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The objective of this study is to investigate the KONE IoT platform software development 
processes, analyse its merits and shortcomings and mirror its structure to existing litera-
ture to analyse what additional Agile and Lean practices could be implemented to improve 
the platform. The research question is answered through a set of interviews, observations 
and ideation sessions with the platform stakeholders. 
 
The literature review provides an overview of modern software development theory and 
practice, especially in industries that deal with embedded system development. Moreover, 
it describes the main Agile and Lean methodologies and how they are used to improve 
software development processes. 
 
Based on the analysis of previous work, it is likely that many issues are caused by insuffi-
cient adaptation of methods to fit the organization’s specific needs as well as the inherent 
cross-functional nature of software development on embedded systems.  
 
The study was implemented by conducting 6 structured interviews and on-site observa-
tions, which were used to create an initial outline of the organization processes and pain 
points. These results were validated and built upon in a focus group discussion where also 
potential solutions were discussed and evaluated. 
 
The main result of the study is a set of Agile methods that could be implemented in plat-
forms associated with embedded software development. Furthermore, it was discovered 
that implementing Agile methodology is complex if the organizational structure or soft-
ware characteristics deviate from bread-and-butter software development. Even though 
Agile principles may apply generally, their implementation can be significantly more dif-
ficult changing the cost-benefit balance of most popular Agile and Lean methods. 
 
During the study period it was not feasible to implement proposed changes. Thus, it was 
not able to pinpoint specific implementations or measure effects of adaptation of new 
processes. 
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Tiivistelmä 

Tutkimuksen tavoite on tarkastella organisaation Internet of Things (IoT) alustan ohjel-
mistokehitysprosesseja, sekä analysoida sen vahvuuksia ja heikkouksia. Näitä tuloksia 
peilataan olemassa olevaan kirjallisuuteen, jotta saadaan analysoitua mitä Agile ja Lean 
käytäntöjä voitaisiin ottaa käyttöön kehitysalustalla. Tutkimuskysymykseen vastataan yk-
silöhaastattelujen, havainnoinnin ja kohderyhmähaastattelujen avulla. 
 
Kirjallisuustutkimus antaa yleiskäsityksen modernista ohjelmistokehityksen teoriasta ja 
käytännöstä, erityisesti aloilla, joiden kehitystyö liittyy sulautettuihin järjestelmiin ja oh-
jelmistoihin. Lisäksi, se esittelee päämetodologiat Agile ja Lean prosesseista, ja miten 
niitä käytetään ohjelmistokehitysprosessien parantamiseen. 
 
Kirjallisuuskatsauksen perusteella odotetaan, että organisaation ohjelmistokehityksen 
haasteet liittyvät Agile metodologian sopeuttamisen vähyydestä suhteessa organisaation 
erityispiirteisiin ja tarpeisiin monialaisessa tuotteessa, johon liittyy sekä ohjelmisto- että 
sulautettujen järjestelmien kehitystä. 
 
Tutkimusvaiheessa suoritettiin 6 jäsenneltyä yksilöhaastatteluja, sekä havainnointia pai-
kan päällä, joilla muodostettiin alustava kuva organisaation prosesseista ja kipupisteistä. 
Nämä perusteet vahvistettiin kohderyhmähaastattelun avulla, jossa myös mahdollisista 
kehitysehdotuksista keskusteltiin ja niiden toteuttamiskelpoisuutta arvioitiin. 
 
Tutkimuksen päätulos oli joukko Agile-menetelmiä, sekä tapa implementoida ne organi-
saation kehitysprosesseihin. Lisäksi todettiin, että Agile-metodologian implementointi on 
monimutkaista, jos organisaation rakenne poikkeaa tyypillisestä ohjelmistokehitysorga-
nisaatiosta.  Vaikka Agile-menetelmien perushyödyt pysyvät samoina, niiden toteutuksen 
vaikeutuminen muuttaa menetelmien toteuttamisen hinta–hyöty-suhdetta. 
 
Tutkimuksen aikana ei ollut mahdollista toteuttaa esitettyjä muutoksia. Tämän takia 
muutosten vaikutusta organisaatiossa ei voitu mitata tai havainnoida. 
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1 Introduction 

This thesis is a case study of a software deployment process in a global service and engi-

neering company. The study focuses on one development platform that has several teams 

developing Internet of Things (IoT) products all in different stages of deployment. In this 

study we interview platform stakeholders to discover pain points in existing process im-

plementations. Then, we devise a set of technical and process changes that could improve 

these issues and provide additional benefits. Last, we review the change proposals with 

the platform stakeholders and devise actionable next steps to develop the platform further. 

1.1 Motivation 

Empirical software development has been studied almost as long as software has existed 

because of the difficulty of producing quality software in a resource efficient way (Broy, 

2006).  

 

Iterative and Incremental Development (IID) has been practiced for a long time and been 

used in major life-critical systems since at least the seventies. The Agile movement took 

a significant step forward during the 90s when methods like XP and Scrum were devel-

oped which emphasized many crucial software development aspects already used in the 

field. The actual term Agile was first used in 2001 when developers of iterative software 

development practices founded the Agile alliance. These days agile practices are sought 

after in almost every serious business organization (Larman & Basili, 2003). 

 

Another prominent process methodology currently in favor is the Lean methodology. 

Lean as a concept was introduced in the 1990s and has become a widely accepted meth-

odology in operations management. Even though Lean has its origins in factory opera-

tions the concept has evolved and been fitted to software development as well. (Holweg, 

2007) 

 

Even though these Agile and Lean methodologies are ubiquitous in literature and organ-

ization roadmaps their implementation can be difficult, especially in projects that differ 

from common software development projects, such as in embedded software develop-

ment (Salo & Abrahamsson, 2008). Furthermore, implementation of Agile and Lean 
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methods can have varying success in different organization (Kaisti et al. 2013). This 

brings up an interesting study area, what inhibits or prohibits the usage and success of 

Agile and Lean process methodologies in an organization.  

 

Many studies, such as Kaisti et al. (2013) and (Ahmed et al, 2010), have analyzed what 

Agile and Lean methods benefit organizations the most. This study will focus on the im-

plementation of the most efficient methods on a detailed level, to understand the connec-

tion between successful application of a method and positive effects on the software de-

velopment process. 

 

1.2 Research questions and objectives 

The objective of this study was to pinpoint issues when adapting Agile and Lean methods 

in practice. This is done by evaluating the suitability of the organizations methods to re-

lease reliable and quality software while simultaneously increasing throughput of the de-

velopment organization. The study aims to answers three research questions 

1) How is software developed and deployed in the case organization? 

2) What common SD practices are and are not implemented? 

3) How can the organizations SD practices be improved to better achieve its business 

goals? 

 

1.3 Research methodology and structure 

The study consists of two parts, a theoretical review of literature and a qualitative study 

of the case organization. In the literature review the aim is to understand the phenomena 

and methods from an academic viewpoint so that previous work on the topic can be used 

to improve the development processes in the second part. 

 

The second part of the study is a qualitative study that aims to put the theoretical tools to 

practical use. The study uses a set of qualitative research methods to gather data: semi-

structured interviews, observations and focus group interviews. The purpose is to collect 

enough data from different sources to allow comprehensive understanding of the existing 

development process, its merits and its difficulties. The theoretical background together 
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with the empirical data is used to formulate suggestions to improve the development pro-

cess. Last, the viability of the suggestions is evaluated in a focus group interview. 

1.4 Definitions and terminology 

The field of software design has its own established terminology and abbreviations, which 

are also used throughout this thesis. To ensure that the terms convey their exact meaning 

in the context they are used the terminology of this study is explained below shortly. 

 

Iterative and Incremental Development (IID) 

Iterative and Incremental Development is a software development process where software 

is developed in multiple iterations of repeated design, implementation and test phases. 

 

Internet of Things (IoT) 

Internet of Things is a connected set of embedded devices that communicate to the inter-

net. Typically, these embedded devices have some sensors or activities that can be mon-

itored and controlled remotely. 

 

Extreme Programming (XP) 

Extreme programming is a collection of software development practices and methods 

used to facilitate high quality software development with resource efficiency. 

 

Scrum 

Scrum is a software development process used to build an effective software development 

organization. 

 

Agile 

Agile is an umbrella term for different incremental development frameworks, such as XP 

and Scrum. In addition, in the context of other activities Agile is used to convey the core 

set of principles and values it represents: individuals and interactions, customer centrism 

and responding to change. 
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Lean 

Lean is a process ideology based on the core principle of minimizing unneeded work. To 

do this Lean processes focus on “doing the right thing” instead of efficiency, just-in-time 

delivery and “pull systems” where needs dictate actions. 

 

Kanban 

Kanban is a process tool often associated with Lean. In short, Kanban is a sectioned pro-

cess pipeline where work items move from start to finish. Each process section repre-

sents a development phase. Kanban has additional rules that are set for the pipeline to 

ensure efficient use of resources. 

 

SAFe 

SAFe is a commercial large-scale organizational framework based on Agile and Lean 

principles. 

 

Continuous activities 

Continuous activities, such as continuous planning, continuous integration, continuous 

deployment, refer to a set of activities performed with the ideology that they need to be 

done all the time, as opposed to one time only or only at a certain phase of a project. 

 

DevOps 

DevOps is a process ideology that emphasizes cross-functional teams and roles in soft-

ware development.  

 

Microservice 

A microservice is a subsystem deployed as an independent service, that communicates 

with other microservices which together form the entire system.  
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2 Case description 

2.1 The case company 

The case company is an international service and engineering company. It manufactures 

and services elevators and escalators advancing its mission to improve the flow of urban 

life. The case company has over 55 000 employees in 1000 offices in over 60 countries. 

Its yearly revenue is several billions and in 2016 the company reported a profit of over 1 

billion (Case company sustainability report 2017). In 2017 the case company’s revenue 

was 9 billion euros consisting of sales of new equipment, maintenance and moderniza-

tion. (Case company Annual Review 2017). 

 

The company has over 450 000 customers world-wide as well as millions of daily end-

users. The company has distribution to approximately 100 countries. Its largest sales re-

gions are Europe and Middle east, Americas and Asia-Pacific. (Case company Annual 

Review 2017). The company has won several design prizes and it has been ranked as one 

of the most innovative companies in the world (Case company website).  

 

The company’s history goes back to the early 1910 when it started as a machine repair 

shop that among other things imported and installed Swedish elevators. After the first 

world war they started producing elevators made completely from their own parts. From 

producing just 4 elevators in 1918 and the company was grown steadily in the Finnish 

market. During the 1960s the company moved to international market’s by doing several 

acquisitions. In the late 1980s it was already producing 60 000 elevators and escalators 

per year. Since then the company has been growing steadily and grown to be one of the 

biggest companies in its industry. 

 

The company has 8 global R&D sites where it developed its products. These sites have a 

total of 1100 people working on research and development. The company’s five main 

areas of development are growing intelligence in buildings, sustainable urban develop-

ment, affordable vertical housing, safe and reliable infrastructure and ecology and sus-

tainability. (Case company Sustainability Report 2017). 
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2.2 The case department 

The case company launched a new connected services product in 2017 in collaboration 

with IBM Watson Internet of Things platform. The aim of this collaboration is to enable 

monitoring and analyzing equipment to improve its performance and ultimately give cus-

tomers extra value. This platform was made commercially available in 2017 and was ex-

panded in 2018. (Company Annual Review 2017) 

 

This study focuses on the development of the Company’s Internet of Things (IoT) plat-

form in one of its offices in Finland. This location has research and development as well 

as factory facilities. The company’s IoT platform was started two years prior in when the 

collaboration with IBM’s Watson IoT Cloud Platform was started. The aim of the IoT 

platform is to enable new services, including advances in maintenance and remote moni-

toring and servicing, for the company’s customers. Currently the system enables moni-

toring a large amount of data from elevator and escalator sensors in real-time to improve 

performance, reliability and safety (Company press release, 2018). 

 

The IoT platform is one of the company’s multiple development platforms. The platform 

is open to any development teams inside the organization. At the time of the study two 

development teams used the platform as their primary platform and one as a secondary 

platform. Primary users released on average every two sprints, or every four weeks, while 

secondary users released more seldom.  
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3 Literature review 

To have enough background information to analyse the development of an IoT system at 

least two significant development areas need to be considered: hardware and software. A 

lot of software development literature considers products to be software only, or mostly 

software. The IoT platform in this study relies heavily on customized hardware, which 

means that to understand the practices of developing, deploying and maintaining the plat-

form we need to consider the development of a system including both hardware and soft-

ware. This is especially important when considering testing and deployment activities for 

the system, as they might require more customized solutions. 

 

Because of this, the literature review will focus not only on software development, but 

system development in general. This gives background to the analysis of specific prob-

lems that are introduced when software is developed on custom hardware and when the 

hardware is developed alongside the software.  

 

Additionally, to focus more on the software development part of the platform a sense of 

understanding of prevailing software development processes in the modern industry is 

created by to look at existing literature in pure software processes as well as system pro-

cesses. Most modern corporations use some form of agile or lean methodology that fits 

their needs. In the following we look at two main branches of modern processes Agile 

and Lean development. In addition, we look at three agile and agile-lean processes XP, 

Scrum and SAFe to understand where common development practices have originated 

from and how they are applied. Lastly, we look at existing case studies from implement-

ing these methods and frameworks. 

3.1 Software and System engineering 

Software-Intensive systems are all systems that on a central level depend on software. As 

information technology develops an increasing number of systems are software-intensive 

(Broy, 2006). Broy (2006) even calls building complex software-intensive systems the 

“grand challenge” since even after decades of work software engineering practices are 

still constantly evolving. 

 

Building Software-Intensive systems has led to the birth of Software engineering, the 

professional practice of creating software. Software can be needed in different products, 
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which sometimes consist mostly of software and sometimes less so, where it might in-

clude hardware, support services and other additional services. Despite the plethora of 

different application areas software engineering consists of a handful of main activities, 

that have branched to entire fields of their own, and many software systems have common 

essential good attributes. (Sommerville, 2013). 

 

 These four fundamental process activities are requirements engineering, software design 

and implementation, testing and evolution, which lead to maintainability, dependability 

and security, efficiency and acceptability. (Ian Sommerville, 2011, p. 27) 

 

Requirements engineering 

Requirements engineering is the process of understanding what a system is supposed to 

do and how it is going to achieve these goals. The requirements of a system depend on 

application domain, operational constraints, specific functionality and essential system 

characteristics, such as maintainability, dependability, security and efficiency. Require-

ments are not influenced by technical or design considerations, but purely on what is 

necessary to achieve the system’s goal. The process can be long and formalized, or short 

with little documentation, depending on the system scope and requirements. (I. 

Sommerville, 2005) 

 

Quality of results engineering is directly related to the quality of the end result of the 

system. Issues with dependability and security are most often related to ambiguity of sys-

tem requirements (Lutz, 1993; Ian Sommerville, 2011, p. 300). 

