offermann et al., 2009), but also a more de-
tailed process has been proposed by Peffers et al. (2007) including six steps:
problem identification, definition of the objectives, design and development,
demonstration, evaluation and communication. The general process is still
similar starting from identifying the problem, continuing with development
and finally ending with the evaluation of the developed solution.

Design science is a suitable approach when a certain problem has already
been identified and it is assumed that it can be solved by developing a single
artifact, which also contributes to general scientific knowledge by deriving
theory about the design of such artifact (Offermann et al., 2009). It could
have been a possible approach for this study as it focuses on solving the
problem rather than just observing and reporting it. However the problem
in the case is abstract and a single artifact to solve it could not be identified,
which effectively rules out the possibility of a design science approach.

Ethnography

Ethnography is an approach that aims to understand social culture and prac-
tices by objectively observing them in their natural context (Robinson et al.,
2007). Ethnographical research does not consider any existing frameworks
or theories before observations and it does not make any assumptions about
the studied community. The goal of this approach is to understand how the
social culture of the studied community creates practices that are present and
how the community communicates and collaborates. Ethnography is usually
relying on outside observations where researcher stays outside the community
and makes observations. Additional details might be added through inter-
views, but the main findings are drawn from the observations. However in
some cases outside observations might not provide an in-depth understand-
ing of the culture and therefore researchers need to become participants in
the community. This is called participant observation and it might yield a
better understanding of the community, but it might also affect the results
by introducing a bias to the setting. (Easterbrook et al., 2008)

Ethnography is a useful approach in cases where the culture and practices
of the studied community is the focus point of interest. It requires significant
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amount of time spent on the field, but it also yields detailed findings about
the culture and practices that are in use. The challenge of this approach
is the time requirement and threats to validity that are inevitable since the
participants are either aware that they are being studied or the researcher
needs to be a solid part of the community, which has its own issues of bias.
Ethnography is not a suitable approach for this study as it will only consider
the culture and practices of the community rather than identifying and solv-
ing its problems. It is also notable that objective findings are not possible as
the researcher has already been working for the case company for a relatively
long time and is already part of the community.

Action research

The last one of the approaches is action research, which Runeson and Höst
(2009) define to be focused on a change process through involvement in it.
Action research is closely related to case study in a sense that they are both
interested in studying a phenomenon in its natural context. The main dif-
ference between them is the fact that action research is focusing on solving
the problem rather than just identifying it. Another difference is the fact
that action research assumes that the need to solve the problem is always
justified and self-evident whereas case study does not address solving the
problem at all. It is also notable that solving the problem is done through
involvement, so researchers are basically involved in the process they are
studying (Easterbrook et al., 2008). Action research is also similar to design
science on an abstract level as they both aim to solve the problem identified.
The main difference between them are the methods of solving the problem
since design science relies on developing an artifact whereas action research
accepts all means of involvement to solve the problem. Another difference
between action research and design science is their philosophical stance as ac-
tion research is usually considered constructivist and anti-positivist whereas
design science tends to have a positivist stance meaning that design science
relies solely on logic and observations whereas action research accepts that
the social context can not be studied extensively with scientific methods.
(Baskerville et al., 2009)

Even though action research has been criticized for being an immature
approach and lacking scientific validity, it is still a suitable approach for this
study. This is because it fulfills the purpose of this study by focusing on
a real effect on an actual problem rather than creating new general scien-
tific knowledge. Even though action research is usually characterized as an
iterative method having more than one cycle of development, testing and
validating (Easterbrook et al., 2008), only one cycle will fit into the scope of
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this study due to limited time and resources. However this study serves as
the first cycle of continuous improvement that will most likely continue after
this study as well. Another exception to the typical action research approach
is the philosophical stance of positivism instead of anti-positivism (Easter-
brook et al., 2008) as the change is measured using predetermined metrics
that are selected to reflect the aspects that the case company considers im-
portant to improve. These metrics and their justification are presented in
detail in section 5.1. In addition to the normal set of data collection methods
for action research including interviews and observations, also a survey was
used alongside with the data from existing systems to quantify the initial
situation. Survey and data exports were selected to provide triangulation for
qualitative data and to gain further insight on the problem and the effec-
tiveness of changes. Data export methods are presented in section 3.2.4 and
details of the survey in section 3.2.2 and appendix A.

3.2 Data collection

This study utilized four data collection methods mainly focusing on qualita-
tive instead of quantitative data. This is because the problem to be solved is
abstract and action research relies on qualitative data on problem identifica-
tion and solution evaluation. For qualitative data, interviews and workshops
were used as a data collection method. Additionally there was a need to
measure the effectiveness of the implemented solutions, which effectively re-
quires quantitative data. This was collected with a survey about maintenance
knowledge and analyzing data exports from existing systems. Each of these
methods are presented in detail in the following sections.

3.2.1 Interviews

Interviews are commonly used for data collection in action research (East-
erbrook et al., 2008). They can be seen as a natural way of communication
through talking, which might explain their popularity (Doody and Noonan,
2013). They are generally used to understand individuals, their situation,
experiences and thoughts. There are generally three types of interviews that
vary by their format: structured, semi-structured and unstructured (Doody
and Noonan, 2013). This study utilized unstructured interviews as they are
as close to a natural everyday interaction between the researcher and the
interviewees. The term ”unstructured” is a bit misleading as the interviews
had a predetermined agenda and questions on the broad topic were prepared
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to avoid wasting time and resources on irrelevant topics (Doody and Noonan,
2013).

Interviews were used to identify managerial viewpoints to the process im-
provement. At the beginning of the study, two interviews were arranged to
firstly identify the used maintenance models and problems in them and sec-
ondly, to prioritize the company focus points and metrics to represent them.
After the initial interviews, the next interviews were related to presenting
findings from the initial state analysis, defining goals for the solution pro-
posals and evaluating possible solutions before presenting them to a wider
audience. After the implementation phase, the results were also discussed
with the executives in order to find different explanations and interpretations
on them.

These interviews were not audio recorded as they were on a general level
and brief notes about the interviews were sufficient enough to memorize the
key points.

3.2.2 Maintenance knowledge survey

Survey is a widely used method to collect both quantitative and qualitative
data about a certain population (Easterbrook et al., 2008). Surveys are
usually used to gather knowledge about a large population by picking a
sample of it, but in smaller cases also the whole population can be included
in the sample (Kasunic, 2005). The purpose of using survey in this study
was to gather quantitative data about knowledge sharing that was already
identified as an issue before this study. It is important to realize that survey
is not a useful method to collect data about the past as people tend to
remember things differently rendering its validity close to zero. Therefore
surveys can only be used to measure the present situation (Lin̊aker et al.,
2015), which was also the intended use in this study. The previously identified
problem and a hypotheses to be tested with the survey was that knowledge of
certain projects was piling up on certain people. This means that there would
be usually only a few persons who know certain projects in detail causing
most of the maintenance tasks to fall on these persons. There was also a
gut feeling about tight schedules being one of the main knowledge sharing
barriers, which was also to be confirmed with the first survey in addition
to evaluating several other knowledge sharing barriers identified from the
literature (see section 2.2.1 for details).

For the purpose of sharing the survey for the whole company and to get
the employees to answer to it, a web based survey was used as it has been
proven to be easy to use and yield higher response rates than traditional
paper surveys (Kasunic, 2005). Also the answers are much easier to process
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when they are already in a digital format. The survey was created with
Google Forms 1 that provides an easy to use interface for survey creation
and analysis. To get the response rate as high as possible, the questions
were kept simple and the overall survey short (Lin̊aker et al., 2015) having
only five questions: two for demographic purposes, two main questions to
test the hypothesis and one voluntary open-ended question about insights
outside the main questions. The survey was presented to the COO of the case
company as a pilot test after which the wording was improved (Lin̊aker et al.,
2015) and some project names changed. Also the order of both projects and
barriers was randomized so that there would not be any unwanted patterns
due to certain order of questions. The survey was then distributed via a
shared channel in Slack 2 and reminders were sent via the same channel and
during face-to-face discussions. The same survey was also repeated after
the implementation phase to measure the change in maintenance knowledge.
The final survey form used in both cases is presented in appendix A.

The survey results were then analyzed and visualized using spreadsheets
with predetermined metrics agreed with the executives. These metrics are
presented in section 5.1 and the initial survey results are fully presented in
section 5.2.1. The final results are presented in section 8.1 and analysis on
them in chapter 9.

3.2.3 Workshops

A more collaborative way of gathering qualitative data instead of using in-
terviews is workshops. The purpose of both workshops and interviews is the
same: to gather knowledge about individuals’ thoughts and feelings on some
subject. The fundamental difference between interviews and workshops is
their methodology, because interviews are usually discussions mainly with
the researcher even in a group setting, whereas workshops encourage discus-
sion between the participants while the researcher is facilitating and observ-
ing the discussion. Workshops are a suitable method for data collection in
action research as it is a collaborative process of addressing certain problem
after all (Lüscher and Lewis, 2008). Workshops also engage participants more
than group interviews, which is highly beneficial for collaborative problem
solving (Coghlan, 2011)(León de la Barra et al., 1997)(Tsoukas, 2009). Addi-
tionally with good facilitation, workshops encourage all participants to share
their thoughts, not just the ones with the loudest voice or in top managerial
positions. From researchers point of view, they are also less time consuming,
which means that with limited time available, there can be several workshops

1https://forms.google.com
2https://slack.com
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arranged on different topics compared to having just one set of individual in-
terviews. It is also notable that workshops compared to interviews cause a
participatory feeling for the participants, who are part of the change imple-
mentation in this study. This reduces change resistance as the change has
been co-created rather than just being decided in a top-down manner by the
researcher and managers. Therefore it is evident that workshops are more
suitable as a main data collection method than interviews for this study and
thus qualitative data was collected mainly with workshops.

When designing a workshop it is important to identify the key partici-
pants, prepare necessary materials and design the structure of the session.
Smeds et al. (2015) emphasize three key aspects of a successful knowledge co-
creation workshop: participants, boundary objects and external facilitators.
First of all, the participants should be selected so that each relevant team
is represented to provide different viewpoints to discussions (Smeds et al.,
2015). This is addressed by arranging the workshops at a time that is suit-
able for most of the relevant participants. The focus group of this study is
development teams so the schedule was arranged according to their needs.
Secondly, it is important to prepare necessary materials for the workshop to
get the discussion flowing as it might be difficult to discuss about the issues
if everyone has a contradicting idea about the general topic to begin with.
These materials are the boundary objects for the discussion and their purpose
is to ensure that everyone is talking about the same subject with the same
terms (Akkerman and Bakker, 2011). For the purpose of this study, bound-
ary objects such as a process diagram was used. This diagram is presented in
the figure 4.2. Lastly, according to Smeds et al. (2015) it would be beneficial
to have an external facilitator as he would be outside the social norms and
have an external, objective viewpoint. However due to the setting of this
study and the researcher’s relationship with the case company this is not
possible, but it is still important to remember that the goal of the facilitator
is to act as an external supervisor facilitating the discussion, rather than
actively participating in it.

The structural framework for the workshops organized in this study was
selected to be Think-Pair-Share that was created by Lyman (1987) in the
80s. It consist of three phases: individual thinking, pair discussions and
group discussion. The method starts by the facilitator presenting the topic
and questions to be addressed. It is important that examples are not given
at this point to avoid limiting the individual thinking of the participants
(Lyman, 1987). The first phase, individual thinking, lasts for a short time
and its purpose is to think about the problem individually while writing notes
to sticky notes for example. After that the next phase is to find a pair or
a group of three persons and then share the ideas from the first phase and
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discuss about them again taking notes about new ideas on sticky notes. An
important aspect of pairing is aiming to form pairs or groups that are not
already familiar with each other to break the social boundaries and encourage
truly creative thinking (León de la Barra et al., 1997). After discussing in
pairs, it is time to share the thoughts together with all the participants of
the workshop. At this phase, similar sticky notes are collected together to
form general concepts. Group discussion phase is the longest one as it will
yield the results of the whole workshop that are then documented on sticky
notes. In general Think-Pair-Share is an efficient way to use time so it is
suitable for organizing short 1-hour workshops on the scope of this study.
During this study there were three workshops organized in total, further
information about their contents are presented in section 3.3.

3.2.4 Data export from tracking systems

In addition to collecting qualitative data that is useful for gathering indi-
viduals’ thoughts and feelings, which are hard to measure, also quantitative
data was required to represent the effectiveness of change. The case com-
pany generally had two quantitative data sources available for this study: an
issue tracking system (Freshdesk 3) and a time tracking system (Toggl 4).
Freshdesk holds information about reported incidents and their resolution
process. For example it provides information about issue resolution times,
reporters, projects and categories. This information was used to evaluate the
efficiency of the overall process and to identify the points of improvement.
Toggl on the other hand is used for tracking time that employees spent on
both development and maintenance tasks and it provides information about
the projects they have been working on and the time they used for them.
This data is useful for measuring overall time spending and to measure the
balance between maintenance and development tasks. These datasets can
also be combined to find explanations for certain aspects such as long reso-
lution times due to busy development activities for example.

The datasets were provided as Excel spreadsheets, which were then con-
verted to CSV format and analyzed with Python 5. Python scripts were
used to analyze both ticket data from Freshdesk and time tracking data
from Toggl. The values for metrics were then copied to a spreadsheet again
for visualization purposes. The reason to use Python for analyzing the data
was complexity of the initial dataset that was not directly suitable for spread-
sheet analysis on selected metrics, thus requiring intermediate parsing with

3https://freshdesk.com
4https://toggl.com
5https://python.org
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Python. Metrics selected to be analyzed were agreed with the CTO of the
case company to reflect the most important focus points from the company’s
perspective. These metrics are presented in detail in section 5.1 and their
initial values in section 5.2. The exports were also repeated after the imple-
mentation phase to measure the change in selected metrics. The results of
the change analysis are presented in section 8.1 and implications on them are
further discussed in chapter 9.

3.3 Research phases

Action research in general has five main phases: diagnosis, action planning,
intervention, evaluation and reflection (Davison et al., 2004). This study
follows the general guideline by starting with analyzing the initial state,
which is followed by proposing solutions. The next phase after agreeing
about the actions to be taken was the implementation phase, which was
followed by evaluation and reflection. Generally it would be beneficial to have
several iterations of this cycle (Davison et al., 2004), but due to limitations
of a master’s thesis, there is only one cycle in total, which provides the
methodology and a foundation for future improvements. Next each of these
phases are presented in detail.

3.3.1 Initial state analysis

The first phase of this study was naturally analyzing the initial state. The
goal of this phase was to identify the actual problem and the case company’s
needs for improvement. After this phase there was a mutual understanding of
the key problems in the initial process and their internal priority, since they
were not equally important to be solved from the case company’s perspective.
The phase began by having an interview with the company’s CTO, COO and
CCO about the initial maintenance processes and their evolution over time.
During the first interview also already identified problems or thoughts about
possible problems were discussed on a general level, which guided the decision
of focus areas for a further study. One of the problems initially identified
was knowledge sharing and it was decided that it requires further studying
in a form of a survey to get a quantified analysis of the initial situation. The
survey was designed based on literature findings about knowledge sharing
barriers in software development and it was conducted at the beginning of
February. This survey is presented in appendix A.

In addition to the first interview and the survey, also another interview
was organized. The second interview was with the CTO and its purpose was
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to identify the ways to measure the change and the most important aspects
for improvement. A list of possible metrics were gathered from literature in
addition to the initial ideas for focus points, which were then discussed with
the CTO resulting in a prioritized list of a few metrics to focus on. These
metrics are presented in more detail in section 5.1.

Also a workshop was organized to further analyze the problems of the ini-
tial state and to get a broader viewpoint from the employees. The workshop
was organized at the beginning of February with a total of six participants
in addition to the researcher. Three different teams were represented in the
workshop by four developers and two consultants, which covers most of the
case company’s organization (see section 4.1). The executives were also in-
vited to the workshop, but were unable to attend due to unexpected changes
in schedules. The topics of the workshop were covered later with the CTO
and CCO to get an executive point of view to the discussed topics. The
workshop notes were collected on sticky notes and later analyzed to form a
basis for the solution proposals. Results of the first workshop are presented
in section 5.2.

3.3.2 Proposing solutions

The findings from the initial state analysis were then formulated into goals
that the solution proposals would aim to meet. These goals were discussed
and prioritized together with the executives to find out the most important
goals to focus on, as all of the challenges can not be solved with limited re-
sources. These goals and their priorities are presented in section 6.1 together
with justification for the prioritization. After the initial analysis of the prob-
lems and prioritization of goals, a further literature review was conducted in
order to find possible solutions from theoretical frameworks and previous case
studies. The findings from the literature review were then applied to the con-
text of the case company for better applicability and formulated into concise
solution proposals. These proposals were then evaluated with the manage-
ment to filter out those with low expected return of invested resources and
those not suitable for the company’s high level business strategy. The re-
maining proposals after strategic filtering with the executives are presented
in section 6.2.

These proposals were then presented to employees in the second workshop
to gather wider feedback about their suitability and implementation. The
workshop was organized at the end of February with the same target audi-
ence as in the first workshop. The reason why proposals were evaluated and
modified together was to ensure involvement and commitment to the change
process, which is essential to succeed in SPI. Therefore rather than presenting
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finalized solutions, the workshop consisted of a brief introduction to the idea
behind each proposal, which were then evaluated with the Think-Pair-Share
method. After gathering feedback and some modifications to the initial pro-
posals, the most promising ones were selected for the implementation phase.
The selected solutions are presented in section 6.3.

3.3.3 Implementation

A few days after selecting the solutions for the implementation phase in the
second workshop, another meeting with the COO and CCO was arranged
to address the practicalities of implementing the selected solutions. During
the meeting, the solutions were discussed one by one to identify the practical
actions required to implement them. To ensure that no time is wasted on
misunderstandings and lack of communication, each task was also assigned
to a responsible, who would ensure that it will get done on time. Most of the
preparatory tasks were naturally assigned to the researcher, but some tasks
required modifications to the time tracking service for example, and therefore
could only be conducted by the executives with an administrative access to
the service. Once all preparations were done, the guidelines were first eval-
uated together with the executives, before presenting them to all employees
in a company wide Slack channel. After ensuring that the implemented solu-
tions started working as intended, it was time to observe the implementations
and discuss about them informally to get early feedback about them. This
was important because the short time period of the research required fast
reaction to possible issues in the solutions to ensure that no time is wasted.
The implementation phase lasted for a total of seven weeks between March
and April.

