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Abstract
�is study has focused on the technical sustainability dimension of sustainable so�ware engineering. Sustain-
ability within so�ware engineering is something that has recently started to gain traction, where most of the
research has focused on the environmental dimension.�e purpose of this study was to investigate the technical
sustainability dimension, and contribute by continuing to build upon previous research which has suggested
sustainability as a part of non-functional requirements and as a part of so�ware quality.
�is study was conducted with a qualitative approach.�is approach used interviews with people with

experience of working in so�ware development to collect data.�e interviews were used to gain in-depth
information of the di�erent aspects in so�ware development, e.g. development processes.
�e results, based on the interviews, showed that from a technical sustainability perspective there are issues

with where the focus of the work is in so�ware development and also problems related to how time management
is used.�e results also showed that there was some lacking in understanding the bene�ts and tradeo�s of
decisions made in the project, for example regarding the so�ware design, which can result in unnecessary
complexity is acquired.
�e study found that the culture within so�ware development projects and companies needs to be changed

towards a culture which promotes the development of high quality so�ware. Because non-functional require-
ments and so�ware quality are components of technical sustainability, therefore is the technical sustainability
higher if the quality is high. It was further found that this culture would be possible if changes were made to
the way prioritisations are made, and the way testing is performed should be extended. Finally it was found
that the understanding of the bene�ts and tradeo�s of decisions and ideas needs to be increased and extended
collectively.
�e study concluded that the technical sustainability dimension can be achieved through these changes and

that the problem and solution therefore are not small and local but rather a big and complex issue where the
solution spans several solutions that encompasses di�erent aspects and perspectives.

Keywords: Sustainable so�ware engineering, technical sustainability, sustainability, so�ware maintainability,
so�ware development process, so�ware quality, so�ware design, non-functional requirements
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Sammanfattning
Den här studien har fokuserat på den tekniska hållbarhetsdimensionen av hållbar mjukvaruutveckling. Hållbar-
het inom mjukvaruutveckling är ett område som nyligen har börjat få uppmärksamhet, där forskning främst
har riktat fokus påmiljödimensionen av hållbarhet. Sy�et med denna studie var att undersöka den tekniska
hållbarhetsdimensionen, och bidra genom att fortsätta bygga på tidigare forskning som har funnit hållbarhet
som en del av de icke-funktionellt kraven och en del av mjukvarukvaliteten.
Denna studie genomfördes med ett kvalitativ angreppsätt. I denna studie användes intervjuer med personer

som hade erfarenhet av arbete inom mjukvaruutveckling, för att samla in data. Intervjuerna användes för att få
en djupare inblick av de olika aspekterna av mjukvaruutveckling, t.ex. utvecklingsmetoder.
Resultatet visar att från ett tekniskt hållbarhetsperspektiv så �nns det problem med var fokuset av arbetet i

mjukvaruutveckling är och även problem med hur tid hanteras inom mjukvaruutvecklingsprojekt. Resultatet
visar också att förståelse kring för- och nackdelar av beslut och idéer till exempel kring mjukvarudesign är
bristande, vilket kan resultera i att onödig komplexitet uppstår.
Studien fann att kulturen inom mjukvaruutvecklingsprojekt och företag behöver ändras till en kultur som

främjar utvecklandet av mjukvara av hög kvalitet. E�ersom att icke-funktionella krav och mjukvarukvalitet
är beståndsdelar av teknisk hållbarhet, så om kvaliteten är hög så ökar den tekniska hållbarhet av mjukvaran.
Studien fann dessutom att för att denna kultur skulle kunna existera så behövs sättet prioriteringar görs förändras
och testning inom mjukvaruutveckling utökas. Slutligen, framkom det att förståelsen av för- och nackdelar av
beslut och idéer kollektivt behöver förbättras och utökas.
Studien drog slutsatsen att den tekniska hållbarhetsdimensionen kan uppnås genom dessa förändringar och

därför är problemet och lösningen varken något litet eller lokalt, utan det är ett stort och komplext problem där
lösningen består av �era lösningar som omfattar olika aspekter och perspektiv.

Nyckelord: Hållbar mjukvaruutveckling, teknisk hållbarhet, hållbarhet, mjukvaru underhållsmässighet, program-
utvecklingsmetodik, mjukvarukvalitet, mjukvarudesign, icke-funktionella krav
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1
Introduction

I Today, according to Penzenstadler et al. [75], sustainability is an important part of practices
in several engineering disciplines while there is a growing but still little activity surrounding
sustainability within so�ware engineering. Research within this area has argued for that when
considering systems, in this case so�ware systems, the four dimensions (economic, environment,
human and society) de�ned by Goodland [43] for sustainability analysis is not enough according
to Penzenstadler and Femmer [76]. Penzenstadler and Femmer gives example on what kind of
questions in so�ware engineering one can ask each of the four dimensions: Individual dimension:
“How can so�ware be created and maintained in a way that enables developers to be satis�ed with
their job over a longer period of time?”, social dimension: “Which e�ects do so�ware systems
have on the society?”, economic dimension: “How can so�ware system be created so that the
stakeholders’ long term investments are as safe as possible from economic risks?” and �nally envir-
onmental dimension: “How does so�ware a�ect the environment during, inter alia, development
and maintenance?” [76].�ere is no dimension that �ts the question “How can so�ware be created
so that it can easily adapt to future change?” [76].�erefore, in the case of (so�ware) systems an
additional dimension, technical sustainability, is needed which considers the long-term usage of
systems and their capacity to evolve with changing conditions and requirements and can handle
this kind of questions [76]. Technical sustainability is thus about two aspects, the long-term usage
and the capacity to evolve and change.
For long-term usage to be possible, so�ware needs to be maintained a�er it has been developed.

�is done in what is referred to as the maintenance phase.�e maintenance phase of a so�ware
project is an important aspect of so�ware development, because of the ‘60/60’ rule of so�ware.�e
‘60/60’ rule is based on that on average 60 per cent of the so�ware costs is maintenance and that
about 60 per cent of maintenance costs are about adding new capabilities to the ageing so�ware
[40].�e importance of the maintainability of a so�ware project has been shown before. In the
1960s, the computer industry endured what was referred to as the ‘so�ware crisis’ [17, 32].�e
so�ware crisis occurred because the complexity in the projects was not maintainable where the
main cause of the complexity came from the improvements in computer hardware [17, 32].
�e ability to handle changes is an important and widely discussed topic within the so�ware

engineering �eld. So�ware development processmodels have been developed to increase the ability
to handle changed requirements during the development process [8]. In addition to increasing
the ability to handle changes, these processes are also aimed towards being able to deliver high
quality, defect-free so�ware within a shorter time span than previous models. Quality in so�ware
engineering is not the same as satisfying customers, meeting requirements or meeting cost and
schedule targets, nor simply about reliability, it is rather a collection of attributes [40]. Common
attributes for so�ware quality includes accessibility, accuracy, maintainability, modi�ability, reliab-
ility and reusability [3, 40].�e di�cult aspect of so�ware quality is that the improvement of one
attribute can degrade another [40].

1



2 introduction

�ere is thus a connection between technical sustainability and some of the attributes of so�ware
quality. So�ware quality is a collection of di�erent attributes for a so�ware product, e.g. the ISO/IEC
25010 standard [51] is a quality model which is an international standard is used for evaluating
so�ware quality [40]. Many of the attributes that is covered in so�ware quality is o�en referred to
as non-functional requirements. For example in the ISO/IEC 25010 standard maintainability is a
quality attribute that is also considered to be a non-functional requirement [3, 51].�e di�erence
between functional and non-functional requirements is that functional requirements concerns
what operational goals the so�ware has, whereas non-functional requirements are centered about
how the so�ware behaves and with emphasis on the quality attributes of the so�ware [3, 35]. Non-
functional requirements is sometimes also referred to as ‘quality attributes’, ‘goals’ or ‘constraints’
[55, 71, 84], so�ware quality and non-functional requirements are thus connected to each other.
Research has been made about sustainability as a part of non-functional requirements, and also as
a part of the quality of the so�ware [21, 22, 77, 82].�is research suggests that sustainability of
the so�ware is connected to ful�lment of the non-functional requirements and the quality of the
so�ware.

1.1 problematisation

Sustainability within so�ware engineering is a �eld that only recently started to gain traction
[75]. Much of the research so far has gone into the environmental dimension of sustainability,
e.g. [1], [10], [56].�e other dimensions de�ned by Goodland [43] and the dimension de�ned
by Penzenstadler and Femmer has not gained the same attention so far, and there are gaps that
need to be addressed.�e de�nition of technical sustainability covers issues, e.g. maintainability,
which are continuously discussed within the so�ware engineering discipline and are central issues
within the industry as mentioned above.�ere is some previous work ([22], [77]) which has
researched sustainability in and as a non-functional requirement.�is study has aimed to continue
on this previous work by investigating technical sustainability through treating non-functional
requirements and so�ware quality as components of it, and analysing currently used practices in
the industry in regards to these components of technical sustainability.

1.2 purpose and research question

�e purpose of this study was to investigate how the technical sustainability dimension of a
sustainable so�ware engineering approach within the industry can be achieved. To achieve the
purpose of the study, the following main research question was formulated:

• how can the technical sustainability dimension of sustainable soft-
ware engineering be achieved?

To answer the main research question, sub-questions were developed. Firstly, an understanding
is needed of what practices are currently used and why.�is was covered in the �rst sub-question:

Sub-question 1: What practices are currently used in so�ware engineering projects and why?
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Having answered the �rst question, the next step was to gain an understanding of how these
practices operate in regards to technical sustainability, i.e. in what ways do they promote or fail to
promote technical sustainability aspects.�is was addressed in the second sub-question:

Sub-question 2: How do these practices operate in regards to aspects of technical sustainability?

With the knowledge gained from answering the �rst two sub-question, the �nal matter that
needed to be addressed was regarding what changes to the practices are needed to improve them
from a technical sustainability perspective.�is was covered in the �nal sub-question:

Sub-question 3: What changes are required to improve technical sustainability in so�ware development
projects?

�rough answering the three sub-questions above, themain research question could be answered
and thus ful�lling the purpose of the study.

1.3 delimitations

�e studywas focused on technical sustainability dimension of sustainable development, where non-
functional requirements and so�ware quality are components.�e emphasis of the investigation
was on the so�ware maintainability aspect of non-functional requirements and so�ware quality.
�e study was chosen to focus on a consumer so�ware perspective for sustainable so�ware

engineering; it therefore did not cover business-to-business so�ware.�e di�erentiator between
consumer and business-to-business so�ware for this study was selected to be the intended target
of the so�ware; where the target for business-to-business so�ware is one speci�c business and
the target for consumer so�ware is no speci�c entity rather customers with a speci�c need for the
so�ware.
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1.4 outline of the report

Chapter 2 �is chapter describes the method used to execute this study. It covers how the
data collection and analysis were performed. It also contains a discussion on the
reliability and validity of the study. Finally, a discussion on the generalisability of
the results and on decisions made in the study regarding ethics is presented.

Chapter 3 �is chapter begins with an overview of the changes to so�ware and so�ware de-
velopment that has occurred over the last decades.�is chapter then covers theory
and previous work related to the studied �eld. Firstly, the sustainable so�ware
engineering topic is covered where de�nitions of it is presented. Work on how
to incorporate sustainability into so�ware development is also presented.�en,
a section on theory and previous work on so�ware maintainability is presented.
Finally, so�ware development process models and so�ware design is covered.

