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Abstrakt 

Software proces je efektivním nástrojem pro softwarové firmy na zodpovězení citlivých prvků, které 

softwarová produkce obsahuje. Zároveň minimalizuje risky špatně provedených kroků v procesu, 

které jsou hlavně ve softwarové produkci značně drahé.  Software proces je o to víc příznačný v dy-

namickém prostředí startupu orientovaném na risk, které se snaží nereflektovat omezené zdroje na 

kvalitě produktu. Někteří autoři věří, že metodika zlepšení softwarového procesu je příliš rigidní pro 

malé podniky s omezenými zdroji. Tato diplomová práce kombinuje etablované metody zlepšení 

softwarového procesu, které zajišťují metodický rámec a metriky evaluace, s moderními trendy soft-

warového vývoje – agilními metodikami tak, aby zajistila jejich aplikaci na model startupu. Startu-

pový model organizace, které je rovněž stoupajícím trendem softwarových organizací. Navíc tato 

práce nabízí podrobný popis kroků v procesu softwarového zlepšení, které může sloužit pro další 

implementace.  
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Abstract 

Software process is an effective tool for software companies to answer to delicacies of the software 

production while minimizing the costly risks badly executed steps of software production result in. 

Especially in dynamic and risk oriented companies such as startups, who are operating in specific, 

limited conditions while trying not to reflect them on the product’s quality. Software process im-

provement a method which can provide startups with stability and process’ efficiency. Many argues 

that software process improvement is too rigid for small companies with limited resources. This 

thesis, however, combines established software process improvement methods, which provide 

framework and evaluation metrics, with modern trends in software development – agile methodology 

in the way it can be applied an effective application on a startup. Startup model of company as it is 

also an emerging, rising trend in software companies. On the top of that, this thesis provides a step 

by step process improvement using the aforementioned tools, which can serve as a guideline for 

further implementations.  
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Introduction 

With the technological advancement in today’s society, software product has become an insep-

arable part of corporate organizations and the progression of software study has been a dynamic but 

frequent trend in the academic field. Quality of the software production became a focus point of not 

only software companies that try to bring the biggest value to their customers, but also in the area of 

studies and researches. The specific nature of a software production requires specific methods where 

traditional manufacturing models cannot be applied. The creation of a software is an intellectual, 

creative process requiring engineering skills and imagination. This delicate nature of software devel-

opment means that many variables can positively, but especially negatively impact the outcome of 

the software production. In order to mitigate the negative outcome and to leverage on positives, there 

were multiple software process models crated to provide software companies guideline in producing 

the product. This field has been constitutionalized as Software Process Improvement.  

` While the topic of development methodologies, especially agile, is heavily studied from both 

theoretical and practical application, there are usually missing components of the studies such as 

framework and metrics to evaluate when implementing one. The proposed thesis aims to address this 

gap and contribute to the case studies on software process transformation. It seeks to do so by using 

the combination of established models, but also tailored and customized models in a specific envi-

ronment of a startup. What this thesis attempts to answer in comparison to its counterparts, is not just 

how to improve software processes – e.g. application of agile methodologies, but also why and what 

is being improved. More specifically, the presented thesis will consider several models in the field 

of software process improvement and software process methodologies, in order to create a tailored 

model best suited for startup companies.  

 The thesis is divided into two parts. The first, theoretical one, focuses on defining key con-

cepts used throughout the research. It starts with providing definitions and classifications on startup 

companies and their specifications, which later influence decision making in tools used in the re-

search. The next part continues with definition of software process and various models of processes 

which are widely used. Integral part to a software process is individuals, and software teams. This is 

reflected in the next subchapter. Finally, software process improvement is conceptualized as a central 

focus of this thesis. Software process improvement is then reviewed from the point of current re-

search and genesis of the field. The second chapter is important to highlight the background behind 

choosing the software process improvement model for the thesis.  

 The second part of the presented thesis is a practical research conducted on the chosen 

startup. It opens with providing contextual framework of the researched startup which played an 

integral role in the research shaping. Next, the methodology using multiple models of software pro-

cess improvement, and project and agile methodologies is synthetized and there are four hypotheses 

conducted.   

 A detailed guideline throughout each step of the chosen model is laid out in the rest of the 

chapters, among the improvement plan and revised process model as a result. Impacts on the startup’s 

organization are also described. Finally, the thesis concludes with interpretation of the researched 

data and answers the researched questions asked when proving the defined hypotheses of the thesis.  
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1 THEORETICAL BACKGROUND 

In order to construct a theoretical framework and describe methodology used in the research of 

this thesis, it is important to start with clear definition of key terms used throughout the work. All 

concepts laid out in the following chapter were either subject of the research or played important role 

in decision making during the research.  