3.3.4 Evaluation and reflection

After seven weeks of implementation phase, the third workshop was orga-
nized at the end of April marking a conclusion to the implementation phase.
The purpose of the third workshop was to gather feedback about the im-
plemented solutions and their efficiency in solving the challenges identified
at the beginning of this study. The workshop was open for the whole or-
ganization to ensure that everyone has a chance to share their thoughts on
the topic. The workshop had six participants in addition to the researcher
representing all teams of the case company and therefore it can be stated
that the feedback gathered represents the whole organization and not just
a single team. However some key persons, including the CTO for example,
were unable to attend due to busy schedule, but their insights were addressed
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separately with an unstructured interview based on the workshop findings.
In addition to the third workshop, also the knowledge sharing survey was

repeated together with new data exports to measure the change in selected
metrics. The analysis on these metrics supported the qualitative findings of
the workshop and gave further insight on the effectiveness of the implemented
solutions. As the time frame of this study was limited and the whole cycle of
this study was considered as the first iteration of continuous improvement, it
was important to accurately measure the resulting state of the organization.
This measurement could then be used as a starting point for the next iteration
of improvements, building on top of the findings and experiences from this
study.



Chapter 4

Context

This chapter describes the context of this study. It starts by generally intro-
ducing the case company and its core businesses. After this the focus is on
software maintenance processes in the case company. After describing the
processes, also the company focus points are presented to clarify the initial
motivational factors behind this study.

4.1 Case company

The case organization of this study is QOCO Systems Ltd., a small software
company founded in 2009 focusing on aviation industry with solid expertise in
software solutions for maintenance, repair and operations (MRO) in aviation
business. During all of its lifespan there has been collaboration with Airline
1, which is still the most important customer at the moment. A few years ago
there was also quite much collaboration with a railway company since their
challenges with MRO were relatively similar to those of airlines. However,
this collaboration has been discontinued due to strategic focusing on the
aviation market. At the start of this study, there were 16 employees at
QOCO, which marks a 100 % increase in 12 months. Also the revenue has
been growing steadily by around 200ke annually, currently being a bit over
1Me (Finder.fi, 2019). Basically it could be argued that QOCO is past the
initial startup phase as it has become a steadily profitable company with
several employees and a solid customer base.

Main services offered by QOCO can be classified into two main categories:
software services and consulting. During the last few years consulting has
been the most important revenue source for QOCO and therefore it still
has a major role in QOCO’s service portfolio. Recently the main focus has
been shifting towards Software as a Service (SaaS) business since consulting
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services require specialized expertise, making them hard to scale up. SaaS
solutions are selected as a strategical focus point because they can be scaled
much easier and do not require as much in-depth technical knowledge about
aviation business, which is a relatively rare skill especially when combined
with software development skills.

On the consulting side, QOCO’s expertise is deeply focused on AMOS
MRO System (AMOS), a system developed by Swiss AviationSoftware Ltd.
and used by many airlines worldwide for organizing their MRO processes.
The main focus is on developing integrations between AMOS and various
other systems, but QOCO also provides support for data migration and sev-
eral other AMOS related processes.

On the software solutions’ side, QOCO has developed some SaaS solutions
that are readily available for new customers. The portfolio consists mainly of
web applications and integrations, but QOCO has also worked with mobile
applications in the past, however they are not the main focus area at the
moment. One example of a web application is MROTools.io, a tool manage-
ment software meant for airlines to track the usage of tools during aircraft
maintenance and repair. Tool tracking is especially important in the aviation
industry as a single missing tool could prevent an aircraft from departing be-
fore it is found. On the integration services, QOCO has developed a data
exchange service, EngineData.io, for automatic data transfer from aircraft
engines to the engine manufacturer’s data analytics system so that it can be
cross-checked with AMOS. The engine manufacturer’s data analytics system
then calculates the wearing of different engine parts based on real measured
values, which then can be used to plan the maintenance schedule according to
actual wearing, rather than using overly estimated values that are currently
being used. This will optimize the maintenance schedule and increase the
effective flight time of engines, which will result in significant cost-savings
over time. As the interface to the data analytics system is quite complex,
QOCO has developed EngineData.io to hide the complexity, making it much
easier for the airlines to connect to the system and utilize its benefits.

The organization of QOCO is roughly divided into executives and four
consulting and development teams. The executives include Managing Di-
rector, Chief Technology Officer (CTO), Chief Customer Officer (CCO) and
Chief Operating Officer (COO) and they are supervising the development
and consulting teams. There is only one pure consulting team consisting of
two consultants allocated for Airline 1 and they are responsible for AMOS
related migrations, reporting and other tasks typically related to data engi-
neering. Another team mainly on the consulting side, but more focused on
developing highly tailored web applications and integrations is also allocated
for Airline 1. The team consists of one senior consultant that acts mostly
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as a product owner (PO) and is therefore ensuring that the team will con-
stantly provide value for the customer by prioritizing tasks and managing
the communication between the team and the customer. In addition to the
PO, there is also one senior and two junior developers assigned to the team.
There are also two product teams: one with four members focusing on MRO-
Tools and the other one with two members developing EngineData. There
are no separate POs in those teams, but one of the executives will ensure
that the product is developing into the right direction. The teams and their
members are also presented in figure 4.1.

Figure 4.1: Organization structure as of January 2019

4.2 Software maintenance in the case com-

pany

As described, QOCO has grown rapidly during the last five years and that led
to a point where the lack of a well defined software maintenance process was
causing trouble in day-to-day business and continuous interruptions made it
difficult to focus on actual development tasks. Previously the maintenance
process was based on directly contacting the contact person via email or
phone. Usually the contact person was the CTO who is also the founder of
the company so he has a long background with the customers making him
the most natural point of contact for them. At the same time there were
also new application management service (AMS) contracts being signed and
those included requirements for response and resolution times for example.
Because of these new service level agreements (SLA), the previous ”best
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effort” type of maintenance process could not be accepted anymore and a
need for a well defined maintenance process was identified.

As a core of the process improvement, QOCO decided to compare dif-
ferent options for issue tracking in spring 2017. A few requirements for the
issue tracking system were identified: most importantly it should be easy
to use with a possibility for different contacting methods, including email
and phone. It should also be reasonably priced for a group of 5 - 30 users
and it should support SLA modeling out of the box. Nice things to have in
addition were support for reporting out of the box and grouping users by
different customers, but these were not considered as critical requirements.
Five different issue tracking systems were evaluated in addition to consid-
ering implementing a custom integration for reporting incidents directly to
an internal issue tracking system. After a careful evaluation, QOCO chose
Freshdesk out of its competitors to be taken into use in June 2017. Some
key aspects affecting the choice were its good quality for a reasonable price,
ease of use and a good variety of out of the box features such as reporting
and integrations to different contacting methods. There is also a support for
grouping users for different customers which improves its scalability in the
long term if QOCO continues to grow as it has been for the last few years.

In QOCO’s case, maintenance activities can roughly be divided into two
categories: general support and application management with further devel-
opment. The maintenance tasks vary between SaaS products and consulting
services, because SaaS products are sold with the maintenance plan including
further development whereas consulting services are sold as a single delivery
with a minimal support plan keeping the service up and running, but further
development will always require new negotiations. QOCO focuses mainly on
in-depth technical support rather than providing basic user support such as
password resetting. This is mainly due to company’s history of being a spe-
cialized consulting service provider for Airline 1 having only a few employees,
which makes it incapable of handling basic user support that would require
dedicated customer service personnel. Also the nature of services provided
is deeply technical so there has not been a need for basic user support in
a large scale. However due to the recent strategic shift to providing prod-
ucts, like MROTools and EngineData, alongside with consulting has raised
the demand for it, which also poses new challenges for existing processes on
scalability.

Currently there are two main channels to contact QOCO in case of in-
cidents: a support email address for incidents that are not business critical
and an emergency phone number for critical incidents. In addition to these
channels there are also some customers contacting their contact persons di-
rectly by email, mostly because of the previous model that was based on
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direct contacts, but QOCO is trying to direct these requests to the official
channels as well. Next both of the official channels are presented in more
detail.

4.2.1 Support email address

Support email address is used for low, medium and high priority incidents
during the normal office hours. The process starts with a message to the
support email address that then automatically creates a ticket to Freshdesk
with low priority and notifies relevant users by email. Relevant users are
determined currently by certain domain rules, mapping each customer to
a group of Freshdesk users. After the notification, the ticket waits until
someone will have a look on it and determine its priority, tasks to be done
and who will be addressing it. The ticket is then assigned for a consultant
or a developer who will do the actual work. It is important to note that,
depending on the issue, this might be the same person that also did the
prioritizing, but not in all cases as all of the developers and consultants do not
have access to Freshdesk. The access is limited because most of the incidents
require further clarifications from the customer, which makes it natural for
the contact person to handle the communication with the customer, letting
the developers and consultants focus on their work. After the clarifications,
the contact person will then describe the issue for the consultant or developer
who then can work efficiently on resolving it.

During the resolution phase the assignee works on the issue and discusses
about it with other team members and the contact person. In some cases
there might be some further information required from the customer or some
third party, which will be shown as ”waiting” status on Freshdesk meaning
that QOCO’s SLA timers are not running while waiting for a response. When
the issue gets resolved, its resolution is discussed with the customer and it
will be agreed whether it requires any further actions to be taken.

The whole process is presented in figure 4.2. As can be seen, the main
interaction channel with the customer is the support email that will send
notifications to the customer if there are new comments added to the ticket.
This way all of the information related to some incident is always available
on Freshdesk and not on someone’s personal email account like it used to be
in the previous model.
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Figure 4.2: Process for handling low, medium and high priority incidents

4.2.2 Emergency phone

In addition to the general support ticketing process, there is also an emer-
gency phone number that the customers can call at any time. The emergency
phone is meant only for business critical issues that need to be dealt with
immediately regardless of the time of day. This is crucial in aviation business
as the business is operated in three shifts 24 hours a day, 7 days a week, and
if the systems were to encounter critical incidents, they can not wait for the
next morning before someone addresses them. This is why QOCO has taken
the emergency phone into use. It currently works as a service that first tries
to redirect the call to the COO and if he does not answer, it will be redirected
to the CTO and the loop goes on until one of them picks the call. Due to
nature of the incidents and their possible occurrence outside of normal office
hours, QOCO’s executives usually deal with them alone without any need
to involve other employees. However in some cases the developers and con-
sultants might have particular expertise that helps to solve the issue faster
and thus they might provide some help if necessary. The process is presented
in figure 4.3 and as can be seen, it is much more straightforward compared
to the normal process of handling low, medium and high priority incidents.
However, the main process is still quite similar: the customer informs QOCO
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about the issue, QOCO deals with it and discusses about the resolution with
the customer who then verifies the resolution.
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Figure 4.3: Process for handling critical incidents

4.2.3 Application management and further development

In addition to resolving incidents and providing support for customers when
they ask for it, QOCO also has agreed to provide application management as
a part of maintenance. In general this means updating dependencies when
necessary, monitoring capacities and reacting to alerts raised by crossing
certain limits for example. In some cases the alerts have been integrated
with Freshdesk by sending automated messages to the support email ad-
dress, which will then trigger the normal process for handling such incidents.
However the alerts are usually not integrated to Freshdesk right away and
currently it is more like a nice additional feature rather than being required
from the very beginning for each project, which is a clear point of improve-
ment. Other tasks such as updating the dependencies are also not addressed
on a regular basis. Of course as QOCO follows the latest discussion on its
field, the version updates on relevant libraries and frameworks sometimes
become a hot topic due to known vulnerabilities or support plans coming to
an end. This then triggers the action on QOCO’s side to take the necessary
steps to keep the delivered software up to date to avoid those issues. Other
than that, general updates to newer versions of the dependencies occur in an
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unstructured way for example with new releases.
For further development part, the process is more open for different com-

munication channels. Sometimes requests for new features or changes to
existing ones are sent to the support email address which then starts the
process of incident handling. In those cases the ticket will be most likely
closed in Freshdesk without further actions and the requirements and sched-
ule for the new feature are discussed with the customer outside of Freshdesk
since it is not a support task that is meant to be handled in Freshdesk. The
requests can also be presented in meetings, by email or by phone directly to
QOCO’s personnel that then discusses and analyzes the requests in detail
eventually agreeing about a development plan with the customer. There are
some differences between custom made consulting services and general prod-
ucts in terms of further development, the main difference being that further
development is usually already included in the maintenance plan for deliv-
ered products. This means that there is no need for additional discussions
about budgeting if the issue is estimated to fit into the agreed workload.
On the consulting side, new features and changes to existing ones are not
usually sold with the initial contract that only covers the development of
the first version and its support. This means that all requests need to be
discussed with the customer to agree about the budget and implementation
schedule. This also makes it harder for QOCO to suggest new features that
could generate more sales in the future.

4.3 Company focus points

The key focus points for QOCO were identified in two separate interviews,
first with the CTO, CCO and COO, the second with only CTO. The topics
for those interviews were to discuss about the current maintenance process,
already identified issues with it and metrics that could represent the sit-
uation. The metrics would also be used to measure the change after the
implementation phase to see if the implemented solutions had any effect on
the identified issues. During the first interview it was evident that the main
focus of the thesis should be on internal process improvements rather than
having significant efforts on external processes that are more or less out of
QOCO’s reach.

One of the main problems already identified at this point was knowledge
sharing, meaning that most of the maintenance tasks were handled by the
CTO and COO without engaging other personnel. This poses a risk as this
way of working is not scalable in the future. It is assumed that there will be
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a growing amount of maintenance related activities as the company matures
and more and more projects are shifted to maintenance mode from active
development leading to more serious problems in the future. The fact that
the CTO and COO handled most of the tasks affected further sales and
managerial activities that consume an increasing amount of time when the
company grows and therefore maintenance knowledge needs to be shared to
other personnel as well. In addition to that, there was no clear responsibility
for anyone to respond and resolve the newly created tickets, which easily leads
to a ”someone will do it” attitude. This naturally causes further uncertainty
on overall process and causes unnecessary delays.

Another important initial idea about the main challenges was the rela-
tionship between maintenance and development tasks. The overall feeling
was that maintenance tasks interrupt the development work, which results
in frequent context switches slowing down both development and mainte-
nance tasks. There was also a feeling that this could be due to undefined
process practices at least on some level, but at this point it could not be
evaluated further in detail. One of the reasons for the unstructured relation-
ship between maintenance and development tasks was thought to be lack of
a structured handover to the maintenance phase. On the other hand, there
is no separate maintenance personnel since the developers handle also main-
tenance of the developed systems, which explains the close relationship of
different tasks.

Customer satisfaction was also discussed in both interviews as it was iden-
tified to be important for the company. The initial thought was that customer
satisfaction is relatively good, which was based on an overall feeling and some
interviews conducted a while ago. However a well defined metric to actually
measure it was not defined and therefore the initial feeling about a relatively
good customer satisfaction was not based on any recent measurements. This
was clearly a point of improvement although it was considered to be less
critical than internal process improvements.



Chapter 5

Current state analysis

This chapter presents the analysis on the initial state of the case company.
It starts by defining the metrics selected to represent the state of knowledge
sharing and maintenance process and after that, continues by presenting the
initial values for these metrics.

5.1 Measuring the maintenance process

The main topic for the second interview was to identify the key metrics
that represent the situation and could be used to measure the change after
the implementation phase. The interview was prepared by finding general
software maintenance metrics from the literature (see section 2.4) in addition
to custom defined metrics specifically designed for QOCO’s context.

Custom created metrics

In addition to metrics from literature, also custom created metrics specific
for QOCO’s challenges were added to the discussion. These metrics are
more suitable for QOCO as they are specially created for the context, rather
than being general metrics. This also means that their validity needs to
be carefully addressed to ensure that they work as intended. These custom
metrics are presented below.

Projects per person - The average amount of projects on different skill
levels a single person can contribute to. This works as a measure of knowledge
sharing as a higher amount of projects means better knowledge sharing and
wider group of employees who can handle different maintenance tasks.

Persons per project - The average amount of persons on different skill
levels for a typical project. In addition to measuring the amount of projects,
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it is necessary to also measure the amount of persons for different projects
to analyze how much skill sets overlap between persons. For example a high
number of projects per person, but a low number of persons per project could
indicate that there are some projects that are relatively well known by many
people, but also some that are relying on certain key persons.

Knowledge sharing barriers - A measure of the most and least significant
barriers for knowledge sharing. This gives an idea about the main factors
preventing knowledge sharing and their significance, but on the other hand,
also information about which barriers are not an issue at QOCO. This is
important to measure since knowledge sharing was considered a major prob-
lem in the initial state, but there was no clear idea about the significance of
individual barriers. The evaluated barriers are presented in section 2.2.1.

Tickets by type - Amount or ratio of tickets by their types. Freshdesk
has seven different types defined, including info, question, request, change
request, alert, incident and problem. Especially interesting is the amount of
actual incidents (alert, incident, problem) in comparison to informative and
request tickets, because it represents the true load of maintenance tasks that
actually might require fast response with development activities. These are
especially interesting due to initial thoughts about the challenges between
development and maintenance processes.

Amount of preventable tickets - The amount of tickets that could have
been prevented before a customer needs to report them. Measuring this
directly is difficult as there is no general definition for a preventable ticket,
but it is still an important factor since an increasing number of preventable
tickets could mean lower customer satisfaction. As a proxy for measuring
preventable tickets, tickets by type could be used with a focus on ratio of
alert tickets. Higher ratio of alerts out of total tickets would mean earlier
reaction without the need to wait for the customer to report the incidents.
This is not exactly the same as the amount of preventable tickets, but it
works as a proxy quite well.

Tickets that actually belong to QOCO - Amount or ratio of tickets that
require actions from QOCO rather than being related to some third party
system. This is an interesting measure as there are several third party sys-
tems that QOCO has developed integrations to, but does not have the main-
tenance responsibility on the system itself. Still a considerable amount of
tickets related to those systems are reported to QOCO causing unnecessary
work on QOCO’s side, when there is nothing that can actually be done for the
ticket. Lower amount of these tickets would mean better communication of
QOCO’s responsibilities towards customers and would increase productivity
of the maintenance process.

Time to production - Time required for a ticket resolution to actually
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reach production as there are some tasks that can not be deployed to pro-
duction directly, even though they have been resolved. Lower time would
mean faster actual resolution times correlating with better customer satis-
faction, but also reducing the amount of multitasking since already resolved
tickets do not require additional focus in the future.