Chapter 4 �is chapter presents a discussion on what practices are used and why.�en a
discussion on how these practices operate in regards to technical sustainability.
�e discussion contains how the process models handle requirements and time
management in regards to technical sustainability and also includes a discussion on
how so�ware design relates to technical sustainability. Finally, this chapter presents
a discussion on what changes are required with regards to what has been discussed
in this chapter. Changes to the business culture and the prioritisation in so�ware
development. A discussion on how testing and understanding can be extended in
regards to technical sustainability is also presented.

Chapter 5 �is chapter presents the conclusion of the study by presenting the answers the
research questions based on the �ndings in Chapter 4.�is chapter also presents
the contribution and implications of this study and future research of interest.
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Method

2.1 research design

Research

Analyse

Collect

Review

Adjust

Review
and
Re�ect

Write

figure 1: Pictorial representation of the research method

�emain research topic of this study is an areawhich only recently has started to gainmomentum
in research [23, 77].�erefore, there are gaps in the research, as was mentioned in § 5.2 there has
been more focus on the environmental dimension than the other dimensions.�us, adopting a
research approach for the study based on a sequential process structure would not have been the
ideal, since during the study several adjustments had to be made to the focus and delimitations
of the study.�erefore an iterative research approach was adopted (see Figure 1), as it allowed
for continuous adjustments to the study.�e overall research process was, also because of the
state of the research area, divided into two major phases.�e �rst phase consisted of a thorough
literature search where both the published material within the area and the challenges within
so�ware development were analysed.�e challenges were based on published research, books and
on material, such as conference talks, blog post and forums, available on the Internet.�e second
phase consisted of continued analysis of publishedmaterial based on �ndings from interviews with
people working with so�ware development.�e reason for choosing a qualitative data collection
method is based on the characteristic of the study. As mentioned, the study investigates an area
which recently started gaining interest and it covers topics where experiences are an important
factor. Using a quantitative data collectionmethod for this studywould provide lossy data compared
to a qualitative data collection method, such as interviews, which provides the participants the
opportunity to expand their answers beyond numbers.
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6 method

2.2 literature search

�e literature used (see Chapter 3) in this study were published research articles and books found
using the search engines at the following data sources:

• IEEE Digital Library

• ACM Digital Library

• SpringerLink

• ScienceDirect/Scopus

�ese data sources are among those recommended by Brereton et al. [15], since they provide
access to important journals and conferences within the so�ware engineering area. Based on this
recommendation, these sources were selected and used in this study.�e search process on these
data sources were performed through the usage of search strings, the same search strings were used
on all sources.�e initial search strings were based on broad keywords and were then extended
based on keywords in the found articles. To gain more access to relevant articles, the reference
lists in the selected articles were used. Brereton et al. [15] notes that the standards of abstracts in
so�ware engineering are poor and that the conclusions should therefore also be reviewed. In this
study the selection of articles, both abstracts and conclusions were reviewed during the selection
process. In total, more than 200 articles were selected for further assessment and review during the
study.�e selected articles were then reviewed in their entirety and grouped based on themes.�e
�rst theme covered sustainable so�ware engineering (§ 3.3) as the keywords initially surrounded
this area. Later in the results from the literature search and used keywords were expanded as the
number of covered themes increased and converged, and empirical data was collected (§ 2.3).�e
major themes of the results from the literature search, and what the keywords encompassed, were:
sustainable so�ware engineering (§ 3.3), so�ware development process models (§ 3.5), so�ware
maintainability (§ 3.4) and so�ware design (§ 3.6).

2.3 interviews

�e objective with the interviews was to gather insights into di�erent areas with regards to the
research topic.�e areas covered were based on the �ndings in the literature search (§ 2.2) and
evolved as interviews were conducted. As mentioned earlier the study covers a topic which only
recently has started gaining traction, thus there are gaps in the literature. Because of this state,
the interviews needed to be structured in a way that allows for new information to be discovered.
�ere are three types of interview structures: unstructured, semi-structure and structured. In
structured interviews all the questions are formulated in advanced, each with a speci�c objective
[88]. Whereas, in unstructured interviews the interviewer suggests a theme for the interview and
questions around the theme are formulated during the interview [87]. Structured interviews allows
the interviewer to have control over what is covered and the time, on the other hand it does not
provide much in terms of �exibility. Unstructured interviews has the opposite characteristics,
it provides total �exibility but lacks the control over the topics and time structured interviews

http://ieeexplore.ieee.org
http://dl.acm.org
http://www.springerlink.com
http://www.sciencedirect.com
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provides. Semi-structured interviews, also referred to as focused interviews [69], is a mix between
unstructured and structured, as it allows for �exibility and while still maintaining some control for
the interviewer over topics and time [87]. Semi-structured interviews were chosen for this study,
because of the �exibility it allows for an interaction similar to that of a conversation.�is can
provide the opportunity to discover new information that could be missed in a stricter question
and answer interaction.

tag name position , company experience topics covered

HF Henrik Feldt CEO, Qvitoo Several years of experience of
leading and working in so�ware
projects, both large and small.

Education, Functional and Non-Functional Re-
quirements, So�ware Design, So�ware Develop-
ment Process, Technical Sustainability, Time Man-
agement, Tools1

JE Joakim Ekberg Team Lead and
Engineer, Tictail

Several years of experience as de-
veloper, team lead and consultant
within the so�ware development
�eld.

Functional and Non-Functional Requirements,
So�ware Design, So�ware Development Pro-
cess, Technical Sustainability, Time Management,
Tools1

KR Kristo�er Roupé Agile So�ware
Consultant,
Agical AB

Several years of experience as a
so�ware developer and consult-
ant, both at large and small com-
panies.

Education, Functional and Non-Functional Re-
quirements, So�ware Design, So�ware Develop-
ment Process, Technical Sustainability, Time Man-
agement, Tools1

ME Mattias Eriksson CTO, Zpotdrop Several years of experience as de-
veloper at companies. Also exper-
ience as a freelance developer and
consultant.

Education, Functional and Non-Functional Re-
quirements, So�ware Design, So�ware Develop-
ment Process, Technical Sustainability, Time Man-
agement, Tools1

TR Tomas Roos CTO, Happy
Pancake AB

Several years experience as a so�-
ware developer and systems archi-
tect.

Functional and Non-Functional Requirements,
So�ware Design, So�ware Development Process,
Sustainability, Time Management, Tools1

TG Torbjörn Gyllebring CTO, NEPA Several years of experience of so�-
ware development and organisa-
tions.

Functional and Non-Functional Requirements,
So�ware Design, So�ware Development Process,
Technical Sustainability, Tools1

VB Victoria Bastide CTO, Lifesum Several years of experience in
technical managerial roles at both
international and domestic com-
panies within so�ware develop-
ment.

Functional and Non-Functional Requirements,
So�ware Design, So�ware Development Process,
Sustainability, Time Management, Tools1

1 E.g. programming languages and paradigms, frameworks, dependencies, etc.

table 1: Overview of the conducted interviews

�e interviews were conducted with persons at di�erent companies, as shown in Table 1.�e
important factor in the selection of who to interview was not the company they work at, but their
experience. Interviewees were chosen based on their knowledge and experience with managerial
or technological perspectives of so�ware development. For each interview, a small set of open
questions were formulated as a basis and the desired topics to cover were decided. Open question
has an explorative nature and are good for potentially reducing any bias by the interviewer [24].�e
open questions and the questions formulated during the interviews were created based on what was
to be investigated in the answers.�is action wasmade to increase the validity of the questions, that
the questions asked were appropriate for ful�lling the purpose. Since semi-structured interviews
were used, it allowed for new information to be discovered and, as mentioned above, the areas
covered in the interviews evolved based on these new �ndings.�e interviews were conducted
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in-person and were one hour long. With the permission of the interviewees, all the interviews
were recorded. A�er each interview, the recordings were transcribed and if any clari�cation was
needed the interviewee was asked for more information via email. All interviewees were asked
if they knew someone that could be bene�cial for the study to interview, this allowed for more
potential interviewees to be discovered.
�e empirics in the transcribed interviews were then analysed together and the �ndings were

grouped based on the theme of the �nding.�e themes identi�ed were: development process,
so�ware design and so�ware quality.�ese �ndings were then triangulated with the �ndings from
the literature search (§ 2.2), to both guide further literature search and to draw conclusions from
as they were matched towards the research questions (§ 1.2).

2.4 reliability, validity and generalisability

Reliability concerns whether the study can be repeated without any major di�erences in the results
[24]. Since this study relies on collected data of qualitative character, i.e. personal opinions and
re�ections, it is worth noting since the qualitative data is o�en personal to the sources, the sources
may be a�ected by recent events.�erefore, if the same interviews were repeated one year later,
the responses may be di�erent despite asking the same questions. Conducting interviews with
di�erent sources (people at di�erent companies) was an attempt to improve the reliability in this
aspect. By interviewing persons with experience from di�erent environments (e.g. di�erent place
of work, markets, technologies, etc.) should minimise potential e�ects of many types of recent
events (except events that a�ect everyone, e.g. �nancial crisis, dot-com bubble).

�e validity of a study concerns to what extent the results and �ndings from the data collection
re�ects what was intended to be studied. Regarding validity, a qualitative research approach is
generally a suitable choice, since the data collected will contain rich and detailed explanations [24].
For example, the interviews performed in this study increased the validity since the interviewees
were able to give more elaborated answers to the questions. Validity was also addressed in the
interviews with the questions being formulated based on what was to be investigated in the answers.
Since, attention was put on making sure what should be ‘measured’ in the answers, increased
the validity of the interviews. Gibbert, Ruigrok and Wicki [39] notes that having transcripts and
dra�s reviewed by peers (academics not co-authoring the paper) increases the validity. During
the research process, peer students and the supervisor has reviewed dra�s of the paper. One peer
student has also reviewed notes and transcripts from the interviews.
Here are some threats to validity that were noted and e�orts to minimise these threats were

made through di�erent actions:

1. Researcher’s bias: During the selection of literature in the databases searches, a bias may
have a�ected the selection since the selection was made by one researcher. Similarly a bias
or possibly misinterpretation by the researcher may have occurred during the analysis of
the collected data.

2. Search string validity:�e validity of the search strings can be challenged with regards
to two cases. Whether the constructed strings could a�ect searches to included too many
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irrelevant results or exclude too many relevant results. In either of these two cases the search
string should be considered inadequate for its purpose.

�e generalisability of a study refers to what degree the results of the study can be applied
in general, outside the context of which it was studied [24].�e generalisability of qualitative
results can be challenged since the results are based on subjective �ndings, both in terms of the
sources of data and interpretation of the data by the researcher. Collis and Hussey [24] argues that
there are possibilities to generalise qualitative results, when it is applied in a similar context to
which it was originally studied. Since the results are related to the context of consumer so�ware,
the generalisability of the results may be limited but could be generalised to a similar context
e.g. business-to-business so�ware.�e geographical context is something also that can lower
the generalisability of the results.�e interviews in this study were performed with people that
currently and mostly have worked in Sweden, thus meaning that their experiences are in�uenced
by for example the so�ware development culture and working standards in Sweden. To increase
generalisability from this aspect, the geographical delimitation of this study needs to be addressed.