1.1 Startup company  

A startup company is a term spurring from the entrepreneurship activities. One of the most 

prominent authors in the field of startups, Steve Blank, defines startup as a “temporary organization 

in search of a scalable, repeatable, profitable business model.”1 It is not just a smaller version of a 

large organization and should not be studied nor led this way. In another definition, startups are 

considered starting points for young companies that aim to “develop a unique product or service, 

bring it to market and make it irresistible and irreplaceable for customers.”2 Startups operate in high-

paced environments of innovation as they wish to create yet not existing goods and services and fill 

the hole in the market for unaddressed needs of customers. They are known as “disruptors”.3 

1.1.1 Startups classification 

Blank classifies startups into 5 categories based on their scalability, origin and potential.  

 

A) Small Business Entrepreneurships  

are startups that were created in order to answer one specific need, usually one of founder’s. These 

are normally service-oriented businesses like gas stations, dry cleaners and do not have ambition to 

become more sophisticated companies.  

B) Scalable Startups  

Majority of technology startups are defined as scalable. The vision of these startups is to change the 

world and transforming the startup into a large company of millions of sales. These startups require 

large investments in order to scale to these ambitions.  

C) Buyable Startups 

were created to be sold. Goal of these startups is to create and establish product on the market in 

order to raise their value and profit from the sale to a buyer, usually larger companies.  

D) Large Business Entrepreneurships  

When large established companies experiment with disruptive product, innovations or another busi-

ness models, they fall into this category.  

 

 

 

 
1 Blank, Steve, and Bob Dorf. 2012. The Startup Owner's Manual: The Step-By-Step Guide for Building a 

Great Company. California: K & S Ranch, Inc., p. 16.  
2 Baldridge, Rebecca, and Benjamin Carry. 2021. “What is a Startup?” Forbes. https://www.forbes.com/advi-

sor/investing/what-is-a-startup/#544a2a9a4c63. 
3 Ibid.  
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E) Social Entrepreneurs   

are created to change the world using nonprofit innovation model. Rather than profits, social entre-

preneurs seek solution in health, water, environment, agriculture, etc.4 

 

1.1.2 Startup's characteristics 

 Approaches in startup business model developments, management and internal organization 

are accustomed to the specifications and difficulties startups face in comparison to other organiza-

tions. Startups are temporary organizations that wish to stop being startups and start being mature 

companies. Two very important variables in that process are time and money, and both tend to be 

limited in case of startups. 

The success of startups depends on their financing. Most startups start with founder’s own 

capital and are self-funded. From there, startups tend to proceed in one of these financing models:  

 

Bootstrapping  

They try to continue using founder’s personal savings in what is called bootstrapping. Bootstrapping 

is financing a startup with limited funds, where through hard work, confidence, risk-tolerance and 

determination the startup aims to become self-sustaining using sales profit from customers.5 

Angel investor 

Another option for startups is to seek investment from so called angel investors. These invest in 

startups in their early stages in exchange with agreed portion of equity ownership interest. Other than 

financial resources, angel investors usually provide startups with consultation, partnership and cus-

tomer network, contacts to potential employees, lawyers, accountants, etc.6 

Venture capital  

This type of financing is provided by established investors, investment companies or other financial 

institutions. It is hard to obtain as investors are looking for startups with long-term potential and high 

growth. The venture process is very time consuming, as it consists of several negotiations and docu-

ments/contracts preparations. Venture investors also expect a significant amount of return, not only 

in forms of finances, but also in form of decision-making, rights to sell, approval vetoes, etc.7 

Crowdfunding  

is a quite new tactic to raise funds through multiple sources. These sources are found on crowdfund-

ing websites, which help startups to start their campaigns and promote its products and/or services. 

The more compelling or inspiring story behind the startup’s launch, the bigger chance of raising the 

funds.8 

 

 

 
4 Blank, Steve, and Bob Dorf. 2012. The Startup Owner's Manual, p. 16-18. 
5 Kenton, Will. 2020. “Bootstrapping.” Investopedia. https://www.investopedia.com/terms/b/bootstrap.asp. 
6 Harroch, Richard D., and Mike Sullivan. 2019. “Startup Financing: 5 Key Funding Options For Your Com-

pany.” Forbes. https://www.forbes.com/sites/allbusiness/2019/12/22/startup-financing-key-options/. 
7 Hayes, Adam. 2021. “Venture capital.” Investopedia. https://www.investopedia.com/terms/v/venturecapi-

tal.asp. 
8 Harroch, Richard D., and Mike Sullivan. 2019. “Startup Financing: 5 Key Funding Options For Your Com-

pany.” 
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Concept of time in startups is important in two dimensions. First one is time spent on produc-

ing the product/services. The amount of time startups have is dependent on the financial resources 

and financing model of a startup. If time spent on production exceeds resources, product can never 

launch, and startups fail before even entering the market. Second dimension of time in startups is 

product launch on its own. Startups need to understand when is the right time to launch the product 

while also surpassing their potential competition.9 As mentioned earlier, startups are disruptors. 