Development speed - There is no single metric that would always be ap-
plicable to measure the development speed, but finding the right metrics for
the case company would be beneficial to be able to measure the actual ef-
fects of maintenance tasks on development process. However, there are no
such metrics used at QOCO currently so measuring the initial state of de-
velopment speed is impossible, but it is still worth considering as a point for
improvement.

Waiting for customer - The time that the tickets are waiting for customer
reply over the total resolution time. This metric represents communication
issues with the customer mainly due inactivity on the customer side. It would
help to identify whether long resolution times are actually an internal or an
external problem.

Waiting for a third party - Similarly to previous metric, this measures the
time ratio of waiting for a third party over the total resolution time. This
also helps to identify external issues with communication to third parties and
clarifies whether issues are internal or external.

Selected metrics

The presented metrics were carefully evaluated during the second interview,
which purpose was to identify the main focus points for improvement and the
most critical metrics to measure the effectiveness of the implementation. The
selected metrics can be divided into two categories: maintenance knowledge
metrics and process metrics.

First of all, three metrics were selected to measure maintenance knowl-
edge: projects per person, persons per project and knowledge sharing barriers.
These were considered important as one of the main issues identified already
in the first interview was sharing knowledge about maintenance of differ-
ent projects, which was highly concentrated on key persons. However there
was no clear understanding of the barriers that actually prevent sharing and
therefore adding knowledge sharing barriers as a metric is essential. All of the
three metrics can also be used to measure the effectiveness of the implemen-
tation since success should be visible as a higher amount of projects for each
person with a wider distribution of skill sets at the same time. Also the most
significant barriers should also be lowered if not entirely removed after the
implementation while not presenting any new barriers to the organization.
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The most important factors of improving the process was identified to
be reducing tickets from unofficial sources and increasing the ratio of alerts
out of total tickets to enhance the ability to recognize and resolve tickets
before customers needs to report them to QOCO. Additionally average res-
olution time was considered as an important general metric that should be
kept within reasonable limits, but the main focus was not to aim for faster
resolution rates as SLA violations were not an issue. Waiting for third party
or customer was also a metric that raised interests, but after a discussion it
was evident that access to data about it would be problematic and thus they
were left out of focus.

To measure multitasking, a decision to use time tracking data about dif-
ferent projects and time entries per day was made. These metrics generally
represent the amount of context switching on average for different persons
and teams and thus help to identify whether the problem is team specific or
more general. An additional idea was to measure maintenance hours ratio,
but the dataset was not sufficient for that purpose. The idea of that would
have been to measure the actual ratio between maintenance and development
activities, which would represent the relationship between maintenance and
development, but there was no reliable way to measure it and thus it was left
out of focus.

5.2 Findings

The initial state analysis utilized three data collection methods to identify
the challenges. Next the most important findings from each method are
presented together with analysis on the causalities and implications behind
the data.

5.2.1 Findings from the knowledge sharing survey

The initial state analysis phase began with conducting a knowledge sharing
survey as knowledge sharing was identified as a challenge during the first
interview. The survey consisted of two main questions: knowledge about
several projects that QOCO has implemented throughout its history and an
opinion on knowledge sharing barriers. The detailed survey description is
presented in appendix A. The survey was distributed utilizing Google Forms
and a company-wide Slack channel to reach the whole organization. The
response rate was significantly high as 12 out of 15 persons responded to the
survey. Two persons were out of office during the whole survey period and
one person did not respond at all (additionally one person was the researcher,
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who also did not respond to avoid bias). Expertise level of respondents was
evenly distributed with four juniors, four seniors and four executives. The
sample is quite representative as the distribution is quite close to the actual
expertise level distribution of the organization, although it is notable that
there are four executives in total at QOCO so they are a bit overrepresented
in the data. Also work experience distribution that is presented in figure 5.1
is close to that of the population’s since the company has more than doubled
its size during the last two years, which can clearly be seen in the graph.

Figure 5.1: Work experience of respondents at QOCO

Project knowledge

The question about project knowledge introduced six levels of knowledge
with different scores ranging from zero to five:

0. No knowledge at all

1. Knowledge about the business case

2. Knowledge about the business case and general architecture

3. Able to do minor tasks

4. Able to do major tasks

5. Detailed knowledge about the whole project
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Skill levels can also be combined together. For example level 3+ means
levels three to five, so basically an ability to do at least minor tasks on the
project. Combining levels helps to discuss about the differences between skill
sets and projects and thus the notation is used in the upcoming sections.

For the projects question, the best known projects were unsurprisingly
those that have been developed lately and discussed informally during lunch
and coffee breaks. For example the best known project was MROTools.io
with an average knowledge of 2.8 and five persons able to do at least major
tasks related to it. This was unsurprising as it has been a hot topic in
discussions and has been developed entirely during the last 1.5 years with
a team of four persons dedicated to it. Another example is the second best
known project, Airline 1 technical operations digitalization project with an
average knowledge of 2.1. It has also been going on for several years now,
but it still has had quite much development interest of Airline 1 development
team lately and is therefore quite well known by many developers. It can be
argued that clearly having company interests on some project and discussing
about it formally and informally on a daily or weekly basis helps to share
the knowledge and introduce new persons to the project.

The difference between the most well known and the least known projects
is quite significant. For comparison, the least well known project at QOCO is
an old legacy project, with an average knowledge of 0.5 and only one person
who knows anything more than just the business case. This is quite typical
profile for several legacy projects that have been developed years ago by the
CTO himself with possibly some employees who are no longer working at
QOCO. There are still some maintenance tasks related to these projects also
and there is on average only one person who can do anything about them,
which is definitely a challenge for the maintenance process and a risk for
the company. However it is also important to note that supporting legacy
projects is not the main source of income for the company and thus having
too much effort on them can reduce the capability to deliver new projects.

In addition to listing the most and least known projects, the more impor-
tant aspect about project knowledge was identified to be average knowledge
about projects for each expertise level and an average skill distribution for
a typical project. A hypothesis from the interviews with executives was
that the executives have significantly more knowledge about projects than
juniors and seniors (H1), who do not have much difference between them
(H2). Also it was assumed that usually juniors and seniors know only zero
to two projects in detail, depending on years of experience at QOCO (H3).
For the skill distribution, a hypothesis was that there is usually only one to
two persons that can do at least major tasks on the project (H4), while most
of the personnel hardly know the business case (H5).
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The results of analyzing the project knowledge by different expertise and
skill levels are presented in table 5.1. By analyzing these results it is evident
that H1 holds, since the executives have a level five knowledge for 9.3 projects
on average, which is much higher than 1.0 of juniors and seniors, which also
fulfills H2. The gap is a bit smaller on 3+ level, where juniors have 5.5
projects on average compared to 3.0 of the seniors. This is explained by
longer experience at QOCO on average and different roles, since a product
team of EngineData.io consists of seniors whereas Airline 1 development
team with several active projects has junior developers for example. This
also fulfills H3 as it seems like years of experience at QOCO affect more to
project knowledge than the level of expertise. It is still notable that the
executives have 11.8 projects on average with a skill level of 3+, which is
more than twice the amount of juniors. This gap means that many of the
tasks related to less known projects fall for the executives who are already
busy with many other tasks and new sales at the same time.

Junior Senior Executive

5 1.0 1.0 9.3

3+ 5.5 3.0 11.8

1+ 14.5 9.8 22.8

Table 5.1: Average amount of projects at skill level

Analyzing the typical skill distribution for an average project is interesting
since it represents the division of skill sets over different projects that is
not present on expertise and skill level analysis. The typical distribution
presented in figure 5.2 is extrapolated from 12 survey responses to cover the
whole organization of 16 people so it might not be entirely accurate, but the
message is still quite clear. From the distribution we can state that there are
usually approximately 2.4 persons with 4+ knowledge on a certain project,
so the actual amount is a bit higher than initially estimated with H4. In
addition to that, there are approximately 3.2 persons with 3+ knowledge,
which most likely means CTO, COO and some third person depending on
the project. Even though H4 does not hold, H5 still does since in most cases
more than half of the organization does not even know the business case of
the project. Of course as this is just an average of all projects, there is a
significant difference between older legacy projects and newer projects that
are being developed constantly.
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Figure 5.2: Estimated skill distribution for a typical project as of February
2019

The overall distribution looks promising in a sense that there is potential
for knowledge sharing from 3+ level to lower levels since there is for example
on average 1.2 persons already familiar with the business case and architec-
ture. This could help to share some of the workload from CTO and COO to
other employees so that the executives could focus on more important tasks.
The fact that half of the organization does not even know the business case
of a certain project is not necessarily a thing to worry about, since consid-
ering the ability to contribute to a project by completing tasks, there is not
much difference between levels zero and one. The problem of tasks piling up
on executives is not solved by introducing new persons only to the business
case.

Knowledge sharing barriers

The second main question was about opinions on significance of different
knowledge sharing barriers at QOCO. The opinion was presented using a
5-step Likert scale (Boone and Boone, 2012) with opinions from Strongly
disagree to Strongly agree for each barrier. 20 barriers were evaluated in
total to find out the main knowledge sharing barriers, but also those barriers
that are not an issue at QOCO. The initial hypothesis from two interviews
with the managers was that lack of time and resources would be the biggest
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challenge together with multitasking (H6). This was assumed by a mutual
understanding that schedule had been quite tight on several projects with
multiple concurrent development streams constantly active. Another hy-
pothesis was based on an overall feeling of the company culture and team
spirit that was assumed to be strong and thus should not be experienced as
a significant knowledge sharing barrier (H7).

The most significant knowledge sharing barriers are presented below to-
gether with their scores. The score was calculated by taking a sum of positive
votes for each barrier, ie. +1 for agree and +2 for strongly agree. As can be
seen, H6 clearly holds since tight schedule and multitasking were considered
to be the two most significant knowledge sharing barriers. A notable barrier
is also lack of informal documentation with a score of seven. This represents
the situation that most of the knowledge is tacit knowledge of the CTO and
COO, which is not documented anywhere. On the other hand, lack of formal
documentation was not considered a significant barrier, which represents the
agile culture of QOCO, since formal documentation does not fit exactly well
in agile frameworks. Other significant barriers were also the complex domain
of aviation industry and strong code ownership. The domain is a barrier
that can not be entirely solved as QOCO is focused on aviation industry and
knowledge about it is learned through years of experience. Code ownership
on the other hand reflects the results of project knowledge question as the
code ownership of especially legacy projects is usually at the hands of the
CTO and therefore it could be solved with similar solutions that are aimed
to share the knowledge of different projects from the executives to other
employees.

The most significant knowledge sharing barriers at QOCO:

1. Tight schedule (15)

2. Multitasking (10)

3. Lack of informal documentation (7)

4. Complex domain (6)

5. Strong code ownership (6)

The other end of the scale is the least significant knowledge sharing bar-
riers and as can be seen from the list below, H7 holds quite well. The list was
constructed similarly by giving score of +1 for disagree and +2 for strongly
disagree. The barriers related to organizational culture are considered as least
significant at QOCO and therefore it can be stated that the overall culture
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of QOCO is open for discussion and supportive towards knowledge sharing
even though organizational culture itself did not make it to the list with a
score of seven. It is evident that the employees have high motivation and
trust on each other, which is required to share knowledge in the first place. It
is good to see that the main challenges of knowledge sharing are not related
to attitudes and organizational culture, that are harder to solve than the
barriers related to organizing work such as scheduling and multitasking.

The least significant knowledge sharing barriers at QOCO:

1. Physical work environment (14)

2. Difference in age (14)

3. Lack of motivation (13)

4. Lack of trust (13)

5. Strong organizational structure (12)

In addition to the two main questions there was also an additional vol-
untary question about open thoughts on knowledge sharing challenges at
QOCO. The responses reflect the results of the main questions as one respon-
dent says that “... there is very little ’free’ time for knowledge sharing unless
absolutely necessary”, which emphasizes the challenge of tight scheduling as
there is no surplus time when all the deadlines are closing in. Also several
respondents emphasized the knowledge gap between the executives and oth-
ers by stating that “those with the most knowledge are also the busiest” and
“key persons such as (CTO) and (COO) have lot of maintenance respon-
sibilities which is a challenge for new business” latter of which raises the
concern about the ability to sell new projects due to maintenance tasks that
keep these key persons busy. Another point to note about general knowl-
edge sharing is the fact that “... the tasks are usually given to the most
experienced in each task”, which effectively prevents knowledge sharing and
enforces code ownership that has been identified as the 5th most significant
barrier. One respondent also pointed out the strong team boundary between
Airline 1 consulting and development teams since “there is little communica-
tion between consulting and coding team”, which is a bit odd considering the
fact that they are working for the same customer on similar projects even
though the focus of the tasks is different. Increased communication could
clearly benefit both of them.
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To conclude the findings from the knowledge sharing survey, the com-
pany culture is supportive towards knowledge sharing and therefore the focus
should be on solving the tight scheduling and multitasking issues that are
considered to be the two most significant barriers. This leads to a situation
where many of the maintenance tasks are solved by the CTO or COO, which
effectively prevents knowledge sharing and will not be scalable in the future.
To encourage sharing of knowledge some of the maintenance tasks could be
shared to other employees as well even though it might mean increased costs
in short term, but this will be necessary considering long term scalability. By
delegating some of the tasks to other employees, the executives could also
focus on more important future sales and current development projects that
will generate majority of the revenue in the future.

5.2.2 Findings from the first workshop

The first workshop was organized to identify the issues related to the main-
tenance process as knowledge sharing was already addressed with the survey.
The workshop was targeted for MROTools and Airline 1 development teams
as special interest towards relationship between maintenance and develop-
ment was considered important. Additionally the executives and Airline 1
consulting team were invited, but only one person from consulting team and
none of the executives could attend the workshop. However, the topics were
later discussed with the executives separately. The results of the first work-
shop can be divided into three main categories: process related findings,
customer related findings and findings related to the tools being used.

Process related findings

First of all, one of the main challenges of the initial maintenance process was
the fact that there was a lot of informal communication outside of the official
Freshdesk process. This is clearly evident on the reaction of the participants
when the official model in figure 4.2 was presented as a boundary object.
Comments such as “that is a nice model, but it is nowhere near the actual
process” were presented, which represents clearly how well the official process
is adopted internally. This informal communication via different channels
often leads to situations where some of the information has been lost or
altered when the issue reaches the person responsible for solving it. This
is problematic since missing information means that the responsible person
needs to dig for that either from the customer or colleagues and in the worst
case, starts to work on a completely different problem than was originally
reported. There is also a practical problem of billing the hours used for
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the maintenance task if it is reported by chatting by the coffee machine
rather than actually reporting it to Freshdesk. The problem of informal
communication about maintenance tasks is also visible as concentration of
the customer interface around individual persons for each project who then
delivers the information forward, if he remembers to do so. This means that
if the person will not be available at some times, the process is essentially
broken since the customer does not have anyone to contact in case of issues.

Another internal process related finding was that initially there was no
clearly defined person responsible for addressing the issues on Freshdesk when
they are reported there. The initial process was usually that ”someone”
will address them when they have time, that ”someone” usually being the
CTO or COO. It was also said that developers do not know about the time
limits on SLA contracts, which makes it rather hard to prioritize maintenance
and development tasks among each other. Prioritization of the maintenance
tickets is also relatively difficult as there was no clear policy on different
priorities, meaning that most of the tickets were of ”low” priority. The main
issues of lacking proper internal prioritization guideline and vaguely defined
responsibility on maintenance tasks means that the maintenance tasks will
disturb development work by pausing it in the middle of a flow just to realize
that the task is actually of low priority and could be addressed later with a
better time slot. These interruptions cause developers to lose their focus for
a while, which slows down the development work and causes inefficiency.

In addition to unclear responsibilities, also the tagging feature in Freshdesk
was rarely used. If properly used, it could help tracking issues related to cer-
tain project for example, rather than just having a list of all tickets visible at
the same time. This results in inefficient search functionality and causes loss
of time when searching for issues related to own line of work. One additional
finding related to the process was about customer satisfaction that is not
measured with any actual metric. There have been some interviews a while
ago, but the current understanding of a relatively good customer satisfaction
is not based on any tangible metric. Of course it could be argued that the
customer would tell if they were unsatisfied with some aspects, but there is
still room for improvement in the current situation. Specified and tracked
metrics of customer satisfaction could help QOCO to react to changes in
customer satisfaction faster, resulting in better overall customer experience.

Customer related findings

The root cause for informal communication are the customer’s representatives
who use several channels for contacting QOCO personnel including, but not
limited to, email, phone calls, Slack and chatting by the coffee machine. The
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use of these channels then continues on QOCO’s side and the task might
never be visible on Freshdesk even though it is a clear maintenance task.
Of course QOCO as a small company can not enforce a strict maintenance
process since flexibility and customer satisfaction are its main advantages as
a small company. If QOCO would enforce the official maintenance process
too strictly, it would be an easy decision to switch partner to some large
general software service provider with a similar process, but benefits of a large
corporation. Therefore even though informal communication is problematic
and usually initiated by the customer, the solution to it is not trivial and
requires careful assessment of both internal and external processes including
customer satisfaction as a highly important factor.

In addition to informal channels being used for communication, also initial
requests are usually of low quality and require further clarifications from the
customer. Relatively common issue is that ”something is not working” with
a screen capture of some system QOCO’s developers have never seen. This
might be due to technical skills of the end users that are experiencing the
issues, but another point noted in the workshop is that many of the issues
are ”highly critical” according to the customer, while still lacking information
required to resolve the issue. It might even be the case that the reporter of
the ticket is not available or has no skills required to provide clarifications.
When the low quality of initial reports, informal communication channels
and an undefined responsibility of responding to tickets discussed earlier are
combined together, it is no wonder that the maintenance process can be
considered as inefficient and causes interruptions on development.

The expectations on response and resolution times are also unbalanced
in some cases since the tickets might be waiting for customer reply for a long
time, but still the customer considers every tickets as critical and expects
responses and resolutions fast. This causes some of the prioritization and
interruption issues mentioned earlier, but also frustration on developers’ side
as the ticket might be pending for a long time, but when the information
arrives, it suddenly becomes a top priority ticket.

Findings on tools being used

On the tools side, the single most important finding was that QOCO had
a plan on Freshdesk that allows five users to be added to the system. This
is highly problematic since there are currently 16 employees at the company
with at least 12 of them participating in maintenance activities. There has
been a habit of rotating the fifth user for the one in need in each situation, but
it is obvious that the official process can not be used by having five licenses for
12 employees. This problem is also only going to get worse in the future if the
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company keeps on growing. The limited number of user licenses will further
encourage informal communication outside of Freshdesk as not everyone will
have access to the information stored there. Additionally it was also noted
that the email client provided by Freshdesk has several usability issues, which
will further encourage direct use of informal email communication outside of
Freshdesk.