 

System design and implementation 

Once some requirements are specified a system implementation can start. Usually the 

process starts by planning on a detailed level how the high-level requirements established 

in the requirements engineering phase can be achieved with certain design choices for the 

system. Simultaneously, a system design is created. This is the overall architecture of the 

system. The system is then engineered according to the design by using off-the-shelf 

hardware and software or implementing own custom solutions when needed. (Ian 

Sommerville, 2011, p. 279) 
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System testing and deployment 

Once an implementation is ready the system is tested to find defects and ensure accepta-

bility. The system is tested either by developers, testers or users. If the testing phase un-

covers new requirements the system is modified based on them. Once a system is tested 

it is made available to users through deployment. (Ian Sommerville, 2011, p. 279) 

 

System evolution 

Once a system is deployed it will inadvertently receive new requirements through use. If 

change requests are deemed to be valuable, they take the previously described steps until 

they are deployed implementations. This continuous flow of new requirements and im-

provements is called system evolution. (Ian Sommerville, 2011, p. 248) 

 

Maintainability 

Traditionally, maintenance is the activity of performing planned or unexpected mainte-

nance procedures for the system (Cortellessa & Potena, 2009). Maintainability can then 

be inferred to mean the expected amount of maintenance on a system to keep it functional. 

In software development maintainability is also used as a characteristic to describe the 

ease of adapting a system to meet changing requirements (Ian Sommerville, 2011, p. 279). 

 

Dependability and security 

Dependability and security are software characteristics that are traditionally connected to 

critical systems such as systems used in the nuclear power industry and aviation industry. 

(Clarke, 2006, p. 9).  Any system that a user must trust needs to consider dependability 

and reliability (Clarke, 2006, p. 69). Ultimately reliability is experienced by the users 

depending on the consequences and context of the system not working and the availability 

of ‘work-arounds’ that the users can execute.  Thus, dependability and security are char-

acteristics that need to be developed to match the needs of the use case and context of the 

system. (Clarke, 2006, p. 195) 

 

Efficiency 

Efficiency is the effective use of available system resources, such as memory utilization 

and processing power. The direct implications of efficiency are responsiveness and low 

processing times and lowered cost of system hardware. (Ian Sommerville, 2011, p. 8) 
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The overview of system development can describe common characteristics between de-

sign processes of different systems, but leaps over significant hurdles, such as actual im-

plementation of the hardware and software and their supporting scaffolding, such as test-

ing environments, system deployment et cetera. 

 

Even though the activities and goals are similar across projects, what eludes engineers 

and business people alike, is the order, extensivity and timing of doing the activities. Nat-

urally, from a business perspective it is important to arrive to a spot-on result using the 

least amount of resources. Software Engineering practises have shown that the correct 

activities at the right time project timelines can be reduced simultaneously with producing 

better results. 

3.2 Embedded systems 

Embedded systems are systems that are integrated directly to another device, such as 

those in microwaves, elevators and phones, as opposed to typical personal computers.  

(Ian Sommerville, 2011, p. 538). Nowadays most embedded systems include software. 

Embedded software has additional requirements concerning physical limitations and di-

rect hardware interaction. (Ian Sommerville, 2011, p. 539) 

 

Testing embedded software on the target platform can be difficult, if the platform is not 

easily available or hard to integrate into testing systems. This makes it more difficult to 

implement Agile methods on embedded systems, since tests are an integral part of agile 

processes (Drobka, Noftz, & Rekha Raghu, 2004). Embedded systems often have simu-

lators developed for them to test software. However, the cost of creating hardware simu-

lators is high, which is why only most popular hardware architectures have it available. 

(Ian Sommerville, 2011, p. 196) 

3.3 Sociotechnical systems 

To understand the problem of deploying software it is important to have a understanding 

of the wider context of creating and using software. Sommerville (2011) uses a general 

three stage distinction to distinguish different parts of the creation of a sociotechnical 

system. A sociotechnical system covers hardware, software and people aspects of a sys-

tem, as well as the organization it is used in. 
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The stages are Procurement or acquisition, Development and Operation. Procurement 

and acquisition are the stage where high level plans are made for the system. The system 

scope is defined, and the development and operations costs are budgeted. Usually pro-

curement starts by identifying and organizational need, which in turn dictates the area and 

extensivity of the system. This can be a realization that existing systems need a replace-

ment, a change in legislature that requires a new system to comply with regulations or 

pressure to create competitive systems to gain business value. These three factors usually 

pressure to extend the system scope. On the other hand, the available budget and time 

restrictions require limiting the system scope to a manageable level. Based on the balance 

of these two sides the system requirements and functionalities, both for its users as well 

as its technical aspects are planned out on a high level. 

 

Development, as its name implies, is the stage where the system is developed. This means 

that requirements and functionalities are defined on a more detailed level. Once these 

details are clear, the system architecture can be designed and then engineered. If the sys-

tem consists of multiple subsystems or connects to existing systems, these are integrated 

to create the complete system. Once the system is operational it can be evaluated through 

testing and deployed to make it available to its users.  

 

Finally, operation is the last stage of system creation where a system is in use. During 

operations the system use can be facilitated through user training or maintenance. If new 

requirements are identified during the use phase, they are implemented to the system.  

This is called system evolution, and often includes changes not only to the software but 

the hardware of the system as well. When making decisions the changes must be looked 

both from a business and technological perspective, and the consequences to other system 

parts needs to be considered. Additionally, original design decisions need to be re-evalu-

ated, since their reasoning is often undocumented and are possibly complicated. 

 

The stages are don’t exist in isolation but usually somewhat overlap. For example, devel-

opment can be started during the Procurement stage, or different parts of the project can 

be in different stages. Significant new requirements identified in the operation period can 

prompt the design of the system to start over from the beginning. 
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This basic three stage overview helps to differentiate between different development 

methodologies detailed below. Even though system development can be roughly divided 

to these three activities an Organization will spend significantly different amount of effort 

and arrive to different end results depending how separated or overlapped these activities 

are, and how short iterations cycles they can create. 

 

3.4 Agile Software Development 

Agile means to move quickly and easily. Software development on the other hand is often 

a long process – and creating software has become the most burdensome part of system 

development especially with the complexity of existing systems and potential of hardware 

increases (Thayer, 2002). Software is also increasingly a core component in many com-

panies’ business opportunities. Businesses also operate in a global and rapidly changing 

world which means that they must constantly develop to keep ahead of competition. Agile 

software development is a method that is adapted to the changing nature of business. It 

addresses design and specifications as a continuous activity that continues throughout the 

development. (Sommerville, 2013). 

 

Agile Software principles are already widely accepted and used throughout different in-

dustries. There have been multiple implementations of specific agile methodologies as 

well as adaptations to many different industries considering the unique properties each 

might have regarding regulation, dependability or adaptability. The multitude of different 

methodologies also means that for an organization to have most efficient development 

methods it is not enough to only be agile, but also the organization must use efficient agile 

methodologies that suite its requirements. (Ahmed, Ahmad, Ehsan, Mirza, & Sarwar, 

2010)  

 

This changing environment has proven it difficult to make complete specifications ahead 

of time. Often valuable insight into a software’s use is only gained after it is shipped to 

the customer through customer feedback. Agile addresses this problem by allowing 

changing plans throughout the development process. This helps rapid development and 

avoids creating unsuccessful end products. (Sommerville, 2013). 
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Incremental software development was first started at IBM in 1980 and ever since then 

more fast and efficient ways of software development have been designed. Agile software 

development evolved from this incremental approach in the late 90s and early 2000s when 

frameworks like Scrum and Extreme Programming were developed. (Sommerville, 

2013). Compared to traditional methods agile processes were able to give higher produc-

tivity, improved time to market, better quality and higher satisfaction overall  (Pawson, 

2011, p. 9)  

 

There exist several different agile methodologies. The common nominator is the ability 

to discover and adapt to new requirements quickly. Two of the most notable early agile 

frameworks are Extreme Programming and Scrum. Many later frameworks, such as the 

Scaled Agile Framework (SAFe) reuse many parts of these earlier practices. 

3.4.1 XP 

One of the first agile methodologies to be popularized was XP, or Extreme Programming, 

in the early 2000 (Cusumano, 2007; Poppendieck & Cusumano, 2012). Extreme program-

ming introduces many concepts still widely used, even if that specific framework isn’t. 

For example, it operates on an incremental development cycle, where a set of user stories 

are selected for the next release, then these user stories a broken down to tasks. Next the 

release is planned, after which the development, integration and test phase begin. Once 

this phase is complete the software is released and then evaluated (Sommerville, 2013). 

 

XP introduced many nowadays common agile characteristics. First, development is based 

on cycles, which allows adaptation to changing environments. Second, development is 

based on user stories, which are descriptions of how a user would use the software. This 

is based on the agile practice to keep customers involved in the development process and 

on the other hand help produce something complete from every iteration. (Sommerville, 

2013). 

 

In the development phase XP introduced test-driven development (TDD). In TDD unit 

tests are created for a project beforehand and the software is tested at a frequent interval 

to make sure that there are no defects. In recent frameworks this practice has been ex-

panded by including automated test suites to provide acceptance tests for code changes. 
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After each iteration a release is made to support ability to change and again, customer 

involvement. (Sommerville, 2013). 

 

Additionally, XP introduces a concept called pair programming. Pair programming is 

practice where programmers are paired, and two people work on the same task at once. 

Even though pair programming was initially a popular method and was also adopted in 

many adaptations of the Scrum framework, studies have shown that pair programming is 

most effective when developing a particularly complex task or when the developers are 

inexperienced. Because of this, even though pair programming increases the quality of 

the software it reduces the total efficiency (Dyba, Arisholm, Sjoberg, Hannay, & Shull, 

2007). This is a likely contributing factor why pair programming is not used as often as 

other agile methods  (Ahmed et al., 2010). 

3.4.2 Scrum 

Another especially noteworthy agile methodology is Scrum. Scrum was first introduced 

in the book Agile Software Development with Scrum (Schwaber; Beedle, 2001). In the 

following years there was a lot of corporate interest in implementing Scrum (Poppendieck 

& Cusumano, 2012). Compared to XP scrum brought more concrete guidelines to organ-

izing project management and the general development process, but on the other hand 

focused less on technical actions or everyday actions, such as pair programming in XP 

(Poppendieck & Cusumano, 2012). 

 

Scrum is more focused on the process side of software development and gives less tech-

nical methods compared to XP. On the other hand, Scrum guidelines limit themselves to 

value creation in software development. This means, that it is not strongly opinionated on 

how Scrum is integrated to other parts of a company outside the software development 

department. Furthermore, Scrum is usually limited to one development team. 

(Poppendieck & Cusumano, 2012).  

 

Because of these reasons more comprehensive frameworks for large-scale agile have been 

developed, such as SAFe (Scaled Agile Inc, 2018). It is also possible to scale Scrum by 

changing its core concepts with their scalable alternatives, such as area product owners, 

using scrum-of-scrums and adding common sprint planning, demoing and retrospectives 

(Paasivaara & Lassenius, 2011). 
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The adaptation of Scrum in many companies helped create literature and knowledge about 

adaptation of agile methods in organizations. Even though the primary change in the or-

ganizations was moving from an old non-iterative workflow to agile processes such as 

Scrum, often after the initial change there was still room for improving the company’s 

agility. To maximize the benefits from agile operations it is necessary to iterate the pro-

cesses forward even after initial adaptation of good practices. This iteration is still useful 

in today’s organizations, as even though most of them use an agile basis in their develop-

ment organizations they can still adopt more and better agile ways or working. (Pawson, 

2011, pp. 61–62).  

 

Scrum first defined many concepts still used in other frameworks. Most notably, are the 

three roles that Scrum uses and the Product Backlog. Scrum calls the collection of items 

selected to be developed a Backlog. In the Scrum process there are two backlogs, the 

initial Product Backlog which consists of all features that are thought of and mapped as 

tasks, and the Sprint Backlog which is a backlog of items that is planned to be developed 

in the next sprint iteration. 

 

Scrum is based on fixed length iterations, called sprints, which last typically from two to 

four weeks. Before each sprint a plan is outlined. The aim of the planning is to produce a 

product backlog, which can be executed during a sprint. Customers or product owners 

help create this backlog during the planning sessions. During the sprints daily meetings 

are held to help developers keep on track of the objectives and agreed upon backlog items. 

After each sprint cycle work is reviewed and presented to stakeholders (Sommerville, 

2011, p.73).  

3.4.2.1 Scrum roles 

As many other frameworks, Scrum defines roles which all development projects should 

have. Scrum defines three roles. The product owner is responsible for acting as a middle-

man between the project’s stake holders and the development team. This means that the 

product owner must have good understanding of the customers or end-users of the product 

so that he can developed and manage the objectives and plan releases. (Schwaber, 2004, 

Chapter 5. The Product Owner). This ensures that there are no conflicts in project objec-

tives or customers constraints, which removes the need for change approval boards. (Car-

roll, 2015). 



16 

 

 

Teams typically have only one product owner to streamline decision making and concen-

trate knowledge of the products features. On the other hand, a product owner typically 

has only one team to ensure they have the enough time to investigate new product re-

quirements as well communicate them with the team. (Schwaber, 2004, Chapter 5. The 

Product Owner). In a larger products in addition to the product owner there can be area 

product owners, who are responsible for features in one specific area of the product 

(Paasivaara & Lassenius, 2011). 

 

The team is a group of developers that does the development of the software product. 

Teams are typically small, as a rule of thumb a team can “fit in to one room to have a 

meeting”. Teams are cross-functional and self-managing. One key principle of agile is to 

let teams self-manage themselves and trust the skill of the team members to let them find 

the most efficient ways of working. (Schwaber, 2004, Chapter 1. Backdrop: The Science 

of Scrum) 

 

The team is led by a scrum master. A scrum master is responsible that the team follows 

the Scrum practices. Typically, a Scrum master has had training so that he can help and 

educate everyone to follow the Scrum process and make the development more efficient. 

Additionally, the Scrum master is responsible for fitting the Scrum process to the organ-

izations existing culture. (Schwaber, 2004, Chapter 3. The Scrum Master) 

3.4.2.1 The Scrum process 

The basic scrum process breaks down to a Sprint iteration, which has many daily itera-

tions inside it. A sprint starts with sprint planning where the most important items in the 

Product backlog are moved to the Spring backlog. Once the sprint is started each day the 

team and the Scrum master have a daily Scrum where they discuss obstacles in current 

development and share project knowledge. At the end of the Spring there is a review 

meeting where the changes are reviewed by the team, Scrum master and product owner. 

(Cohn, 2010, p. 257). 
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3.4.2.2 Additional technical practices 

Even though Scrum gives few technical advice, agile implementation often requires tech-

nical changes. Because of this, new technical practices are recommended while adopting 

Scrum to help adapt other agile methods and benefits as well. Most adapted practices are 

test-driven development and pair programming, both initially introduced in XP, and Col-

lective Ownership, and Continuous Integration. (Cohn, 2010, p. 155) 

 

Collective Ownership is used as a term when all developers have ownership over as much 

as the project of possible. This means that developers are encouraged to “own” code even 

if someone else originally coded it. This reduces issues where other people won’t fix 

issues in code because they do not feel responsible of it. This doesn’t mean that people 

are not specialized in some part of the product, simply that they have a broader knowledge 

of the product and that no single part of the product is solely on the responsibility of one 

person. (Cohn, 2010, p. 156) 

 

Many of these concepts are shared with the DevOps ideology, where different roles are 

more mixed and responsibility of working product and working tools are shared across 

the entire development team. (Lwakatare, Kuvaja, & Oivo, 2016). 