However, there is no assurance some other startup does not have the same idea in disrupting existing 

markets with similar, or even same product/services. Startups need to be quick to act and understand 

when to launch and/or when to look for investments. This, however, cannot be based on a random 

hunch. It takes deep understanding of all variables that play role in successful time management – 

understanding your product, your market, your competition, your resources.  

These two factors in startups create a high pressure and dynamic environment as it has to 

continually address changing conditions within both external and internal dimensions. When the fi-

nancial resources are limited, it puts a significant pressure on the founder and the team. Limited 

financial resources lead to limited time resources and this can create a chain of side effects and de-

cision making under pressure. Production can be rushed; quality of the product can end up worse 

than initially envisioned and growth of a startup and its employees can be inhibited.  

Other characteristics of startup include your and immaturity, as there is a very little accumu-

lated experience. On the other hand, startups operate in a dynamic, flexible organizational or process 

structures. It accommodates the newest technologies, communication channels and more.10 This 

high-paced model and quick adaptation serve as a benefit in comparison with established companies.  

 

1.2 Software process  

Second of all, the thesis will expand on the software process definition. Software process is 

described by Humphrey as: “the set of tools, methods, and practices we use to produce a software 

product.“11 Processes overall guide organizations through every step of their production and opera-

tions to assure efficiency and high-quality product. It is not different in software development. Soft-

ware process has certain specifics in comparison to other process management industries. The soft-

ware engineering is not a routine activity like a repetitive manufacturing. It is, as author suggests, an 

intellectual process that has to flexibly adjust to the creative necessity of software developing.12 Due 

to its distinctive nature in comparison to other manufactural production processes, failures in 

 

 

 
9 Forourharfar, Amir. 2014. “Entrepreneurial Timing Theory : Time Entrepreneurship and Time Strat-
egy.” Asian Journal of Research in Business Economics and Management 4 (11): 1-27. https://www.re-

searchgate.net/publication/268031860_Entrepreneurial_Timing_Theory_Time_Entrepreneur-

ship_and_Time_Strategy, p. 2-3.  
10 Sutton, Stanley M. 2000. “The Role of Process in a Software Start-up.” IEEE Softw. 17: 33-39. 

doi:10.1109/52.854066, p. 34.  
11 Humphrey, Watts. 1989. Managing the Software Process. I. Addison-Wesley Professional, p. 10.  
12 Humphrey, Watts, 1989. Managing the Software Process, p. 247-248.  
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software development can be quite costly.13 Next subchapter unfolds basic components of a software 

process and different approaches modeling the process.  

1.2.1 Parts of a software process 

There can be found various outlines and views on how software process can be divided into 

individual parts. According to Sommerville, there are:  

 

1. software specification  

 it is a process when the system’s requirements are being identified. List of functionalities of the 

software product is then listed and analyzed  

2. software design and implementation 

customers’ needs and requirements are then translated into executable software system in form 

of software architecture, data models, etc. The system is then produced and delivered through 

implementation and coding  

3. software validation  

this stage summarizes all parts of testing, but also regular checks of the software process  

4. software evolution 

is a stage when the software continues to evolve and improve to meet customer’s needs14  

 

Traditional division of a software process is known as Software Development Lifecycle 

(SDLC). It consists of 5 parts: 

1. Requirement analysis  

customers’ requirements are defined 

2. Design 

requirements are designed into an architecture of the final product, desired software is designed 

and documented. Programming language, used technology and system’s architecture is chosen 

3. Coding  

the product is being coded using programming languages, usually in smaller parts or units  

4. Testing  

the developed product is tested in a set of quality assurance, beta tests, unit tests  

5. Maintenance 

the product is delivered to the customer and maintained throughout its usage. It can be debugged 

and there are new versions of the code deployed answering to customers’ usage and feedback 15 

 

 

 
13 See for example: Di Tullio, Dany and Bouchaïb Bahli. 2013. "The Impact of Software Process Maturity on 
Software Project Performance: The Contingent Role of Software Development Risk." Systèmes d'Information 

Et Management 18 (3) (09): 85-116,147. https://www.proquest.com/scholarly-journals/impact-software-pro-

cess-maturity-on-project/docview/1491961460/se-2?accountid=17203. 
14 Sommerville, Ian. 2011. Software engineering. 9 ed. Boston, US: Pearson Education, p. 6.  
15 Dora, Sumit Kojar, and Pushkar Dubey. 2013. “SOFTWARE DEVELOPMENT LIFE CYCLE (SDLC) 

ANALYTICAL COMPARISON AND SURVEY ON TRADITIONAL AND AGILE METHODOL-

OGY.” Abhinav institute of technology and management 2 (8). 
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Some other definitions of SDLC provide also a sixth stage named Deployment, which is placed 

between Testing and Maintenance. Deployment is a specific stage when the newly produced code is 

successfully tested, the code moves on to the production for the customer to use.16 The existence of 

an individual stage for Deployment implies that the act of moving the code to the production consists 

of many partial actions which should not be neglected, such as system integration or security check.  