In addition to the usability issues of the email client, another major draw-
back on usability is the search functionality that does not allow users to query
tickets by their content, which would be highly beneficial in cases where the
ticket title only contains ”not working” for example. This makes it hard and
time consuming to search for certain tickets and makes the use of Freshdesk
inefficient. This usability issue goes together with missing tags, that could
be used for querying. Together these two challenges make it unnecessary
difficult to find tickets and could be beneficial to improve the overall process.

What comes to the challenge of internal prioritization, another challenge
in the current process is separation of maintenance and development tick-
ets to two completely different systems: Freshdesk and JIRA 1. This means
that these two systems are often out of sync, which makes organizing and
prioritizing work difficult and may cause delays to both maintenance and de-
velopment tasks. In addition to internal JIRA, at least Airline 1 development
team has customer’s own JIRA for higher level issue tracking, which intro-
duces a new problem of synchronizing three separate systems. Generally
having multiple separate systems slows down all processes as the systems
need to be manually updated and checked for new updates, which causes
unnecessary trouble for the development teams and should be solved.

To conclude the main findings of the first workshop, it could be stated that
the old ad hoc process of best effort is still visible as informal communication
and customer interfaces that are concentrated on certain key persons. On
the other hand it is also hard to enforce the official model even internally
when there are not enough user licenses for each person participating in the
maintenance process. Also ticket quality and proper prioritization should be
emphasized as there is currently an unbalanced understanding of priorities
as customer tends to consider everything as highly critical, whereas most of
the tickets are classified as low priority on Freshdesk. These are the main
points of improvement identified in the workshop. These should be carefully
considered when creating the solution proposals and comparing them with
each other.

1https://fi.atlassian.com/software/jira
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5.2.3 Findings from the data exports

The last data collection method used in the initial state analysis was an-
alyzing data exports from existing systems, namely ticket tracking system
Freshdesk and time tracking system Toggl. The goal of the data analysis
was to find the state of the maintenance process by evaluating several prede-
termined metrics including the amount of automatic tickets, ticket reporters,
resolution times and context switches.

Freshdesk

Freshdesk data export from 2018 provides information about individual tick-
ets including for example their resolution time and priority. The first inter-
esting factor to measure was the amount of automatic tickets, ie. alerts, in
relation to other ticket types. Distribution of the ticket types is presented
in figure 5.3. From the graph it is notable that only 7 % of tickets are au-
tomatic alerts while most of the issues are still reported manually. It has
been identified that the amount of alerts in comparison to other ticket types
should be higher since it would mean that the tasks could be resolved already
before the customers notice anything. This would mean a better customer
experience, but also improve efficiency of the maintenance process as it is
usually easier to track down the source of an alert compared to a manually
reported incident.

The measure of tasks that are reported through informal channels can
be approximated by analyzing the reporter of each ticket. In most cases the
tickets that are reported internally have originated through informal channels
and have been added to Freshdesk by QOCO’s employee meaning that the
reporter domain will be qoco. The analysis of the ticket reporter domains
is presented in figure 5.4 and it can be seen that approximately 10 % of all
tickets are reported through informal channels. However it is notable that
the whole truth about tasks in informal channels is not visible in Freshdesk
tickets as not all of the tickets in informal channels end up as tickets to
Freshdesk, which makes it hard to estimate the actual proportion. From
the graph we can also see that only 2 % of the tickets come from 3rd party
vendor that is handling the first level of support for Airline 1. Basically this
means that Airline 1 reports some first level tickets directly to QOCO instead
of going through the official process of reporting to the third party vendor,
which then escalates the ticket to QOCO if necessary.

As argued, the changes in reporter domain proportions work as a proxy
for estimating the amount of tickets that are reported through informal chan-
nels. It needs to be noted that increased proportion of internally reported
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Figure 5.3: Ticket types, excluding tickets without a type

tickets could be interpreted as increasing amount of tickets in informal chan-
nels, when it actually meant that just larger amount of informal tickets are
also reported to Freshdesk, which naturally is a good thing. Therefore the
reporter domains can not be analyzed alone, but they need to be analyzed
together with the total amount of tickets, which is presented in figure 5.5.

One of the most important measures of process efficiency and customer
experience is the average resolution time of tickets. This is presented as a
monthly average over 2018 in figure 5.5 together with the total ticket count
to emphasize the relationship between them. The graph includes only low
priority tickets, because the few tickets that were on other priority levels had
several hundreds or even thousands of hours in resolution time, meaning that
they were exceptions to the general maintenance process. As can be seen in
the graph, the average resolution time has been in a downtrend throughout
2018, but interestingly there seems to be an upward spike every four months.
There was no clear explanation for these spikes, but each time there seems
to be an increase in total ticket amount during the previous month, probably
at least partly affecting the resolution times of the next month as well. An-
other point to note was that there was also different production deployments
and initializations of several systems during those spikes, which also partly
explain longer resolution times. Generally it could be stated that the overall
resolution times and total ticket counts have been in a downtrend, which is
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Figure 5.4: Tickets by reporter domain

positive and should continue similarly in the future as well.

Toggl

In addition to the ticket data from Freshdesk, there was also time tracking
data available from Toggl. Especially interesting aspects about that was
to measure the amount of multitasking and therefore context switches that
cause interruptions to productivity. The results of the team based analysis
are presented in table 5.2. The table excludes EngineData team since it
has been established in January 2019 and thus was not present in the 2018
dataset. The analysis consisted of two metrics: projects per day meaning the
amount of different projects the teams work during the day on average, and
the amount of time entries per day each basically representing actual context
switches. The dataset does not include all of QOCO’s projects and therefore
the values are only approximations of the real values, but they still can be
used to compare different teams with each other.
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Figure 5.5: Average resolution time by month

Projects / day Time entries / day

Airline 1 consulting 1.1 1.4

Airline 1 development 1.7 3.3

Executives 1.8 2.4

MROTools 1.1 2.1

Table 5.2: Average context switches per day

From the table it is notable that the executives and Airline 1 develop-
ment team tend to multitask more than Airline 1 consulting and MRO-
Tools teams. This can be explained by different types of work as MROTools
team focuses on a single SaaS product development and the consulting team
handles mainly support tasks that are all grouped under the same project.
Airline 1 development team on the other hand has had many parallel de-
velopment projects on at the same time, resulting in a higher multitasking
factor. To further analyze this challenge, the multitasking factor of Airline
1 development team is analyzed on a monthly basis in figure 5.6. It can be
seen that the average level of time entries per day is between 2.5 and 3.5, but
during July and August the value has been significantly higher than that.
This is alerting as an increased amount of context switches generally slows
down both maintenance and development tasks and therefore it should be
considered when proposing solutions at least for Airline 1 development team.
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Figure 5.6: Average time entries per day for Airline 1 development team

To conclude the main findings from the data exports it is evident that
the maintenance process is not exactly working as it is supposed to. Even
though the resolution times and total ticket amounts have been generally
decreasing, it is alerting that there are still regular spikes on resolution times
every four months. Also multitasking seems to be an issue mostly for Airline
1 development team, which lowers the productivity of that team and slows
down both development and maintenance processes.



Chapter 6

Solution proposals

This chapter presents the proposed solutions to solve the challenges identified
in the initial state analysis. Before presenting the actual solution proposals,
goals for the solutions are identified and prioritized to better understand
the intended outcomes of the implemented solutions. After this, each of the
initially proposed solutions are presented after which the feedback and mod-
ifications to them are described. This finally leads to selecting the solutions
for the implementation phase.

6.1 Goals for solutions

The findings of the initial state analysis were discussed with the COO to-
gether with an evaluation for goals of the implementation to identify their
internal priority. These goals and prioritizations are next presented in detail,
but also listed in table 6.1 for easier comparison.

It was agreed that the most important challenge to be solved was knowl-
edge sharing and the barriers preventing it. Knowledge sharing was consid-
ered a top priority goal for the improvement since it was the most significant
threat for scalability of the maintenance process. Initially there was a signif-
icant gap on project knowledge at 3+ level between the executives and other
employees (see table 5.1). The gap was even larger at level 5 skills, but as the
time period of the thesis is quite short and acquiring skills required at level 5
might require years of practice, the focus is directed to 3+ level (G1), which
already improves the situation. In addition to lowering the gap between the
executives and others, another important aspect identified was the average
amount of persons with 3+ skills for a typical project, which effectively rep-
resents the variety of skill sets in the company. It would be much better to
have a variety of projects employees can contribute to, rather than having
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them all focus on the same ones. Initially the amount was 3.2 (see figure
5.2) and it was agreed that 4.0 would be a good goal for improvement since
it would most likely mean that there are two persons on average in addition
to the CTO and COO who can contribute to the maintenance tasks (G2).

For knowledge sharing barriers the focus was directed to the top three
most significant ones: tight schedule, multitasking and lack of informal docu-
mentation. Multitasking and tight schedule are closely related to each other,
because they are both result of having multiple projects active in parallel
with customer pressure for fast deliveries. They can also be solved with sim-
ilar techniques and thus are grouped together as G3. The goal is to lower the
significance of tight scheduling and multitasking initially having significance
scores of 15 and 10 respectively (see section 5.2.1). The goal was not neces-
sarily to change the order of the barriers as it could mean that the solutions
have just shifted the problems to other barriers and that is why lowering the
significance was agreed to be the goal for improvement on knowledge shar-
ing barriers. Also lack of informal documentation was added to goals with
high priority as it was relatively easy to tackle, but still had a relatively high
significance score of 7 (G4).

Secondary goals were more related to Freshdesk and the process itself.
First of all, the amount of alerts was considered as a good measure for tick-
ets that were handled before customer needed to report them thus making
it an important point for improvement. However exactly defining the tick-
ets that could have been recognized earlier is hard and the initial situation
was not considered as worrying as the situation with knowledge sharing.
Therefore it was agreed that increasing the ratio of alerts out of all tickets
(excluding ”info” tickets) should be increased from 7 % to 10 % during the
implementation phase (G5) and further improved in the future if considered
necessary. Additionally another measure of Freshdesk process improvement
was the ratio of internally reported tickets that serves as an estimation of
tickets from informal sources. The target for implementation phase was to
halve the ratio of tickets from 10 % to 5 % by encouraging the usage of
official channels (G6). It was also important that because of the process
improvements, the average resolution times should not increase significantly
and thus it was agreed that solidifying the average resolution time to below
30 hours would be a good goal (G7). This goal also meant that the cyclic
increase in resolution times (see figure 5.5) should be taken into account and
tackled with process improvements.

Additionally two optional goals were specified as nice side effects of pri-
mary and secondary goals, but not necessarily goals to put much effort on.
First of all, decreasing the ratio of low priority tickets in Freshdesk (G8) was
considered as a measure of process clarification, since initially 94 % of the
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tickets were of low priority and the definitions between different priorities
were not well defined. However measuring just the ratio of low priority tick-
ets could be potentially problematic as it would encourage to create tickets
of higher priority, which is not an improvement on the process. Additionally
not increasing the total amount of tickets during the implementation phase
was also considered a positive factor (G9), but it was also problematic due to
growth of the company essentially leading to an increasing amount of tickets.
Therefore it was not a definite goal for success, but still recognized as a thing
to consider, especially if the amount of tickets was to rise because of the
implemented solutions.
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Goal Code Priority

Significantly decrease the gap between

the executives and others at 3+ level
G1 Primary

Increase the average amount of employees

with 3+ skill on a project from 3.2 to 4.0
G2 Primary

Lower the significance of tight

schedule and multitasking barriers
G3 Primary

Lower the significance of lack

of informal documentation barrier
G4 Primary

Increase the ratio of alerts

from 7 % to 10 %
G5 Secondary

Decrease the ratio of internally reported

tickets from 10 % to 5 %
G6 Secondary

Solidify resolution time

below 30 hours on average
G7 Secondary

Decrease the ratio of ”low” priority

tickets from 94 % to 90 %
G8 Optional

Keep the total amount of tickets

constant at 40-50 monthly tickets
G9 Optional

Table 6.1: Goals for the implementation

6.2 Solutions

Challenges identified during the initial state analysis are quite well studied
in software engineering literature and there are several proposed solutions
to them. This section presents the proposed implementation for each of
them in QOCO’s context. To gain further insight on the theory behind
these proposals, see section 2.5. The proposals presented here were evaluated
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together with the development and consulting teams in the second workshop,
after which some modifications to initial proposals were made to better fit
the specific context of the company. These solutions, received feedback and
modifications to initial proposals are presented in the upcoming sections.

6.2.1 Pair programming

As stated in section 2.5.1, pair programming is a good solution to solve
knowledge sharing challenges and it helps to prevent tasks from piling up on
certain key persons. In QOCO’s case, the best effect of pair programming
is most likely achieved by having the CTO or COO act as the navigator
guiding the other employee who would actually learn to solve the tasks. As
the maintenance tasks are not plain programming tasks, but can consist of
updating configurations, verifying certain things or inspecting application
logs, the term pair programming is a bit misleading and the actual term
in QOCO’s case is pair working, meaning working as a pair on a variety
of maintenance tasks, not just the ones including programming. The tasks
selected for pair working should be relatively small at least at the beginning,
since strict pair working has not been tried before. A good rule of thumb
would be that pair working tasks should not take more than one hour to
complete at the beginning. After a while of working and gaining experience,
this limit could be reconsidered. For the physical environment to work as a
pair, either a group working room, that is regularly used for daily meetings, or
a dedicated pair working room could be utilized. Anyway the pair working
space should be different from the open cubicle to avoid disturbing other
employees.

6.2.2 README template

Since lack of informal documentation is an issue for knowledge sharing and
QOCO’s projects rarely have README files, it was considered that a gen-
eral template for a good README file could be created to encourage writing
informal documentation alongside the codebase itself. As described in sec-
tion 2.5.2, README file is generally an introduction to the codebase and
acts as the first point of documentation for newcomers on the project. There
are plenty of README examples available online that could be used as a
template and after a short review of several candidates, it was decided that
it would be better to just pick ideas from several templates while construct-
ing an entirely tailored one from scratch. The template would be stored in
QOCO’s GitHub account to keep it easily accessible and to enable easy ver-
sion control for updates to the base template. The template would then be
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added to at least newly created projects and older ones with active develop-
ment to improve the overall quality of available README files.

6.2.3 Project presentations

Another idea to improve informal documentation and share knowledge about
interesting projects was regular project presentations. As argued in section
2.5.3, giving presentations should be quite familiar for everyone, although
not necessarily an enjoyment. Therefore for the best benefit, it should not
be forced for anyone, but some encouraging is most likely still needed. Ideally
there could be weekly presentations during a casual company-wide meeting
occurring every Friday. The meeting lasts usually about an hour and there-
fore for example 10 minutes could be dedicated to a weekly presentation
about different projects. 10 minutes does not take too much time from ca-
sual chatting, but it is still enough to provide a clear and concise update
about the project’s situation. The presentations could also act as a basis
for casual discussion during the weekly meeting, if there are some interest-
ing topics for further discussions. In addition to the presentation itself, the
materials are stored in a shared folder, which also addresses the problem of
lacking informal documentation. Even though it was pointed out that these
materials could become outdated quite fast, they still act as a general de-
scription of the business case and at least provide a contact person to ask
for more information. The presentation responsibility could either be rotat-
ing between the teams in certain order, or could be reserved beforehand if
there are some updates with on-going projects. The proposal is to share
the responsibility on an on-demand basis, meaning that each team presents
their projects if they consider it meaningful, instead of enforcing a strictly
rotating responsibility on a weekly basis. However, it should still be ensured
that the workload of preparing presentations is somewhat evenly distributed
between different teams to ensure that each team participates equally to the
knowledge sharing process.

6.2.4 Rotating triage responsibility

Another challenge that is at least partially caused by problems in knowledge
sharing is maintenance tasks that keep on piling up on key persons, namely
the CTO and COO in most cases. It was also said during the first workshop
that initial incident reports from customers are usually of low quality and
additional details are required before the work can actually be started on
the incident. Low quality tickets also result in challenges with prioritization
and do not generally make knowledge sharing easier in any way. A com-
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mon solution to these issues generally encountered in help desk contexts is
using triage principles before passing the ticket forward to a person actually
responsible for solving it (see section 2.5.4).

The solution in QOCO’s context is to implement a rotating triage re-
sponsibility by changing the person responsible for triaging incoming tickets
on a daily basis. During the day the responsible’s main task is to ensure
that the newly created tickets are of good quality, correctly prioritized and
assigned for a developer after all necessary details are included in the ticket.
This would also support knowledge sharing as one person is responsible for
handling all of the tickets created for any project during the day, which most
likely requires some training and knowledge sharing at first, but will even-
tually result in a wider knowledge base and a more balanced workload on
maintenance tasks. Before this can be implemented, the amount of Freshdesk
users need to be increased from the initial five licenses. For example adding
new licenses for Airline 1 development and MROTools teams is essential for
the implementation of rotation. Another practical issue to consider is the
amount of part-time employees as the idea is not to have them working in
triage every other working day. This needs to be addressed by agreeing a
certain rule of the ratio between triage and other working days. This would
make the balance between triaging and working equally distributed for both
full-time and part-time employees and act as a transparent way to assign
responsibilities. Some way to assign the triage responsibility is also required,
especially since there are quite many part-time employees, which could lead
to communication and coordination issues. One way to do it would be to
add a physical triage scheduling board to the office, but the same thing could
also be achieved by using Doodle 1 or some other scheduling application for
the purpose.

6.2.5 Improving monitoring with alerts

Another solution to tackle low quality tickets would be to detect incidents
before customers need to report them. This would most likely mean improv-
ing monitoring of applications by adding automatic alerts for certain events,
such as system reboots or failures to connect to a database. This aspect
was also emphasized by QOCO as it would most likely result in faster res-
olution times and better customer satisfaction as described in section 2.5.5.
Despite the benefits, it was also noted that previous experience at QOCO
shows that certain events such as failure with a database connection could
trigger multiple consecutive alerts when the system tries to reset the connec-

1https://doodle.com
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tion periodically. This can be problematic as it floods the support process,
but it can be tackled by better alert configuration and triaging.

The solution proposal in QOCO’s context is to improve alert practices by
reading about the best practices and applying them to alert configuration in
one or more test projects that are newly shifted to maintenance mode or are
under development. After a while, adjustments could be made and lessons
learned could be discussed with other employees to share knowledge about
alert configurations. These practices could then be documented and spread
to new projects and added as a requirement for newly developed projects,
which would improve the overall maintenance process little by little. Further
evaluations based on new projects would also be beneficial to iteratively
improve alert configuration knowledge in the future.