2.5 ethics

In order to avoid any ethical problems during the research, the design of the study was done in a
manner conforming with the following ethical principles, based on the principles identi�ed by
Bell and Bryman [9].�e participation in the interviews were on a voluntary basis.�e anonymity
and con�dentiality of the interviewee were discussed with them and then ensured to be at the
requested level.�e names of the participants were chosen to be mentioned in the report, rather
than to merely display the position and company for the participant.�is decision was made as
the interviews were focused on the knowledge and experience of the participant rather than on the
company, and all participants agreed to this level of visibility in the report.�e participants were
informed of the purpose of the research before the interview.�e participants were asked at the
beginning of the interviewwhether a recording of the interaction could be performed. To guarantee
that the dignity of the participants was protected, any unclarity found during the transcribing of
the interviews was communicated to the participant for clari�cation.�e references to interviews
made in the report were sent to the referred interviewee, together with the context in which the
reference is used.�is action was made to give the opportunity to address any misunderstanding
of the interpretation of the data and to give the interviewees the opportunity to change or expand
their answers.





3
Previous and Related Work

I To better understand the technical sustainability concept better an overview of so�ware
quality and requirements § 3.2, and what has been performed in previous research about sustainab-
ility within so�ware engineering § 3.3 is also needed. Also an understanding of the concepts used
in the research is needed, such as so�ware maintainability § 3.4, so�ware development process
models § 3.5 and so�ware design § 3.6. Firstly, a basic understanding of developments and changes
surrounding the so�ware development �eld is needed.

3.1 overview of the changes around the software development field

To understand why so�ware and its development process has taken its current form, an under-
standing of how its environment has changed during the years is needed. In the era before the
Personal Computer (PC), so�ware and its programmer were not at the center of attention.�is
was because of the machines it was developed for.�e machines took up large amounts of space,
were unique and there was o�en only one example of the machines.�ey also o�en never le�
the laboratory in which they were developed.�e so�ware that was developed for these types
of machines was fully dependent on the speci�c machine, as each machine was unique. Because
the so�ware was fully dependent on a single unique machine, the lifetime for the so�ware was
dictated by the lifetime of the machine [32].
With the introduction of the PC, so�ware could be developed for and used by many more

users as computers could be produced at larger scales.�e problems with reusability of pre-
PC machines due to their uniqueness, were carried over to the PC-machines as they could be
using a di�erent Operating System (OS) or platform. When the number of OS’s and platforms
stabilised, programmers could reuse previous work and knowledge to a higher degree than before.
So�ware was distributed to users on physical medium1 and computers were o�en, in the case
of the consumer market, isolated from others.�e hardware components for computers were
continuously improved by orders of magnitude, resulting in a continuous increase in performance
[32, 70]. As the Internet started to spread and improve, a shi� towards a digital distribution system
for so�ware began. So�ware also became less isolated, as the Internet allowed for new ways to
communicate information where some so�ware became systems using a client-server architecture.
�e World Wide Web (WWW) is an example of this type of system with a client-server architecture
[11], where the client is a ‘browser’ that is viewing �les that are stored on a remote (or local) server.
With the start of what has been referred to as the post-PC era, where PC capabilities have been

implemented into other types of device2 [45].�is has allowed new possibilities for consumption
of so�ware, with users having multiple devices acting as clients. For so�ware this has presented

1 E.g. �oppy disks, Compact Disk Read-Only Memory (CD-ROM)
2 E.g. tablets and mobile phones.

11
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challenges, as the usage behaviour has changed. Clients have gone from simply viewing �les
to sending, retrieving, storing, modifying and sharing data.�is has presented the problem of
synchronisation for so�ware developers, with complex issues such as concurrent modi�cation of
data.�e clients have also changed and can now take the form of applications designed speci�cally
for the platform/device and web applications that retains (in the best case all, o�en most of) the
functionality of the native application, but are available through aWWW browser and is supposed
to be platform and device independent.
�e tools used for creating so�ware has also changed over the years. In terms of programming

languages the development has gone from machine language to symbolic assembly language
and then towards high level languages, which began with FORTRAN and COBOL [25].�e
programming paradigms, i.e. the fundamental design of computer programming, where the
changes has gone from unstructured to structured programming [25]. From there many more
paradigms for example functional, object-oriented and imperative programming paradigms has
been created, for a thorough overview see the work of Roy [85].�e environment where so�ware
can be written in has also changed, from simple text editors where only plain text and a few basic
tools were available to what is called Integrated Development Environment (IDE). An IDE includes
several utilities to allow for a easier environment to develop code in. Examples of these utilities
outside of a source code editor (i.e. the place where you write code) are build automation tools,
debuggers, code completion3, version control systems and refactoring tools.

3.2 software quality and requirements

ISO/IEC 25010
(Product Quality)

Functional
Suitability

Reliability

Security

Usability

Performance
E�ciency

Maintainability

Portability

Compatibility

figure 2:�e eight product qualities of the ISO/IEC 25010 standard [51]

One de�nition of so�ware quality is “capability of a so�ware product to satisfy stated and
implied needs when used under speci�ed conditions” [53]. A model for so�ware quality that is
o�en used is the ISO/IEC 25010 standard or its predecessor ISO/IEC 9126 [51, 52], see for example
[22, 23, 41, 44, 60, 62, 64, 77].�e 25010 model consits of eight product qualities which can be seen
in Figure 2.

3 �e IDE suggests snippets of code based on what the developers writes in the source code editor.
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Project Re-
quirement

System Re-
quirement

Process Re-
quirement

Requirement

Attribute

Performance
Requirement

Speci�c Quality
Requirement

Time and space
bounds:
Timing
Speed
Volume
�roughput

‘-ilities’:
Reliability
Usability
Security
Availability
Portability
Maintainability
. . .

Functionality and
behaviour:
Functions
Data
Stimuli
Reactions
Behaviour

Physical
Legal
Cultural
Environmental
Design & Imple-
mentation
Interface
. . .

Functional
Requirement Constraint

figure 3: A concern based taxonomy of requirements created by Glinz [41]

In the IEEE glossary from 1990 [49] only the term functional requirements was de�ned. Non-
functional requirements was not de�ned until the next (current) version of the IEEE/ISO/IEC
glossary [53] was published in 2010. Non-functional requirements is de�ned as “a so�ware re-
quirement that describes not what the so�ware will do but how it will do it” and functional
requirement is de�ned as “a statement that identi�es what the product or process must accomplish
to produce required behaviour and/or results” [53].�is is similar to what Glinz [41] referred to as
the o�en heard rule, that what the system does is functional requirements and how the system
behaves is non-functional requirements [35]. Glinz [41] created a de�nition of non-functional
requirements in 2007 using a concern-based taxonomy of requirements, see Figure 3. Based on
Figure 3 non-functional requirements was de�ned as “A non-functional requirement is an attribute
of or a constraint on a system” [41]. What non-functional requirements that exists varies, Bajpai
and Gorthi [7] gives performance, reliability, availability, compatibility, usability, maintainability,
interoperability, recovery, robustness and resilience as examples of common non-functional re-
quirements that are encountered by so�ware developers. Li et al. [62] proposed in their research
a modelling language for non-functional requirements that views non-functional requirements
as requirements over qualities.�e aim with this modelling language was to address challenges
with characteristics of some non-functional requirements such as vagueness, subjectiveness and
measurability.

3.3 sustainable software engineering

A widely used de�nition of sustainable development is “meet the needs of the present without
compromising the ability of future generations to satisfy their own needs” [96], see for example [6,
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12, 75, 76]. For sustainable development to be achieved, there are requirements in three dimensions:
economy, environment and society, that need to be ful�lled [96].�is has later been argued to be
extended by Goodland to also include the human dimension, which considers the development
of each individual human during their lifetime, as it is the basis for the three other dimensions
[43].�ese dimensions are re�ected in the expression of sustainable so�ware formulated by Dick,
Naumann and Kuhn [30], as seen in De�nition 1.

De�nition 1. “[Green and Sustainable So�ware] is so�ware, whose direct and indirect negative
impacts on economy, society, human beings, and environment that result from development,
deployment, and usage of the so�ware areminimal and/or which has a positive e�ect on sustainable
development” [30].

Naumann et al. [73] further notes that to achieve a green and sustainable so�ware product, the
developing organisation of it must be aware of the negative and positive impacts on sustainable
development that may occur when using the product. Also, the entire development process around
the product should be green and sustainable. Naumann et al. expressed the development process
with regards to these two aspects, as seen in De�nition 2.

De�nition 2. “Green and Sustainable So�ware Engineering is the art of developing green and
sustainable so�ware with a green and sustainable engineering process.�erefore, it is the art of
de�ning and developing so�ware products in a way, so that the negative and positive impacts on
sustainable development that result and/or are expected to result from the so�ware product over
its whole life cycle are continuously assessed, documented, and used for a further optimization of
the so�ware product.” [29, 73]

Penzenstadler [74], similarly to as Dick, Naumann and Kuhn [30] and Naumann et al. [73] did,
consider the four dimensions of sustainability and recognised four aspects of sustainability in
so�ware engineering:

• Development process aspect

• Maintenance process aspect

• System production aspect

• System usage aspect

�e four aspects recognised by Penzenstadler [74] cover two viewpoints, the �rst two aspects
cover the development process viewpoint and the last two aspects cover the product viewpoint
during production and usage [74].�ese two viewpoints are very similar to the two de�nitions by
Dick, Naumann and Kuhn [30] and Naumann et al. [73], since one part of both covers the product
and the other part covers the development process of the product.
Penzenstadler and Femmer [76] also notes that in the case of so�ware systems, the four dimen-

sions of sustainability (see above) do not “[...] o�er a possibility to claim and support long-term
evolution of technical systems and adequacy for long-term use.” In order to address this issue
the authors suggest that a ��h dimension, technical sustainability, should be added in the case of
considering sustainability of so�ware systems [76].
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An overview of sustainable so�ware engineering has been presented by Penzenstadler et al. [75],
where 96 publications have been collected that are relevant to the area of sustainable so�ware
engineering [75].

3.3.1 Metrics and Requirements

Normally when developing so�ware, the development progresses in order to meet the functional
and non-functional requirements set for the so�ware.�e functional requirements are set in such
manner that the resulting �nal so�ware includes all the operational goals that are expected of it,
e.g. features and functionalities.�e non-functional requirements put the focus on the quality
aspects of the so�ware, e.g. accessibility, accuracy, maintainability, reliability and reusability. [3]
In contrast to many other engineering disciplines, there is a lack of notice for sustainability as a
standardised practice within the so�ware engineering discipline, as noted by Penzenstadler et al.
[75] and then by Calero, Bertoa and Moraga [23]. Penzenstadler, Tomlinson and Richardson [78]
suggest that sustainability should be a “�rst class so�ware quality”. An argument for why and how
it can become a �rst class so�ware quality has been made by Penzenstadler et al. [77], where they
argue that sustainability should have a similar evolution as safety and security. Both safety and
security has reached points where they are considered important so�ware qualities, with security
included in ISO/IEC 9126 and safety included in ISO/IEC 25010 [51, 52, 77].
Calero and Bertoa [22] has presented a quality model based on ISO/IEC 25010 [51] that includes

sustainability as an aspect for quality.�e reasoning behind the modi�cation of the ISO/IEC 25010
is that it has the three following characteristics [22]:

1. Characteristics that by themselves can be recognised to be sustainability related

2. Characteristics that can not be regarded as Item 1 characteristics but can have a direct impact
on sustainability

3. Characteristics where sustainability aspects is not appropriate nor needed to be applied

Based on these three types, the authors considered that those classi�ed as Item 1 characteristics
represent an initial e�ort to incorporate the sustainability aspects in the standard.�ose classi�ed
as Item 2 characteristics should be modi�ed to a sustainable version because these characteristics
are related to factors such as the features and functionality of the product. For the characteristics
classi�ed as Item 3 characteristics it was deemed not appropriate to adopt a sustainable version,
because these tended to be more related to the capabilities of the product. [22] From this Calero
and Bertoa [22] created the proposed 25010+S model, an extension of the ISO/IEC 25010 standard,
that consider sustainability aspects on the di�erent characteristics.
Calero, Bertoa and Moraga [23] has performed a systematic literature review for so�ware

sustainability measures in order to discover the state-of-the art of these and make the 25010+S
quality model useful.�e authors found 61 measures that were deemed useful for the 25010+S
quality model. Of these 61 measures, 59 were related to characteristics for product quality and only
two measures were related to sustainability.�e product quality related measures covered only
�ve characteristics: Maintainability, Performance e�ciency, Portability, Reliability and Usability,
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and most of them were focused on energy consumption.�e authors concluded that further work
was needed in order to �nd and create new measures for all the characteristics of quality in the
25010+S model. [23]

3.3.2 GREENSOFT Model

figure 4:�e GREENSOFT reference model [83]

�e GREENSOFT model is an approach for so�ware engineering that has speci�cally included
sustainability aspects for creating, maintaining and using so�ware [73]. It is meant to be a reference
model for sustainable so�ware and can be integrated into di�erent process models, e.g. Scrum and
OpenUP [56].�e GREENSOFT referencemodel consists of four parts (see Figure 4): ‘Life Cycle of
So�ware Products’, ‘Sustainability Criteria andMetrics’, ‘ProcedureModels’ and ‘Recommendations
and Tools’.

order description

First order impacts Direct environmental e�ects through the production and use of ICT, i.e. resource use and pollution from
the hardware production process, energy consumption during usage and the disposal of the hardware
devices and components.

Second order impacts Indirect environmental e�ects through the use of ICT.�ere are di�erent types of these e�ects both
positive and negative.�e two main types of positive e�ects are dematerialisation (process optimisation,
i.e. larger output for smaller resource input) and substitution (e.g. substituting material products for
equivalent immaterial parts) e�ects

�ird order impacts �e indirect long-term environmental e�ects from the usage of ICT due to rebound e�ects, e.g. changes
that stimulates economic growth and more consumption thus in worst cases outweighing the initial
savings

table 2:�e three main impacts of ICT on the environment [10]
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�e ‘Life Cycle of So�ware Products’ part of the model is inspired by Life Cycle�inking (LCT),
which considers the time span “from cradle-to-grave”.�e purpose of it is to allow the stakeholders
of the project to assess the impact of the project based on the three impacts (see Table 2) identi�ed
by Berkhout and Hertin [10].�ese impacts focuses mainly on environmental aspects, but can
be re�ned to also address both human and social aspects of sustainability in ICT [42]. Naumann
et al. [73] notes that it is important that stakeholders are careful during assessment that all levels
are properly considered as expressed by Abenius [1], “Naturally it is easier to focus on �rst order
impacts as they are immediate and obvious. However the third order impacts might be the most
threatening ones, and the most di�cult ones to approach.”
One critique of this model has been made by Penzenstadler et al. [75], who points out that while

it may be the only approach in so�ware engineering that has explicitly addressed the aspect of
sustainability, it has a too speci�c application in web engineering.�ey further state that the �eld
is missing an encompassing reference framework for sustainable engineering [75].

3.4 software maintainability

Maintainability Modularity

Reusability

Analysability

Usability

Modi�ability

Testability

figure 5: Maintainability and its re�nements in the ISO/IEC 25010 standard [51]

�ere exists a number of de�nitions of so�ware maintainability. According to IEEE [49], main-
tainability can be de�ned as: ‘�e ease with which a so�ware system or component can bemodi�ed
to correct faults, improve performance or other attributes, or adapt to a changed environment.’
Sunday [95] referred so�ware maintainability as a so�ware characteristic that represents the
amount of e�ort needed to achieve four tasks: correction of errors, addition of features, deletion of
capabilities and adaption/modi�cation. In the ISO/IEC 25010 standard maintainability is re�ned
into �ve more speci�c qualities, as shown in Figure 5.
Maintainability and so�ware maintenance are connected to each other, as so�ware maintenance

is the process of maintaining and changing the so�ware a�er it has been developed [93].�e main-
tenance phase is o�en the most time consuming [72] and costly [40] part of so�ware development.
By focusing so�ware maintainability in the development phase, signi�cant resource savings can
be made [58]. Ramage and Bennett [81] has argued for that maintainability research is too focused



18 previous and related work

on the so�ware product perspective.�e authors argue that to get a complete picture of the issue
of maintainability research from a systematic perspective, which includes all people, organisations
and processes involved with the so�ware, is needed. Research has identi�ed di�erent types of
causes for maintainability issues, e.g. technical debt (§ 3.4.1).

3.4.1 Technical Debt

�e metaphor ‘Technical Debt’ was introduced by Cunningham [27], in order to point out that
“not quite the right code which we postpone making it right”.�e metaphor is used to explain
the trade-o�s between delivering the most appropriate — but likely immature — product, in
the shortest possible time [19, 27, 57, 65, 91].�ese ‘savings’ in the short run may instead appear
as additional costs, in the form of technical debt interest, later in the maintenance phase.�e
technical debt metaphor describes how the savings in work on non-functional requirements (i.e.
maintainability, readability, etc.) in the process may reappear later at a greater costs [27].

Seaman et al. [89] has given several examples of the consequences that can occur when the
technical debt is not ‘payed o� ’.�ese consequences could be in the form of exceeding budgets,
quality issues, problems adding new features without causing problems with existing features,
and that the so�ware fails to survive its expected life-cycle [89].�ere have been attempts made
to de�ne a taxonomy of technical debt. McConnell [68] divides technical debt into intentional
and unintentional technical debt. Intentional debt is debt that has deliberately been created,
e.g. postponing proper implementation of named constants and instead uses ‘magic numbers’4.
Intentional debt can also be subdivided into short-term and long-term debt [68]. Unintentional
debt is debt which is unknowingly created due to work of low quality [68].

“We don’t have
time for design”

“What’s Layering?”

“We must ship
now and deal with

consequences”

“Now we know
how we should
have done it”

Reckless Prudent

Deliberate

Inadvertent

figure 6: Technical debt quadrant [34]

4 Unique values that is either used at multiple locations or whose meaning is not explained.
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Fowler [34] has created a technical debt quadrant which has two dimensions, reckless/prudent
and deliberate/inadvertent, as shown in Figure 6. From this quadrant four types of technical debt
can be reached: reckless and deliberate debt, prudent and deliberate debt, reckless and inadvertent
debt, prudent and inadvertent debt [34].

type definition

Architecture Debt Refers to the problems encountered in project architecture, for example, violation of modularity, which can a�ect architectural
requirements (performance, robustness, among others). Normally this type of debt cannot be paid with simple interventions in the
code, implying in more extensive development activities.

Build Debt Refers to build related issues that make this task harder, and more time/processing consuming unnecessarily.�e build process of a
project can contain very unnecessary code to the customer. Moreover, if the build process needs to run ill-de�ned dependencies,
the process becomes unnecessarily slow. When this occurs, one can identify a build debt.

Code Debt Refers to the problems found in the source code which can a�ect negatively the legibility of the code making it more di�cult to be
maintained. Usually, this debt can be identi�ed by examining the source code of the project considering issues related to bad coding
practices.

Defect Debt So�ware projects may have known and unknown defects in the source code. Defect debt consists of known defects, usually identi�ed
by testing activities or by the user and reported on bug track systems, that the change control board agrees should be �xed, but due
to competing priorities, and limited resources have to be deferred to a later time. Decisions made by the change control board to
defer addressing defects can accumulate a signi�cant amount of technical debt for a product making it harder to �x them later.

Design Debt Refers to debt that can be discovered by analyzing the source code by identifying the use of practices which violated the principles
of good object-oriented design (e.g. very large or tightly coupled classes).

Documentation Debt Refers to the problems found in so�ware project documentation and can be identi�ed by looking for missing, inadequate, or
incomplete documentation of any type. Inadequate documentation is those that currently work correctly in the system, but fail to
meet certain quality criteria of so�ware projects.

Infrastructure Debt Refers to infrastructure issues that, if present in the so�ware organization, can delay or hinder some development activities. Some
examples of this kind of debt are delaying an upgrade or infrastructure �x.

People Debt Refers to people issues that, if present in the so�ware organization, can delay or hinder some development activities. An example of
this kind of debt is expertise concentrated in too few people, as an e�ect of delayed training and/or hiring.

Process Debt Refers to ine�cient processes, e.g. what the process was designed to handle may be no longer appropriate.

Requirement Debt Requirements debt refers to tradeo�s made with respect to what requirements the development team need to implement or how to
implement them. Some examples of this type of debt are: requirements that are only partially implemented, requirements that are
implemented but not for all cases, requirements that are implemented but in a way that doesn’t fully satisfy all the non-functional
requirements (e.g. security, performance, etc.).

Service Debt �e need for web service substitution could be driven by business or technical objectives.�e substitution can introduce a technical
debt, which needs to bemanaged, cleared and transformed from liability to value-added. Technical debt can cover several dimensions,
which are related to selection, composition, and operation of the service.

Test Automation Debt Test Automation debt is de�ned as the work involved in automating tests of previously developed functionality to support continuous
integration and faster development cycles.

Test Debt Refers to issues found in testing activities which can a�ect the quality of testing activities. Examples of this type of debt are planned
tests that were not run, or known de�ciencies in the test suite (e.g. low code coverage).

table 3: Types of technical debt as presented by Alves et al. [5]

Seaman and Guo [90] described technical debt in di�erent domains, e.g. code, defect, document-
ation or testing debt. Similarly was technical debt categorised by Alves et al. [5], who identi�ed 13
types of technical debt using ontology (see Table 3).
Sterling [94] notes that the life-cycle of the so�ware project process can a�ect the amount of

technical debt.�erefore, an agile so�ware development process would create less technical debt
thanks to its �exible and adaptive structure compared to the static waterfall model. Because of the
iterative process of agile, a belief of being immune to technical debt may occur [57]. However, as
Kruchten, Nord and Ozkaya [57] notes, developing and delivering rapidly without time for proper
design or re�ecting on the long term and a lack of rigour or systematic testing can lead to large



20 previous and related work

amounts of debt quickly, despite the opportunity the iterative process allows for reimbursing the
debt.