 Some other divide Requirement analysis to two stages of Planning and Defining.17 Stage of 

planning is used for deadline and guidelines identification, resources planning and feasibility study. 

Defining focuses more on the business requirements on the software product.  

1.2.2 Software Development Lifecycle Models  

Specific parts of a process and the method of advancement are specified in models of SDLC. 

Most common SDLC models are waterfall model, incremental model, spiral model, prototype model, 

V-model and agile. As there is an individual subchapter for agile methodologies, the rest of the mod-

els are laid out below.  

 

Waterfall model  

uses basic SDLC stages. What is specific for the waterfall model is sequential advancement through 

different stages and is also referred to as plan-driven, as the software product is thoroughly analyzed 

and planned before moved to the production phase.  

Incremental model 

uses SDLC stages but in a series of versions (increments) while each new version contemplates the 

older one with added functionality18  

Spiral model  

is a combination of both sequential and incremental models placing more emphasis on risks analysis 

and overall risks management. This model uses different stages than ones identified in SLCP. These 

are planning, risk assessment, development & validation, evaluation of results and plan of next 

loops.19  

Prototype model  

does not differ from the incremental or waterfall models in terms of stages, but uses additional 

method called prototyping. Prototypes are initial versions of a software system. Usually, they are 

used to initially try out different design options. Building prototypes can help the software teams 

validate designed functionalities against the requirements, as prototypes allow users to visualize how 

the final product will look like.20 

 

 

 
16 See for example, “SDLC (Software Development Life Cycle) Phases, Process, Models.” 2021. Software 

Testing Help. https://www.softwaretestinghelp.com/software-development-life-cycle-sdlc/. 
17 See for example, Kazim, Ali. 2017. "A Study of Software Development Life Cycle Process Models." Inter-
national Journal of Advanced Research in Computer Science 8 (1) (01). https://www.proquest.com/scholarly-

journals/study-software-development-life-cycle-process/docview/1901446145/se-2?accountid=17203. 
18 Sommerville, Ian. 2011. Software engineering, p. 27-29. 
19 Alshamrani, Adel, and Abdullah Bahatab. 2015. “A Comparison Between Three SDLC Models Waterfall 

Model, Spiral Model, and Incremental/Iterative Model.” IJCSI International Journal of Computer Science 12 

(1): 106-111, ISSN: 1694-0784, p. 107.  
20 Ibid, p. 45-46.  
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V-model  

is based on the waterfall model but answers one of the biggest shortcomings of it – lack of testing. 

V-model integrates tests throughout all processes of requirements, specification, and design. There 

are 4 type of tests used in this model, which are also part of other SDLC models in the testing phase: 

• Unit tests – are tests executed on the code of the new functionality produced  

• Integration tests – test the newly produced code against the other components of the module, 

whether it coexists and communicates properly  

• System tests – test the whole system and its communication with external systems  

• Acceptance tests – are tests conducted on user’s environment and check the functional-

ity/product on customer’s requirements21 

 

1.3 Agile methodology 

Third integral part of theoretical background of the proposed thesis is agile methodology and 

its usage in software development. Agile methodologies emerged as an alternative to heavyweight 

software development. Traditional plan-driven development, or a waterfall model as described in the 

previous subchapter, had shown certain shortcomings and asked for a more flexible development 

methodology that could react to the dynamic and ever-changing nature of not only software engi-

neering, but also software implementation and requirements of the customers.  

1.3.1 Traditional vs. Agile 

As the name suggest in waterfall model, development team moves on to the next stage only 

after the previous stage is fully finalized and thoroughly documented. This model is extremely easy 

to use and adapt and with numerous benefits such as clean code, thought through design and on time 

delivery. On the other hand, there were certain limitations to the model. For example, design was not 

adaptive and the whole process needed to start over when any discrepancy was identified. It also 

does not provide customers any way to include their feedback in the software development process. 

Internal testing of the product is also delayed to the end of the process and debugging so late into the 

development, can be quite lengthy if there is any bug found in an integral part of the product.22  

In order to address these limitations and keep the level of quality of a software product, an 

iterative, incremental method of development became an integral part of all agile methodologies. 

Incremental approach in software development allowed teams to go through the whole process of 

design, coding and testing in timeboxed iterations - all while answering shortcoming of waterfall 

model. A significant distinction between iterative model mentioned in the previous subchapter and 

agile methodology is that while incremental model releases increments that are new versions but all 

of them consists of all planned features, in agile methodology increments are partial functionalities 

of the system.  Frequent releases of agile models allowed testing team to find complex bugs in time 

 

 

 
21 Kazim, Ali. 2017. "A Study of Software Development Life Cycle Process Models." p. 19.  
22 Malakar, Sudipta. 2021. Agile Methodologies In-Depth, p. 54-55.  
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before the code progressed to other parts. It also provided customers a platform for continual feed-

back when receiving increments of their required product.  