6.2.6 Transition model

As identified already in the initial interviews, there was no structured pro-
cess for the transition between active development and maintenance phases.
Although this was not necessarily required, since there was no separate main-
tenance team, it was still considered a point of improvement as having a well
defined transition model could reduce knowledge loss and prepare the projects
properly for the maintenance phase (see section 2.5.6).

The solution proposal in QOCO’s case is to create well defined guidelines
for transition from active development to maintenance mode. These guide-
lines could include for example the README template proposed in section
6.2.2, but in addition the practicalities about the maintenance process, in-
forming it to the customers and configuring alerts if necessary as described
in section 6.2.5. It could also take into account practices for introducing
new personnel to the maintenance of different projects. The outcome of this
solution would be general best practices for easy transition to avoid knowl-
edge loss and to enable easier maintenance of the project after the main
development has been completed.

6.2.7 Kanban WIP limits

In addition to other knowledge sharing barriers, multitasking was identified as
problematic and it seemed to be focused on Airline 1 development team that
is constantly working on several parallel projects. Airline 1 development team
has decided to use Kanban as its task coordination method since previous
attempts to implement Scrum iterations were not considered feasible due to
changing requirements, priorities and the amount of available resources.

The basic flow of Kanban in Airline 1 development team is moving backlog
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tickets to ”groomed” column when they are ready to be worked on. From
”groomed” they will be moved to ”in progress” column when the task is
under development, ”waiting” when it is ready for review and ”concluded”
when it is deployed to some test environment. The way to limit the amount
of concurrent tasks in Kanban is generally known as ”WIP limits” and it
means that there is a hard limit for the amount of tasks that can be under
development at the same time (see section 2.5.7). The solution for Airline 1
development team is to define and enforce these hard limits for tasks under
development. The actual limits are left for the team to decide as to be
actually useful they need to be collaboratively agreed by all team members.

6.3 Feedback and modifications

The solution proposals were evaluated in the second workshop, which was
organized at the end of February. Structure and methodology of the work-
shop was similar to the first workshop as Think-Pair-Share methodology
worked well and resulted in a lively and versatile discussion. The discussion
in the workshop focused on evaluating each solution’s suitability for QOCO’s
context and expected efficiency in terms of invested resources and expected
results. The researcher also remained strictly in the facilitator’s role as pre-
senting opinions before gathering extensive feedback would introduce bias to
the workshop setting and ruin its purpose.

6.3.1 Knowledge sharing related solutions

There were initially three knowledge sharing related solutions, pair working,
README template and project presentations. Pair working or pair program-
ming was generally a well known method and there was a mutual agreement
about its benefits. However the main concern about it was related to tight
schedule and an increase in total effort that could not directly be billed from
the customers. It was considered that “it could work, IF there would be
enough time allocated for it“, as stated on one of the sticky notes. There
was also a need for documenting actions taken during the pair working ses-
sions somewhere to be used as a future reference. However, there was no
clear and concise agreement about what exactly this place should be, but for
example README, Freshdesk and Google Drive were proposed as possible
candidates.

Another solution to tackle knowledge sharing issues and improve qual-
ity of informal documentation was a README template. It was generally
considered to be a good solution, since its implementation requires relatively



CHAPTER 6. SOLUTION PROPOSALS 80

low effort and its existence could potentially greatly improve the quality of
README files as they did not even exist in some projects. It was considered
that writing README files is easily forgotten or considered too troublesome
since there are no general guidelines about things to include in them or em-
phasis on their importance. It was considered helpful to have some template
for README files, but also concerns about its contents were raised as hav-
ing too much or too specific content would render the template practically
useless.

Also project presentations were proposed as an alternative solution to
informal documentation issues. Presentations raised some discussions con-
cerning their actual benefit, since presenting the business case would not
benefit the organization much. It was also noted that they would easily be
forgotten or considered as a mandatory burden if not organized properly
and therefore it was agreed that it would be better to organize them when
considered useful rather than enforcing a strict policy of having one presenta-
tion every week. Also storing the presentation materials raised some concerns
since they would easily be outdated and forgotten in Google Drive, rendering
them most likely useless. However, the effort to organize short presentations
every now and then was considered to require low effort with some potential
benefits and therefore they could be useful.

As a sidenote, it was also pointed out that Google Drive had become
messy and hard to use due to complex and inconsistent folder structure and
filenames. It was proposed that it would require some cleanup if it was to
be used more. However, there was no further suggestions about the concrete
actions required and its benefits were debatable as Google Drive was not
considered as a major tool that is used on a daily basis.

6.3.2 Process related solutions

Initially four process related solutions were presented: triage responsibility,
transition model, alerts and Kanban WIP limits. The most interesting and
discussed solution out of these was the rotating triage responsibility. It was
generally considered good, but there was also concerns about the actual abil-
ity of implementing it as it would require training and an overall understand-
ing of the projects. As it was seen that triage and pair working had relatively
similar concerns about time management and skills required, it was proposed
that they could be combined together. Basically this would mean that the
person responsible for triage on each day would also be the one participating
in pair working during that day, if suitable maintenance tasks are available.
Of course this would not be strictly enforced as triaging could also be done
remotely or some maintenance tasks would be more beneficial to complete
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with someone else, but generally the person with triage responsibility should
be the first one to consider when selecting a pair for pair working.

Alerts as a solution to low quality incident reports and improving cus-
tomer service by earlier incident detection also raised a lot of discussion as
it has been already discussed within the company for at least a year. Most
of the discussions were technical considering the possible solutions that have
been proposed earlier, but also practical concerns about AMS contracts were
discussed. It has been identified that some dashboard to monitor all of
QOCO’s internal services would be beneficial and is most likely going to be
implemented sooner or later, but it was not considered as a top priority at the
moment. Concerns about practical issues related to alert configuration was
also presented as prior experiences show that it is usually balancing between
having to deal with false alarms and missing the important ones.

The transition model also received some feedback, mostly considering its
relationship with other solutions, such as the README template and alerts.
It was considered a good idea that QOCO should consider at some point in
the future, but it was not considered as a top priority solution since tran-
sitions from development to maintenance mode are not that frequent after
all. Additionally it was pointed out that as there is no separate maintenance
team, the handover between development and maintenance phase is not well
defined and could be considered more of a checklist that the project is ready
for the maintenance phase, rather than an official handover. This could be
implemented as a checklist of important aspects such as documentation and
necessary alerts, but anything more official than that was considered unnec-
essary.

The last solution for process improvements was WIP limits suggested
specifically for Airline 1 development team to tackle the issue of multitasking.
It did not receive much feedback, but there were comments reflecting previous
experiences on enforcing strict WIP limits. Based on these experiences, it
was considered that WIP limits do not actually solve the initial problem, they
just hide it by moving tickets back and forth on the Kanban board, which
would mean more unnecessary work and most likely decreased willingness
to keep the board up to date. As an alternative solution to multitasking
issues of Airline 1 development team, an emphasis on ticket quality rather
than strict WIP limits was suggested as many of the parallel streams of work
will become blocked at some point due to missing requirements or customer
feedback. Therefore focusing on ticket quality would be a better solution
for multitasking since it would most likely result in fewer blocked tickets,
eventually leading to fewer active parallel streams.
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6.3.3 Selected solutions for implementation

At the beginning of the workshop it was agreed that depending on the solu-
tions selected, roughly two to four solutions could be selected for the imple-
mentation phase. After carefully evaluating each solution, the workshop was
concluded by selecting pair working combined with rotating triage responsi-
bility, README template and project presentations as solutions to be tested
during the implementation phase. Pair working and triage responsibility were
considered as generally good solutions despite the concerns about increased
total effort. They were considered worth giving a try as they would focus on
identified primary goals and therefore possibly solve some of the most signif-
icant challenges. Pair working and triage responsibility could be considered
as the main solution, but it was additionally supported with the README
template and project presentations. The README template was selected
for the implementation due to its low effort requirement combined with rel-
atively high expected benefits. It would also directly address the primary
goal G4 by improving the quality of informal documentation. The project
presentations would also address the same goal, but they would also serve
as a background knowledge required to effectively triage maintenance issues.
Storing the presentation materials in Google Drive could possibly improve
the amount of informal documentation, but it was considered more of a nice
addition rather than an actual realistic benefit. Project presentations were
also considered to require relatively low effort, but the expected benefits were
not that significant either.

Rest of the solution proposals were not selected for the implementation
phase, although some of them were considered as nice ideas to keep in mind.
First of all, configuring alerts was not considered a suitable solution since it
would require significant investment of resources before yielding any results.
Also the requirements and relationship with AMS contracts was not well
defined and therefore it was considered to be unsuitable to conduct in the
scope of this study. However, it will most likely be implemented in some form
in the near future. Also the transition model was considered unnecessary as
it was likely that there would not be any transitions during the period of this
study and therefore the expected return of invested resources was considered
quite low. Despite this, it was considered an idea that QOCO needs to focus
on in the future as there was no structured transition model defined for
projects entering the maintenance mode. Also enforcing WIP limits did not
receive any positive feedback based on previous experiences and it was not
expected to solve the actual problems and therefore it was rejected without
further discussion or any plans to implement it in the future.
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Implementation

Three solutions out of all proposals were selected for the implementation
phase: pair working combined with rotating triage responsibility, project
presentations and a README template. Initial considerations about prac-
ticalities were discussed with the COO and CCO to assign responsibilities
and agree about the practical implementation of each solution. This chapter
presents these initial implementation plans together with adjustments done
during the implementation phase.

7.1 Triage responsibility and pair working

Rotating triage responsibility combined with pair working was considered
the main solution and it also required the most preparations as it required
careful planning to succeed. The very first preparation for the triage process
was to double the amount of Freshdesk licenses from five to ten. This allows
sufficient amount of people to participate in the triage process, although five
of the licenses were assigned for part-time employees. After increasing the
amount of licenses, a need for guidelines for both Freshdesk triage principles
and pair working practices was quickly identified as there was no structured
instructions on how Freshdesk was actually being used and how it was meant
to be used. Previously the practices had been tacit knowledge and based on
a mutual agreement between Freshdesk users. However, as the amount of
Freshdesk licenses was doubled, this was no longer scalable and there was a
need for explicit instructions. It was agreed that it would be a responsibility
of the COO, as he had a clear understanding of the Freshdesk process and
its relationship with billing for example. The initial instructions were also
reviewed by other employees and added as a part of QOCO playbook, which
contains general instructions about organizational practices.
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In addition to the Freshdesk usage instructions, it was also noted that a
pair working guideline is required as everyone intended to participate in pair
working was not familiar with detailed pair working practices beforehand.
This was assigned as a responsibility of the researcher as he was already
familiar with pair programming literature. It was also noted that pair pro-
gramming is a well known practice and there are plenty of good guidelines
available online, which could be utilized as a reference material. After a brief
review on available materials, a GitHub gist by Sarrafieh (2017) was selected
as a template to be customized for QOCO’s purposes.

It was also identified that writing instructions about the usage of Freshdesk
and pair working was not enough to succeed in adoption of new practices.
As the plan was to change the person responsible for triage on a daily ba-
sis, selecting the responsible for each day required a well planned procedure.
To reduce change resistance and encourage independent participation, it was
considered a good solution to let employees reserve their triage turns with
Google calendar. As Google calendar was already used for vacation planning
and other daily activities, it was a natural tool to be used for triage turns
as well. In addition to the calendar, also a dedicated Slack channel was cre-
ated to discuss about triage related matters and gather feedback. Another
convenient feature with a dedicated channel was an integration to Google
calendar so that it would automatically report who is in charge of triage for
the day and additionally report a summary about oncoming week on Monday
mornings. In addition to these reminders, it was noted that there should still
be someone overseeing the process and ensuring that each day actually has a
responsible assigned. This was agreed to be responsibility of the researcher
and he would check every Wednesday that next week’s turns are assigned,
and if they are not, remind people about it.

Shortly after the initial launch of the triage process, concerns about notic-
ing tickets were raised. It was considered that it would be the easiest if
Freshdesk would notify the daily responsible automatically about newly cre-
ated tickets so that the responsible would not need to constantly check for
updates. As Freshdesk did not support this functionality out of the box,
a separate Slack channel for ticket notifications was created. The idea was
that at the beginning of the shift, the new responsible joins the channel and
reviews the tickets that have been created after the last responsible left the
channel. Then Freshdesk would continue to post notifications about newly
created tickets to the channel during the day and the responsible does not
need to check Freshdesk itself frequently. Additionally as Slack supports a
wide range of emoji reactions to messages, it was also agreed that the daily
responsible should put a check mark on ticket notifications after they have
been handled. This way it is easier for the next person to see which tickets
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are still waiting for triaging.
It was also evident already during the first days of the triage process

that SLA limits and definitions for different priority levels required clarifi-
cation. These clarifications were added to QOCO playbook together with
other triage guidelines. In addition to that, also a response template was
added to Freshdesk describing resolution times for different priority levels.
Its purpose was to remind the customers about agreed resolution times, since
it was considered that they were partly unclear. The intended use for the
response template was to be automatically added to the first response on
new tickets and it could be left out in consecutive messages.

7.2 README template

README template did not require as much preparations as its use case was
much more straightforward. The first version of the template was created to
GitHub by the researcher after studying the literature and several example
templates available online. There was no single template that would have
acted as an initial starting point to be adapted to QOCO’s context as quite
many of the example templates were aimed for public open source projects
rather than acting as an informal internal project documentation for some
company. Therefore it was decided that the template is created from scratch
based on general headlines from the literature and open source templates.
The first version of the template is presented in appendix B. As said, it is
the first version and it is meant to be updated if there are mistakes or things
to be added to it later on. The template was then explained in a company
wide Slack channel and its usage was encouraged in projects under active
development.

In addition to the template itself, it was also considered useful to create an
example use case of it to some recent project. There was one project that had
recently entered the maintenance phase and was considered a useful example
case. Therefore it was agreed that the researcher will update its README
to match the newly created template. This was also a good evaluation for the
template as using it in an actual case could point out some missing features
that could not be noticed while creating dummy content.
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7.3 Project presentations

There were a few possible preparations that could have been done to de-
crease the effort required to prepare the project presentations. At first it
was discussed that some slide show template could potentially lower the
barrier of preparing presentations as it would have all the necessary points
already listed. However it was also pointed out that the same effect could be
achieved with a plain checklist as it could be difficult to create a useful slide
show template to serve various use cases. It was agreed that plain checklists
for different use cases would be enough as a starting point and slide show
templates could be added later on, if considered necessary. The checklist was
added to QOCO playbook so that it would be easily accessible and updatable
by everyone. In addition a shared folder in Google Drive was created to store
the presentation materials.

There was also an idea about having presentations in different phases
of a project and therefore it was agreed that it would be beneficial to try
out presentations with projects in different phases to gather feedback about
which presentations were considered useful and which not. The initial plan
was to have at least four presentations: the first production deployment of
one project, the newest features of a SaaS project, the business case of a
relatively new project and the initial plan of an upcoming project. To ease
feedback gathering, a simple feedback form was created with Google Forms
with a simple scale from zero to five as the only mandatory question and a
voluntary open comment field.
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Evaluation

This chapter describes the results of taking the selected solutions into use.
First the changes in selected metrics (see section 5.1) are presented, which is
then followed by insights from the third workshop.

8.1 Changes in metrics

The effectiveness of the solutions were evaluated by measuring the values of
predefined metrics after the implementation phase using exactly the same
methods as in initial state analysis. The selected metrics addressed three
different aspects: maintenance knowledge, maintenance process and multi-
tasking. Next the changes in the selected metrics are presented by comparing
them to the initial values. Further implications and analysis on the goals are
presented in section 9.1.

8.1.1 Maintenance knowledge metrics

Maintenance knowledge and especially sharing of it was measured with three
metrics: average projects per person, average persons per project and sig-
nificance of knowledge sharing barriers. The measurement was based on
knowledge sharing survey initially conducted during the initial state analy-
sis and then repeated with the same target group after the implementation
phase. To ensure validity of the results, it was confirmed that exactly the
same persons responded to the survey on both times, which is necessary since
the population is so small and therefore even slightly changing the sample
between measurements would render the end results invalid.
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Average projects per person

The first metric, average projects per persons on different skill and experience
levels, represents the average diversity of an individual’s skill set. Special
interest was focused on the executives compared to other experience levels
since due to QOCO’s history, the gap between the executives and other
employees was initially quite significant. The results after the implementation
phase are presented in table 8.1 together with the change compared to the
initial measurement.

Junior Senior Executive

5 2.0 (+1.0) 1.0 (+0.0) 8.3 (-1.0)

3+ 5.5 (+0.0) 3.0 (+0.0) 14.5 (+2.7)

1+ 15.3 (+0.8) 10.0 (+0.2) 22.5 (-0.3)

Table 8.1: Average amount of projects at skill level after the implementation

Judging by the table it is evident that junior employees have gained the
most knowledge during the implementation phase, which can be seen as a
1.0 increase in level 5 knowledge and 0.8 increase in overall knowledge at 1+
level. A significant improvement on the most detailed level 5 knowledge is
mostly explained by previous level 4 knowledge that has now become level
5 due to increased confidence and overall experience. The increase has oc-
curred mainly on older projects that have traditionally been in the hands
of the executives, but now it seems that knowledge has been shared to ju-
niors as well. The improvement on overall knowledge at 1+ level is partly
explained by natural learning during the implementation phase, but addi-
tionally project presentations have clearly had a positive impact, since the
improvements have been larger on projects that were presented during the
implementation phase.

The knowledge of the seniors on the other hand has not changed much
during the implementation phase. The only difference is on the overall knowl-
edge at 1+ level with an improvement of 0.2, which could be mostly explained
by natural learning. Another explanation is also that some knowledge has
been lost while some has been gained and therefore the overall change ap-
pears as zero. Having a more detailed look on individual answers shows that
this is the case as most of the changes are between levels 1 and 3 and the
increases and decreases are approximately evenly balanced.
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Lastly, the executives that have traditionally had the most knowledge at
QOCO have managed to maintain their position, although there is a decrease
of 1.0 in level 5 knowledge. This is a result of having a high initial value, which
would require continuous effort to be maintained. Also knowledge has clearly
been shared to juniors and therefore there is no need to keep knowledge at
level 5 on all older projects. On the other hand, the executives have also
gained the most on 3+ level during the implementation phase, which could
be explained by several older projects that have been raised from levels 1 and
2 to 3. This has occurred due to personnel changes on the customer side,
which requires the executives to revise their knowledge in order to be able
to introduce the projects to new persons. Despite revising legacy knowledge,
the executives have still lost knowledge on 1+ level, which is most likely due
to natural unlearning as older projects get forgotten over time if they do not
require any maintenance activities.