 

Continuous integration is a practice where code changes and features are integrated to the 

main development branch of the product as soon as possible as opposed to keeping the 

changes in a local and separate development environment. At initial adoption this might 

mean approximately daily builds, but at later staged code should be integrated even more 

often. Continuous integration helps to ensure that there is constantly a version of the prod-

uct that is close to deployment, which means that it is much faster to deploy it gain ben-

efits of the fast iterations of Scrum. (Virmani, 2015)  

 

Additional automation, such as tests, add additional benefits to continuous integration. 

Automatic tests can gatekeep the incoming code changes to the main branch by to veri-

fying that they work. Furthermore, the automation often increases the overall quality of 

the product and makes development faster by shortening feedback loops between devel-

opment and quality assurance. (Cohn, 2010, p. 157) 
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3.4.3 Adapting agile to embedded software development 

The development of embedded software products unique characteristics that affect the 

software development methods used to make them. These characteristics add additional 

considerations when implementing agile methodologies into an embedded software pro-

ject. (Shen, Yang, Rong, & Shao, 2012; Wahler, Ferranti, Steiger, Jain, & Nagy, 2012). 

Kaisti et al. (2013) show in their literature review of Agile method implementations that 

embedded system projects have difficulties applying agile methods due to issues such as 

implementing tests on custom hardware.  

 

According to (Shen et al., 2012) the main distinguishing characters for embedded soft-

ware development projects are 

1) Developers are  more specialized 

2) The product has hardware dependencies, that affect the software 

3) More requirements changes during development due to hardware changes 

4) Limited computational resources 

5) More likely to require real-time performance and security 

 

Depending on which agile methodology is used these characteristics can present different 

issues. Extreme Program practices have shown to cope well with simultaneous software 

and hardware development. In addition, the framework adapts well to changing require-

ments. However, XP emphasis on low documentation and minimal resources on project 

management can be counterproductive in complex systems. Thus, adapting more rigid 

tools for project management can help use XP in embedded software development. (Shen 

et al 2012) 

 

Salo and Abrahamsson (2008) conclude that most adopted XP practices in embedded 

software development are open office spaces, coding standards, 40h weeks, continuous 

integration and collective ownership. On the contrary, few organizations had imple-

mented test-driven development or pair-programming. Approximately 90% of respond-

ents considered the implementation of XP to have positive effects. The study found sim-

ilar results for adoption of Scrum methods. It also notes that positive experiences were 

significantly higher in organizations that adopted Scrum compared to positive expecta-

tions in non-adopters. This hints that the methodologies surpass expectations. According 
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to Shen, Yang, Rong, & Shao (2012) Agile embedded software development has mostly 

positive outcomes when similar practices are applied as in normal agile development. 

 

Implementing test driven development can be more difficult for embedded software be-

cause they reside on hardware with little overhead. Testing desktop software allows exe-

cution of tests in the same ecosystem as the software, whereas embedded devices usually 

can’t fit additional test software alongside the actual embedded software. Instead of APIs, 

embedded systems only expose analog and digital I/O. Last, embedded software is often 

tested by industry experts, who often are not the developers. (Wahler et al., 2012)  

 

Often embedded software is tested manually on the target hardware. This is time consum-

ing, less accurate than automated tests, and increases development costs and slows time-

to-market. (Wahler et al., 2012) Achieving good automated test coverage has multiple 

benefits including increased code quality, saved time and ease of changes during a pro-

ject. (Shen, Yang, Rong, & Shao, 2012) 

 

Implementing automated tests for embedded software require overcoming two significant 

challenges. First, the hardware has to be connected to a test software. This can be done 

either by emulating the hardware or by connecting the hardware physically to a testing 

machine. Emulation can be beneficial as they require no hardware and can be run on most 

machines. The downside is, that mistakes in emulation might not discover issues that are 

only present in the hardware. Depending on the customization of board and availability 

of emulators for its processing architecture emulators might be time consuming to build. 

Second, the tests need to be abstracted to a level where industry experts can write them. 

This can be done by establishing a group of functions that trigger functionalities on the 

hardware, such as change inputs. Experts can then use a scripting language to construct 

test cases by using these functions. (Wahler et al., 2012) 

 

3.5 Lean software development 

Looking at the history of the Lean and Agile terms helps to highlight their similarities as 

well as differences. Lean is a product management and development process that aims to 

remove all unnecessary work from processes. Lean famously originated from the car man-

ufacturing company Toyota. The term was first coined in the paper Triumph of the Lean 
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Production System published in 1988 (John F. Krafcik, 1988) which outlined the success-

ful production methods used in Toyotas manufacturing chain (Holweg, 2007). Even 

though the manufacturing related lean processes could not be directly applied to software 

development lean principles were applied to Software Development soon for the first time 

in the early 1990s (Poppendieck & Cusumano, 2012). 

 

In the early 2000s lean software development principles helped create agile and agile 

methodologies. Agile software processes usually refer to specific processes such as 

Scrum, SAFe or XP. These processes optimize software delivery as a separate part of a 

business’ value chain and typically describe the software development organization more 

completely, including team and organization structure and development scheduling. 

Lean software development on the other hand usually encompasses the company’s whole 

value chain from creating a product to a customer receiving it. As such, lean principles 

must be applied on a more general level and offer no specific templates for software de-

velopment. (Poppendieck & Cusumano, 2012). 

The goal of lean is to reduce “waste”. This refers to activities that don’t bring value or 

facilitate bringing value to customers. There are several ways by which this can be 

achieved but they usually boil down to a few core principles. First, all activities need to 

be based on customer needs, otherwise they will not produce customers value. This is 

sometimes referred to the “pull” principle. Instead of coming up with a feature and push-

ing it through a development pipeline to test if the customer wants it a 

a company first finds out what a customer wants and then “pulls” that idea through the 

pipeline. (Ladas, 2009, pp. 17–18).  

 

Second, lean practices focus on efficient usage of employee time. This is especially cru-

cial in software development where the entire process is human resource intensive.  In 

lean software development this usually concludes as an emphasis on cross-functionality. 

Software features are notoriously difficult to timetable accurately. This means that each 

feature will take a different time of design, analysis, development, testing and deploying. 

If each part of the development project is siloed, it means that work is piling up at some 

stage of the process. This piled up work is an “inventory” of knowledge work, which 

means that some features might have substantial amounts of resources put into their de-

velopment, but they cannot reach the customers because they are blocked by other fea-

tures. By having cross functional teams, the process can adjust resources for each part of 
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the development process, leading to smaller build-ups of uncapitalized work. (Ladas, 

2009, pp. 73–76). This ideology is also strongly adopted in the DevOps movement 

(Virmani, 2015).  

3.6 Kanban 

Kanban is a lean method for managing and tracking a development workflow. Kanban is 

most commonly mapped on a physical chart on a wall, which describes a development 

processes different phases and their properties. Development items are moved along the 

board as their states progress. (Ladas, 2009, pp. 56–62) 

 

Unlike frameworks, like Scrum, Kanban is not as comprehensive and does not have as 

strict guidelines to follow. Kanban defines a method which can be adapted case by case. 

It can be used in conjunction with another framework such as Scrum.  

 

A Kanban process can consist of different phases that can be defined case by case. In its 

simplest form there are at least three steps, “to do”, “in progress” and “done”. In software 

development the “to do” progress is usually referred to as the backlog. Depending on 

process needs extra steps can be added. In software development these might be “spec-

ify”, “test” or “deploy”. In addition, each step can be divided into sub steps. For example, 

specify might be divided into two sub columns “specify” and “ready”, where the first 

column indicates that an item needs to be specified and the second that an item is ready 

to move to the next column. (Ladas, 2009, pp. 56–62; Sjoberg, Johnsen, & Solberg, 2012) 

 

When moving items forward in a Kanban process relies on what is called pull. At a larger 

view this philosophy means that instead of coming up with a backlog item and pushing it 

through the system, all development items should start by a need at the end of the pipeline. 

Typically, this would be a customer need. On the process level this means that each col-

umn, or resource, is allocated a limit of items it can contain. This is referred to as the WIP 

(work in progress) limit. The WIP limit ensures resources are used efficiently and that no 

items are left hanging in the system. Once an item has completed its current phase and is 

moved the next column, a new item can be pulled from the previous column. (Sjoberg et 

al., 2012) 
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These practices ensure that there are little waste or unproductive activities. Items move 

faster through the process since they are not clumped in progress. Additionally, if items 

are pulled by customer or stakeholder needs items with low value never enter the process.  

(Ladas, 2009, pp. 42–43) 

3.7 SAFe 

SAFe, or the Scaled Agile Framework, is a framework developed by Scale Agile Inc. It 

is an organizational pattern for implementing a agile framework in a large organization 

from top management to team level.  (Scaled Agile Inc, 2018) 

 

SAFe has been updated with new versions since its initial release in 2011. At the time of 

writing the latest version 4.6 consists of four different possible configurations from which 

the most suitable can be chosen for the organization. (Scaled Agile Inc, 2018) In the scope 

of this work, it is important to understand the so called essential SAFe, which consist of 

two organizational levels, the Program level and the Team level as shown in Figure 2. 

 

 

Figure 1 Essential SAFe - the simplest form of SAFe (“Advanced Topic – Essential SAFe – Scaled Agile 

Framework,” n.d.) 

 

On the left side of the diagram are SAFe’s three universal key assets in its so called 

“Spannign Palette”. Vision, is the insight in stakeholders and vision to prodivde value. 

System Team is a specialized team that assists in building an agile development 

environment, such as Continuous Integration and Deployment activities. Lean UX is a 

mindset and culture asset to embrace the Lean-Agile methods of working, mainly the 

Lean hypothesis driven design pattern. (Scaled Agile Inc, 2018) 
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The foundation items on the bottom describe supporting features and assets. These are: 

Lean-Agile leaders, core values, Leag-Agile mindset, SAFe principles, Implementation 

Roadmap and SPC, or Safe Program Consultants. These are supporting factors in the 

implementation of SAFe. (Scaled Agile Inc, 2018) 

 

The inside of the box describes two levels of SAFe, as well as the roles and activities 

inside them. The higher Program Level describes activities needed for the Agile Release 

Train (ART). The ART is a central piece of the SAFe. It combines the different 

stakeholders and teams to build the Customer Solution through a series of fixed-length 

iterations. The iterations are shown below the release train in the Program Increment 

chart. In the SAFe framework a ART typically consists of 50 to 125 people and includes 

all capabilities needed from defining, developing and releasing the products to the 

customers. (Scaled Agile Inc, 2018) 

 

SAFe provides several reference cases on its webpages but goes into little detail about 

how SAFe was implemented and what concrete issues were resolved or what benefits 

were experienced. Still there are many cases of close-to-hardware companies that suc-

cessfully implemented SAFe increasing their output and effectivity. Three most relevant 

cases for this study that deploy software for their own hardware include Intel, Fitbit and 

TomTom. All implemented SAFe in projects with hundred to three hundred employees 

and on products that accounted for revenue streams from tens up to hundreds of millions 

of dollars. (“Case Study – Fitbit – Scaled Agile Framework,” n.d.; “Case Study – Intel – 

Scaled Agile Framework,” n.d.; “Case Study – TomTom – Scaled Agile Framework,” 

n.d.) 

3.7.1 Roles in Essential SAFe 

Like Scrum and many other agile frameworks SAFe has different roles. Roles determine 

the primary responsibilities of a person and position. According to the Scaled Agile Inc. 

SAFe 4.6 whitepaper (2018) the definitions for essential SAFe roles are as follow. 

 

System Architect or Engineer is an individual or small cross-disciplinary team. They 

design the overall system architecture, its elements and subelements and oversee 

interfaces and interface collaborations.  
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The product management work with product owners and customers to make sure the 

customers needs are communicated properly. They define features and take part in 

validating the systems. They represent the produt owners on the program level – 

organizing and prioritising features on the program backlog. 

 

The RTE, or Release Train Engineer, is a chief Scrum Master for the ART. They ensure 

the ART is continuously providing results and oversee any improvements that can be 

applied to make the ART produce more value. 

 

Business Owners are a small group of key stakeholders that oversee the business 

objectives and fit of the system for the business use case. They track financing and the 

return on investments for the solution. 

 

Customers are the end-users of the system. This might be an actual customer or for 

systems which are for inhouse it is the inhouse end-user. 

 

3.7.2 Other SAFe concepts 

The Scaled Agile Inc SAFe 4.6 whitepaper (2018) also defines other SAFe concepts 

shown in Figure 1. These are mainly different kinds of organizational tools used to facil-

itate the Agile-Lean process of SAFe. 

 

The SAFe Kanban is a Backlog that visualizes Features from inception to 

implementation. It is analogous to the traditional Kanban, but instead of defining the 

entire process it is used to keep track of tasks on multiple different level. This means that 

in addition to each team having a Kanban, also the program level has a Kanban to track 

progression at an aggregate level. 

 

Project Increment (PI) planning is a face-to-face event for planning project objectives for 

the next sprints. Program Increments are typically 8-12 week cycles, containing 4-6 

sprints. The project increment plannign sessions help align teams and management 

toward common goals. 
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3.8 DevOps and Continuous Activities 

DevOps is an extension of the Agile philosophy of cross-functionality in software devel-

opment. DevOps takes this concept one step forward by establishing a strong collabora-

tion between development and operations. DevOps is a relatively new phenomenon and 

thus the general consensus of what different aspects and activities is not strongly estab-

lished. However, four main elements can be identified: collaboration, automation, meas-

urement and monitoring. (Lwakatare et al., 2016). 

 

Collaboration 

To have proper DevOps implementations the development and operations organizations 

need to collaborate. This includes activities like information sharing, broadening skillsets 

to complementary skills in the other team, shifting responsibilities and creating shared 

goals and responsibilities. In additional to developers and operations other stakeholders 

that need to be included as well, such as testers and quality assurance (QA). (Lwakatare 

et al., 2016) 

 

Automation 

Automation is required for DevOps to deliver quality products. Test automation is neces-

sary to keep in pace with Agile development schedules and to allow continuous integra-

tion and deployment. Automation also makes operation processes faster and more relia-

ble, especially in complex environments where configuration, functionality and infra-

structure management are complicated. (Lwakatare et al., 2016) 

 

Measurement 

Measurement refers to metrics and data collection aimed to give quantitative information 

about the systems qualities. By measuring the development process, as well as aiding QA 

with real time performance and usage data from the production environment software 

development efforts and their impact can be better planned and then monitored. This im-

proves priorization of development resources. (Lwakatare et al., 2016) 

 

Monitoring 

Monitoring systems in operation helps determine resource assignment and to detect and 

correct problems in the system during or after software updated. DevOps emphasizes col-

laboration between developers and operations, so that systems would expose and relay 
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relevant information to facilitate fast progress when problems occur. The information can 

also be used as feedback for product managers and developers for product optimization. 