In her in-depth analysis, Malakar mapped agile practices to traditional stages of waterfall 

model:  

 
Table 1 Malakar’s agile practice mapping to the waterfall practices23 

Integration Management Agile Planning 

Develop project charter or plan Develop roadmap and backlog 

Execute the project plan Do iteration work 

Direct, manage, monitor, control Facilitate, lead, collaborate 

Integrated change control Constant feedback, ranked backlog 

Scope and Time management Time boxes 

Collect requirements, define scope Develop and select product backlog 

Create Work Breakdown Structure Team selects features, tasks for sprint 

Control schedule Refine story estimates per team velocity 

Quality management Integrated quality 

Quality planning Responsibility of entire team 

Quality assurance QA integrated into sprints, retrospectives 

Quality control Unit testing in each iteration 

Human resource management Self-managing teams 

Human resource planning Dedicated team of 7 (plus minus 2) mem-

bers 

As Table 1 illustrates, agile practices do not abandon traditional and effective principles of 

software development which have been working for the last 60 years. Management is still needed in 

agile methodologies, but it relies more on self-management rather than control. Quality assurance 

has an important role, but the responsibility and execution are distributed among the whole develop-

ment team and is being implemented to the coding process with unit testing. Requirements are voiced 

and analyzed, but not all at once, rather in bulks. This allows product to be gradually created and 

shaped to the customers’ needs because of the continual feedback provided. It does not advocate for 

ad-hoc organization of a software team and software development. It rather changes the angle of the 

view on certain practices, rephrases essence of activities in order to comply with agile principles and 

puts emphasis on different variables than traditional approach. 

 

 

 
23 Malakar, Sudipta. 2021. Agile Methodologies In-Depth, p. 57. 
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1.3.2 Agile methodology formalization 

While separate individual models emerged throughout 1990s, the formalization of agile prin-

ciples occurred in 2001 with Agile Manifesto.24 Four values of agile software development (ASD) 

became principles of every agile method.  

 

1. Individuals and interactions over processes and tools  

Much more than other methods, agile places emphasis on software developers.25 Agile methods at-

tempt to create a team of highly skilled and motivated individuals, as it considers them to be a key 

to a project’s success.  

 

2. Working software over comprehensive documentation  

A human factor is also highlighted in this second principle. Software developers are empowered, 

because they can focus on polishing the software product rather than spend time on heavy documen-

tation.26 Clear objectives, feasible scope and valid operational results are valued over document de-

liveries and overall documents compliance.27 

 

3. Customer collaboration over contract negotiation  

A rigid and formal relationship between a supplier of a software and a customer has been revised in 

a third agile principle. Contract compliance made space for frequent communication with customers, 

regular meetings and frequent feedback all in order to strengthen customer relationship.  

 

4. Responding to change over following a plan 

An important part of agile principles is the flexibility and ability to response to the dynamic, ever-

changing instability that software development brings - be it in form of engineering process itself, 

specifications of customers/business requirements or need to deliver software products fast and with 

high-quality. Project plans, scope and cost compliance were therefore sidelined in favor of flexibility 

– of the process, system, technology, management and thus, of the whole organization. 28   

 

1.3.3 Agile approaches 

Agile methodology recognizes various individual frameworks that can be used simultane-

ously. Each focuses on certain areas of software process and develops tools in order to streamline 

the specifics within them.  

 

 

 

 
24 “Manifesto for Agile Software Development.” 2021. https://agilemanifesto.org/. 
25 McAvoy, John, and Tom Butler. 2009. “A Failure to Learn by Software Developers: Inhibiting the Adoption 

of an Agile Software Development Methodology.” Journal of Information Technology Case and Application 

Research 11 (1): 23-46. https://doi.org/https://doi.org/10.1080/15228053.2009.10856152, p. 24.  
26 Ibid, p. 24.   
27 Malakar, Sudipta. 2021. Agile Methodologies In-Depth, p. 39.  
28 Ibid.  



 15 

Scrum  

is a general framework based on agile methodology created to help teams develop, deliver and sustain 

complex products through adaptive solutions.29 It provides set of definitions of team compositions, 

roles and responsibilities within, guidelines of software process stages and additional tools such as 

scrum artifacts and scrum rituals.  

Scrum teams operate in time-boxed sprints during which an increment of product is being delivered. 

Each sprint has a defined sprint goal that is to be achieved by the end of every sprint. Both time 

limitation and goal definition provide scrum teams to be fully focused on job in front of them without 

any necessary distraction. 

Sprint goal is defined based on sprint planning which is conducted before a sprint starts. On sprint 

planning, team defines what tasks it will work on. The tasks are gathered in product backlog and are 

moved on for development only after prioritization on sprint planning. This process can also be called 

product backlog grooming.  

In the end of the sprint, there is a sprint review conducted. On sprint review, team presents increment 

of sprint to stakeholders and feedback is gathered. The teams with stakeholders define next incre-

ments of the product, so that the team can prepare for another sprint planning.  