For deciding when to ‘pay o� ’ the debt Seaman et al. suggests four distinct decision-making ap-
proaches for prioritising technical debt: the cost bene�t analysis approach, the analytical hierarchy
process, the portfolio approach and the options approach. Snipes et al. [92] argues for that the
decision to address or defer a debt is dependant on the accumulated amount of defects. Several
factors that in�uence the decision were also identi�ed, presented below in decreasing order of
importance [92]:

• Severity

• Existence of a workaround

• Urgency of the �x required by a customer

• E�ort to implement the �x

• Risk of the proposed �x

• Scope of testing required

3.5 software development process model

A so�ware development process model is a description of a methodology which has the purpose
of acting as a guide for so�ware engineers for how to accomplish creating a complete so�ware
product of high quality.�e methodology describes the activities and steps that the so�ware
engineers should follow to achieve this [38].�e characteristics of these processes have changed
and evolved throughout the years.
�e initial ‘traditional’ processes were derived from project management processes from other

industries, which were structured processes with serialised activities [54, 97].�ese processes
had a predictive characteristic in its structure, where decisions were thoroughly documented and
planned in advance, i.e. a plan-driven approach.�e initial model is called ‘waterfall model’ and
was developed by Royce [86], the name of the model comes from its resemblance (in a pictorial
representation) to a set of small serialised waterfalls (see Figure 7).�e waterfall model gained
traction in the so�ware development industry because it was both easy to understand and to
implement [59].�e waterfall model through its predictive characteristics put emphasis on the
notion de�ne-before-design and design-before-code [93].�is notion was incorporated into the
structure as each activity had to be completed before the next activity could be started. Since
the development of the waterfall model, other models have been developed and each model has
been designed in order to enable so�ware engineers to successfully develop so�ware, e.g. rapid
prototyping model, spiral model, component base model, Rational Uni�ed Process (RUP) model
and agile model [59]. Each model has di�erent approaches for how to achieve a successful so�ware
project.�e last mentioned model, ‘Agile model’, is a model which over the last decade has gained
traction as a preferred model for so�ware projects.
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figure 7: Pictorial representation of the waterfall model [86]

3.5.1 �e Agile Model

�e agile model was created for the use in areas that require quick adaption to change and �exibility.
In so�ware development, agilemethodologies follows four core values, as declared in the ‘Manifesto
for Agile So�ware Development’ [8]:

1. Individuals and interactions over processes and tools

2. Working so�ware over comprehensive documentation

3. Customer collaboration over contract negotiation

4. Responding to change over following a plan

Where the statements on the le� side of the word ‘over’ in the items are valued more than those
on the right side [8].�e ‘Manifesto for Agile So�ware Development’ was created in 2001 by a
number of leaders of the agile so�ware development movement [66].�is manifesto is meant as a
guidance for so�ware engineers in agile methodologies.�e manifesto articulates in addition to
the mentioned core values, the following twelve principles for so�ware engineers to follow [8]:

1. Our highest priority is to satisfy the customer through early and continuous delivery of
valuable so�ware.

2. Welcome changing requirements, even late in development. Agile processes harness change
for the customer’s competitive advantage.

3. Deliver working so�ware frequently, from a couple of weeks to a couple of months, with a
preference to the shorter timescale.
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4. Business people and developers must work together daily throughout the project.

5. Build projects around motivated individuals. Give them the environment and support they
need, and trust them to get the job done.

6. �e most e�cient and e�ective method of conveying information to and within a develop-
ment team is face-to-face conversation.

7. Working so�ware is the primary measure of progress.

8. Agile processes promote sustainable development.�e sponsors, developers, and users
should be able to maintain a constant pace inde�nitely.

9. Continuous attention to technical excellence and good design enhances agility.

10. Simplicity–the art of maximizing the amount of work not done–is essential.

11. �e best architectures, requirements, and designs emerge from self-organizing teams.

12. At regular intervals, the team re�ects on how to become more e�ective, then tunes and
adjusts its behaviour accordingly.

Agile so�ware development methodologies are characterised by an iterative development,
continuous code integration and the ability to handle changes in the requirements [13].�ere are
many di�erent methodologies such as Scrum, Extreme Programming (XP), Crystal Clear, Kanban
development, Lean so�ware development, Feature Driven Development (FDD) and Test Driven
Development (TDD), and while they have their di�erent activities they share the same overall
characteristics, e.g. Iterative prototyping and minimal documentation [47].
�e agile model was proposed as an alternative to the plan-driven methods (e.g. the waterfall

model) that developers were dissatis�ed with and as a way of creating high quality so�ware in a
shorter time period [54, 67].�e main focus of the agile process is the ability to adopt changes any
time during the development process.�is means that business requirements and design details,
that in plan-driven models were decided upon in the initial phase, were not required to be decided
in the beginning of the process rather were open to changes and improvements [66]. Huo et al.
[48] argues for that agile models would give better so�ware quality and shorter production time
than plan-driven models would manage.�is argument has found support in some studies where
it was shown that agile models were useful for reducing the number of defects in the so�ware [50,
61]. While studies have pointed towards that agile models can improve productivity [2, 50, 61],
criticism against agile models has been raised concerning that while productivity and costs in the
development phase are improved, the costs might actually be moved to the maintenance phase
[54].�ere have been few studies into this matter. A study of Scrum (an agile method) showed
that Scrum may not lead to a lower defect density than a plan-driven method but it allowed for
increased chance of project success [63].�e study did however also conclude that Scrum creates a
more stressful experience for the developers, in order to deliver functionalities on time and budget
than a plan and process driven method would.�erefore developers may neglect to perform
certain activities that would reduce potential e�orts in the maintenance phase [63].
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3.6 software design

Freeman [36] said that “Design is relevant to all so�ware engineering activities and is the central
integrating activity that ties the others together.”�ere exists di�erent systematic approaches for
so�ware design, to be able to develop maintainable and reliable so�ware.�ese approaches are
processes that includes two major stages, ‘architectural’ and ‘detailed’ design stages. [33, 37, 80]�e
architectural design stage is responsible for decomposing requirements into a system structure and
the detailed design stage is responsible for transforming the system structure into a procedural
description of a so�ware system [99]. It has been found that many of the so�ware problems are
‘too big for the head’, and that only a few exceptional people can reason about those problems to
consider the consequences and implications of design decisions [28].�erefore, it is a desirable
quality because the productivity between individual developers can di�er by a factor of 10 to 30
[14]. Petre [79] has researched how experts and high-performing teams practice so�ware design. It
was concluded that designers use provisionality and juxtaposition to explore di�erent alternatives
and maintain an awareness of the possible alternatives. It was also found that designers deliberately
changed paradigms, formalisms and representations to gain di�erent perspectives. Finally they
found that designers avoid tools that a�ect their work practices too much negatively [79]. Ahmed
et al. [4] has presented research which concluded that in agile processes there should be a high
level design phase included, and continuous design reviews of changes if required.





4
Results and Analysis

4.1 what and why

I To be able to analyse technical sustainability in so�ware development practices, the practices
needs �rst to be identi�ed. What is also important is gain an understanding of why these practices
is used, for example if it allows for certain bene�ts towards the developers or the so�ware itself.�e
two types of practice areas that were analysed in this study was development processes and so�ware
design, as this covers both how developers and company work and write so�ware. During the study
it was discovered that identifying the norm for what practices is used in these two areas would be
di�cult, because there is none. What is used di�ers between companies and projects, therefore
the trend in these two areas were instead investigated to identify what currently is regarded as the
preferred practices to adopt.

4.1.1 Development Processes

�e process for how so�ware is developed is something that has changed over the years and there
are many di�erent processes to chose from, Kumar and Bhatia [59] presents and compares several
of them.�e choice behind which is used is up to each company and the reasoning can di�er
between them, but VB made an interesting observation during the interview, regarding what has
a�ected that choice, “some are talking about that it was the agile processes that changed parts
of how the technology stack1 was worked with, I lean more towards that it was the technology
developments in the stack that allowed for a more agile approach.”�is way of thinking about
it is an interesting perspective and when looking back over the last decades this seems to be a
recurring pattern. In the beginning of the so�ware development industry, the process models
used were based on what was used in other industries, plan-driven models.�e reason for using
this type of model seems to be for two reasons. Firstly, so�ware development was something new,
and, as described by Dijkstra [32], in many places it was not deemed as a real working profession.
Secondly, the development of the so�ware was tightly coupled with the hardware.�e so�ware was
designed exactly for the one unique machine that was developed at the same place [32]. It would
seem natural to have the same development process for the so�ware and the hardware. Also since
the machine was at the centre of attention and required it due to needing constant maintenance in
order to work, thus resulting in that most of tasks were focused on the hardware rather than the
so�ware [32].
With the introduction of PC’s, so�ware development could start to become separated from

hardware development. But since the distribution of so�ware were done on a physical medium,
this meant that a plan-driven model still needed to be used. Because the distribution was a

1 A technology stack refers to the set of technologies is used in a project or by a company/developer.
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manufacturing process, where �rst physical mediums containing the so�ware was created and
then it would be shipped to retailers and customers. To ship an iteration of the so�ware as quickly
as possible to the customers would not work, because as VB said “every time one would make
updates to the so�ware, it would initiate another manufacturing process.” Because of this the
plan-driven models were still used, despite that there were those that saw the advantages with
an iterative process, for example by Brooks [18]. Because the focus were then on, as VB noted,
“creating a ready-made product, because you could not ship a half-ready product on a disc.”
While there were advancement within the process models area that attempted to solve some of
the problems derived from the plan-driven models, e.g. rapid prototyping model, spiral model,
component base model and RUPmodel [59], it was not until the wide spreading of the Internet that
a more iterative process was allowed. With the use of the Internet, distribution could be performed
digitally, which both meant lower costs and more �exibility. With this technological development
available, allowed for process models of iterative nature to gain traction, as VB put it “pushing up
code2 to, for example to a live site, is a totally di�erent thing and much easier”. Models such as XP
and Scrum together with other agile models were developed and started to gain traction as usage
of the Internet started to spread in the late 1990s and during the 2000s. As agile models focused on
being reactive to change rather than prediction of the future and building a strong close customer
feedback relationship, were presented as solutions to the problems of plan-driven projects that
could not cope with change and the results were not what was desired. One of reasons behind
the problems of plan-driven models were that it was focused on de�ning everything upfront, as
TG noted in the interview regarding the motivation and reasoning behind de�ning everything
upfront, “design everything correct from the start, then everything will be good.” But as was noted
in most of the interviews, it is di�cult to predict in so�ware development, e.g. as VB noted “there
is always some functionalities one has not thought of.” As KR noted in his interview that “agile
models puts more weight on the capability of being reactive”, therefore being capable to cope with
changes.�e agile models are focused on working so�ware over comprehensive documentation
and planning [8], therefore the time to market could be shorted [48].�e close customer feedback
relationship and short time to market was something that the industry had lacked before, as was
noted in the interview with TG, “Something we as an industry forgot, if we only deliver something
that does something technically correct then it does not matter if it is good for the customer or
not, they get what they get when they get it if they get it.” While agile models may be referred to
as the mainstream way of how to develop so�ware it is in fact not, as TG noted, “it is not yet big
enough to be considered the norm for how so�ware is built around the world.” But the trend points
towards more usage of so�ware development processes that favours an iterative approach and early
continuous feedback, and was the recurring general approach used amongst the interviewees.