Analyzing the most increased and decreased projects reveals that project
presentations had a positive impact on overall knowledge since all of the
presented projects are in top 5 of the best known projects, most of them
with a significant increase in average knowledge level. Additionally one of
the best improvements on average knowledge levels is on a project that has
intentionally been shared recently to reduce dependability on a single de-
veloper. Therefore it can be stated that the project presentations clearly
have helped to increase overall knowledge throughout the company. On the
other hand, it is evident that the projects with the most lost knowledge are
the ones that have been developed a while ago, but have not been recently
touched. One exception to that is the Airline 1 technical operations digital-
ization project that was initially the second best known project, but has lost
knowledge during the implementation phase, even though it has been under
continuous development. The explanation for this is most likely increasing
complexity and quite independent development process of Airline 1 develop-
ment team, which effectively decreases the knowledge of those who are not
actively participating on the development.

Average persons per project

The second metric, average persons per project on different skill levels, repre-
sents the diversity of all skills sets of the organization. Even though projects
per person metric would look promising, a low average amount of persons
per project would mean that the skill sets are highly focused and overlapping
while leaving many projects dependent on a single person. The change in this
metric is presented in figure 8.1 for easy comparison between measurements.

As expected, 4+ level knowledge has remained mostly unchanged, since
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Figure 8.1: Estimated skill distribution for a typical project as of May 2019

the time frame of this study was relatively short and gaining 4+ knowledge
requires quite much time and effort. However, there has been a significant
improvement on level 3 knowledge, which was one of the goals for the solu-
tions. After the implementation, there is an average increase of 0.5 persons
on a typical project, which is already a significant improvement on the pre-
vious state. Another positive fact on this metric is that the largest decrease
has been on level 1, which means that knowledge of the business case has
been successfully updated to an ability to do minor tasks. Therefore it seems
like the learning has occurred on various different projects, rather than being
focused on a small group of projects.

Knowledge sharing barriers

The third knowledge sharing metric, knowledge sharing barriers, aimed to
identify and measure the main challenges that slow down or even entirely
prevent knowledge sharing. The most significant barriers with updated sig-
nificance scores are presented below and as can be seen, the list is mostly the
same as before the implementation (see section 5.2.1). Tight schedule and
multitasking are still the two most significant barriers at QOCO, but their
significance scores have decreased considerably. Especially tight scheduling is
not as significant issue as before since its score decreased by five points from
the initial score of 15, which is a huge positive development. Both multi-
tasking and lack of informal documentation barriers decreased by one point,
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which is also positive, although not as large as that of the tight schedule
barrier.

The most significant knowledge sharing barriers at QOCO after the
implementation:

1. Tight schedule (10)

2. Multitasking (9)

3. Lack of formal documentation (8)

4. Complex domain (7)

5. Lack of informal documentation (6)

In addition to the developments on the main focus areas, also the signif-
icance of strong code ownership decreased by three points and it has been
replaced by lack of formal documentation on the list. Lack of formal doc-
umentation has one of the largest increases in significance together with
working in different locations, both of which have increased their score by
three points. Lack of formal documentation is especially interesting as the
increase has ranked it to the top three of the most significant barriers after
the implementation and therefore it should be addressed in the future.

Identifying the most significant barriers is important, but it is also impor-
tant to analyze the least significant ones as well to understand the strengths
of the organization. The updated list of the least significant barriers is pre-
sented below, and as could be expected, it is also quite similar to the initial
measurement (see section 5.2.1). A notable fact is that generally all of the
barriers on the previous list have increased their score by several points,
which means that the barriers are even less significant than initially. The
only exception is lack of motivation that has remained unchanged with a
score of 13, which is already quite high. Therefore it does not raise much
concerns, although it is still worth noting.

The least significant knowledge sharing barriers at QOCO after the
implementation:

1. Physical work environment (17)

2. Difference in age (17)

3. Lack of trust (17)
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4. Strong organizational structure (16)

5. Lack of motivation (13)

Despite the positive development on the top five list, the largest difference
was on individual communication skills with an increase of nine points on
its score. This was a bit surprising as the development was so significant
compared to other barriers. There was no single explanation for this, but it
was thought to be caused by generally improved maintenance process, which
simultaneously improves the overall communication.

Another interesting point on the knowledge sharing barriers is the differ-
ence in experience levels. It clearly divides opinions since it has increased its
score by two on most significant and four on the least significant barriers. By
analyzing the survey responses in more detail, the explanation for this devel-
opment is the difference between junior and senior employees. Two seniors
selected ”strongly disagree”, whereas three juniors selected ”agree” and the
executives were inconclusive between ”agree” and ”disagree”. Therefore it
can be argued that the seniors do not consider difference in experience levels
as significant barrier as juniors, which has many possible implications and
explanations. However, based on this dataset no strong implications one way
or another should be made and it should be kept in mind that it is still quite
far from the most significant barriers in terms of significance score.

8.1.2 Maintenance process metrics

The process itself was addressed with three metrics as well: tickets from
unofficial sources, ratio of alerts and average resolution time. The data
source for these metrics was the data export from Freshdesk consisting of
tickets created between January and April. This period was then compared
to previous export, which included the whole year of 2018.

First of all, the tickets from unofficial sources or outside the official work-
flow are represented by reporter domain. The tickets that are reported
through informal channels are forwarded to Freshdesk by QOCO’s own em-
ployees, meaning that tickets from QOCO’s domain are from unofficial sources
in most cases. Reporter domains after the implementation phase are pre-
sented in figure 8.2 and as can be seen, the ratio of internally reported tickets
has actually increased to 19 % from the initial 10 %. The increase is also
reflecting to Airline 1 domain, which has decreased by 10 percentage points
after the implementation. The proportions of other domains remain mostly
unchanged with a one percentage point increase in the third party vendor
domain.
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Figure 8.2: Tickets by reporter domain after the implementation phase

The second metric, ratio of alerts, was also interesting since it represents
the automatic detection of incidents before the customer needs to report
them and therefore results in a better customer experience, but also improves
the quality of incoming tickets. The distribution of ticket types after the
implementation phase is presented in figure 8.3. From the graph it is evident
that the ratio of alerts has decreased significantly from 7 % to 2 % during
the implementation phase. Digging deeper into the ticket data reveals that
most of the alerts in 2018 have been about network connectivity of a single
application, which has not alerted anymore between January and April. This
explains the decrease in the alert ratio, but it is also worth noting that it
means that there has not been many other alerts as well, which could be a
point of improvement in the future.

Another notable finding on the new distribution is an increase in re-
quest and problem tickets, although an increase in problem tickets is most
likely explained by a decrease in incident tickets since they are quite close to
each other as concepts and the total ratio of problems and incidents has not
changed significantly. The reason for the increase in request tickets did not
have any single explanation, but some part of the increase could be caused
by a single application requiring a bit more actions than during 2018.
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Figure 8.3: Ticket types after the implementation, excluding tickets without
a type

The last process metric was average resolution time as it usually directly
represents customer satisfaction and maintenance process efficiency in gen-
eral. The monthly average resolution time together with the total ticket
count is presented in figure 8.4. The resolution time is again plotted only
for low priority tickets as they still make up 94 % of total tickets and repre-
sent the main process quite well. As there was only a few medium and high
priority tickets, it was not meaningful to calculate the monthly average for
them.

Judging from the graph it is evident that the average resolution time
for low priority tickets has been continuing its downtrend also during the
implementation phase. It is also worth noting that the average amount of
tickets created during the implementation was a record high of 70 tickets
per month. This most likely means that an increasing amount of the tickets
that were previously not visible in the official process have been reported to
Freshdesk either directly by the customers or forwarded by QOCO’s employ-
ees. Despite this increase, it is also notable that April marks a record low for
resolution times at approximately 12 hours on average. This is a clear sign of
improvement in the process and it suggests that the solutions have managed
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Figure 8.4: Average resolution times by month

to improve the efficiency of the maintenance process in general, although a
further confirmation is still required. Another notable thing is the presence
of a periodic increase in resolution times, which was already identified during
the first data export. The reason for it remains unclear, but it is definitely
something that should be further studied in the future.

8.1.3 Multitasking metrics

The last topic to be addressed was multitasking, which was measured by time
tracking data with two metrics: average projects per day and average time
entries per day. The results of the measurement after the implementation
phase are presented in table 8.2 together with the change in multitasking
factors compared to the initial state. As can be clearly observed from the
table, multitasking has increased during the implementation phase on almost
all teams, excluding MROTools team that has remained unchanged. Also
EngineData team as a new one has quite similar multitasking levels compared
to the MROTools team, which is natural since they are both product-oriented
SaaS teams mainly working on a single project. What remains alarming is
the fact that the Airline 1 development team had relatively high multitasking
factor already before the implementation phase and it has only increased on
both metrics. As already argued during the initial phase of this study, it is
worrying since an increasing amount of multitasking could lead to increased
stress, lower productivity and dissatisfaction at work.
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Projects / day Time entries / day

Airline 1 consulting 1.5 (+0.4) 1.8 (+0.4)

Airline 1 development 2.0 (+0.3) 3.5 (+0.2)

Executives 2.1 (+0.3) 2.9 (+0.5)

MROTools 1.1 (+0.0) 2.1 (+0.0)

EngineData 1.1 (NEW) 1.1 (NEW)

Table 8.2: Average context switches per day after the implementation

As Airline 1 development team has a high multitasking factor, which
has previously varied quite much over time, it is taken into further analysis
as presented in the figure 8.5. As can be seen, the multitasking factor has
remained mostly constant between 3.4 and 3.7, which is higher than during
the first half of 2018, when it was mostly below 3.0. However, it is also
notable that there has not been as significant spikes as experienced in July-
August of 2018, which adds a little bit of positivity to the overall situation.
This is still a real issue that should be addressed soon to prevent multitasking
factor from increasing even further.

Figure 8.5: Average time entries per day for Airline 1 development team
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8.2 Feedback from the third workshop

The third workshop was organized at the end of April and its purpose was to
gather quantitative data about the implemented solutions and their efficiency
in solving the identified challenges. In total there were six participants in
the workshop from different development and consulting teams ensuring a
wide variety of viewpoints. The workshop utilized the same Think-Pair-
Share methodology as previous ones and addressed each of the three solutions
individually.

8.2.1 Triage responsibility and pair working

The main solution in the scope of this study was considered to be rotating
triage responsibility combined with pair working. It was generally compli-
mented as a good solution to the identified challenges and its implementation
was considered generally successful. The most significant benefit of it was
considered to be shared responsibility, which forces to learn about other
projects and share knowledge about them. As mentioned by the COO dur-
ing the workshop, the overall feeling after the implementation phase was that
rotating triage responsibility has indeed managed to reduce the workload of
the CTO and COO by removing the stress of frequently checking Freshdesk
and reacting to newly created tickets. It was mutually agreed that initially
it was a bit challenging to start with the newly introduced practice as knowl-
edge of different projects was limited and the whole process was new to all
participants, but as time passed and the participants became more familiar
with the support process and different projects, also the triage responsibility
became more clear.

On the practical side, the triage process was considered to be working
quite well. Especially Google calendar and Slack integrations were considered
useful, since they managed to integrate the triage responsibility as a part of
normal activities, rather than being just another additional process to be
kept in mind. It was also identified that allocating triage responsibilities a
week beforehand on a voluntary basis was not the best solution, since it lead
to several cases where finding a responsible was difficult due to vacations for
example. Also allocating responsibilities on a weekly basis was considered
somewhat troublesome from the triage administrator’s point of view, since
he had to frequently remind people about missing allocations. In addition
this, also the scalability of the process was considered, because the company
aims to be growing in the future as well. Introducing an increasing number
of employees to the triage process would mean less frequent turns for each
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participant, which at some point is no longer practical. Also if the company
continues to grow its business, also the ticket amount will most likely increase,
which is no longer maintainable by a single triage responsible at some point.
However, these are still challenges of the future and it was considered that
the current model works well at least for now, although the future challenges
are good to keep in mind.

Another challenge that was not initially considered was the amount of
old tickets that are still unresolved after several months. Although this is
not directly related to triaging incoming tickets, it was considered that the
responsibility to check these should be added to the triage responsibilities.
This would ensure that they do not get forgotten and that Freshdesk is
actually representing the overall state of the maintenance process and does
not get flooded with old tickets.

Pair working as a part of the triage process was also used a few times,
although not nearly as much as was initially thought. When it was used it
was considered helpful and fulfilling its purpose, but its implementation was
still considered challenging. This was mostly because many of the incoming
tickets require access to different AMOS or cloud environments, which is a
highly limiting factor. As these accesses are managed by the customers and
they can not be shared to the whole organization for security reasons, it is
inconvenient to use pair working on tickets that can only be resolved with
specific access rights.

To conclude the findings related to triage and pair working process, it
was agreed that the triage process should continue after the implementa-
tion phase as well. The overall process was considered to be working well
and serving its purpose, but two minor changes was added to it after the
discussion. First of all, the triage turns are no longer allocated on a volun-
tary basis as it was considered problematic. The new practice on allocating
turns is that the triage administrator assigns the responsibilities for the next
month onwards by using Google calendar invites. This ensures that all days
are assigned well beforehand and reduces the stress related to allocations.
Secondly the responsibility to check old unresolved tickets was added for the
triage responsible to ensure that Freshdesk actually represents the state of
maintenance process accurately. Pair working was also considered as a good
practice that could continue in the future, but it was agreed that it requires
further discussions to make it meaningful and more beneficial.

8.2.2 README template

The solution to improve the quality and quantity of informal documenta-
tion was to create a general README template for QOCO that could be
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used in all projects as a general guideline. The template itself was consid-
ered useful and it was added to 17 projects in total, which is a significant
amount, although it does not include every single project in an active de-
velopment phase. One of the main contradictions on writing README files
was considered to be the fact that they should be written when they are
needed the least, meaning that the README file should be written when
the project is under active development even though it might not be needed
then. This leads to writing README files being considered as boring and
unnecessary, which leads to low quality documentation. It was also discussed
that updating and maintaining these files and the template itself is somewhat
challenging and easily forgotten, which decreases the benefit of them, as they
might get outdated easily.

Another discussion related to the README template and the files in
general raised a question about the role of a README file compared to
other documentation tools that are also in use. It could be stated that the
documentation practices at QOCO are still under development and therefore
the relationship between different tools for documentation is still unclear,
which is a topic to be addressed in the near future. It was still agreed that
the README template should be used at least for now, but it was also
pointed out that an even more important aspect to be improved in the near
future should be unified practices of software lifecycle management, including
handover practices and documentation. The README template could be
included in these practices as an important part or it could be replaced with a
more formal documentation, but either way, the practices should be mutually
agreed and implemented.

8.2.3 Project presentations

In addition to two other solutions, project presentations were also added as
a supportive solution to improve knowledge sharing. They raised a lot of
discussion during the workshop and it was mutually agreed that the project
presentations were considered interesting and useful. The most important
benefit of them was naturally knowledge sharing as intended, but also prac-
ticing presentation skills was considered a positive side effect since they are
constantly required during the customer meetings for example. It seemed
that the presentation topics were selected correctly since all of them received
positive feedback and it was considered interesting to learn about different
projects across the team boundaries. As the presentations were arranged
during the casual Friday meetings, the presentations had a wide audience
and a relaxed atmosphere, which was deemed as something to be continued
in the future as well.
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The challenges of the project presentations were mainly around the se-
lection of topics and scheduling. There were quite a few suggestions about
future topics related to different parts of AMOS for example, which is still a
relatively unknown field for many employees. On the scheduling side it was
noted that a weekly presentation is maybe a bit too much, but the schedule
should not be too loose either. Therefore at least a monthly cycle was sug-
gested and generally considered as a balanced option, which still leaves the
schedule open for more presentations if there is a natural spot to have one,
after a release for example.

Additional challenge of short presentations was considered to be focusing
since a short and concise presentation could not cover much of the details
of a larger topic. Many of the presentations exceeded the loose time limit
of 10 minutes even though they were not that detailed and therefore it is a
challenge to be kept in mind. It is mostly tackled by a careful selection of the
topics, which would also keep the preparation time reasonable, because the
purpose is not to give a detailed 1-hour presentation on different projects.

To conclude the feedback from the last workshop, all of the implemented
solutions were generally considered as good and they managed to address
the identified challenges properly. All of the solutions will continue after this
study as well with some minor changes to practicalities. They also raised
some discussion about future challenges of them and the organization in
general, which acts as a starting point for the next iteration of improvements.



Chapter 9

Discussion

This chapter is the analysis of the results and the research process itself. First
the research outcomes as answers to the research questions are presented one
by one. After summarizing the main findings and analysis on them, the
validity of the research process itself is discussed by considering different
threats and how they were addressed during this study. The discussion ends
by suggesting topics for a more detailed research in the future.

9.1 Research outcomes

The main outcomes of this study are summarized and analyzed here. The
more detailed background information on them is presented in chapters 5, 6
and 8, respectively.

9.1.1 The main problems in the initial state

The first research question aimed to identify the main challenges in the ini-
tial maintenance process. During the initial state analysis, it was evident
that the transition from previous the ad hoc process to the new structured
process based on Freshdesk was still ongoing. This became clear during the
first workshop, when the official process diagram raised discussion about how
the process was actually working, which was quite far from the official model.
One of the most significant problems was considered to be informal commu-
nication channels, which were used partly because the customers preferred
them, but also partly because Freshdesk had only five user licenses available
at the time, which was clearly not enough for an organization of 16 people.
The problem of using informal communication channels was frequent knowl-
edge loss and unclear initial requirements, because once the email or Slack
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messages finally reached the person responsible for working on the issue,
some parts were quite often missing and the original request could even be
misunderstood because of this. Usage of informal communication channels
was also effectively hiding the maintenance tasks from the official process
as they rarely resulted in tickets, which makes organizing maintenance and
development tasks challenging and results in multitasking. Additionally it
was also considered that Freshdesk had usability issues related to the email
client and search functionality for example, which was also one of the reasons
keeping the communication out of the official process.