Sprint retrospective follows, which only development team attends. There, team discusses what went 

right and what when wrong during the sprint in order to improve the points for future sprints. This is 

also a good tool to boost team’s morale in vocalizing positive parts and actions during the sprint.  

The whole process is being monitored by daily scrums. They are short, daily meetings of a team 

where they discuss progress on their tasks, obstacles they face and possible solutions are offered. 

Daily scrums are powerful tool to have daily overview on team’s work and progress, identify any 

impediments on time and overall streamline communication within the team. The need for other 

meetings is minimized and team can focus on coding.30 

The team composition, roles and defined responsibilities in Scrum are discussed in the following 

subchapter. 

 

Extreme programming (XP) 

This framework was created when trying to push recognized good practices, such as incremental 

development, to extreme levels.31  

One of the basic parts of XP are user stories. User stories are system requirements told and defined 

from the perspective of the user. They follow the format of:  

Me <user> want <functionality> so that <why do I want it>.  

Stories are then broken down to individual tasks. In XP, user stories accelerate two processes. They 

serve as a subject for estimations. In process called planning poker, development team estimate how 

much time will be spent delivering each user story. Members place their estimation and discussion 

 

 

 
29 Schwaber, Ken, and Jeff Sutherland. 2020. “Scrum Guide.” https://scrumguides.org/index.html, p. 3.  
30 Scrum summary was based on the reseacher’s knowledge and Scrum guidel -  Schwaber, Ken, and Jeff 

Sutherland. 2020. “Scrum Guide.”.  
31 Sommerville, Ian. 2011. Software engineering, p. 64. 
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is undergone if the estimations do not match to find out the most balanced estimation of the user 

story.32 

XP places big emphasis on testing. User stories enable acceptance tests. As user stories are written 

from user’s perspective, and in some cases by customers themselves, definition of acceptance tests 

can be directly derived. Second tests which XP deems a must are unit tests. XP believes no part of 

the code can be produced without unit tests. By this, developers are obligated to at least create pri-

mary tests of the code function. 

Coding practices are pushed to extreme levels as well. XP recommend pair programming in which 

the same part of the code is being developed by two developers. This ensures continuous monitoring 

and support in every stage of coding. On the other hand, it is not a very efficient use of resources. 

Alternative to that with similar effects are code reviews. When the code is finished, but before inte-

grated to the system, it is being reviewed by either technical lead or other developers in peer review-

ing. Some mistakes can be found, some parts commented to redo, and higher quality of a software is 

ensured as a result. Developer has also access to a constant feedback and improvement.33   

As XP relies on continuous incremental deployments, new features can disable features deployed in 

previous increments. Refactoring is, therefore, encouraged whenever there is a need and/or time. 

Refactoring means optimizing and checking the old, already developed code, to keep the code simple 

and maintainable. Another principle of XP is collective ownership. This places responsibility for the 

code function to the whole team, not only to the person who developed a certain part. On the brighter 

side, everyone can change anything in the system. This proves useful when reinforcing refactoring 

of the system.34  

 

Kanban  

is a method for defining and improving deliveries of services. Kanban is in software development 

suitable for all design proceedings. Its tools and practices can also be incorporated to the software 

engineering process. 

Kanban relies on the visualization of work in forms of kanban cards. As work is intangible, Kanban 

makes them visible and enhances the process of getting the work done. Cards are then placed on 

kanban boards which are visible to the whole team. Cards can be customized based on the needs of 

each team. For example, there can be different colors used for different people that have assigned 

task. Or colors can be used based on priority of a task. If the task is an emergency, the color red can 

be used for that specific card. The team can thus see on the first sight, what they have to turn their 

attention to.  

On the horizontal axis there are kanban stages through which each card’s flows. These stages are 

usually determined by each team individually as each team needs different workflow. The most basic 

workflow is To Do, In Progress and Done. Every progression to stage needs to have a clear definition 

on how the card can move to another stage.  

 

 

 
32 Grenning, James. 2002. “Planning Poker: How to avoid analysis paralysis while release planning.” http://re-

naissancesoftware.net/files/articles/PlanningPoker-v1.1.pdf. 
33 Sommerville, Ian. 2011. Software engineering, p. 71-72.  
34 Ibid, p. 66-71.  
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Cards can proceed through streamlined process in so called swimlanes. These are used for hot fixes, 

emergencies, when the process needs to be expedited and does not have ability to move through 

defined stages one by one. Cards are moved to next stages on kanban meetings where the team pro-

vides regular status while moving the cards based on their progression.  

What is important in this process are work in progress (WIP) limits. Kanban believes in an effective 

pull mechanism, when cards needs to be completed in later stages in order for more work to arrive 

from earlier stages. 35 For example, let’s say the WIP limits for To Do stage is 3 and for In Progress 

is 4. If there are 4 cards already in In Progress stage, we cannot move any cards from To Do stage to 

this stage as the WIP limit does not allow us to do so. First, we have to finish one of the cards in In 

Progress stage and move it to Done. The number of cards in In Progress stage is now 3 and we can 

move the card from To Do stage now. The idea behind is that one should not accumulate and start 

many tasks at once, but rather one should try to always complete a task before starting another. By 

this the focus is set and probability of completion is higher. 