4.1.2 So�ware Design

�e trend in so�ware design is something that changes frequently. But the overall trend is that the
design of so�ware goes towards a �owing state, as TG described during the interview, “Current
trends are towards a �owing state, a state where systems as a whole goes from artefacts frozen in

2 ‘Pushing up code’ refers to the action of uploading code to a remote location, o�en on the Internet, for di�erent reasons.
O�en this action is part of the work processes in the version control systems used in so�ware development.
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time towards components in an ecosystem.” Many of the design trends within this overall trend
are old designs that are brought back to life. TG gave ‘message passing’ as an example of this,
“message passing is starting for the third or fourth time becoming big again, it was big in the 60s,
70s and 80s, and in 2016 it is big again.” What has changed is the stronger focus on a simpler
interface and collecting the best bits and pieces from for example each platform or language. One
way this can be seen in is in the use of ‘micro-services’, as VB explained it in her interview, “In a
micro-service strategy there are not really anything that prevents from writing a micro-service
with language A or B, or with a speci�c framework in general.”�is di�ers from the previous
attitude with monocultures, as TG explained, “one identi�ed oneself as a monoculture, ‘We are a
Java-workshop, or a Microso� environment, or we are coding in C’ where the whole stack used
the same language.”
�e reason for why not much entirely new developments has happened with this area and

instead reinvention of the same things happen is partly because there are o�en arguments regarding
developments, which TG noted, “We are argue a lot and we are bad at looking back, because there
can one see that we are reinventing the wheel with a new name.”�ere are both good and bad
sides of this behaviour, the good side is that old ideas that were good are getting used. As TG
mentioned in his interview, “as a whole, only old remnants that has been brought back, which
in itself is a fantastic thing”, and he gave the JavaScript language as an example of this. By trying
to use the old remnants again later, could in cases prove to be fruitful as there has been changes
overall to so�ware development, especially on the hardware side. It may have been the case that
the solution presented was not ready to be used all the way at the time, or that the understanding
of it then were not enough.�e bad sides is what Crockford [26] mentions during a presentation,
“Progress does not wait for the next idea. It waits for consensus on an old idea.”�at no progress is
made until we reach a consensus regarding what has already been suggested. An example of this is
argument whether the GOTO statement should be removed. Dijkstra [31] suggested in 1968 in a
letter that the GOTO statement should be considered harmful, because the use of it could lead
to disastrous e�ects.�is started an argument on whether GOTO statements should be used. As
Crockford [26] explains, today virtually no language uses GOTO statement and it was not until
1995 that trend started.�is behaviour do carries the risk that what can be seen as a trivial change,
as stopping the use of the GOTO statement seems today, it can hurt progress within the �eld for
several years.
Overall with regards to what so�ware design is used is changing and, as TG put it, “going round

in circles”. Because the trends are changing and are going in a circle, makes it di�cult to determine
what speci�cally is generally used as it can di�er from project to project.

4.2 technical sustainability

I The technical sustainability dimension considers the long-term usage of systems and
their capacity to evolve with changing conditions and requirements [78]. To keep so�ware systems
in use rather than developing an entirely new system from scratch was something that in the
interviews was agreed to be preferable in most cases, as for example ME noted “It is a big step to
rewrite something.” Among the reasons that motivated this opinion was that the amount of work
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required to get a new system to the same functional state would require much resources and it is
not guarantee that the result is worth it.

So�ware Quality Non-Functional
Requirements

Maintainability

AnalysabilityReusabilityModularity Modi�ability Testability

figure 8: What technical sustainability encompasses.

�e lifetime of a system from a development perspective depends on how costly it is to keep the
system running, i.e. how costly the maintenance of the system is.�e costs are considered high
if the system needs large amounts of work for �xing problems and/or the process of extending
and changing the system is slow.�is relates to the quality of the so�ware, where maintainability,
modi�ability and reliability are important attributes [3, 40].�e so�ware quality aspects are
part of the requirements for the so�ware.�ese requirements have been divided into functional
and non-functional requirements, where functional relates to requirements such as features and
functionalities. Based on the work of Glinz [41] this study will focus on the speci�c quality
requirements subgroup of non-functional requirements. Non-functional requirements in this
study thus refers to the so�ware quality attributes, e.g. maintainability, throughout the rest of
the report. Based on this, a connection between the so�ware quality of a system and the non-
functional requirements can be drawn. If the non-functional requirements are poorly ful�lled, the
so�ware quality of a system is also poor, since for example the maintainability, modi�ability and
reliability of the system is low. As TG explained it in the interview, “Non-functional requirements
are important for the system to be able to continue to operate, to over time continue to deliver
value.”�e research of Calero and Bertoa [22], identi�ed sustainability aspects in so�ware quality
characteristics. Based on these connections, the technical sustainability of so�ware depends on
how well the so�ware ful�ls the non-functional requirements and also the so�ware quality aspects
with maintainability being an important attribute.�is because of what it encapsulate, which
was described in § 3.4, and the maintainability attribute of so�ware quality and non-functional
requirements is therefore a key aspect of what a�ects the long-term usage and capability to evolve
and change for so�ware. A pictorial representation on what technical sustainability has been found
to encompass is shown in Figure 8. When considering the technical sustainability dimension in
so�ware development aspects, investigating the ful�lment of and e�ects on the non-functional
requirements and so�ware quality is a starting point.�e following two sections will analyse the
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results of what was found in § 4.1 and the interviews in regards to the components of technical
sustainability described above.

4.2.1 Technical Sustainability in the Development Process Models

When discussing how non-functional requirements are handled in general in the so�ware de-
velopment processes, it seems that it has low priority. HF expressed in his interview that “focus
is on functional requirements” and “the functional requirements steers the development and
the non-functional requirements are pushed down the prioritisation order.” From a technical
sustainability perspective, seems suboptimal that non-functional requirements are treated this way.
�e exact opposite situation is also not entirely correct. As was noted by VB in the interview, “there
should be a good balance between functional and non-functional requirements.” A good balance
is perhaps the reasonable situation, as so�ware lacking important features and functionalities
would not be as successful in the consumer market because of, as Wirth [98] put it, “customers’
ignorance of features that are essential-versus-nice to have.”
One of the reasons behind this phenomenon is the way so�ware is being developed. As was

discussed in § 4.1.1 the development process models that is currently trending belongs to the
agile models.�ese are focused on consumer value and features seems to the be the general way
this is thought to be achieved. For example as KR noted in the interview, “Scrum is very focused
on customer value and organisation have very easy to see that in features.” From a marketing
perspective this can seem like a good choice, as features are easier to understand and compare
with the competition than quality aspects. One possible reason for this could be because of
the non-material composition of so�ware, only the features and functionalities are what can be
perceived at the surface without any knowledge. Wirth [98] has argued that the focus on ‘all
features, all the time’ increases the complexity of the development and maintenance of the so�ware.
While some complexity comes from the possibility to solve more complex problems with the
increasing hardware performance, Wirth [98] notes that while trying to solve more complex
problems may require more complex solution it is not the primary concern. Rather it is the self-
in�icted complexity that is derived from solving more problems within the same so�ware. What
is essentially compared are local and system complexity, which will be covered in § 4.2.2.

It was discovered in several of the interviews that the current practices of time management
is not helping the situation.�e current understanding of time management within so�ware
development practices enhances the focus on functional requirements. One of the problems is
with estimation of time consumption. Giving estimates on how long it takes to perform work in
so�ware development is a di�cult matter, this is partly because as according to Crockford [25]
there are a lack of metrics, with regards to quality and completeness, in so�ware development.
�is leads to that, as TR noted, “they are never correct.” Crockford [25] argues that one problem
is that programmers are optimists, that they should be able to solve the task in that time. Partly
because programmers seldomly understand how they are spending their time, that most believe
that writing code is the most time consuming part. However, most time is spent in meetings, in
technical conversations or staring at the screen wondering what they have done [25]. If there is a
lack of understanding of how time is spent, then the estimation is going to be incorrect because
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it is based on the wrong assumptions.�is problem is further enhanced by another problem,
which is the parallel that is made to the construction industry within the so�ware development
�eld, which was mentioned by TR in the interview.�e parallel is in essence that the process of
building a so�ware is similar to that of building a house.�is is not an appropriate parallel to
make, for several reasons. One thing is that in the construction industry it is easy to estimate time
consumption because the same type of work is o�en repeated. For example, if you build a brick
wall once, the next time you build one you can use the previous experience as a knowledge base,
i.e. knowing how long the previous wall took to complete and how the size of walls compares a
decent estimation can be made3. Whereas, in so�ware development o�en entirely new things are
done. As TR noted, “how can we estimate something we have never done?”

�is time management problem and feature focus can cause situations were quality of the
work can be neglected. KR noted “For example in Scrum where sprints4 are used, a development
team perhaps chooses to do a feature sprint 5 then a�er it have a ‘clean up’ sprint, where the team
improves on the work from the previous sprint. From the organisational perspective, having a clean
up sprint may not be obvious in how that creates business value.” Since, as discussed above, the
measurement of customer value is o�en in number of features, spending time on something that
does not generate more features may seem counter productive to those without inner knowledge
about the so�ware and its state. As KR then noted, “it becomes an issue of trust.”�e organisation
must have trust in the developers when they say that ‘we need to do this.’
Another situation is that having (wrong) time estimations on tasks, as VB pointed out “can create

stress amongst the developers.” Having sprints (iterations) were X number of features shall be
implemented, can create stress if the developers hit troubles or simply if the implementation takes
longer than estimated. From the developers perspective it becomes the case of running a�er sprints,
which is not reasonable according to KR. VB also noted that this stress can lead to technical debt,
as developers starts to take shortcuts in order to meet deadlines.�is is similar to what Kruchten,
Nord and Ozkaya [57] argued, that without the time for proper design or re�ecting over longer
term, an iterative process will not help. While sprints may in their self be short term instances they
still a�ect the longer term since they together form the entire process. If each individual sprint
then accumulates technical debt, then even a few number of sprint can become too much to pay
o�. As ME noted in his interview, “legacy is a problem even in a three month long project.”
�e overall problem seem to be that customer focus has become practically the only focus, that

the work on non-functional requirements are almost forgotten. As TG noted, “In our eagerness
to help customers we came in the way of ourselves sometimes.” With the primary focus on
delivering value to the customers through functional requirements overshadowing the work on
non-functional requirements despite their importance. Because non-functional requirements can
also bring value, as TG said in the interview, “A system that can not be put into production or a
system that can not cope with the workload, does not either deliver value.�is is something that
we have occasionally forgotten.”

3 Estimations for resource use, costs and workload can be made in a similar fashion.
4 A Sprint is what in agile process models, e.g. XP and Scrum, an iteration is referred to as.�ese are usually 1-3 weeks
long.

5 Where the implementation of features are prioritised and performed
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4.2.2 Technical Sustainability in the So�ware Design

�e state of the development processes a�ects the so�ware design. KR noted in the interview that
“in many of the agile processes an early analysis is avoided.” TG noted about agile development
processes in his interview that “In its extreme, people are screaming ‘YAGNI, YAGNI, all design
is bad’, but that is not a correct understanding. But design and architecture is something that
we sadly o�en throw out.” Since so�ware design is a�ecting the non-functional requirements of
the so�ware, ignoring analysis of this in an early stage of a so�ware project is not good from a
technical sustainability perspective, as KR noted regarding the early analysis, “It is something that
occasionally is missing.”
Dijkstra [32] said the following about how so�ware was created in 1972, “As long as machines

were the largest item on the budget, the programming profession could get away with its clumsy
techniques; but that umbrella will fold very rapidly.” What he essentially is saying is that developers
need to focus more on how we create the so�ware than we have before. While many di�erent
solutions has been developed during the years since, the trend, as discussed in § 4.1.2, is that we are
going round in circles in what we are using. While, as discussed, some solutions were perhaps not
ready to be used earlier, the trend of o�en �nding some other solution that supposedly is better
can be seen as a sign. A sign of that the understanding of the solutions are lacking. Hickey [46]
modernised an old Alan Perlis quote to, “Programmers know the bene�ts of everything and the
tradeo�s of nothing.” What he means by this is that developers o�en only sees the bene�ts of a
solution and not the tradeo�s with it.�is is an important aspect of so�ware development, as each
solution has its bene�ts and tradeo�s, take micro-service concept as an example. Micro-services
are a recent trend with so�ware development, where one shi�s from a monolith to micro-service
concept in the so�ware.�e bene�ts of micro-services compared to a monolith, as described by
VB in the interview, are that it consists of, “small pieces which are strictly enforced that they are
modules.” and therefore “It is easier to refactor or rewrite a contained service.” JE gave a similar
description in his interview about the bene�ts of micro-services, “�e idea is that these micro-
services are smaller, easier to understand and they can be tested in isolation.” One of the tradeo�s
of using the micro-service concept is that, as noted by VB, “while it is easier to manage technical
debt from a developer perspective, but a large portion of complexity is moved to the infrastructure
layer.” KR also noted the bene�ts ofmicro-services in his interview, “Micro-services is an attractable
option, because of the process of building a small thing and putting it into production.” but also
the tradeo�s with it, “But to manage and handle many small things and coordinating them into
one huge thing is a matter that is easy to forget.�at is a non-trivial problem.”�e need for
understanding both the bene�ts and tradeo�s are an important aspect when designing so�ware.
Couple this with the lack of early analysis in the trending development processes, makes this
an important issue for technical sustainability. Because in the case of micro-services it, as KR
expressed it, “becomes an analysis of trade-o�s, between managing low local complexity but
instead have a system complexity.” A similar problem to that of only knowing the bene�ts and
not the tradeo�s of something, is the lack of analysis on when adding things to the project. As
KR expressed it in the interview, “Very rarely have one done some sort of analysis on the costs of
adding a feature to maintain and being in production.”�is is an important aspect because, as
KR explains, “A feature costs since it is in the system adding complexity to it.” KR further noted
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that, “I have not yet experienced several times someone coming in and saying ‘�ese things can
we remove, they are not generating enough revenue’. Instead, if they exists in the system then they
will remain.”�is means that as more and more features are added the complexity of the system
continues to grow as no features are removed, forcing the developers to handle or take care of it.