(Lwakatare et al., 2016) 

 

As stated, DevOps is an organizational approach for Software development organizations 

that highlights cross-functionality between teams, especially, between development and 

IT operations, to build robust systems and accelerate delivery of changes. From this it 

inevitably follows that since DevOps is an organizational approach, DevOps cannot be 

assigned to any specific individual or team. A single person’s knowledge in automation 

and operational knowledge can help and organization move towards DevOps but organi-

zational changes are needed as well by merging responsibilities of development and IT 

operations and other stakeholders.  (Dyck, Penners, & Lichter, 2015) 

 

DevOps is also often connected to Continuous Delivery, which is a term used for a pro-

cess where development progress is constantly moved to production, giving customer 

new features faster and more often. Continuous Delivery can complement other continu-

ous already used, such as continuous integration. (Lwakatare et al., 2016) 

 

DevOps addresses issues like poor communication, manual operations, uninformed deci-

sion making and good data collection practices. By implementing DevOps elements an 

organization can gain multiple benefits, such as shared responsibility and thus improved 

product quality, ability to deploy continuously and collection of operational data that can 

be used to plan and measure performance of development. (Lwakatare et al., 2016) 

 

Wahaballa, Wahballa, Abdellatief, Xiong, & Qin, (2015) conclude that the four biggest 

benefits provided by DevOps are 

1. Mitigating fear of change. DevOps makes development and deploying more reli-

able which in turns means less bureaucracy is needed to oversee changes in exist-

ing products. 

2. Reducing risky deployments. By bridging the gap between development and op-

erations software is designed with better understanding of its deployment envi-

ronment and requirements. 

3. Removing the blame game. When responsibility is more spread out it has been 

shown that people take more responsibility and agency over issues. 
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4. Reducing isolation. By reducing isolation between different areas of the develop-

ment process there is more information flow which reduces process and product 

issues. 

3.9 Technical tools 

3.9.1 Versioning 

Software development is a technical field, and not surprisingly sometimes development 

processes have problems that have a technical solution. These technical tools can auto-

mate tasks or enforce rules and guidelines. This can reduce manual work in deployment 

or code reviews and allow more thorough and consistent results compared to manual ac-

tivities. 

 

When a software system uses some subsystem as a library, it has to communicate through 

an interface, often called and Application Programming Interface (API). When the library 

is further developed it is beneficial to keep the API unchanged to allow backwards com-

patibility. Despite this, some changes in the subsystem can warrant a change that breaks 

the backwards compatibility. When the software developer upgrades the library to its lat-

est version – or if the library is an independent service, such as a web or database service, 

that updates itself the software developers must know about the changes to correctly use 

the new API. (Raemaekers, van Deursen, & Visser, 2014) 

 

Semantic versioning 

Determining if there are incompatibilities or not can be difficult for the library user. Se-

mantic versioning dictates a model where the library developer is responsible for indicat-

ing the changes in the API through a versioning scheme. The versioning scheme uses a 

three digit version number, where the digits correspond to the Major, Minor and Patch 

version respectively. Major updates are used to indicate breaking changes in the API. 

Minor updates are used to indicate backwards compatible new features. Patch updates are 

used to indicate backwards compatible bug fixes. (Raemaekers et al., 2014) 

 

 

Libraries shouldn’t be updated without the knowledge of the user. When updating a li-

brary a user can infer from the version if he should expect braking changes or not. Some 

package management software tracks and enforces library versions to ensure that libraries 
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install constitently across different platforms (Nelson, 2018, p. 221; “yarn.lock | Yarn,” 

n.d.).  

 

Tolerant Reader design 

The Tolerant Reader is a design for using data query APIs to reduce the likelihood of 

breaking changes. Tolerant Readers extract only the needed information from a message 

and ignore the rest of it. Tolerant readers know the names and data types of data it is 

fetching. However, instead of a strict schema validation a Tolerant Reader will attempt to 

continue message processing as long as the message content can be parsed and does not 

violate business rules, such as a name field containing a number. A Tolerant Reader will 

try to overcome all but critical failures (Daigneau, 2012). 

3.9.2 Automated database schema changes 

Large software systems often depends on an external database service that holds the data. 

The Database Management Server (DBMS) is usually a third party software that’s only 

purpose is to keep data stored. This eases service development since data storage is in its 

own subsystem and since deployed services can use a stateless development approach. 

(de Jong, van Deursen, & Cleve, 2017) 

 

When using Structured Query Language (SQL) databases the database structure some-

times need to be updated during a deployment due to an evolution of the services soft-

ware. While databases are being updated the services cannot be online, at least not with 

full functionality. (de Jong et al., 2017) 

 

Because of this there have been developed methods for automatic schema changes. This 

allows the schema changes to be documented, scripted and tested in the test environments. 

Once the update is ran on the production server there is a smaller risk that any issues arise. 

(de Jong et al., 2017) 

 

Sometimes the production database can itself be significantly larger or contain different 

data to the test and staging environments. If the migration is lengthy and the DBMS 

blocks data queries during the migration, it is beneficial to also consider DBMS technol-

ogies where most migrations are non-blocking (de Jong et al., 2017). 
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3.9.3 Build systems 

Build systems transform source code into libraries, executables or other artifacts. Arti-

facts are runnable applications that are a result from the build process. In continuous in-

tegration, build systems automatically detect code changes and invoke the build process 

of the application that was changed. The system can then test the code changes by running 

tests on the new build. (Vakilian, Sauciuc, Morgenthaler, & Mirrokni, 2015)   

 

Build system artifacts can also be stored to create a definitive history of applications that 

have run on a server. Unlike application source code, artifacts are not changed once they 

are made, simply replaced. (Vakilian et al., 2015)  

 

3.9.4 Microservive architecture 

A microservices architecture is a cloud-native architecture where software is deployed as 

multiple smaller subsystems. Each service is independent from the others, and can be on 

a different server and possibly even use a completely different technology. The services 

communicate with each other through lightweight interfaces such as a http interface. 

Microservices have multiple upsides. They allow each service to be independently de-

ployed, which makes fast deployments easier and thus supports agile activities such as 

continuous deployment. By allowing different technology stacks each service can use a 

technology that best suits its use case. It also avoids technology lock-ins since services 

are later easier to migrate to new technologies one by one. Last, it can provide a reduced 

time-to-market and help structure teams around services. (Balalaie, Heydarnoori, & 

Jamshidi, 2016). 

 

Balalaie et al. (2016) also bring up six unique challenges that need to be overcome to 

utilize a microservice architecture. These are the implementation of continuous tools, 

edge servers, dynamic service collaboration, clustering and feedback systems as well as 

restructuring teams. 

 

Continous Integration and Continous Deployment pipelines 

To get the most out of faster developments microservices should be accompanied by a 

Continuous Integration and Continuous Deployment pipeline. This means that code 
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changes should be constantly integrated into the main deployment branch, then automat-

ically tested and deployed. This can be solved by containerizing services with Docker or 

similar technologies. Containerization allows software to run with the same behavior in 

different environments and also allows to separate configuration from source code. (Bal-

alaie et al., 2016) 

 

Edge servers 

Edge servers are servers that serve content to users. This pattern minimize any effects of 

internal changes of the microservice architecture (Balalaie et al., 2016). These are readily 

available as third party service from cloud providers (“Amazon API Gateway,” n.d.; 

“Secure Gateway - IBM Cloud,” n.d.) 

 

Dynamic Service Collaboration 

Dynamic service collaboration consists of three parts: Service Discovery, a Load Bal-

ancer and a Circuit Breaker. Service Discovery with the help of allows services to locate 

each other as well as keep a centralized list of all running services and (Balalaie et al., 

2016). Third party cloud service providers often provide Service Discovery as a part of 

their microservice platforms (“Amazon ECS Service Discovery | AWS News Blog,” n.d.; 

“Bluemix Service Discovery - Find and Call Microservices,” n.d.).  

 

Load Balancers help balance traffic between multiple instances of a service. Load bal-

ancer can also handle logic for routing requests to correct services (Balalaie et al., 2016). 

Load Balancers are also part of the service product portfolio of large cloud-service pro-

viders (“AWS | Elastic Load Balancing - Cloud Network Load Balancer,” n.d.). 

 

Circuit Breakers downgrade functionality when the system is under stress. For example, 

if requests to a service consistently timeout the circuit breaker can switch off that endpoint 

entirely to protect against cascading failures. In addition to reducing load on the failing 

service, the services sending requests also speed up as they do not have to wait for 

timeouts. This automatic safety switch should trigger a notification or monitoring event 

to operations, who can then fix the original issue. The Circuit Breaker architecture can 

also be extended to third party APIs. (Nygard, 2007, p. 117)  
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Circuit breakers can be built-in in third-party cloud-services as a part of the load balancer 

in simple cases where the circuit breaker can do decisions entirely based on requests going 

through the load balancer. (Jung, Möllering, Dalbhanjan, Chapman, & Christoph, 2017) 

 

Clustering 

A cluster is a group of servers that are aware of each other and distribute load between 

each other. Clusters can be used for load balancing as well as redundancy. (Nygard, 2007, 

p. 117). Container-orchestration systems, such as Kubernetes, can facilitate creating clus-

ters (Balalaie et al., 2016), in addition third party cloud-service providers have cluster 

services (“Amazon ECS Clusters - Amazon Elastic Container Service,” n.d.; “Tutorial: 

Creating Kubernetes clusters,” n.d.).  

 

Feedback infrastructure between developers and operations 

The operations team can monitor independently each microservice. This allows monitor-

ing performance on a per-service level giving more detailed information of the total sys-

tem performance. To collect all metrics to a single access point and allow other parties, 

such as the developers, to access monitoring data the monitoring solution can be divided 

to a server and client configuration. The monitoring server in the microservice can send 

monitoring data to a centralized monitoring database, which can then be accessed via a 

client server as shown in Figure 1. (Balalaie et al., 2016) 

 

 

Figure X. A server and client divided monitoring architecture for microservices (Balalaie 

et al., 2016) 
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Changing Team Structures 

Traditionally software teams are divided horizontally. Typically there are at least an op-

erations, quality assurance and development team. Because working on a microservice 

requires substantially less resources than developing an entire system, microservices al-

low creating cross-functional teams. This helps to ensure that development can be quickly 

tested and released, since the necessary knowledge for those activities is always inside 

the team. (Balalaie et al., 2016) 

3.10  Previous work 

In addition to the theory and frameworks that has been developed around efficient and 

productive Agile and Lean methods there have been multiple case studies done on effects 

of these work methods. Since case studies are not necessary generalizable it is always 

important to look at the context in which these studies are made. Especially, it is important 

to compare the case companies and ensure they operate in a similar industry and at a 

similar scale. In this case the two most defining factors are the international nature of the 

development and business, as well as involvement of hardware as opposed to companies 

with purely software products. 

 

3.10.1 HP printer firmware development 

Gary Gruver describes a case in his book A Practical Approach To Large Scale Agile 

Development (2013) how from 2008 to 2011 HP made a push to move to a large scale 

agile system. Although this book takes more of a practical than an academic approach it 

gives a good indication of what kind of issues might arise when implementing agile in 

software projects that work on inhouse built hardware and what solutions those problems 

might have. 

 

In the beginning, they have four main issues with development 

1. A lengthy build, integration and testing cycle, that took up to 6 weeks and 15-20% 

of developer resources. Manual testing constrained adding new features. 

2. Product couldn’t keep up with competition. Issues with consistency and not 

enough resources to respond to new market needs. 

3. High costs. Development costs rose quickly and required a lot of investments. 
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4. Lack of resources. Difficulties to get enough staff. 80-90% of resources went in 

porting existing features on new platforms. 

 

During the three years HP was able to shorten their build time from one week to three 

hours, testing from a 6 week process to a 24 hour test suite, testing 10-15 new builds and 

up to 100 new code changes per day. 

 
Table 1. Development resource usage in HP in 2008 and 2011 adapted from Gruver et. Al. (2013) 

2008 2011 

Code integration 10% Continuous integration 2% 

Planning 20% Planning 5% 

Porting code 25% Maintaining only one branch 15% 

Product Support 25% One Branch Support 5% 

Manual testing 15% Automated testing 5% 

Innovation capacity ~5% Innovation capacity ~40% 

 

As a result, HP managed to cut 70% of its costs in their firmware development program 

and 50% of their head count. In conclusion, through an agile transformation HP was able 

to redirect their resources to dramatically increase development capacity for new features, 

while maintaining or increasing the quality of other development efforts, such as main-

taining and porting existing features. 

 

3.10.2 Case Software Innovation 

Sjoberg, Johnsen, & Solberg (2012) did a study on moving a Scandinavian software com-

pany from Scrum to Kanban. The aim of the study was to quantify the difference between 

the two processes. The study looked at effects in lead time, throughput, productivity and 

quality. 

 

Software Innovation was a Scandinavian software company that build and sold document 

management products. It was established in 1984 and later acquired in 2015. At the time 

of the study it had 330 employees in five countries and developers in Oslo and India. 

During 2007-2010 the company implemented Scrum in its development department. 

However, not being completely satisfied with Scrum due to its rigidity and unsuitability 

with maintenance tasks the company launched a collaboration with University of Oslo to 
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study their change from Scrum to a Kanban based development process. The study was 

conducted in 2010-2012 whilst the company was moving to and moved to a Kanban based 

process. 

 

The company had three main issues with in the original Scrum implementation. Software 

feature work times were underestimated, developers had to deal with ad hoc bug fixing, 

support and maintenance tasks while working on items. Yet sprint goals were not updated 

to consider these ad hoc issues, this meant that items were uncompleted and carried over 

to the next scrum period. Secondly, it was difficult to allocate resources efficiently 

throughout a sprint. Testers usually have less work in the beginning of a sprint and sig-

nificantly more in the end. Lastly, the company felt that Scrum had two many planning 

activities. It had already reduced the number of sprint planning meetings by the end of 

2009. 

 

The company implemented Kanban to remove timeboxing imposed by sprint and to allow 

working on a single item at a time through WIP limits. As an additional benefit the com-

pany was able to plan new items one at a time, which allowed involving only necessary 

team members, instead of doing cross-functional planning sessions involving all stake-

holders as they did in their Scrum implementation. After the switch from Scrum to Kan-

ban the company’s lead time halved, bugs reduced, and productivity rose. This case study 

highlights the issues strong adherence to Scrum can bring and how other lean methodol-

ogy can alleviate them. 
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4 Research methods 

The Platform development in the Corporation is a sum of complex interactions. To un-

derstand its inner workings this study takes a holistic approach to in its case study meth-

ods. Yin (1994) describes a holistic case study focuses on the general aspect of a single 

case. It is a strong way to study complex interactions in a contemporary system. In this 

case that system is the Platform development department in the organization.  