 

1.4 Software teams 

Previous subchapter showcased how integral are software developers and individuals in soft-

ware teams. The thesis, therefore, elaborates on usual software teams compositions and roles played. 

The emphasis on the software teams positions and functions also acted as major factor to improve in 

the practical part of this thesis.   

1.4.1 Organizational structures 

A software team composition is influenced by the overall organizational structure used in 

companies, and also within the software department itself. Basic organizational structures are:  

 

A) Hierarchical  

is the most traditional way to structure an organization. The chain of command goes from top to the 

bottom. Everyone has one person to report in a pyramid level chart with numerous layers of middle 

to upper management. While it has obvious benefits for the management, as everyone knows what 

their responsibility is and who is their supervisor, this structure can disengage lower-level employees 

from organization’s vision and create unmotivated environment.  

B) Functional 

Functional structure also relies on hierarchical top-down approach but divides an organization to 

functional parts based on their skills and competence. It is what we understand under marketing 

department, software department, sales department, etc. Each department is then managed individu-

ally which can sometimes lead to lack of intradepartmental communication.  

C) Flat  

 

 

 
35 Kanban summary was conducted based on the researcher’s knowledge and Anderson, David J., and Andy 

Carmichael. 2016. Essential Kanban Condensed. Lean Kanban University Press. 



 18 

has one or very few levels of hierarchy. It is flatted out throughout the whole organization. This form 

of structure be found in startups before they grow into a larger company. The responsibility and 

competence are divided between all employees of organization. This can have positive effect in their 

encouragement, but negative effect in creating confusions and ineffective decision-making. 

D) Flatter  

Quite new concept of getting the most out of a flat organization while addressing their shortcomings. 

It is based on hierarchical and/or functional structure but encourages communication across and 

within the levels. This creates an environment where everyone has their own area of responsibility, 

specific person/people to report to and has a platform to voice their concerns and influence decisions. 

E) Divisional  

Divisional structure happens when an organization is divided to basically few little suborganizations 

within. Each division has its own budget, resources planning and can have their own functional de-

partments such as e.g., IT or marketing. This structure is helpful in large companies to improve the 

effectiveness of their operations but can lead to insufficient communication within divisions or easily 

duplicable resources.  

F) Matrix  

Matrix structure is when different functional teams are formed across their departments for a certain 

project. There are multiple lines of command, when an individual reports to their manager in depart-

ment, but also to the project lead/manager on a project they are assigned to. This fact alone can lead 

to certain conflicts tight with work division and priority definitions. It, however, promises flexibility 

and serve greatly for organizations which function in time-scoped projects rather than in continuous 

production.36  

 

1.4.2 Roles in software teams 

Second part of this subchapter focuses on software roles that can be usually found in software 

teams. They can be derived from the software process specifications as each process needs to be 

carried out by a competent individual skilled to perform the process. The variety of skills that are 

included in the software process alone ask for the need to have variety of software roles and respon-

sibilities in a software team.  

 

 

 

 

 

 
36 This classification was formed with various contemplating sources:  

Steiger, Jen S., Khalid Ait Hammou, and Md Hasan Galib. 2014. “An Examination of the Influence of Organ-
izational Structure Types and Management Levels on Knowledge Management Practices in Organizations.” In-

ternational Journal of Business and Management 9 (6). https://doi.org/10.5539/ijbm.v9n6p43. 

Morgan, Jacob. 2015. “The 5 Types Of Organizational Structures: Part 2, 'Flatter' Organizations.” Forbes. 

https://www.forbes.com/sites/jacobmorgan/2015/07/08/the-5-types-of-organizational-structures-part-2-flat-

ter-organizations/. 

Williams, Shanon. 2021. “7 types of organizational structures (+ org charts for implementation).” Lucid Chart. 

https://www.lucidchart.com/blog/types-of-organizational-structures. 
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Project Manager  

Role of a Project manager does not differ whether applied on traditional or agile software approaches. 

The project – product development – is a process that needs to be overseen, organized and facilitated. 

Project manager supervises work of software engineers and monitor the progress of the development. 

As project management is usually tied with plan-driven approach, role of a project manager had to 

change in agile methodologies from commanding to empowering.37 Project manager no longer con-

trols and enforces, but rather facilitates and enables the development process. Some of the tools of 

agile methodologies also helped project management to function in incremental. For example, above 

mentioned Sprint planning of Scrum methodology institutionalized process of planning which is in 

incremental models harder to execute In Scrum, title of a project manager role changes to scrum 

master who facilitates basic rituals, oversees progress, communicates with customers and other col-

leagues outside of a team.38 

 

Next roles are tied with product, customers’ requirements and specifications and analysis.  