�e problem with complexity in so�ware design and how to manage it, is a common and old
problem. A tool which has helped with this is the development of IDE, which act as a replacement
for text editors as a development environment. TG noted that “It is easy to underestimate what
has happened to IDE’s and what e�ects they have brought.�ey are a�ecting almost more than
the programming languages.” It is easy to forget what e�ects the tools included within an IDE can
bring over time. Since the tools are o�en very powerful and useful in that they make operations
on the code easier, but e�ects of these tools can as said easily be forgotten, as TG explained, “�e
possibility to do for example ‘cross solution refactoring’ is good, but also leads very easily to very
large code movements.”�e problems with this is that complexity barriers are pushed forward
with IDE’s compared to when using a text editor.�is is caused by that in a text editor one has
the tendency to write smaller modules with fewer dependencies because it is di�cult to keep
track of them, whereas in an IDE which helps the developers with di�cult tasks allows for a larger
more complex code since the developers is relieved of some the responsibility to keep track of
everything. As TG put it, “�is is forming our environment, we are getting larger objects when we
have powerful utilities to assist us. Because we do not feel the pain as early.”

Another problem that occurs with so�ware design is premature generalisation. Generalisation
in so�ware development is when in�uences of speci�c contexts are extracted from the code.�is
extraction allows for the possibility to reuse the code several times, for example removing the
context of a speci�c checkbox from a function which toggles it, allows for the function to be used by
any checkbox within the program. Since reusability is a non-functional requirement, therefore this
should mean that this is good from a technical sustainability. But as Glass [40] stated, improving
one attribute can degrade another. As TG noted in his interview, “�e source for a bad design is
premature generalisation.” Since so�ware design, as mentioned above, a�ects the non-functional
requirements, thus having a bad design means that the non-functional requirements are not fully
ful�lled.�e challenge is to �nd the transition point for when to generalise sections of the code.
TG gave an example of this challenge in the interview, “When should I go from one if-statement to
‘Oh, this is too many if-statements, lets use a switch-statement instead’ or to ‘Here I need a strategy
or a �exible strategy factory’ or something else.”

4.3 changes to improve the technical sustainability

I The analysis of the interviews revealed similarities and patterns between the interviewees
answers, when discussing what and how so�ware development projects should focus on and
perform to improve on the issues discussed earlier.�e answers covered either the same theme or
relatable ones. Below is what emerged from the analysis of the interviews and collected literature,
onwhat should be changed to improve the technical sustainability in so�ware development projects
using the components of technical sustainability as was described in § 4.2.
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4.3.1 Culture

While the time management and the focus on functional requirements in so�ware development
project is an issue from a technical sustainability perspective, the bigger issue is the culture at most
companies. Which was noted by HF in the interview, “More the culture than time”. HF argues
that, “�e management of the projects are not doing anything wrong, the situation is not set up
for non-functional requirements.” Companies should create an internal culture were the focus is
on creating quality when building so�ware. When building so�ware, only what is important and
needed should be built.�us what is built is exactly the system that is needed with high quality.
Both KR and TR also noted that the focus should be on what is important, as for example TR
pointed out in his interview when discussing the focus in a project, “What is important for the
product?”�is is an interesting perspective, as by focusing on what is most important acts as a
limiter for functionality, i.e. if it is not the most important thing in the project nor the business then
it should not be developed before what is considered to be the important things are completed. Also
by building what is important with high quality, the non-functional requirements are getting focus
and lead to a system that has a high technical sustainability.�erefore should the development of
the so�ware move forward with a pace that is not constantly a�ected by having to spend resources
on maintenance, e.g. paying o� technical debt. Further development of the so�ware should also
be of high quality in order to maintain the pace.

In terms of technical sustainability the focus on higher quality would increase it since, as covered
in § 4.2, technical sustainability encompasses so�ware quality. How to achieve this higher so�ware
quality is described in the following sections (§ 4.3.2, § 4.3.3, § 4.3.4), where the themes that were
identi�ed in the interviews about so�ware quality is presented.

4.3.2 Prioritisation

�e problemof timemanagementwith causing stress for the developers to �nish a task on estimated
time can be broken down to two issues, understanding of shortcuts and time estimation.

While taking shortcuts to do things quickly may seem like a way to save time but, as ME noted
in the interview, “Doing things quickly does not save that much time in the long-term.”�is
is related to technical debt, as taking shortcuts are a sure way of creating technical debt both
intentional and unintentional. ME noted that by for example making sure that the readability
and understandability of the code is high allows for greater results and savings in the long-term,
“Much greater results and savings can be reached in the future.”�is is similar to what Hickey [46]
discusses, that by focusing on simplicity based designs, simplicity as in easier to understand, in the
long run will out perform those who does not. One could argue that the debt that is accumulated
through taking shortcuts can be payed o� later.�e problem is that not everyone has the possibility
to pay it o� later, as KR noted, “�e problem is that not everyone has the possibility to pay it o�
later. If one can not pay it o�, then one can either start again from zero or hope that it holds.”
Another problem with taking shortcuts is that one of the shortcuts developers take is avoiding
creating abstractions. Abstractions are in so�ware development about explaining and expressing
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something complex at a higher level to allow for simpler understanding and communication.
�e reason behind developers avoiding this important tool is a misunderstanding about its time
consumption, as HF explained in his interview, “Developers are afraid of creating abstractions,
because they hear that it takes to long to create, which leads to them doing the as little as possible
and creates no abstraction.�is leads to the developers instead having to keep several things
in their head.”�e bene�ts from doing abstractions is that the developers can be more e�cient
in their reasoning about the problem, as HF put it in the interview, “Allows for reasoning more
e�cient and more abstract with clear de�nitions for each thing.” A higher prioritisation of creating
more abstractions would give the developers both easier ways of understanding of the problems,
but also allow them to easier communicate with their co-developers.

While time estimations and deadline serves a purpose in most disciplines, given the nature of
so�ware and its development the treatment and expectations of it should not be the same. If one
treat those in similar ways as in other disciplines where for example time estimation are easier and
more accurate, as discussed before, it can lead to the aforementioned shortcuts. Essentially the
prioritisation’s within the project can shi� and alter for the worse, as KR mentioned, “I try to get
away from ‘We are going to manage to do this before this date’ as much as possible.” and “Many
strange prioritisation’s are made, it is o�en very visible, shortcuts are taken.” Rather one should
focus on what is the most important for the business, as mentioned above. If one focuses on what
is the most important for the business, then the deadlines based on the time estimations becomes
less important. Because of its importance it is more relevant to the company that it is properly
done than to meet a deadline in most cases, as KR noted in the interview, “Is something important
for the organisation, then it will take the time it takes.�ere is no point in arguing about if it took
one day or two weeks extra, because if it is the most important for the business then it is the most
important for the business.” Time estimation should rather be treated for what they actually are
estimations that o�en have poor accuracy and deadlines should be treated as goals that can if
needed be broken. However, it is worth pointing out that deadline sometimes are unavoidable in
certain cases, as KR pointed out, “Sometimes there are hard deadlines, such as laws.”

4.3.3 Testing

Testing in so�ware development is used in development processes, for example it is an integral
part of TDD, but can sometimes be pushed aside, as ME noted in the interview: “�e testing part
can o�en be prioritised low.” ME further added that while testing is important in the long-term
for minimising problems with legacy and also to maintain quality aspects, but the prioritisation of
it in the beginning of a project can be lower than it is at a later stage.�at testing is pushed aside
is not good, as was mentioned, it is important both in terms of legacy and so�ware quality. But
put testing as the top of the prioritisation order at the beginning of the project, because it is very
important later is not perhaps the right strategy in most cases. Judging whether it should be top
prioritised in the beginning of a project goes back to what was discussed in § 4.3.2, what is most
important for the so�ware and testing is perhaps not always amongst the most important in the
beginning of a project considering what it o�en consists of. Testing in so�ware development o�en
is about testing that the program or function given inputs delivers the expected result through for
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example unit tests, integration tests and system tests. It has its usefulness as bugs can be identi�ed,
but it has some limitations. As Dijkstra [20] put it, “Testing shows the presence, not the absence
of bugs.” While lack of proving the absence of bugs is one problem with testing, another is that
there is no tradition for practices which are testing and validating solutions such as the design of
the so�ware. In other disciplines testing and prototyping di�erent design solution is a common
practice, as KR mentioned, “I have so far not encountered many companies which tries to build,
like in for example the auto industry where you maybe three prototypes in three di�erent teams,
to see which problems and trade-o�s have we done and what was good.” While perhaps not every
company have the resources to have several teams working on the same thing, some sort of testing
of the design concepts could possibly reduce potential future problems compared to how it is
commonly done today where there is a risk that the solution may not work, as KR mentioned,
“You o�en today do something and hope that it works.” TG gave an example of the importance
of validation of the design with micro-services, “�is actually is of those things that becomes
the failure-mode one has, one almost falls back to upfront design track. ‘Alright, everything is
going to be a micro-service’ then one creates new services at a fantastically high pace.�en one
realises that ‘All these services are talking to each other, it is very di�cult to coordinate them’,
because there many services that should been kept together.�e concept has not been re�ned, the
responsibilities within the so�ware has not grown enough, the communication patterns has not
been established.” JE pointed in his interview towards the same issue, “It is very di�cult to know
what services one should build from the start, before one has established a business and product.”
�e concept needs to be validated before implementation. In the example of micro-services, as TG
explains, “A successful micro-service environment almost always starts as a monolith. Because a
monolith has many positive qualities in its simplicity until it gets to big. When it gets too big it hits
a complexity barrier, but then from it, �nding something that is well de�ned is pretty easy, because
there are many contexts to retrieve from.�en one can see ‘I can li� this out and there I have a
little service’, thus one uses the monolith as a source for micro-services because one has validated
the concept.” JE had a similar thought surrounding how micro-services should be built, “I believe
that it is important that one starts with a monolith and then move towards micro-services.”�is
methodology, where concept are validated through usage, is something that needs to be formalised
and used more within so�ware development, because as TG pointed out, “What is the key to
reusage? Usage.” Considering what was discussed earlier about the prioritisation of testing in the
beginning of a project can be lowered, as testing in so�ware development o�en concerns di�erent
test for validating that a program or function given an input returns the expected output.�is is
not always as useful in the beginning of the project as it is at a later stage, since the work on the
program and functions at the beginning of a project has only just begun. Testing and validation
of concepts can in this stage be more useful as it can help guide the work of the developers and
company. More importantly it can provide them with a better understanding of the potential
bene�ts and tradeo�s for when making decisions, because an understanding of the bene�ts and
the tradeo�s is something that is needed within the so�ware development �eld.
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4.3.4 Understanding