Judging by the challenges related to informal ad hoc processes, it can be
stated that QOCO is a typical small software company. The development of
QOCO’s maintenance process has been almost identical to the model pro-
posed by Hasan and Chakraborty (2011) (see figure 2.1). Lacking the suffi-
cient amount of resources to run proper structured processes easily leads to
a situation where tasks are handled on an ad hoc basis by certain key per-
sonnel, which leads to further challenges while the company grows. Limited
resources is a challenge for small companies (Basri and O’Connor, 2010a),
which can not be entirely solved without growing the company itself. How-
ever, the difficulties caused by it should be addressed with special attention,
once there are more resources available. Also the usability issues on com-
munication tools experienced at QOCO is a well known knowledge sharing
barrier described by Ghobadi and Mathiassen (2016), for example, and there-
fore it can be stated that the challenges identified in this study are generally
in line with the literature.

Another challenge not exactly related to the process itself was knowledge
sharing in general. This was mostly visible as a gap on project knowledge
between the executives, namely the CTO and COO, and other employees.
There were many reasons for this situation, one of them being the long history
of the company as a small startup, which had recently grown rapidly. The
processes were not following the growth of the company, which resulted in
many tasks being handled by the CTO and COO without time to share the
knowledge to others. This was already noticed at the company, but not much
had been done to solve the issues as their root causes were unclear. According
to the knowledge sharing survey during the initial state analysis, the most
significant knowledge sharing barriers were considered to be tight schedule,
multitasking and lack of informal documentation (see section 5.2.1). After a
further review it was evident that multitasking was particularly a problem
of the executives and the Airline 1 development team. The overall feeling
of time pressure and constantly switching between different tasks effectively
reduces, or even entirely prevents, knowledge sharing as it is considered that
there is no extra time to discuss with colleagues about different matters, even
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though it would be beneficial for the future development.
All of the knowledge sharing barriers identified in this study were already

described in previous research by Ghobadi and Mathiassen (2016), Dalkir
(2013) and Riege (2005) for example (see section 2.2.1), and in that sense
this study supports the findings of the existing literature. Especially lack
of documentation in agile methodologies is a well known issue (Ito et al.,
2016)(Sommerville, 2011)(Stettina and Kroon, 2013) and as it was a sig-
nificant issue at QOCO as well, this study further confirms the findings of
the previous studies. Lack of documentation is also closely related to an
inadequate transition model between development and maintenance phases
pointed out by Ito et al. (2016) and Stettina and Kroon (2013) for example.
As such model is not defined at QOCO, this study further confirms this re-
lationship. Therefore it can be generally stated that the challenges found in
this study are well in line with the existing literature.

Another point to note is the implications of multitasking on inadequate
portfolio management (Vähäniitty et al., 2010). As this was not the main
topic to be studied in the scope of this study, no definite conclusions can
be drawn one way or another. However, as QOCO has a growing number
of projects with maintenance responsibility, portfolio management is a topic
that should be further addressed in the near future.

After discussing about the findings and their criticality with the execu-
tives, there was a mutual understanding that the knowledge sharing issues
were the most important ones to be addressed. This was due to their ef-
fect on daily activities, but they also posed a significant threat to company’s
scaling plans in the future and therefore they had to be solved one way or an-
other. Improvements on the maintenance process itself were considered also
important, but still secondary compared to the knowledge sharing challenges,
although knowledge sharing also improves processes and vice versa. In ad-
dition to solving the initial problems, it was also important to not introduce
new ones to the process. Therefore it was considered as a loose requirement
to not worsen external metrics, such as average resolution times.

9.1.2 The most suitable solutions to identified problems

The second research question focused on finding solutions to the problems
identified by the first question. This was done by analyzing existing literature
to gather solutions that could be applicable to the case company’s context.
The literature review together with the initial ideas from the first workshop
yielded 11 suggestions in total that were then evaluated with the executives
to filter out the ones that were not suitable to the case company’s overall
business strategy. Seven solution proposals made it through the initial busi-
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ness critical filtering and these proposals were presented to a wider audience
of employees in the second workshop to evaluate their suitability and select
the most promising ones to be implemented. As a result, four solution pro-
posals were selected to the implementation phase, although it was suggested
that pair working is combined together with rotating triage responsibility.
Other two solutions were README template and project presentations.

The main solution to address the issues in both knowledge sharing and
the process itself was considered to be rotating triage responsibility combined
with pair working. To reduce the workload of the CTO and COO on resolving
maintenance tasks, the role of a triage responsible was introduced. The
renewed process model with the triage responsible is presented in figure 9.1.
The idea of the triage role is to check all newly reported tickets before they are
assigned to a person responsible for resolving them. As QOCO is still a small
company, the automatic process suggested by Hu et al. (2014) is not sufficient
in its context and therefore the solution was to handle the triaging process
manually although it will not scale very well in the future. The main task of
the triage responsible was to ensure that Freshdesk tickets were reported with
enough details and that tags, priorities and categories were used correctly.
After this the ticket would be ready to be assigned for a person responsible
for solving it. The person responsible for triage was rotated on a daily basis,
which was considered a useful practice. First of all, this ensures that there is
always someone assigned for triaging on each day, but also it is a transparent
and fair way to distribute the triage workload equally to all participants.
This way the challenge of decreasing motivation described by Fægri (2009)
could be minimized, but of course not entirely eliminated. As said, the initial
five licenses was far from enough to properly operate the renewed support
model and therefore the number of licenses was increased to ten, which was
already enough to cover most of the developers and consultants. This should
be enough for now, but if the company continues to grow with a similar
rate, it will not be long before the amount needs to be reconsidered again,
depending on the organizational structure and other factors of course.
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Figure 9.1: Renewed process for handling low, medium and high priority
incidents

Pair working was also added as a part of the triage process to further
improve knowledge sharing. The main goal of combining pair working with
the triage responsibility was to share knowledge between the executives and
other employees and therefore reduce dependability on key persons, which
was considered a significant threat for scalability. The intended implementa-
tion of pair working was that small and well-defined maintenance tasks could
be solved by working as a pair so that the person normally responsible for
handling the ticket acts as a navigator and the other person acts as a driver
and actually does the tasks at hand, while being instructed by the navigator.
To lower the barrier of finding a pair, it was agreed that the person with the
triage responsibility on that day should be the first candidate to be consid-
ered, but of course in some cases it is more suitable and meaningful to pair
with someone else and therefore this was not strictly enforced. Additionally
a pair working guide introducing the methodology was created to clarify the
practicalities, since all of the participants were not fully familiar with the
principles beforehand.

An additional solution to improve knowledge sharing and prevent knowl-
edge loss over time was to improve the quality of informal documentation.
Initially the documentation available was usually either heavy delivery doc-
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umentation, delivered to the customer together with a new release, or a few
most likely outdated sentences on a README file alongside the codebase.
A general README file template was created to tackle this issue and lower
the barrier of writing at least a few more sentences about the intended use
case and development instructions while developing the project itself. The
template was considered a useful solution since as discussed in the second
workshop, writing a README file is easily forgotten and considered too
troublesome, when there are no general guidelines about its contents easily
available. The template was considered easy to implement with a potential
of significant improvements and therefore it was selected for the implemen-
tation phase. The template was stored on the company’s GitHub account
for easy accessibility and version control.

Another solution to tackle the dependability on key persons and lower
the barriers between different teams was to have project presentations on
a regular basis. The main goal of the presentations was to share general
knowledge about business cases without going deeply into technical details.
The presentations were intended to be kept short and informal to ensure
that they would not become a mandatory burden for anyone. To ensure
informality, relaxed atmosphere and a wide audience, it was agreed that these
presentations would be added as an occasional part of the weekly Friday
meetings that were highly casual and usually without any predetermined
agenda. Therefore a short 10 minute presentation would not take much time
from casual chatting and could act as a ”topic of the day” -like inspiration,
although it was not necessarily meant to be like that.

9.1.3 Effectiveness of the selected solutions

The purpose of the third research question was to analyze how well the
implemented solutions managed to address the challenges identified by RQ1.
This effectiveness was measured by using various metrics presented in section
5.1. These metrics formed a base for the goals of the implementation phase,
which were prioritized into three categories: primary, secondary and optional.
Next each of the goals with different priority levels are evaluated based on
the results of the implementation phase presented in section 8.1.

Primary goals

The primary goals that were the main focus area of this study were aiming
to address the challenge of knowledge sharing, which was considered as one
of the main challenges of the organization. The challenge was especially
sharing knowledge between the executives and other employees since due to
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company’s background, the CTO and COO handled most of the maintenance
tasks in the initial maintenance process. The overall goal was to share the
maintenance responsibility and skills so that the workload would be more
equally distributed and the executives would have more time available for
new development and management tasks.

The first goal of decreasing the gap between the executives and others
at 3+ level (G1) directly addressed the problem of maintenance tasks piling
up on the CTO and COO. The gap was initially 6.3 projects for juniors and
8.8 for seniors, but during the implementation phase, the executives actually
increased their knowledge at 3+ level, while others remained unchanged (see
table 8.1). Therefore this goal was not fulfilled as the gap actually increased
rather than being decreased. The reason for this is that the executives,
namely the CTO and COO, had quite many projects initially on level 2, which
were then increased to level 3 during this study. The common denominator
for the projects with increased knowledge levels was that they were all older
legacy projects that are not familiar for many employees in the company.
The use of outdated technologies also introduced further challenges with
knowledge sharing on legacy projects, since they were developed years ago
by the CTO and employees who are no longer working at the company.
Therefore the current employees are not familiar with the used technologies,
which limits the possibility of knowledge sharing. This is an issue emphasized
by Richardson and von Wangenheim (2007), which could become increasingly
problematic in the future, however it is not a significant challenge at QOCO
yet, although it is still a thing to be aware of.

Despite the increased gap on 3+ level, it is also notable that the executives
actually lost knowledge on level 5, while juniors managed to increase their
knowledge (see table 8.1). This is highly positive as the gap on level 5
knowledge was also large between the executives and others and these changes
confirm that the solutions have actually managed to share the responsibility
and the most detailed knowledge about newer projects. By analyzing the
responses in a more detailed manner, it is evident that this change is indeed
caused by newer projects still in active development mode. As the projects
are being developed further, the complexity usually increases and keeping
knowledge up to date requires continuous effort. Therefore the fact that the
gap between the executives and juniors has decreased on level 5 knowledge
is a sign of successful knowledge sharing between the executives and juniors.
However, it is unclear whether this was caused by the implemented solutions
or not, but at least they have most likely had a positive impact on this
development.

The second primary goal of increasing persons per project on 3+ level
(G2) reflected the diversity of the skill sets. As the time frame of this study



CHAPTER 9. DISCUSSION 108

was limited, it was agreed that the focus should be on increasing persons with
3+ knowledge, because it represents all employees with enough knowledge to
do at least minor tasks on the project. Initially the amount was 3.2 for an
average project and the goal was to increase it to 4.0 during the implemen-
tation, which was quite ambitious. The amount was actually increased to
3.6 (see figure 8.1), which is only half of the intended improvement, but still
a significant positive change. Therefore this goal was only partially fulfilled,
but the direction of the development is definitely right and should continue
in the future as well. It is still notable that this increase is mainly explained
by the increase on the executives’ knowledge, which was not exactly the in-
tended outcome of this study and therefore the future development should
focus more on increasing the knowledge of other employees as well.

The third and fourth primary goals were related to lowering the signifi-
cance of knowledge sharing barriers. First of all, tight schedule and multi-
tasking (G3) are quite closely related to each other, and they were initially
considered as the main barriers for sharing maintenance knowledge. The
most significant effect was on tight schedule as its significance score decreased
by 5 (see section 8.1.1), although it was still considered as the most signif-
icant barrier. The effect on multitasking was not that strong, but it also
managed to decrease its score, which fulfills G3. However, multitasking still
remains a challenge as all teams have actually increased their multitasking
factor during the study (see table 8.2), even though the overall feeling was
that the triage process has decreased the interruptions and multitasking. The
situation is especially worrying on the Airline 1 development team, which has
a significantly high multitasking factor compared to other teams. This is a
challenging managerial issue, which should be addressed soon to prevent it
from getting even worse.

As described previously, multitasking could be a sign of inadequate port-
folio management (Vähäniitty et al., 2010), but its root cause in QOCO’s con-
text was not extensively studied in the scope of this study. Tight scheduling
on the other hand is a typical issue of small companies with limited resources
(Kajko-Mattsson and Nyfjord, 2009), which is in line with the fact that it
remains the most significant knowledge sharing barrier also at QOCO even
after this study. Since this is the case, further improvements on the situation
require a more detailed analysis on the root causes of both multitasking and
scheduling issues as they are closely related to each other.

What comes to lack of informal documentation as a knowledge sharing
barrier (G4), it was initially considered as the third most significant barrier,
which was then addressed directly by implementing a README template.
The goal itself was fulfilled as the significance of the barrier was lowered, but
an even more interesting development was an increased demand for formal
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documentation, which was a bit surprising. One explanation for this could
be that actually the practice of triaging has raised a demand for documen-
tation, which has been missing in many cases. Additionally there was a con-
cern about managing multiple parallel documentations, which was discussed
during the third workshop. Informal documentation with the README
template could be seen as the first step towards more structured documenta-
tion practices as the documentation has mostly been nonexistent previously.
Therefore the development on informal documentation is definitely good as
it encourages discussion on documentation practices in a wider context as
well.

Lack of documentation is a well known challenge of agile methodolo-
gies and it is usually solved by relying on informal documentation and tacit
knowledge (Basri and O’Connor, 2011)(Ersoy and Mahdy, 2015)(Stettina and
Kroon, 2013). However as it increases the risk of knowledge loss, which has
been evident at QOCO as well, it is a positive development that this study
has managed to raise discussion about documentation practices in general.
Based on this study, it would be beneficial to include some light documenta-
tion to the development process, which is emphasized by Stettina and Kroon
(2013) for example, as it would ease the transition between development and
maintenance phases. However as noted in the third workshop as well, writ-
ing documentation to no one in particular is not especially motivating and
decreases the documentation quality, which is also noted by Stettina and
Kroon (2013). This an important challenge to be carefully considered while
developing better documentation practices for QOCO in the near future.

Secondary goals

The three secondary goals were related to the process itself by addressing
internally reported tickets, resolution times and the ratio of alerts. They
represent the effectiveness of the solutions from process improvement point
of view, which was not considered as critical as the primary challenges related
to knowledge sharing, but still highly valuable. The changes in underlying
metrics for these goals have been presented in section 8.1.2.

First of all, there was a goal to increase the ratio of alerts from initial
7 % to 10 % (G5) since it would reflect better customer service and an
improved quality of incoming tickets. Distribution of ticket types after the
implementation phase is presented in figure 8.3 and based on that graph, it is
evident that this goal was not fulfilled. The ratio of alerts between January
and April was only 2 %, which marks a significant drop from the initial ratio
of 7 %. Also the absolute number of alerts decreased by 67 % compared to
a 4-month average of 2018 and therefore the decrease in ratio can not be
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explained by an increased total amount of tickets. One explanatory factor
that mostly explains the decrease is the fact that most alerts in 2018 were
caused by network connectivity issues on a single application. This has been
apparently fixed as there has not been any more alerts related to that between
January and April.

Secondly, it was intended that the ratio of internally reported tickets
would decrease from initial 10 % to 5 % (G6) since it would mean that
more tickets are reported directly to the support email address by customers
rather than being forwarded by QOCO’s employees. However there was also
a challenge on this goal as an increasing ratio of internally reported tickets
would also mean that an increasing amount of previously hidden tasks have
been reported to the official process and it seems like that this is exactly what
happened. The goal itself was not fulfilled as the ratio of internally reported
tickets increased to 19 %, meaning that it almost doubled from the initial
value (see figure 8.2). However, also the ticket count increased significantly
during the implementation phase (see figure 8.4) and therefore it most likely
means that an increasing amount of tickets are being actually reported to
the support email address rather than being solved outside of the Freshdesk
process. This is a good thing for now, but since the ratio is as high as 19 %
currently, it is a clear point of improvement in the future since approximately
one out of five newly created tickets are not initially reported to the support
email address by the customers.

The last process improvement goal was to solidify the average resolution
time below 30 hours during the implementation phase (G7). As can be seen
from the figure 8.4, the average resolution time for low priority tickets varied
between 12 and 51 hours between January and April, and between 12 and
37 hours during the implementation in March and April. Therefore it can be
argued that the goal is not exactly fulfilled, but it is still worth noting that the
average resolution time during the implementation phase in March and April
was 24 hours, which is below the goal. Also an average resolution time of 12
hours in April marks a record low of the observation period while the ticket
count has significantly increased and therefore the solutions have proved their
worth even though the goal was not exactly fulfilled. This development was
thought to be mainly due to improved assignment practices with the triage
responsibility. As initially new tickets were waiting for ”someone” to take
action on them, the triage process ensures that the newly reported tickets are
directly assigned to the person responsible for solving them, which decreases
the overall resolution time as can be observed from the data. It is notable
that the time period is still too short to claim that the average resolution
time has been solidified and therefore it needs to be confirmed in the future
when there is more data available.
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Optional goals

In addition to the primary and secondary goals, there were also two optional
goals that were considered as nice additions, but not necessary the ones to
be focusing on. First of all, it was considered positive if the ratio of low
priority tickets was decreased from initial 94 % to 90 % (G8), since it was
thought that the priorities were not used correctly in Freshdesk and some
higher priority tickets could be misclassified as low priority as it was the
default for new tickets. However this goal was not fulfilled since the ratio of
low priority tickets remained unchanged at 94 % after the implementation
phase. Therefore it is arguable that there are most likely not that much
misclassifications as the process has been better structured and there has
been more concern towards the correct usage of priority levels. It can also
be explained by a coincidence since the time period is only four months and
higher priority tickets are still quite rare, which could mean that the ratio
could increase with a longer time period, but there is no data to confirm that
in the scope of this thesis. Either way, as this goal was considered optional,
it is not that critical to continue monitoring in the future.