 

A case study is a great way to study organizational implementations of processes. It is 

possible to collect rich data about the organizations work and processes. On the other 

hand, processes are often complex chains of actions and decisions. This makes it hard to 

encompass their complexity into e.g. a survey study. Case studies however are excellent 

in leveraging rich data to plot out cause and effects of different actions. This knowledge 

can be further used to find root-causes for unwanted effects which allows to change or-

ganizational processes for the better. (Yin, 1991) 

 

The study aims to analyze the pain points of the Platform management and see if existing 

theory of Agile and Lean method implementation can be used to alleviate these issues. 

The expected result is to ease workload of people working with the platform, shorten 

development-to-production times and increase the business impact of the platform as 

measured by the business stakeholders of the platform. 

 

In order to facilitate a proper chain of evidence, several research methods were used. This 

makes possible to use methods like triangulation to cross-validate findings between dif-

ferent sources of data. 

4.1 Semi-structured interviews 

Interviews are a commonly used technique method for collecting qualitative data and they 

are also often used in empirical software engineering research to collect data about prob-

lems that cannot or are hard to measure quantitatively (Hove & Anda, 2005). The objec-

tives of an interview can be collecting historical data, gathering opinions or impressions, 

identifying terminology and clarifying anything that came up during the study’s inter-

views or observations (Seaman, 1999).  
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Semi-structured interviews, sometimes called focused interviews are a combination of 

structured and unstructured interviews. In structured interviews the researcher has 

planned a set of questions beforehand and the interviewee answers them. In a unstructured 

interview the researcher simply tells the topic of the interview beforehand and the re-

searcher and the interviewee discuss about the topic. A semi-structured interview has both 

specific questions that discover predictable information and open-ended or added ques-

tions that discover unpredictable information. (Hove & Anda, 2005) 

 

To get best data interviewees should be chosen carefully. Interviewees should be experi-

enced in relevant areas and have first-hand knowledge as well as knowledgeable overall 

about the issue. Interviewees should provide a variety of perspectives to build a whole-

some picture. (Rubin & Rubin, 2005, p. 64) 

 

The interview template is constructed around main questions derived from the research 

questions and background knowledge of the issue. Interviewee answers to the main ques-

tions can be expanded on by asking probe questions to uncover unexpected details of the 

issue or simply to get longer and more in-depth answers (Rubin & Rubin, 2005, pp. 165–

166). The interviewer can expand on interesting paths of conversation and ask clarifica-

tion when responses are vague or short (Shull, Singer, & Sjøberg, 2008). Questions that 

ask “why” or can answered with simply “yes” or “no” are avoided 

 (Hove & Anda, 2005). 

 

Interviews should be recorded when appropriate to permit the interviewer to be more 

attentive as well as capture the conversation in more detail. (Hove & Anda, 2005). 

 

Six people in different positions were interviewed. Interviews were done in person or if 

not possible through a web call. The interviews were conducted in Finnish or English 

depending on the preferred language. The interviews were conducted as semi-structured 

interviews with the question template is shown in Appendix A. Because the interviews 

spanned from development focused people to management the focal themes of the inter-

views were adjusted to the persons work context.  Observations were done at the com-

pany’s R&D facilities. Artifacts were collected during interviews and they include mate-

rial such as communication between developers and service providers as well as system 

descriptions, plans and overviews of the version control system. 
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The interview focused on three main themes. Team operations, coordination and commu-

nication of projects and features, and tools for supporting the process.  These themes were 

selected to get an organizational and technical overview of the teams’ operations and the 

development to production pipeline. Each interview lasted approximately one hour and 

was recorded, except for one web call interview which couldn’t be recorded due to tech-

nical issues. 

 

Table 2 All interviews done during data collection. 

Position Interview duration Type 

DevOps 1h Live 

Release coordinator 1h Web call 

Scrum master / head of de-

ployment team 1h Web call 

Platform owner 1h Web call 

Service Manager 1h Web call 

Scrum master 1h Live 

 

 

4.2 Participant Observation 

Participant observation is a method “that involves social interaction between the re-

searcher and informants” and “during which data are systematically an unobtrusively col-

lected” (Taylor and Bogdan 1984, pp. 251-252). The method does not require the re-

searcher to participate in the activity, but the idea is to collect first-hand observations by 

being present. The observation can happen during particular events such as meetings, or 

during any unscheduled or informal activities. (Seaman, 1999)  

 

In this study observations were conducted at the company’s research and development 

facilities. The study was started with introduction with platform members to facilitate 

open discussion. Additionally, there was open access to the work so observations could 

be made at any time, however the physical location on the research and development 

office somewhat limited that possibility. The observations consisted of informal discus-

sions with people and watching day-to-day work being done. 
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4.3 Focus group interview 

Focus groups are a type of group interview where the interaction relies on the group’s 

interaction based on the topics supplied by the researcher, who moderates the discussion. 

In this sense focus groups are similar to unstructured interviews. Focus groups excel in 

allowing observation of more interactions in a limited amount of time compared to par-

ticipant observations or other qualitative methods. It can also help to create more open 

discussion on the research topic. (Morgan, 1997) 

 

After collecting the material and condensing it to a set of root causes as well as sugges-

tions an interactive focus group interview was held for any platform stakeholders that 

were willing to join. The workshop had two main objectives. First, validating the findings, 

and confirming that the conclusions made from the interviews and observations were cor-

rect and included multiple perspectives. Second, helping to implement changes to the 

platform. This includes both showing and agreeing on goals as well as setting next steps 

and action plans. 

 

The workshop was a two-hour event in which the all main pain points were introduced 

alongside proposed solutions in a power point presentation. The workshop was held as a 

live meeting as well as a teleconference. After each point a short discussion session was 

used to collect feedback from participants. Each discussion started with a 5-minute period 

where all participants wrote down what they found valuable or difficult about the pro-

posed solution. This was used to collect more original thoughts since participants get to 

list their thoughts before being influenced by other people. If the participants were not 

ready, the writing period was extended. After writing down their thoughts each participant 

introduced their ideas. Other participants could respond immediately to add their opinion. 

After all notes had been read a wrap-up discussion was had to collect any further thoughts, 

answer any questions and to form a consensus. 

 

After the workshop notes were collected and transcribed. Comments through the telecon-

ference chat system were also saved for later analysis. Discussion points were written 

down but not discussion was recorded. The presentation was sent to the participants as 

well as to all invitees. The presentation can be found from Appendix B. 



39 

 

4.4 Artifacts 

Artifacts are things made for use. They are a form of material evidence, documentation 

and record of the past. Artifacts can provide information not available from interviews or 

observations. Typical artifacts can be diaries, journals, documents, texts or any physical 

items. (Given, 2008, p. 26)  

 

In this study digital documents, such as meeting notes, email correspondence and organ-

izational reports, plans and guides were collected to give detailed insight into communi-

cation and crisis management practices. These artifacts and a short description of their 

content are shown in Table 3. 

 
Table 3 Artifacts collected during the study.  

Artifact Description 

Test report 
Failed test report showing an issue caused 
by running different configurations on the 
test and production environment. 

Email conversation between operations and 
a development team. 

A discussion of service component deploy-
ment statuses, which shows that infor-
mation about the deployment status is not 
easily conveyed between stakeholders. The 
discussion shows that components have 
clear ownership and any questions can be di-
rected to the component team lead. 

Power point presentation of an informal 
product roadmap 

A rough overview of how a product is 
planned to deploy. Shows that some compo-
nents are not planned to be deployed only 
and shortly explains monitoring and trouble-
shooting practices. 

Blueprint of the platform structure 
Shows all platform services and out of plat-
form integrations. 

Company process guide 
The company’s internal guide for software 
development projects. 
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4.5 Analyzing data 

The study consists of two parts. The first part is an assessment of the existing situation of 

the deployment and release processes by conducting semi-structured interviews and ob-

servations. In the second part validated initial results and based on the assessment a set 

of improvements were devised and suggested to be implemented in the organization. The 

improvement suggestions were introduced in a focus group session where their effects 

and feasibility were discussed and where the ideas were developed further. The process 

was iterative, and if any aspect of the core analysis felt unclear morel data was collected.  

After the initial analysis of five interviews and observational data one extra interview as 

well as clarifications via email were collected. 

 

Analysis 

Analysis is the process of processing raw data to extract information on a higher concep-

tual level. Qualitative data can be analyzed using different techniques, that allow the re-

searchers to extract concepts and further develop those concepts. Analytic tools are used 

in data analysis to distance them from fresh and new perspectives without rushing to con-

clusions and thus help derive conclusions that are not obvious and that are true to the data 

itself.  (Corbin & Strauss, 2008, pp. 64–67)  

 

Analysis usually starts by coding the data. In this phase parts of the data that touch a 

certain subject or contain certain words are highlighted or collected to better structure the 

data. This helps to formalize the analysis process, making it repeatable and to reduce bias 

(Rubin & Rubin, 2005, pp. 201–202). In this study different goals were set, for example 

building a schema for the deployment process, and data relevant to subject was further 

analyzed to achieve the goal.  

 

The coded data can be further analyzed to create higher level concepts. For this study 

multiple techniques and procedures for producing grounded results were used, such as 

comparisons to theoretical concepts and personal experience, questioning and exploring 

the relationship of concepts, looking for certain emotions and contrasting the data with 

an hypothetical opposites,  for example if we explore a difficult process, we should also 

analyze what would be required from an easy process. (Corbin & Strauss, 2008, pp. 69-

86). 
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There were two objectives for the analysis. The first objective, as shown in Figure 2, was 

to create a model of the existing development and deployment operations. To map out 

this model it was crucial to discover different roles that existed on the platform. Addi-

tionally, starting from the developers it was analyzed what actions these roles needed to 

take and what stakeholders were involved before the result of the development would be 

available for end-users.  

 

The roles were analyzed based on what was the goal of the team a person was in, and 

what were their daily work routines. These would be then compared to established soft-

ware development positions and activities, such as requirements engineering, develop-

ment, testing, quality assurance, deployment, infrastructure development, planning and 

project management to understand development responsibilities each individual had.  

 

 

Figure 2 The first goal of the analysis was to identify the roles and activities inside the figurative black box 

of the company's software development activities. 

 

The relationships between roles were mapped based on what interactions they had. For 

example, Scrum masters would interact with other stakeholders in the Change Approval 

Board, or with the operations team through slack and email conversations. The frequency 

and nature, such as if communications informal or formal, planned or unplanned, of this 

communication was mapped. Scheduled interactions would signify that the interactions 
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were part of a formal process, where as unplanned and informal conversations were ad 

hoc solutions or informal conventions.  

 

The development process model was analyzed until it contained all roles and actions that 

were needed to identify, develop and deploy a new requirement or feature. After this, the 

remaining material was analyzed to ensure the model is consistent with all available data. 

Additionally, the data was analyzed for any actions that were atypical compared to the 

formal process. For example, software defects could be found in any part of the process. 

Depending on when it was found, different actions were taken, and different stakeholders 

were involved. However, these actions are not included in every deployment, rather they 

are fall back mechanisms or conventions for handling unexpected problems. 

 

Software development always consists of processes and technical practices. Because of 

this the data was analyzed for tools and infrastructure used to help stakeholders with their 

activities. Again, tooling used in software development are well established. Examples of 

common tools used in the company were version control, testing platforms and cloud 

servers. The effectivity of the tool was analyzed from presence or absence of issues re-

lated to activities that are associated with the tool. The interviews were also analyzed for 

lack of tooling. Like effectivity of tools, lack of tooling was identified through language 

that described a problem that corresponds to a feature in an existing software infrastruc-

ture component. An example of this analysis is shown in Table 4. 

 

Table 4 Example of analyzing presence and absence of correct tooling. 

Context Presence of tool Absence of tool 

Process 
"Each team has a Kanban for tracking 
ongoing tasks and their progress." 

"It is sometimes difficult to communicate 
with offshore teams." 

Tech-
nical 

"We use Git for version control." 

"If a feature changes database schemas 
deployment is more difficult, because op-
erations have to be informed how to 
modify the schema." 

 

 

In addition, to molding out the existing processes and conventions from the interviews 

four types of items were collected. Current issues in deployment, ideas of improvements 
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in deployment, old issues in deployment and fixes for deployment already in implemen-

tation. Issues with the process could be analyzed by finding emotions of frustration or 

dissatisfaction towards the process, similar to how absence of tooling is analyzed in Table 

4. However, if a negative process detail does not correspond to an existing tool, it was 

documented as a general issue. 

 

The Company had already spent effort to improve its deployment practices. Thus, some 

lingering frustration with the process is related to issues that have already been fixed. This 

was discovered as inconsistencies in the analysis, where some interviewees would com-

ment on technical shortcomings that others told that they had either already changed or 

were working on changing. Some issues were only fixed lately, and their effectiveness is 

yet to be seen. The “to be fixed” and “already fixed” issues were compiled under their 

own categories to help separate solved and unsolved issues. 

 

Triangulation is a multimethod approach used in qualitative data collection and analysis. 

The basic concept of triangulation is to use a combination of methods to approach an 

problem. Triangulation can help test the validity of research findings and overcome dif-

ficulties of specific qualitative methods (Given, 2008, p. 893). This research uses method 

triangulation by employing semi-structured interviews, focus group interviews and ob-

servations. 

4.6 Ethics 

When performing qualitative studies there are certain basic ethical issues that need to be 

considered. Even though this research does not handle sensitive information, such as med-

ical records or other personal information, basic research ethics have been considered. 

For this study, the recommendations of the Finnish Advisory Board on Research Integrity 

(TENK) were used as described in Responsible conduct of research and procedures for 

handling allegations of misconduct in Finland : guidelines of the Finnish advisory board 

on research integrity 2012 (2013). 

 

The first recommendation of TENK is to ensure interviewees have proper information 

beforehand. Each participant was informed beforehand the topic of the research and were 

given contact information for any questions. Discussion topics and length were informed 
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beforehand to the participants by email. All participants were informed of possible re-

cordings and their use in analyzing the results at the beginning of the interviews. Partici-

pants were able to refuse recording or discussions if they felt so.  

 

Second, TENK recommends avoiding all harm resulting from the data collection. Even 

though there is no personal data in the interviews they contain sensitive data from the 

perspective of the company. Additionally, to allow honest and straight forward feedback 

from the company processes it is important to hold a level of confidentiality which allows 

participants to speak up on issues that might not be popular opinions within the work-

place. 

 

Last, TENK recommends taking proper measures to ensure privacy and data protection. 

No personal data was collected during the interviews. Interview recordings were recorded 

on a mobile phone after which they were stored in a secured and private cloud storage 

and deleted from the original recording device. Recordings are labeled without any per-

sonal identifiers. Still, considering the nature of audio recordings and small interview 

sample size it is possible to identify people from their voice or the content of the discus-

sions. The research data is not archived for secondary research. All data presented in the 

research publication is anonymous and at most linked to the employee’s position in the 

company. 
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5 Results 

5.1 Development platform structure 

5.1.1 Development platforms in the organization 

The company has multiple development platforms for different business objectives. The 

objectives include infrastructure for call centers, services for elevator and escalator fitters, 

monitoring systems and analytics. All platforms are built differently. Some use local hard-

ware while other might use cloud-based infrastructure. Technological choices might be 

related to the history of platform, for example when earlier platforms were developed 

there were less opportunities to use cloud infrastructure. Choices are also made to fit the 

requirements of the application area as well as possible. 