As was discussed in § 4.2 there were problems which occurred because of a lacking understanding.
One of the areas that were lacking in understanding were of how the agile models views the design
of the so�ware.�at the understanding of agile models is that any design is bad and should be
avoided. But as was discussed in § 4.2.2, that is not a correct understanding. As KR put it in
the interview, “�at because we are not going to do an upfront design, does not mean that no
design at all should be made.”�is is similar to the results of the research of Ahmed et al. [4]
concluded.�at there should be a high-level design phase a�er the initial requirements gathering
and analysis of the project, where the design is �exible enough to accommodate later changes.�e
design should be enough to solve the problem, it does not have to be the design which has to last
until the end of the so�wares life-cycle. As TG expressed in the interview, “Do what is minimally
required to do in order to solve the problem.”�e opposite problem was found in that premature
generalising is performed, and that there needs to be developed a better understanding of when to
generalise. TG suggested that one should “begin with solving the concrete problem in a simple
and small way as possible.�en generalise piece by piece as the model starts to fail to cope with
the requirements that is created.”�is could be a good starting point, as the transition point for
when to start generalising can di�er between projects.

Another thing that was discussed in § 4.2.2 was the importance of understanding of the bene-
�ts and tradeo�s for solutions were discussed, based on a statement made by Hickey [46] that
programmers only knew the bene�ts and not the tradeo�s of solutions. Hickey [46] suggests that
the focus should shi� from the developers to the so�ware, that the focus should on the bene�ts
and tradeo�s within the so�ware rather than the bene�ts for the developers.�is suggestion
he makes is based on that what bene�ts the developer may not bene�t the so�ware, but what
bene�ts so�ware generally also bene�ts the developer. Simplicity in the design of the so�ware is
one such quality that bene�ts both the so�ware and the developer. An example of what bene�ts
the developer but not the so�ware as much, was also discussed in § 4.2.2 and that was the use of
IDE.�e tools provided in IDE were discussed to be so powerful that the complexity barrier could
be pushed forward compared to with the use of text editors. In the case of IDE usage and technical
sustainability an analysis has to be made. As IDE provide several useful tools that does bene�t
the developers and has no apparent tradeo�s for technical sustainability, e.g. code-completion
suggestion. But the possibility to push the complexity further away in time, is tradeo� that has
to be considered. As TG noted, “How do we �nd the balance between feeling and not feeling the
pain of working with the code,” because “When we remove the pain we are putting ourself into
other problems,” but we want “At the same time keep the bene�ts of the utilities that helps us clean
up the messes that we have le� behind us.”�is is where the challenge lies in this and some of the
other issues within so�ware design, where can one �nd the balance between the bene�ts and the
tradeo�s in terms of technical sustainability. As described by Glass [40] since improvements to
one attribute can a�ect other negatively, the analysis of these decision needs to similarly to what
the GREENSOFT model considers for, primarily environmental, sustainability all three orders
of impacts. It also comes back to prioritisation and testing of the decisions, to decide what is
important for the business and works with the so�ware.
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Overall there is a need for an understanding regarding the balance between decisions. An
understanding of the bene�ts and tradeo�s of all the decisions in the so�ware development
process, not only of the process model and designs that is used but also about the so�ware itself.
For example, does feature X bring enough business value that compensate the cost it has in the
system, i.e. is it worth the complexity that brings, is an understanding of that is needed. To be able
to understand all the bene�ts and tradeo�s of the decisions made during the process. It is worth
noting that this understanding is not supposed to be achieved by each person, rather collectively
as so�ware development is a team game. As has been noted by Crockford [25] and was noted in
several of the interviews, e.g. by TG “It is a team game”.





5
Conclusions

5.1 answering the research question

I Based on what has been covered and found in Chapter 4 the questions described in § 1.2 can be
answered.

Sub-question 1: What practices are currently used in so�ware engineering projects and why?

In the development process practices, the trend is towards agile models.�e reason behind
this is that the agile models allows for a �exibility in regards to changes, compared to plan-driven
models.�e agile models are reactive when it comes to change rather than predictive, which
enables a continuous feedback relationship with the customers to be established in order to be
making the so�ware that is wanted.�e trend in so�ware design practices are changing frequently
and are going round in circles. One overall trend is that so�ware design are going towards a �owing
state, where the system as a whole goes towards components in an ecosystem and there is a stronger
focus on simpler interfaces and collecting the best bits and pieces from platforms and languages
etc. A reason for the circular trend is because changes, such as technical developments, which
allows for old ideas to work better now than before. Another reason is that arguments about an
idea has prolonged the time until it could happen, because a consensus was needed to be reached,
the GOTO statement is an example of this.

Sub-question 2: How do these practices operate in regards to aspects of technical sustainability?

Technical sustainability encompasses the quality and non-functional requirements of so�ware.
�e agile models are focused on creating customer value and organisation o�en sees that in features.
�is in turn means that work on functional requirements are more prioritised than work on the
non-functional requirements. Problems with time management o�en leads to non-functional
requirements being further pushed down the prioritisation order. It also leads to stress amongst
the developers that take shortcuts to meet deadlines and thus brings on technical debt which
lowers the so�ware quality.�e lacking understanding of the agile models leads to neglecting
of the initial so�ware design, which leads to a lacking design that a�ects the non-functional
requirements negatively.�ere exists a lack in the understanding of the bene�ts and tradeo�s of
solutions, which could mean that more complexity is accumulated into the so�ware.�is and
premature generalisations in the so�ware design can ultimately a�ect the technical sustainability
negatively.
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Sub-question 3: What changes are required to improve technical sustainability in so�ware development
projects?

To improve the technical sustainability aspect of so�ware development there needs to be a
culture established, which is focused on creating what is important and build that with high quality.
For that to be possible the prioritisation, testing and understanding within so�ware development
needs to be improved and extended.
Based on the �ndings and results from the three sub-questions, the main research question

could be answered.

• how can the technical sustainability dimension of sustainable soft-
ware engineering be achieved?

�e technical sustainability dimension can be achieved through creating a so�ware develop-
ment environment which promotes the focus on creating so�ware of high quality. Because the
technical sustainability of so�ware encompasses the quality and non-functional requirement
aspects, especially the maintainability aspect, of the so�ware.�is is possible through changing
how prioritisations are made, by testing and comparing solutions more and by extending the
understanding of the practices that exists and are used.�e problem and solution is thus not small
and local, rather it is a big and complex issue where the solution is not one single solution but
several solutions that encompasses di�erent aspects and perspectives. In order to progress forward,
the so�ware development industry needs to learn to look back and re�ect, because, as mentioned
earlier, progress does not wait for the next idea, rather it waits for consensus on an old idea.

“�ere is no single development, in either technology or management technique, which by itself
promises even one order of magnitude improvement in productivity, in reliability, in simplicity.”

— Brooks, 1987

5.2 contribution

Previous research has been made about sustainability as a part of non-functional requirements,
and also as a part of the quality of the so�ware [21, 22, 77, 82].�is study continued on this research
and has considered technical sustainability to consist of the components so�ware quality and
non-functional requirements.�is study contributes by investigating current trending so�ware
development practices, within the areas of development processes and so�ware design, in regards
to technical sustainability.�e main academic contribution is the problem areas and possible
changes that has been identi�ed in the collected empirical data, as it has shown connections
between sustainability and established so�ware development concepts, such as technical debt
and agile development models.�is research open up new possible areas of interest for further
research with the identi�ed changes to improve the technical sustainability.
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5.3 managerial implications

From a managerial perspective this study provides, with regards to the main research question,
an overview of how the current state of so�ware development needs to change to improve the
technical sustainability of its output.�is study has found that several of the ‘traditional’ tools in
project management such as time management has a tendency not to promote development of
so�ware with a high technical sustainability.�e e�ects of this is further enhanced through the
low prioritisation of the non-functional requirements, which was found to be a component in
technical sustainability.�e changes that were found necessary to improve the work in terms of
technical sustainability are changes that needs to be taken into consideration. Because while the
so�ware development �eld has changed through the years, there are still aspects which have not
been optimised for the characteristics of so�ware development. For example the trend towards
agile development process models is one step towards optimising towards so�ware development
characteristics with an iterative approach, but as was found in this study there are still areas
where there is room for improvements towards these characteristics.�is study can therefore, as
mentioned above, be seen as an overview of some of the areas where improvements can be made
and how possibly these improvements can be made.

5.4 sustainability

As has been mentioned earlier, sustainability concerns generally concerns four dimensions eco-
nomic, environment, human and society [43, 96]. But as has been found by Penzenstadler and
Femmer [76] these four dimensions are not enough when it comes to sustainability for so�ware.
�is study has focused on the additional dimension proposed by Penzenstadler and Femmer
[76].�erefore, have this study not covered the four ‘traditional’ dimensions, but by focusing
on the technical sustainability dimension could a�ect the other dimensions, similarly how the
quality aspects can a�ect each other. As was mentioned early in the report, the maintenance
phase is a costly part of so�ware development. By focusing on technical sustainability and, as
has been discussed, therefore creating a maintainable so�ware project could reduce the time
spent on maintenance of older code, such as paying o� technical debt, and instead focusing on
further developments.�us work on new features and functionalities can be performed, which
is o�en considered to be creating customer value, and therefore be bene�cial for the economic
sustainability of the company. Having a so�ware project which is maintainable is also a better
experience from a developer perspective to work with and thus bene�tting the human dimen-
sion. Producing so�ware of high quality is also good for the society as the reliability and security
qualities of so�ware quality are more focused on and are simpler to address since the so�ware
is more maintainable. Finally, the environmental dimension is addressed in the development of
the so�ware as less resources will be used for maintenance activities and can be more focused on
further developments and optimisations.�e work on optimisation can also be environmentally
bene�cial as resource consumption can be optimised. To summarise, the work on increasing the
technical sustainability within so�ware development does not exclude the other dimensions.
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5.5 future research

�is study has found issues with how so�ware development operates in regards to technical
sustainability and some ways to improve on this has been suggested. However, a limitation of this
study was that it has investigated on a high level. Research into technical sustainability at a lower
level would be of interest for future research.�is both on a managerial and a technical level, as
only trends at a high level was investigated.
Since this study has focused on the technical sustainability dimension of sustainable so�ware

engineering, the other four dimensions have not been covered. In previous research, mostly the
environmental has been explored. It would therefore be of interest for future research to, apart
from further research into technical and environmental sustainability, also investigate the three
other dimensions. It was indicated during the study that for example the environmental dimension
did not invoke the same interest among some of the interviewees as the technical sustainability
dimension did.�erefore, a topic for future research would be to investigate the interest and
potential bene�ts of each dimension in the context of so�ware development.
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