The second optional goal was to keep the total amount of tickets between
40 and 50 monthly tickets (G9). This would mean that the implemented
solutions do not introduce more incidents that require maintenance actions,
although an increase in ticket amount could also be explained by more tick-
ets being actually reported to the official process. This goal has definitely
not been fulfilled as the average amount of tickets in March and April was
approximately 70 (see figure 8.4), which exceeds the goal by a great mar-
gin. As already argued above, this is mostly due to an increasing amount
of previously hidden tickets being reported to the support email address,
which causes the total amount to increase even though the actual workload
remains the same. This hypothesis is also confirmed by an increased ratio
of internally reported tickets and a more detailed look into the source data,
which confirmed that the tickets were not directly caused by the implemented
solutions. It is also worth noting that keeping the ticket amount below a cer-
tain limit does not necessarily reflect the effectiveness of the development or
maintenance processes, since an increasing amount of different projects and
a growing business should generally result in an increase in support tasks
as well. With this in mind, the exact amount of tickets is not something to
worry about, although it is still good to check the underlying reason if rapid
growth is experienced in the future.
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Goal Priority Result

G1 Primary Not fulfilled. The gap actually increased on 3+ level

G2 Primary
Partially fulfilled. The amount of persons

at 3+ level increased from 3.2 to 3.6

G3 Primary
Fulfilled. The significance of tight schedule

decreased by 5 points and multitasking by 1 point

G4 Primary Fulfilled. The significance decreased by 1 point

G5 Secondary Not fulfilled. The ratio decreased from 7 % to 2 %

G6 Secondary Not fulfilled. The ratio increased from 10 % to 19 %

G7 Secondary
Partially fulfilled.

The average of March and April was 24 hours

G8 Optional
Not fulfilled.

The ratio of low priority tickets was unchanged

G9 Optional
Not fulfilled. The average of March and April

was roughly 70 tickets per month

Table 9.1: Summary of the results

Implications and conclusions

To conclude the answer to the third research question, the goals and their
outcomes are gathered to the table 9.1 for easier evaluation. Judging by the
goals it can be stated that this study has been successful, although it is clear
that there is still a lot of work to be done in the future. As three of the
primary goals were either fulfilled or partially fulfilled, it can be argued that
the implemented solutions seem to have successfully addressed the identified
challenges and they have managed to improve the internal processes. This
naturally does not imply that these solutions are universally suitable for all
small software companies, but it definitely encourages further studies on the
subject.

Based on this study, I would argue that the rotating triage responsibility
is a viable option to be considered in small software companies that are strug-
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gling to transform ad hoc maintenance processes into more structured ones.
The clear benefits of it are that it will encourage knowledge sharing and com-
munication between teams, but also generally improve the efficiency of the
maintenance process by shared responsibility. As all of the issues addressed
in this study were quite typical for a small software company growing rapidly
(Hasan and Chakraborty, 2011), the rotating triage responsibility should be
applicable to other similar companies as well. Also since most of the litera-
ture on triaging practices focuses on automatic triaging in large companies
(Hu et al. (2014) for example), it would be scientifically interesting to im-
plement a similar solution in another context to get further insight on its
applicability on a more general level.

Based on these findings, combining triage responsibility with pair pro-
gramming or pair working is not exactly necessary from the process point of
view, although it encourages knowledge sharing and communication. This
study confirms that implementing pair programming in an actual case is
quite difficult. The main challenges on pair working were considered to be
its resource intensity and task selection. These findings are in line with the
previous research on the subject, such as Lui et al. (2010), Plonka et al. (2012)
and Spohrer et al. (2013), and therefore the suitability of pair working for
small and highly specialized companies is questionable.

The implications on the informal documentation highlight the contradic-
tion on README files, since they should be written when they are needed
the least. As discussed, the documentation should be added as a part of the
handover practices, even if using agile methodologies (Stettina and Kroon,
2013), which should be mutually agreed by the team. A problem of motiva-
tion and creating good quality content still remains, although the template
has improved the quality significantly. The documentation practices of the
case company will require further iterations in the near future, but it seems
like the template has started the discussion, which is a good first step of the
continuous improvement.

On the process improvement point of view QOCO is also a typical small
company with a high commitment on process improvement, but lacking the
resources and methodology to implement it (Basri and O’Connor, 2010b). As
a key takeaway from this study, the company has implemented one iteration
using continuous improvement methodology and as a result, has a better
understanding of its present challenges and possible methods to address them.
This study managed to raise discussion about internal process improvement
and existing challenges, which marks an important change in the mindset
of the whole organization. The success of the process improvement in the
context of this study encourages the use of similar methods in other cases as
well.



CHAPTER 9. DISCUSSION 114

9.2 Threats to validity

To be able to understand the trustworthiness of this study, it is important to
understand the precautions taken in the research design and during the re-
search process. Validity of this study directly evaluates the trustworthiness of
the presented results and therefore before making any further implications, it
should be addressed from different perspectives. Runeson et al. (2012, p. 71-
72) divide validity into four categories: construct validity, internal validity,
external validity and reliability. Each of these aspects and precautions taken
to improve them are discussed below.

9.2.1 Construct validity

Construct validity refers to interpretation issues in measures under research,
including interview questions and selected metrics for example (Runeson
et al., 2012). This study utilized several data collection methods and there-
fore there are many opportunities for interpretation issues. First of all, the
executives were interviewed several times during the study, but the inter-
views were unstructured rather than being structured and standardized as
a qualitative study method. During the interviews it was ensured that both
the researcher and the executives understood the topics in the same way by
asking more detailed questions and ensuring that both parties had a similar
understanding on the subject. It is also notable that the researcher had a
long background in the company and there was already a trust relationship
and common understanding of the topics before the study, which reduces
the risk of misunderstandings. Even though the interviews were not audio
recorder, the discussed topics were on a general level and rather than relying
on single quotes from these discussions, the study relied on overall under-
standing. Therefore it can be argued that the risk of interpretation issues on
interviews is low.

Similarly, workshops as a main data collection method for qualitative data
is subject to interpretation issues. For example discussed topics could have
been understood differently by different employees, but this was addressed
by creating an open environment of discussion, which encourages to ask for
clarifications if something is unclear. These clarifications and confirmations
on discussed topics were quite common during the workshops and judging by
the outcomes, it can be stated that the risk of interpretation issues was also
well handled.

In addition to the workshops and interviews there was also a survey for
quantitative data analysis about knowledge sharing. The risk of interpreta-
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tion issues on survey is much higher than in previous methods since it was
answered individually, although there was a possibility to ask for clarifica-
tions if questions were unclear. However, this does not entirely remove the
risk of misunderstandings and different interpretations and it is possible that
the respondents understood for example the difference between skill levels
differently. To lower this risk, the survey was used to measure the initial
state and the outcome after the study. By keeping the survey exactly the
same between the measurements and analyzing the overall change rather
than each individual response separately, the risk of misinterpretations does
not have that large impact on validity of the results. It is still worth noting
that the population of the survey was very small, which increases the impact
of individual misinterpretations.

One additional data collection method used was analyzing data exports
from ticket and time tracking systems. As the data export analysis relies on
selected metrics, it is important to consider how well these metrics actually
represent the studied topic. This was addressed by evaluating 12 software
maintenance metrics from literature and 10 custom defined metrics tailored
for the case company’s context. The metrics were analyzed together with the
executives, which resulted in selecting seven most suitable ones to be used.
Because of this careful evaluation, it can be argued that the selected metrics
most likely represent the studied topic quite well and therefore the overall
construct validity is high.

9.2.2 Internal validity

Internal validity refers to explaining causality and analyzing the factors out-
side this study that could have affected the results (Runeson et al., 2012).
What comes to this study and its results, it can not be explicitly stated that
the results occurred purely because of the actions taken in the scope of this
study. Because there was no control group that could be used as a reference
point, the results could be entirely caused by external factors and not this
particular study. To tackle this issue this study utilized multiple data sources
for triangulation and did not rely on a single data source on the implications.
Also the results and their interpretations were discussed together with the
executives to find possible alternative explanations for them. This reduces
the risk of external factors affecting the results, but does not entirely remove
it. Therefore it can be concluded that there is no solid proof of high inter-
nal validity, but the necessary precautions have been taken to ensure that it
would be as high as possible.
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9.2.3 External validity

External validity analyzes the applicability of the results on a more general
context (Runeson et al., 2012). It is clear that this study is extremely context
dependent and a similar study in another context could yield entirely differ-
ent results. Also the time period was quite short meaning that the results
should not be used to draw any long term general implications, although they
could be used as a reference point for other studies on the subject. More gen-
eralizable results to define a general theory would require additional studies
in similar contexts. To improve repeatability of this study, the research pro-
cess has been documented in detail including used methods, the context and
practicalities. Therefore the study itself should be repeatable, but the results
might be entirely different. It can be argued that the external validity of this
study is low due to high dependency on its context, but the possible actions
to improve repeatability have been taken.

9.2.4 Reliability

Reliability of a study refers to its dependence on the researcher (Runeson
et al., 2012). As the researcher had worked at the case company for over a
year already before starting the study, the objectivity is questionable. How-
ever, the history at the case company could also be seen as a positive aspect
since driving organizational change is much easier as an already agreed mem-
ber of the community, rather than being newly introduced. This most likely
affects the results of this study, because organizational change is a complex
outcome of social interactions after all and another researcher outside the case
company, or even inside of it, could have entirely different results. Despite
of this, repeatability of the study has been improved by documenting all the
data collection and analysis methods in detail, although using unstructured
interviews is not optimal in this sense. The implications of the data analysis
during different phases of the study were also discussed with the executives
to find alternative explanations, which reduces the risk of biased analysis of
the researcher, although does not remove it entirely. The interview and work-
shop topics have been documented, together with the used Think-Pair-Share
methodology, but there could still be open questions about the details of
them, which reduces repeatability. Also the study itself is no longer entirely
repeatable in the same organization because it has already been conducted
once and resetting the context back to the initial setting is no longer possible.
Therefore it can be concluded that reliability of this study is questionable,
but the research design and methodology have been documented to allow
repeating a similar study in a different context.
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9.3 Future research

As discussed already in the previous section, this study is highly context
dependent and should not be used as the only source of general implications.
To get a more general understanding of software maintenance challenges
in small organizations and ways to solve them, a similar study could be
repeated in multiple different organizations. Then this study could act as
a single data point in a larger multiple case study, which then could yield
more generalizable results about the challenges and the applicability of the
solutions of this study. As a wider scope for future studies, a suggestion
based on this study is to further research maintenance processes in general
and their relationship to development workflow, especially in the context of
small organizations. This could also yield more suggestions about the best
practices on how to effectively manage an increasing amount of maintenance
tasks together with active development.

Another important aspect that did not fit to the scope of this study was
handover practices in agile organizations, both small and large. The agile
methodology usually handles mostly the management of development tasks,
but does not have much attention on maintenance tasks. It is almost like
the software is forgotten after it has been released, which is far from reality.
As agile methodologies do not generally emphasize extensive documentation,
handover from active development to maintenance is risky and potentially
results in knowledge loss. This is even the case when there is no separate
maintenance team and the project is handed over to the development team
itself by shifting it to maintenance mode. Therefore it is suggested that agile
handover practices should be studied more as it is an important phase in
software development in general, but it has not been studied extensively in
the agile context.

Also the suitability of pair working for small companies raised questions
that were left unanswered in this study. Judging by the results it seems
that pair working is inherently unsuitable for small companies as the need
for resources is in contradiction with the fact that lack of resources is one of
the key problems of small organizations. The case is especially difficult in
highly specialized companies where also the task selection and pairing become
problematic. The benefits are also more applicable for larger companies
as they focus on improved knowledge sharing and code quality. Therefore
a further confirmatory study could be arranged to test this hypothesis on
different sized companies.

Another important aspect especially for the case company, but also in a
more general context, is to have further studies on how to detect software
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faults before they become an issue. The natural answer to this is by improv-
ing monitoring, but the tricky part is detecting the right events while not
reporting an extensive amount of false positives. This was identified as an
interesting and important topic during the initial interviews of this study,
but it was not advanced any further due to vague definitions of responsibil-
ities and the limited time period. Therefore it remains to be solved in the
case company, but it would also be interesting to research further in other
cases as well.

What comes to the specific context of the case company, I would sug-
gest that the suitability of different agile methodologies in a highly regulated
field of aviation industry could be further evaluated. Also the recent devel-
opment towards implementing different standards to gain competitive ad-
vantage could be another topic for further research since highly standardized
processes are not in line with the agile ideology and the literature argues that
small organizations do not generally like to implement standards. Therefore
their implementation needs to be carefully planned and there could be an-
other research assignment on a topic related to this. In addition to entirely
new topics, it is also worth noting that this study was only the first iteration
of continuous process improvement that could be further implemented in the
future, since without continuous improvement, the outcome of this study will
most likely also face issues after a while.
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Conclusions

The starting point of this thesis was the case company with an overall feeling
that the maintenance process was not working as efficiently as it should be.
The company had grown rapidly during the past year almost doubling its
size, which introduced scalability issues on previous ad hoc processes that
had been the dominant form of maintenance before adopting a more struc-
tured approach in 2017. Despite this, the process still heavily relied on key
personnel, namely the CTO and COO, who both have a long background
in the company. The main challenge of the maintenance process was identi-
fied to be knowledge sharing, which caused most of the tasks being assigned
to the CTO and COO. As this practice was not scalable and began to slow
down new development, it was considered the main challenge to be addressed
by this thesis. In addition to this, there was also a significant amount of
maintenance work occurring outside the official process in different informal
channels including email and instant messaging applications, which caused a
further difficulty to sharing knowledge on different tasks.

The approach to solve this problem was to evaluate different solutions
together with the consultants and developers to encourage participation and
co-creation of solutions. As a result of the workshops, it was agreed that three
solutions would be implemented to improve knowledge sharing and the main-
tenance process in general. A rotating triage responsibility combined with
pair working was considered to be the main solution, which was supported by
project presentations during casual Friday meetings and a README tem-
plate for better quality informal documentation. The triage responsibility
was assigned to a group of ten persons, which covers most of the organiza-
tion, although not everyone. The main goal for the triage responsible was
to ensure that incoming tickets are of sufficient quality and then assign it
forward to the person responsible for solving it, which would improve the
overall quality of the tickets and divide the workload of handling newly cre-

119



CHAPTER 10. CONCLUSIONS 120

ated tickets more evenly.
The solutions were tested during a seven week implementation phase,

after which they were evaluated using the selected metrics and a feedback
workshop for data collection. Based on this evaluation, it can be stated
that the solutions managed to address the identified issues, although there
is still work to be done in the future. All of the solutions were decided to be
continued after the implementation phase with minor changes, which reflects
their suitability to the case company. Especially the main solution of rotating
triage responsibility combined with pair working worked quite well and could
be applicable to other similar companies as well.

In addition to the solutions, a key takeaway for the case company is
also the methodology for iterative continuous improvement. As there is still
a lot of work to be done, this study merely acts as the first iteration of
improvements by raising discussion about various challenges and introducing
the methodology of monitoring existing processes and improving them in an
iterative manner. The remaining challenges should be addressed in a similar
way in the future to ensure that the well started process does not end up in
a standstill.
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Appendix A

Survey structure

This is the structure for the knowledge sharing survey conducted at the
beginning of February and at the end of April. The survey was created

with Google Forms.

Notation:
This is a question

This is an additional text from the survey
These are clarifications for documenting purposes

What is your role?
Select the most suitable one

• Junior developer

• Senior developer

• Junior consultant

• Senior consultant

• Executive

Work experience in years at QOCO?
Integer scale from 0 to 10

How familiar are you with these projects?
List of 34 projects in random order, each evaluated with a 6-point scale:

0. I do not know the business case

1. I am familiar with the business case

2. I am familiar with the business case and general architecture
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3. I can do some minor tasks

4. I can do major tasks

5. I know this project in detail

Do you think following barriers are a challenge at QOCO?
Knowledge sharing barriers are things that disturb or prevent sharing of

knowledge. Think especially in the context of QOCO Systems.

5-step Likert scale (Strongly disagree, Disagree, Neither agree or disagree,
Agree, Strongly agree) was used to evaluate 20 knowledge sharing barriers

in random order:

Lack of formal documentation
Lack of informal documentation

Lack of comments in code
Lack of trust

Messy and complex code
Lack of informal communication

Knowledge hoarding
Difference in experience levels

Tight schedule
Lack of motivation

Used communication tools
Multitasking

Complex domain (aviation industry)
Working in different locations

Difference in age
Individual communication skills

Strong code ownership
Physical work environment

Organization culture
Strong organizational structure



Appendix B

README template

# qoco-readme

### Table of Contents

- [qoco-readme](#qoco-readme)

- [Table of Contents](#table-of-contents)

- [Business case](#business-case)

- [Development](#development)

- [Prerequisites](#prerequisites)

- [Setting up local development environment](#setting-up-local-development-environment)

- [Building](#building)

- [Running or Usage](#running-or-usage)

- [Deploying](#deploying)

- [Environments](#environments)

- [Support](#support)

- [Related / dependent projects](#related--dependent-projects)

- [Known limitations](#known-limitations)

## Business case

The business case of the project is briefly described here. What does this project do? Why does it exist?

This README template is meant to improve informal documentation of projects. It is meant to be used as a reference material about

necessary information required for README. It can be modified to fit the context of different projects, but the template itself

should be kept on a general level to ensure suitability for different use cases.

## Development

### Prerequisites

A list of prerequisites for this project and instructions on how to get them.

* [A Github account](https://github.com/)

* [Markdown editor](https://code.visualstudio.com/)

* [Git](https://git-scm.com/)

### Setting up local development environment

Steps needed to setup the local development environment.

Clone repository:

‘‘‘git clone git@github.com:QOCOSystems/qoco-readme.git‘‘‘

### Building

Steps needed to build or install the project. Additional information about build tools can be presented.

This project is a simple markdown file, so no additional build steps are required.

### Running or Usage

Steps needed to run or start the project. Additional information about runtime parameters etc. can be presented.

This project can’t be run, it is meant to be copied to the root folder of a project in a default branch so that it is the first

thing that developers see when they open the repository. The template acts as a starting point and reference material to create

a project specific README and after copying it should be modified to fit the specific context.

### Deploying

Steps needed to deploy the project to dev/preprod/prod environments.

This project is hosted on GitHub and it is deployed by creating a pull request to master branch (see [Contributing](CONTRIBUTING.md))
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## Environments

A list of environments this project is deployed to. Also a description of artifacts or architecture overview can be added.

| Stage | Environment | Artifacts |

|:------|:------------|:-------------------|

| Prod | Github | README.md template |

## Support

Who knows something about this project? Where to find more documentation?

This template was first created as a part of master’s thesis by Markus Tyrkkö.

## Related / dependent projects

List of projects that use the API provided by this project for example, or are otherwise dependent or related to this one.

Also a brief description about how they are related to this would be nice to have. An overview of architecture can also be added here.

* [Markdown Cheatsheet](https://github.com/adam-p/markdown-here/wiki/Markdown-Cheatsheet)

* A cheatsheet for markdown syntax

## Known limitations

A list of known limitations or issues. This might not be necessary as issues could be tracked using other issue tracking methods,

but if there is something that should be mentioned in README already, it could be added here.
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