 

Product teams can use different platforms to leverage the existing applications, but usu-

ally are built on one platform only. For example, to integrate an existing system to the 

Company’s IoT infrastructure that system would continue development on their previous 

platform as well as build their new implementations on the IoT platform. 

 

5.1.2 The IoT platform 

The IoT platform is a relatively new platform. Development on the platform started ap-

proximately a year before the beginning of this study. The purpose of the platform is to 

allow collection of real-time metrics and information from the organization’s products to 

a central location where it can be utilized by multiple software products building on the 

API. The platform is also a modernization of the organization’s earlier metrics platform, 

and the switch is partly motivated by the change to a cloud-based architecture powered 

by IBM Bluemix. 

 

The software is deployed globally and requires interoperability to a wide range of hard-

ware products. It also has multiple integrations with internal enterprise software as well 

as other internal tools and governmental interfaces. 
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Team structure 

The development is done currently in 6 teams from which five are in Finland and one in 

India. In addition to the development teams, the platform has several stakeholders, mainly 

the Platform Owner, Release Coordinator, Solution Owner, Service Manager and Soft-

ware Test manager. The teams’ respective areas of development are shown in Table 5. In 

total there are about 50 people doing work related to the platform. 

 

Table 5. Teams and their areas of development 

Team Description Location 

Data connectivity 
Develops a connectivity device 
that allows connecting devices 
to the cloud. 

Finland 

Cloud API 
Develops and publishes APIs 
for ecosystem partners 

Finland 

Remote monitoring 
Develops remote monitoring 
applications. 

Finland 

Platform tools 
Develops cloud tools for other 
teams. 

India 

Testing Does integration testing. Finland 

Architect 
Develops platform architec-
ture, works in conjunction with 
other teams. 

Finland 

 

All team except the Remote Monitoring team use the IoT platform as their primary de-

velopment platform, which means that most or all their development contributions are 

done on this platform. These teams are most invested to solve problems in the platforms 

processes. When products are built entirely or mostly on the platform it becomes a mis-

sion critical part of the product and any downtime in the platform itself will make the 

product unusable. On the other hand, if the platform is only used for some feature or set 

of features in a product that itself exists mostly on other platforms, the issues on the IoT 

platform don’t have as much impact. 

 

The Remote Monitoring team’s product is initially built on another platform, which 

means they do not release as often on the IoT platform. However, this will change in the 

future when they move more of their development to the newer IoT platform. Some up-

coming development projects also use the platform only as a minor part in their project. 
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Any new or existing product team that needs to access the IoT platform should be able to 

release on it. This means that new teams need to have an introduction process where the 

project architecture is made to fit the platform. The platform has stakeholders that help 

new teams with technical design and implementation for the platform. 

 

Technical structure 

The development platform consists of three parts. On the bottom level, there is the Cloud 

Platform provider and its common tools. On top of that the cloud service provider has a 

team building custom tools for the company. Lastly, the company develops its business 

applications on top of these custom and common tools. These layers build on top of each 

other as shown in Figure 3. 

 

 

Figure 3. The platform consists of three development layers, two of which are developed outside of the 

company. Upper layers leverage lower levels in their development. 

 

The platform is split into several different deployment environments as shown in Table 

6. The sandbox and development environments are used by development teams, while the 

pre-production and production environments are used by the operations team. All envi-

ronments run on the cloud provider’s services but can have different configurations, for 

example different computational resources. Each environment serves a specific purpose. 

The separation of development environments aims to increase the stability of the produc-

tion environment without compromising the ability to test and develop new features. 
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Table 6 Different environments of the platform. 

Environment Description 

Sandbox 
An environment for new teams to explore 
the platforms features 

Development 
The environment where platform teams 
develop their products 

Pre-production / User acceptance testing 
An environment for testing the release pro-
cess of new releases 

Production 
The environment connected to end-user 
applications. 

 

The platform uses a microservice architecture. Services are mostly written in Java or Ja-

vaScript.  Some services are containerized with technologies such as Docker, while others 

are not. Applications are deployed manually from source codes, although the company is 

moving to an artifact based build system where code changes are first built into artifacts 

and then those artifacts are deployed directly. In total the platform has approximately 70 

microservices including platform tools and business applications.  

 

5.2 Platform processes 

5.2.1 Introduction of new teams 

When onboarding new projects on the platform it is both in the development teams’ in-

terest as well as the platform team’s interest to have a thorough introduction. This ensures 

that the development team can leverage the existing platform tools best possible to im-

plement their features on the platform.  

 

New applications are introduced through an architecture board – helping them to build 

solutions using the platforms tools. The platform team can guide the development team 

to architecture patterns that suite the technical choices of the platform. Initially, new 

teams start in a sandbox environment and later move to a development environment. Once 

teams have initially released on the platform, they should be able to implement and deploy 

software with general oversight from the architecture board. Error! Reference source n

ot found. shows the general process a team takes to start releasing on the IoT platform. 
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At the time of this thesis there were 6-8 new teams that were looking to start development 

on the platform. 

 

Aside technical matters, the platform team also wants to manage what teams are using 

the platform and what for. The platform owners are essentially building a service for the 

development teams so that they can minimize their efforts on infrastructure and focus on 

business value creation. By having better insight of their platform, the platform owners 

can coordinate development that benefits of multiple teams on the platform. They are also 

able to lead the organizations development on a big frontier, for example IoT, and coor-

dinate requirements between customers and existing products. 

 

 

 

Figure 4 Steps that a new team takes to start releasing on the IoT platform. 

5.2.2 Software development process for existing teams 

The six teams on the platform have both internal and shared development practices. Dur-

ing requirement specification the team Scrum Master coordinates with platform owners 

and customers on the goals of the next quarter. The implementation methods are left for 

the team to decide, most use a Scrum process alongside other Agile and Lean methods, 

such as Kanban. Once features are implemented they go through a unified deployment 

process where the platform stakeholder review and approve changes. 

 

One of the influences for the process is the organization’s “Company way” process ar-

chitecture for software projects.  This process is built around a customer-driven develop-

ment process that aims to deliver solutions quickly once a market need is discovered. 



50 

 

Figure 5 shows the different stages of the process and their key activities. Most of the 

activities happen before a product is released to start, design and validate the project. 

Product teams on the IoT platforms are either in the piloting or project closing phases. 

The main constraint the process architecture is the emphasis on Key Performance Indica-

tors (KPI). This emphasis pressures the teams to select development methods that look 

good based on the indicators. Indicators are re-evaluated yearly but might lag behind 

some process innovations. 

 

 

Figure 5 “Copmany way” process architecture core components. Adapted from company internal docu-

ment. 

 

Some interviewees said that the platform is inspired by the SAFe, or Scaled Agile Frame-

work, process. However, from the managements perspective the process is not based on 

SAFe or at least does not actively pursue to be SAFe-like. It seems the initial process has 

been molded from or is inspired by SAFe, but there are no ongoing efforts to follow the 

process pattern. 

 

The process from development to production has 6 stages as shown in Figure 6 (1-2) and 

Figure 7 (3-4). 

1) Quarterly planning sessions. During These sessions requirements are collected 

from product owners and mapped on each team’s next quarters goals. If some 

goals require dependencies between teams’ products this is the forum to discuss 

them. 
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2) Development sprints. Between the quarterly planning sessions teams develop their 

product with 2-week sprints. They develop and test their own product inside the 

team. Depending on the team, every one or two sprints they release their changes 

to production. The developed features are tested in the development space. 

3) Once a team is ready to release the suggested changes go through a Change Ap-

proval Board (CAB). The change approval board consists of stakeholder of dif-

ferent parts of the process, such as testing and architecture and business objec-

tives. Its purpose is to track changes as well as help teams test and deploy the 

change. 

4) After the CAB the release is handed over to the integration testing team. It is this 

team’s responsibility to create enough tests before moving the changes forward. 

Any tests created in the first stage can be reused, but typically they are insufficient 

and do not have any integration tests, so the software cannot be released immedi-

ately. The test team will also test functionality, performance and resource usage. 

Only one team’s release is tested at a time. Because releases are tested one at a 

time, any other release waiting for integration tests are queued. 

5) Handover to the Release team and User acceptance testing. Once the changes are 

sufficiently tested the release is handed over to the deployment team along with 

deployment instructions. The changes are then first deployed to the pre-produc-

tion server. The pre-production stage is a dry-run of the release for the deployment 

team. This stage usually includes manual testing. 

6) If the pre-production deployment was successful, the deployment is repeated on 

the production servers. 

 

At any point, but typically at stages 4-6, it is possible that an issue rises which requires 

changes from the development team. Required fixes are then implemented by the team, 

typically as a high priority task as to not delay the release. After the changes are added 

the release can continue forwards in the pipeline. Fixes might also be requested if some-

thing breaks in production after the release and the operations team is not able to trouble-

shoot the issue. Because the operations and development teams are located at different 

offices these fixes are communicated through Slack, an instant messaging tool. 

 

Some components also have dependencies and integrations outside the IoT platform. In 

these cases, additional stakeholders are added to the approval and testing process.  
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Figure 6 Development process that current platform teams follow. 

 

 

Figure 7 Activities from a team’s release decision until a release is in deployment. 

 

5.3 Use of Agile practices 

5.3.1 XP practices 

The company process implements and aims for some elements of the XP methodology. 

For example, continuous integration, small releases, sustainable pace were identified as 

relatable goals for Scrum masters. The platform also has a clear test development plan 

but does not aim for test-driven development. Since the platform teams follow a Scrum-

like method it is iterative just like XP. Each release is reviewed during release by the 

CAB panel and releases are made often. 
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Overall there are few similarities and those that exist are likely a result of some XP pro-

cesses being integrated into normal software development practices. The XP process also 

doesn’t have common variants for a multi-team and multi-product environment, so the 

methodology would unlike fit without adjustments. 

5.3.2 Comparison to Scrum 

The platform’s product teams can organize their development as they see best, but all of 

them follow an implementation of the Scrum methodology. The level of adaptation and 

Scrum parameters depend on each team. Currently all product teams use a 2-week Sprint 

cycle. Each team also has a Scrum master and have daily Scrum meetings. 

 

However, unlike typically in Scrum many parts of the development process are siloed to 

different teams. For example, tests are mostly developed in a separate integration test 

team. Deployment is also separated to an operations team. The development teams are 

not as cross-functional as in many Scrum implementations.  

 

Last, teams don’t have their own product owners. Product decisions are done in the quar-

terly planning sessions by platform owners and other stakeholders together with the prod-

uct team. Product decisions regarding releases are also made in the CAB meetings, where 

most stakeholders are present. This is atypical compared to Scrum practices, where prod-

uct decisions are often concentrated on a single product owner. 

 

5.3.3 Comparison to SAFe 

Even though multiple interviewees said the platform process to be based on SAFe this 

doesn’t seem to be a management decision. Still, there can be seen some parallels between 

the process and SAFe.  

 

Since the Agile Release Train (ART) is the most integral part of the SAFe process it is 

natural to look at this component first. There are clear parallels between the essential 

SAFe process and the existing KONE process. Each team follows Scrum and uses Kanban 

to organize their tasks. Like the ART, the platform consists of multiple teams, which 

synchronize through face-to-face Product Increment meetings, in the company’s process 
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these are quarterly. Teams aim to deliver continuously, although due to process issues the 

real release cycles were between 2 and 8 weeks. 

 

Unlike in the SAFe Scrum the company’s teams have no product owner. The sprint con-

tent is defined by the Scrum Masters together with requirements coming from multiple 

stakeholders. The Program level also has no Kanban, but feature requirements are mapped 

directly on the Scrum teams Kanban boards. 

 

The platform seems to have many similarities with the SAFe framework. Platform and 

Process owners continuously collect or explore customer needs to develop the platform 

and its products forward. Due to the lengthy release periods the platform does not have 

continuous integration or deployment features, nor is it possible to release on demand. 

However, the platforms release cycle could be considered Agile and continuous, since 

there are no release schedules nor big iterations as expected from a classical non-iterative 

process. Additionally, each product update is deployed as soon as possible once its ready. 

 

It is noteworthy that larger SAFe frameworks that go beyond the essential SAFe descrip-

tion add additional organizational levels on top of the program level. Since this case study 

is limited to a single platform which corresponds approximately to a program in SAFe, it 

is enough to scope the comparison to the essential SAFe model. If a SAFe-like organiza-

tional structure is implemented above the IoT platform it is likely that adherence to a 

common model on the platform will have unseen organizational benefits, even though it 

might increase bureaucracy or have other slight negative effects on the platform level. 

5.3.3.1 Roles 

SAFe defines many roles. To take the comparison further we can look which roles SAFe 

define and wether these roles are implemented on the KONE platform. Similar to SAFe, 

the platform has a System Architect, an individual that is responsible for the design of the 

overall system architecture, elements and subelements and who oversees interfaces and 

interface collaborations.  

 

The platform has a platform owner, release coordinator and solution owner, all who work 

with end-users, comparable to customers in SAFe, to make sure product needs are 

communicated properly to development teams. These people also oversee that business 
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objectives are met. They track return on investment through key performance indicators 

(KPI) that are agreed upon in advance with upper management. 

 

There is no exact parallel to the SAFe Release Train Engineer (RTE). In the organizations 

process the platform owner is responsible continuously providing results and oversee any 

improvements, but does not hold have similar responsibilities to a “Chief Scrum Master” 

as defined in the SAFe RTE role. 

 

5.4 Platform improvements 

5.4.1 Existing pain points 

In the interviews 20 existing pain points, 8 improvement ideas, 3 improvements in devel-

opment and 1 recent improvement were identified. Each issue can further be categorized 

as a technical, a process issue, or a combination of both. Technical issues have description 

that are similar to a functionality in a technical tool and thus likely to have a technical 

solution and organizational issues are related to information flow and communication 

between people. Some issues might benefit both from a technical solution, as well as an 

process change to make use of that tool or be solved by either one. 

 

The issues can further be grouped into topics. From the issues listed in Tables 7-9 we can 

find three main topics that were common causes of negative feelings: dependency man-

agement, monitoring of services, and the CAB. 

 

Dependency management 

Dependencies and dependency-handling was an issue that came up in all the interviews. 

Because the service architecture uses microservices many applications depend on each 

other. A problem in one application, especially one that other services are dependent on, 

will make a range of applications not work properly. Issue can also be hidden in any 

dependency, or their subdependency. For example, on top of a database there can be a 

service hub receiving data from several devices and saving it. Other services are reading 

data from the database and serving it forward. If the database API is breaks it also breaks 

the service hub and this will show in the service hub’s fault monitor. However, all the 

other applications reading from the database are not aware that no new data is being added 

– thus causing silent failures.  
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Monitoring 

The monitoring issue are related to the division between a deployment and production 

team, and development teams. The pre-production and production steps seen in  Figure 7 

are managed by the production team, and the development is managed by the develop-

ment team. Any issue arising in the deployment phase that requires changes to application 

code requires communication and coordination between the development and production 

teams. The deployment and production environment access is strictly restricted for the 

production team. This practice is partly based on the service agreement between the Com-

pany and the infrastructure supplier. Since the infrastructure supplier has agreed to pro-

vide a certain service level, it wants to keep the production in their own hands as to be 

able to guarantee it. Another reason for restricting access is to unify deployment practices. 

 

CAB 

The Change Approval Board (CAB) was mentioned in all discussions as well. It is a cen-

tral part of the deployment process and functions as a communication channel between 

development teams and project owners. The board consists of approximately 5 board 

members who have a deployment meeting with the releasing team. When a development 

release is given to the board, a team lead presents the contents of the new release through 

a 10-minute presentation. The presentation showcases the release changes and what tests 

have been and should be done. In addition to project owners receiving information about 

the release, there are technical members who can assist or comment on the technical im-

plementations. Generally speaking team leads find the technical insight to be valuable 

insight while project and process owners felt that the meetings should have its discussion 

on a higher abstraction level to efficiently convey information they need to report for-

wards, such as a feature releases to the feature users.  
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Table 7 Existing issues identified in interviews. 

Num-

ber 

Description Category Quote or example Men-

tions 

1 

Unambiguous inter-

nal dependencies in 

software 

Technical 

“One challenge is that there is no 

good visibility of all the depend-

encies.” 

4 

2 

Unambiguous exter-

nal dependencies in 

software 

Technical 

A recent change in the platform 

database tool caused downtime in 

product 

1 

3 

Insufficient control 

of deployed applica-

tions 

Both 

“If there is a bug, we have no ac-

cess to the logs”  

1 

4 

Issues with integra-

tion with internal 

tools 

Technical 

“One challenge has been so far: 

SSO integration. The problem is 

that we need that if the service 

doesn’t work, we have a huge im-

pact for users.” 

 

1 

5 

Unproductive task 

division between 

parties 

Process 

“There aren’t good boundaries for 

tasks. I have some tasks overlap-

ping with [the service manager] 

or with someone else and vice 

versa.” 

1 

6 

Insufficient Forums 

to discuss with plat-

form provider 

Process 

“It might take up to two days for 

[the platform contact persons] to 

reply” – Scrum master  

1 

7 
Inefficient CAB 

meetings 
Process 

“I really think the CAB should be 

divided into two parts” 

6 

8 
Insufficient monitor-

ing of platform 
Technical 

“For example, there is a big gap 

in the monitoring … We are try-

ing to build monitoring that will 

help us see those dependencies. 

All dependencies are not clear” 

1 
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9 

Teams’ requirements 

for shared platform 

resources vary 

Technical 

“The platform is open, we need 

requirements from different 

teams and sources.” 

1 

10 

Ambiguous require-

ments for monitoring 

of applications 

Technical 

“If I’m developing a new compo-

nent I pass it to the CAB. In that 

stage, it’s not highlighted what 

that component impacts, or what 

API it uses. Or if it feeds another 

API. During CAB we should see 

that all monitoring is covered.” – 

Platform owner 

 

1 

11 

Low degree of auto-

mation in deploy-

ment 

Technical 

“There will be automation, now it 

is quite a lot manual. […] You 

can do the deployment once you 

have your code ready but it’s not 

the best tooling you can get.” 

4 

12 

Unambiguous de-

pendencies between 

software and hard-

ware 

Technical 

All hardware configurations can-

not be tested before deploying ap-

plications, which has led to partly 

nonfunctioning releases 

1 

13 
Long throughput 

time of releases 
Both 

“[There’s a] big gap when devel-

opment makes a release. It is re-

leased up to a month later. [… 

The development teams] get dis-

appointed when previous content 

is not released so fast. ”  

 

3 

14 Database migrations Technical 

“One big challenge for automated 

deployment is deploying database 

changes” 

 

1 
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15 

Configuration man-

agement of applica-

tion spaces 

Technical 

“A deployment failed and took 

significant amount of time to fix 

because of an issue caused by dif-

ferent configurations in the test 

and deployment environments” 

1 

16 
Untested backup fea-

tures 
Technical 

“Backup cases have never been 

practiced. Maybe they haven’t 

been thought throw?” 

1 

17 
Effects of downtime 

to field workers 
- 

“If something in the cloud goes 

wrong the field technicians can’t 

do their work” 

2 

18 
Pressure to release 

features 
Process 

“We don’t have deadlines for re-

leases but are expected to release 

features as soon as possible” 

1 

19 

Mismatch of expec-

tations between the 

Company and Plat-

form provider 

Process 

“There’s a mismatch of expecta-

tions between [the cloud service 

provider] and [the company].” 

1 

20 

Insufficient devel-

oper access to the 

platform 

Both 

“The deployment team does not 

allow SSH access to the deploy-

ment machines. If there is an issue 

in deployment that needs a fix, I 

cannot investigate it personally.” 

1 
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Table 8 Suggestions for improvements identified in the interviews. 

Num-

ber 

Description of suggestion Category 

1 Monitoring and dependencies should be discussed in more 

detail in the CAB. 

Both 

2 Dependencies should be sought and highlighter during de-

velopment 

Both 

3 Automatic testing should be increased Technical 

4 Teams should have stricter conventions Both 

5 Release cycle should be shortened Both 

6 Implementing configuration as a code Technical 

7 Automating the release pipeline Technical 

 

 

Table 9 Already implemented improvements identified in the interviews. 

Number Description of improvement Category 

1 Using more efficient tools when communicating about 

production issues between the production and the devel-

opment team. 

Technical 

 

Table 10 Improvements that are coming up identified in the interviews 

Number Description of the improvement Category 

1 Saving releases as artefacts instead of code to make rede-

ployment more reliable 

Technical 

2 Adding automated tests to the development process Technical 

3 Building monitoring to the platform to see dependencies 

and service status 

Technical 

 

5.4.2 Process solutions 

The deployment process has two significant handovers. First, the handover from devel-

opment to testing and QA, and then the handover from testing and QA to operations. 

Additionally, releases might go back and forth if there are issues uncovered in testing or 

deployment. To make the deployment process faster and easier these handovers should 
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be eased. This can be done by changing how responsibilities are shared between the teams 

and increasing automation. 

 

When development teams want to handover their release to the testing team they go 

through a change approval board. These meetings were considered ineffective in all in-

terviews as shown in Table 7 issue 7. In the literature review we noted that change ap-

proval boards are often a sign of potential conflicts in project objectives and constrains. 

It is also notable that unlike in typical Scrum practices the company development teams 

did not have their own product owners nor does the platform have appointed area product 

owners in addition to the solution owner. In the current process the quarterly planning 

meetings and CAB meetings jointly cover product owner responsibilities of defining pro-

ject goals and then before releases ensuring they have been met. Since there is no single 

responsible person who could greenlight a release, teams go through the board meeting 

which includes non-relevant stakeholders. Having a sole product owner or area product 

owner for each team could make the CAB obsolete, making the release process more 

Lean. Other functions of the CAB, such us technical assistance, could be then restructured 

as on-demand additional meetings between the team and platform architects. Product 

owners could then report release schedules forward to other stakeholders on and outside 

the platform. 

 

It is also notable that most of the release testing is only done after the CAB, by the test 

team. This means that the current arrangement does not meet management goals either, 

since one of the goals of CAB is to ensure proper test coverage. Management stakeholders 

do not get insight into tests that are not yet done, nor do they get a sense of the release 

schedule, since post-CAB processes can take up to a month.   

 

The development team might not be better off with an on-demand meeting as well, since 

architectural advice is likely more when the development is still in progress rather than 

just before an attempted release. A continuous approach would be to disconnect the CAB 

from the release process entirely and instead have a monthly stakeholder steering meeting 

purely for knowledge sharing purposes. This is a known practice in large organizations 

which have implemented continuous practices (Chen, 2015).  
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If product teams could release with the confirmation of a single product owner it would 

allow releasing faster and when they need, while providing transparency towards business 

and other stakeholders. Additionally, the stakeholder steering meeting helps the teams to 

get valuable technical information before the release. Since the interval is arbitrary, the 

meeting can be held more often or seldom based on stakeholder needs rather than arbitrary 

release cycles as is done currently.  

 

Compared to DevOps practices the development teams have a variable level of cross-

functionality. Some teams write more tests during development, such as the API team, 

which means their sprints can be passed faster through the release pipeline. This shows 

in practice that additional sharing of responsibility can benefit the overall process. On the 

other hand, the API team also has the product which is the easiest to test, since it has 

fewer dependencies with hardware. To ease handovers between development teams and 

the test teams the company should continue sharing more testing and QA responsibilities 

to the development teams. This would then free resources from the testing team to facili-

tate and establish proper testing frameworks for teams whose tests require more complex 

testing platforms and integrations to hardware. 

 

To lessen the friction between the handover to the operations team, it should be able to 

implement enough automation and monitoring so that their collaboration with the devel-

opment and test teams is more seamless. Currently, the slowness of deployments length-

ens the feedback loop between release handoff and potential changes needed due to op-

erational issues. One team lead explained that this delay gave them serious headaches 

when they had to re-start development for a feature to develop fixes even though the 

release was already handed off two sprints ago. In addition to automation, having good 

monitoring systems would allow teams to monitor their applications in production and 

allocate time for optimizations before the system slows down visibly for users, yet they 

could only on spend time optimizing features that require it. 

5.4.3 Technical solutions 

Many of the identified technical issues revolve around automation. The common factor 

with dissatisfaction with the deployment process is a slow response times due to need of 

manual intervention or manual work, even though there exist methods to automate these 
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actions. For example, 3, 8, 10, 14, 20 are issues that would be mitigated if the teams on 

the platform had resources to implement automation related to Continuous practices. 

 

During the normal procedure, the deployable application is handed over to the operations 

team, which is the only team allowed to access the production environment. Since they 

have to implement deployment procedures by hand as per the instructions of the devel-

opment team, there is a possibility for communication errors in the handover process. 

This can result in either the instructions containing a mistake or them being implemented 

incorrectly. Especially in the former case it is difficult for the deployment team to fix the 

situation since it would need intricate knowledge of the application.  

 

However, if the deployment process had and automation, perhaps even a continuous de-

ployment system, all deployment instructions would be provided as code developed by 

the development team. If the development team can run the deployment and configuration 

code instructions in a previous environment it is also highly likely to work when moved 

to production as well. Even if there is some failure the latency from failure to fix is re-

duced and more definite in nature, since usually it is trivial to track down the script which 

contained the error, allowing the development team to assess the issue faster and fix it 

themselves by altering the deployment configurations. 

 

The requests for monitoring access of deployed applications were related to issues where 

newly deployed applications might not function properly or where some new issue, like 

the expiration of certificates, broke an existing application. These issues could be pre-

vented by implementing a generic monitoring and logging platform for the cloud appli-

cations. The interviews as well as communication between development and production 

teams indicate that a lot of communication is going through slack or email. Developers 

have no access to errors happening on the pre-production or production platforms. This 

lack of monitoring means that development teams do not have rich data to troubleshoot 

the issue. Instead, the responsibility is shifted to the operations team, while the develop-

ment team mainly assists them in troubleshooting. This is opposite to the DevOps doc-

trine, where everyday operations responsibility is given to the developers.  

 

One element of the problem is that reading systems logs directly from the servers might 

be troublesome once containerized microservice applications are scaled to production. 
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Microservices are typically scaled vertically, by duplicating the application container and 

using a load balancer to rotate requests between the containers. When errors occur on a 

service, it can be hard to locate the instance which contained the problem. 

 

For these two reasons, to allow developers to access logs and overall be able to quickly 

access logs, it seems appropriate to build a monitoring platform, which developers could 

connect to their applications. This would provide centralized and shared access to the 

insides of an application, without compromising access to the production servers. Also, 

it would give development teams the tools and incentives to make their applications well 

monitored while empowering them to resolve production issues related to their own code-

base faster. An example logging architecture that is cloud service provider agnostic is 

shown in Figure 8. 

 

 

Figure 8 A proposed scalable monitoring architecture where developers can view logs without access to 

the production environment. 

 

 

This technical tool is related both to the issues 3, access to production systems, and 8, the 

implementation of monitoring. For the reasons described in the previous chapters, the 

monitoring should be implemented in a way that lets developers to embed it to their own 

systems, thus closely monitoring all sub-processes in their applications. Since these mon-

itoring activities are collected to a common portal, it can be used to construct a dashboard 

that shows general information of the entire system – not just a single service. 
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This developer focused approach can be more efficient than a monitoring system where 

a monitoring team would attempt to monitor all features by creating external continuous 

tests. These two options are not exclusive. Developer logging is more useful when issues 

are caused by application logic since they can give rich data about database queries or 

different stages of API requests. They might not be as effective in alerting of problems as 

solving them. On the other hand, the more holistic end-to-end tests also monitors the 

whole infrastructure and can provide an overview whether services are available to users 

or not. 

 

These topics are also related to the issue 10, the ambiguous dependencies between project. 

As the wording hints, the issue is not a result of bad monitoring practices, but rather the 

lack monitoring at all. To some extent, adding monitoring could also affect the issue 20, 

negative consequences of developers not having access to deployment environments. If 

the monitoring tools are good enough there is no need to access the production environ-

ment. However, this is true only after monitoring and logging are implemented to a level 

where they are at least if not easier to use than typical remote access. 

 

Issues 11, 14, 15 all relate to the deployment-production pipeline. However, they are 

somewhat vague in their descriptions. Pushing automation forwards seems to be a com-

mon goal in both management and development teams. Still, there doesn’t seem to be a 

common roadmap of implementing automation features, nor a consensus on what are the 

features that are needed to alleviate current issues. The platform has a dedicated DevOps 

employee responsible of improving testing and automation. To properly implement 

DevOps the mentality and workload would need to be spread out more evenly to different 

parts of the platform and different teams. Additionally, the term DevOps is understood 

differently by different people in the organization. Some hold the more traditional view 

of DevOps being a thorough mindset needed in both the developer and operations side. 

Other view it as a single role between developers and operations. Improving communi-

cations and having a plan for implementing DevOps could help implementing and bene-

fitting from the methodology better. 

 

Issue 14 is a part of the deployment process that was seen as problematic during deploy-

ment. Database migrations are done by hand, and sometimes if there is some slight dis-

crepancy in the schema in the database the developers used to make their own tests and 
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the one in the production environment the deployment is likely to have problems. This 

issue could be resolved with automatic schema migrations. This would take the deploy-

ment one step closer to a high level of automation and reduce need complexity of the 

deployment instructions given by the development team to the operations teams. 

 

Issue 15 is solved by suggested improvement 6. Making space configuration follow the 

“configuration as a code” paradigm would reduce the state-like environments and move 

them towards being replicable stateless spaces. This would also help moving from manual 

configuring to automated or semi-automated (“at will”) processes. 

 

Last, there are issues 1, 2, 4, 9, 12 which are all related to interconnectedness and require-

ments between applications. This is a multi-faceted technical issue as it might require 

both reimplementation of existing systems as well as inclusion of versioning systems and 

development practices. There exist processes for versioning APIs, such as the Semantic 

Versioning system, that could help reduce issues. This would require that platform tool 

developers as well as product developers start using the system. Since some platform 

services connect to third party APIs they would likely not be versioned with the same 

system. These APIs would require additional monitoring to ensure they stay compliant. 

Implementing a versioning system also requires that all teams abide to it. Thus, successful 

implementation would likely require both technical and process changes. 

 

Based on this analysis most technical problems can be traced to three root causes. 

1) Unnecessary manual operations in the deployment pipeline 

2) Monitoring and instrumentation of applications 

3) Insufficient versioning of and supporting version systems for internal APIs. 

 

5.4.4 Combination solutions 

We can see that the previous chapter’s technical implementations also mitigate or help 

solve some process issues, such as issues 3 and 5. Issues 13 and 20 are also mostly solved, 

if by implementing technical features the need for process changes is eliminated or greatly 

reduced. Similarly, issue 17, which is not so much a specific paint point but a direct con-

sequence of all issues, can be mitigated by fixing other problems.  
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Agile and Lean methodologies bring new problems with them, such as how to market and 

inform customers or stakeholders of features, since there are release schedules are avail-

able very little time before the releases. There should be some way to estimate the lead 

times of features and to give sufficient transparency for product owners to help them 

communicate progress of the product portfolio. Even though a clear release schedule 

might be hard to achieve there are several bench marks for a feature, such as the start of 

Scrum period which contains the change. If the deployment is fast and reliable enough, 

the feature can be released at will or even on a scheduled timetable based on customer 

and marketing needs. 

 

Issues 18 and 19 remain unsolved as they include several stakeholders that are outside of 

the study scope. However, issue 18 is a noticeable drawback of Scrum, when backlogs 

are filled with issues and there is pressure to prioritize development of features, thus leav-

ing less time for maintenance or other quality of life improvements. This could be fixed 

by redefining priorities or by moving to a less strictly timetabled Kanban based continu-

ous development prioritization. 

 

All in all, it seems that many issues can be mitigated by circumventing them with proper 

technological frameworks. The implementation of them is non-trivial, especially consid-

ering that they need to be developed around existing projects. 

5.4.5 Solution reception and eligibility 

To validate these conclusions a workshop was held The workshop slides are presented in 

Appendix B. The validation included four topics based on the root causes described in 

the previous chapter. Automatization was divided into two parts based on two viewpoints: 

creating an automation pipeline and changes in processes.  

 

The four topics were: 

1) Automation pipeline 

2) Monitoring and instrumentation 

3) Versioning and dependencies 

4) CAB changes 
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The automation and monitoring topic presented a sample architecture and previously dis-

cussed redistribution of monitoring responsibilities. These sparked a lot of questions con-

cerning tools and features. Since the IoT platform uses a single cloud provider some con-

cerns were raised about if the architecture is possible to implement on the provider’s ser-

vices. On the other hand, the monitoring tools were used as benchmarks to compare con-

cepts to existing tools. For example, configuration as code might be compared to existing 

tools like Chef and Terraform, which are both configuration management software. Con-

cepts like automatic deployment also started discussion about requirements of specific 

features like service discovery, versioning and dependency management.  

 

Because the platform is for IoT, an additional concern was how can hardware and hard-

ware integrations be tested automatically. There exist simulated as well as real hardware 

tests in the company’s other products, but not as automated as a continuous deployment 

process would require and not with all the devices used by development teams on this 

platform. 

 

Another common concern was the cost of implementation of new architecture and fea-

tures. This is relevant especially in regarding automation, since it requires substantive 

efforts in developing the infrastructure. Participants raised a concern that additional re-

sources would need to be recruited to do the development and that such an investment 

requires an estimation of monetary benefits.  

 

The architectural descriptions sparked more specific questions about their implementa-

tion. It is not surprising, as implementation requires knowledge and decisions down to 

the very last detail, while architectural descriptions can make complicated pieces look 

simple. Based on the workshop, to facilitate adaptation a more detailed implementation 

descriptions should be made compared to those provided in the presentation. This could 

be further supported with more detailed specifications or examples of typical tools used 

in a continuous release pipeline and service monitoring. 
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Figure 9 Suggested automation pipeline. From (Chen, 2015) 

 

In the automation pipeline suggested design, as seen in Figure 9, the automation pipeline 

shows a last “manual step” before acceptance to deployment. The production team lead 

was concerned if such a step is needed. If tests were already automated, and that if it 

existed, it would allow people to do poor automatic tests, and compensate by doing man-

ual tests, which would then dilute the efficiency of the system. At least, it would not make 

sense to have a manual step unless it is clearly defined for what tests or steps is that phased 

used for. 

 

Process change suggestions were taken positively. This topic included two suggestions, 

to increase a DevOps mentality and redesigning the CAB meetings. DevOps methodology 

was suggested to be developed through increasing developer responsibilities in testing 

and releasing and giving them more tools to get insight and monitor their application later 

in the production cycle. CAB meetings were suggested to be changed to a general Product 

Stakeholder Meeting (PSM), were teams could discuss their direction and search for re-

sources in difficult technical issues. This meeting would be a biweekly or monthly meet-

ing that, unlike the CAB, is unrelated to the software release schedules. 

 

The DevOps mentality was considered good and at least agreed upon on an idealistic 

level. One concern raised was that developer KPI is based on issue speed from backlog 

to the next team. This KPI does not encourage a process were work in weighted on the 

beginning of the development cycle, rather developers are easily encouraged to move 

work forwards as fast as possible. This is especially important considering testing, which 

can be done both inside development teams as well as later by the testing team.  

 

One participant noted that current system monitoring is mainly driven by business re-

quirements, such as tracking uptimes, and that focusing on developer tools could help 
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boost development. Moving from the CAB to a PSM did not elicit any strong feelings, 

even though this was the most common topic during interviews. The new meeting sched-

ule would be close to identical of a CAB system with current release intervals, while 

allowing a faster release cycle if needed. 

 

It is notable that the fourth topic, versioning, did not have as extensive literature material 

available as the other topics. Because of this the suggestions were not as extensive com-

pared to those of the first three topics. Rather they consisted of a stricter set of guidelines, 

namely Semantic Versioning, as well as a stricter attitude to following it was suggested. 

It is notable that this was still an important unsolved problem, which is hard to solve since 

it requires technical changes as well as significant efforts from developers contributing to 

different parts of the platform. The participants agreed that proper versioning requires 

focus on two sides, whoever is developing the interfaces as well as those using them.  
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6 Discussion 

6.1 Discussion of results 

The aim of the study was to identify pain points of the development platform and identify 

where adopting software development process methodology would aid development ef-

forts. The study identified many pain points that are like those found in studies looking at 

adaptation of agile development patterns in other organizations with embedded system 

development projects.  

 

Additionally, some paint points were identified that were not related development pro-

cesses but practical matters in development and deployment arrangements and lack of 

advanced tooling designed to accommodate for the needs of multiple distributed teams. 

 

The analysis in conjunction with the literary review was able to find multiple suggestions 

that have been shown to work in other circumstances, as well as a number of suggestions 

that were more specific to the organization’s unique challenges. Unfortunately, it was not 

possible to include the implementation and measuring of effects of the changes to the 

platform in the study.   

 

Each of the four improvement points were based on theoretical analysis of software de-

velopment processes. This study did not include implementation and measurement of the 

suggestions, nevertheless their impact should be estimated to get a comprehensive picture 

of their feasibility. The literature review highlights three case studies, where different 

agile frameworks are implemented, in similar organizations and shows that even though 

agile methods have mostly positive effects they have some drawbacks as well. A com-

parison between the suggestions and the case studies and the frameworks they use can 

help validate and further point in the right direction in how to implement these sugges-

tions and what results could be expected. 

 

Automation pipeline  

Improving the automation pipeline resolved many issues voiced by the platform mem-

bers. Case studies point a strong correlation of automation with productivity increase. 

Productivity issues were not a direct source of concern in the interviews, but productivity 

would on likely rise from the resolution of these issues. The case studies covered do not 
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make conclusions on why automation increases productivity, other than that the shortened 

feedback and iteration length has a positive effect. If productivity increases could be pre-

dicted, it might also alleviate the concerns of costs, since performance increases are di-

rectly paying back costs of infrastructure development. 

 

Monitoring and instrumenting  

None of the three case studies looked in more detail give direct technical suggestions. 

They do point out that instrumenting process variables are also important, but that is 

mainly a technical consideration. 

 

Process changes 

The case studies validate that the CAB is not a common part of a deployment pipeline but 

disagree on how its functions are replaced. SAFe and Scrum have PI meetings and cross-

functional meetings for planning. This validates that a solution such as the PSM could be 

good. However, one case study pointed out that development departments prefer less 

meetings and companies showed good results when moving to a lean planning schedule. 

 

Versioning and dependencies 

Even though the studied frameworks don’t have an opinion on the actual method of ver-

sioning, SAFe does consider dependencies between teams. SAFe recommends having 

large PI meetings with all stakeholders in the Agile Release Train. The quarterly planning 

meetings of KONE resembles these meetings. However, they happen at a slightly sparser 

interval than what is recommended for SAFe processes. Still, it seems that dependency 

issues are more nuanced and related to QA issues, such as bugs when interconnected 

services are updated. When considering quality and especially reliability the different 

case studies agree that automated testing and deployment are the best solution. 

 

 

6.2 Reliability, validity and generalizability 

Verification of qualitative results can be difficult. The quality of analysis results can be 

to be elusive, not measurable by any metrics but obvious when present. Nevertheless, 

findings should have quality and be credible. Quality means the findings must be innova-
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tive, thoughtful and have a creative component. Credible means that the findings are trust-

worthy and believable and reflect experiences of the phenomenon and show that the con-

clusion as the only possible interpretation from the data. (Corbin & Strauss, 2008, pp. 

297–302) 

 

Validity in qualitative research is measured by how appropriate the tools process a data 

are in the context of the study goal.  The study collected material from six interviews as 

well as observations and a follow up discussion. The interview subject was neutral, and 

participants gave reliable information backed with real world examples. Some interview-

ees might have an incentive to sugar coat their responses to keep a good image of the 

organization and their coworkers. Study participants were able to openly share infor-

mation about the study subject and enough information could be collected to construct a 

clear picture of the existing processes in the organization.  

 

Some Qualitative Research guides recommend sampling more extensively, continuing 

interviews until no new material surfaces. This could have increased the validity of the 

study, as well as helped to analyze participant issues more deeply, if there were more 

viewpoints of the same issue. 

 

Without implementing and measuring any changes it is difficult to tell if all things per-

ceived as hindrances hindered the effectivity of the organization. Some changes are 

backed up by previous examples, and therefore will likely increase development perfor-

mance. Others align with general good principles in agile and lean software development 

practices. 

 

Replicability refers to the replicability of the process and results. The material analysis 

was done based on basic qualitative research principles. Still, it is always possible that 

researcher bias seeps into the analysis phase. This was considered by taking the initial 

analysis results and presenting them to stakeholders at a meeting. This gave more data 

about different viewpoints to same issues as well as gave respondents an opportunity to 

correct any misleading conclusions. 

 

Generalizability refers to how well the study results are applicable in other contexts. This 

thesis connects to numerous studies done in the area of embedded system and embedded 
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software development. On the other hand, the thesis has some original findings that are 

scarcely mentioned in existing literature, or are mentioned outside the context of SD pro-

cesses. Since the thesis studied a single case it is difficult to estimate how general these 

specific problems and their solutions are. However, it is likely that other organizations 

have similar issues as well, since these problems related to issues in for example meeting 

practices and interaction with third parties, which are common activities done in all or-

ganizations. 

6.3 Further research 

This study was able to show that many issues have text book solutions, even if every one 

of them did not. This suggests two things, first the modern Agile, Lean and DevOps pro-

cess philosophies have been able to pinpoint a large group of common software develop-

ment issues and a toolset that can solve them in a general situation. Second, it highlights 

the issue that every framework must be adapted to its environment. This raises the ques-

tion if there is enough information available that what factors in an organization or system 

lead to certain modifications in the toolset. 

 

Implementation of new methodologies is often extensively documented in business ori-

ented semi-scientific books written by consultants and experts. On the other hand, peer-

reviewed scientific literature in the same area can be lacklustre. Still, many studies point 

out that to implement a methodology efficiently there needs to be external help and train-

ing provided to the organization employees. However, few or no studies explained what 

information an external observer brings to the table and how does he analyse and adjust 

the methods to work for the organization. 

 

Similarly, many studies list properties and tools used in Agile or Lean methods with a 

disclaimer that all organizations are unique. Few studies have been able to pinpoint which 

factors lead to different requirements for the methodologies and ultimately different styles 

of adaptations. 

 

Further research would be needed to create an understanding how organizations and their 

systems can be analysed to correctly pick a set of methods to fit their needs. That said the 

semi-scientific literature field will always have an edge by using the “if it seems good its 

good” methodology. The work that is done to analyse and ideate big process changes in 
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large organizations is also non-trivial. It is unlikely that all that work could be easily 

codified. Yet, even if software development processes would need to be handcrafted the 

taxonomy of methods has already been developed. Further insight into the decision mak-

ing of these process craftsmen could help implement efficient software development prac-

tices more widely. 
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Appendix 

A. Interview template 

Themes: 

- Team operations 

- Project portfolios, coordination and communication between teams 

- Supporting tools for processes 

 

Qestions: 

 

1. Warmup 

• Is it ok to record the interview? 
• In what department do you work? 
• In what team do you work? 
• In what role do you work? 
• How would you describe your tasks? 
• What is a typical work day for you, for example the previous one? 

 

2. Communication inside teams (processes) 

• Does your team use a development process? 
• How are products chosen for development? 
• How are features chosen for development? 
• How are projects timetabled? 
• What is the process from feature creation to production? 
• Does your team support the released products? 
• What is your position in the development process? 
• Are there feature requests, fix requests or other tasks that come from outside 

the process? 
• What leads to this? 
• How are these situations handled? 
• If not, who deals with the further development or issues like bugs or de-

fects? 

 

3. Project portfolio, coordination and communication between teams 

• What projects does your team work on? 
• How do you see your team compared to the others? 

• Is your team specialized in an area? 
• How do you communicate with other teams? 

• What are the biggest needs for communication between teams? 
• What are the largest obstacles for communication between teams? 

• How are projects coordinated between teams? 
• What common touch point do different teams and projects have (tools, meet-

ings etc.)? 
• How are these shared touchpoints and assets coordinated? 

• Do you follow the development of shared assets? 
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4. Tools that support development 

• What tools does your team use? Digital tools e.g. Version control, and physical 
tools e.g. a flip board 

• How is project progress coordinated? 
• How do you use the following tools: 

• Project management tools (scheduling, ticketing, feature and bug 
requests) 

• Version control 
• Environment management 
• Package manager both for deployment and dependencies 
• Testing tools 

• Local tests 
• Tests on the cloud platform 
• How do you participate in tests development or planning? 

 

5. “Low hanging fruit” 

• If you could change anything in the development process what would you 
change? 

• Are there other topics that you find relevant to this discussion? 

 

6. Overview and recap 

• The main topics are recapped, and possible unambiguous details are confirmed 
from the interviewee 
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B. Workshop presentation 
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