Product Owner 

As the name suggests, Product owner is responsible for the product’s value and product back-

log.39They are in close contact with customers and translate their needs and even unspoken require-

ments to the development team. Product owners are the ones that define what is going to be devel-

oped next in incremental and agile models. They are also the ones who validate the produced func-

tionality before it proceeds to customers. Along with Scrum master, Product owner is one of the three 

roles defined in Scrum.  

Product Manager  

Responsibilities of Product manager and Product owner do not differ. If a company does not adhere 

to Scrum, Product manager has similar role and responsibilities of a Product owner. If both roles are 

defined in one organization/team, these responsibilities change in scope, not in their content.  Product 

manager is more focused on external stakeholders, while Product owner works closely with internal 

development team. Product manager defines the vision of the product, and Product owner defines 

how will this vision be achieved. 40 It is implied Product managers work more on a conceptual way 

of a product definition, while Product owners on a day-to-day operations layer of the process. 

Business Analyst  

Business analyst is a person who takes the requirements and transform them into detailed specifica-

tions of a functionality including all diagrams and process flows.41 Business analyst must understand 

the need behind requirements while also have a very deep knowledge of already developed parts of 

systems. It is because they need to ensure all codependent functionalities in the system are consid-

ered. Business analyst is also the person who writes user stories in case XP is incorporated. If Product 

 

 

 
37 Malakar, Sudipta. 2021. Agile Methodologies In-Depth, p. 106-112.  
38 Sommerville, Ian. 2011. Software engineering, p. 72.  
39 “What is a Product Owner?” 2021. Scrum. https://www.scrum.org/resources/what-is-a-product-owner. 
40 Mansour, Shefir. 2021. “Product Manager: The role and best practices for beginners.” Scrum. 

https://www.atlassian.com/agile/product-management/product-manager. 
41 Murray, Anna P.. 2016. The Complete Software Project Manager : Mastering Technology from Planning to 

Launch and Beyond. Hoboken: John Wiley & Sons, Incorporated, p. 53-54.  
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owner and/or Product manager roles are not in the team, Business analyst gathers customers’ feed-

back and define requirements on the software.  

User Experience (UX) 

UX is derived from user experience. UX sets how the functionality acts in user’s environment and 

how are users navigating throughout the system.42 Fundamentally, UX is the one who defines what 

click leads to what. UX needs to ensure the usage of the system/product is as smooth for the user as 

possible and there are no unnecessary clicks or reroutes that could have been avoided. If prototypes 

of final product are used in a software process, UX is the one who is creating them.   

Product Designer 

is the one responsible for the product’s graphic representation and their design. Product designer 

takes either role of UX, or very closely works with the UX in a team.  

 

 Following part defines technical roles in a software team.  

Software Architect  

Software architecture is set of standards, models and components of the whole system.43 Software 

architects are the ones designing the architecture and its development based on new requirements 

coming. Based on business requirements and/or user stories, software architects design new features, 

components needed for their development and integration to the existing system. Based on this de-

sign, software architects break down the work needed to produce the new functionality into devel-

opment tasks for developers.  

System Architect  

Difference between Software and a System architect is again in scope. System architects focus on 

high-level decisions affecting whole system such as coding standards, security, monitoring and 

maintenance. Software architects design a specific part/module/functionality of the system in a soft-

ware development process lifecycle. System architects operate outside the lifecycle.  

Developer / Software engineer  

Developers are the ones finally producing designed requirements into a functional code to the system. 

There are three types of developers based on the specializations – backend, frontend and full-stack 

developers.  

Backend developers are the ones operating on the data access layer, while frontend developers use 

these data on presentation level. Frontend is the part of the system that users see, while backend is 

are the databases and logic behind it.44 Frontend and backend both use different technologies and 

majority of developers specialize in one of them. Then there are full-stack developers who can code 

in both layers and can work on frontend and backend tasks.  

Developer is the last role included in Scrum teams. While there is only one Scrum master and Product 

owner, there can be numerous developers in one Scrum team.45 

 

 

 
42 Murray, Anna P.. 2016. The Complete Software Project Manager, p. 54.  
43 “Software Architecture.” 2021. Software Engineering Institute, Carnegie Mellon University. 

https://www.sei.cmu.edu/our-work/software-architecture/. 
44 Murray, Anna P.. 2016. The Complete Software Project Manager, p. 56-57.  
45 “What is a Developer in Scrum?” 2021. Scrum. https://www.scrum.org/resources/what-is-a-scrum-develo-

per. 



 21 

DevOps Engineer  

is a combination of “development” and “operations”. DevOps engineer probably needs the widest 

range of skills in a software team. That includes coding, infrastructure management, system admin-

istration. DevOps engineer enables whole development process with automation and orchestration 

tools (tools in which developers produce the code) and work with development team to deploy the 

code to different environments including production.46 

Technical Lead  

Not always present, technical lead is person who is part of a development team but bears certain 

responsibilities of the team. Software architects break down a cohesive functionality into small tasks. 

These small tasks need to be distributed among the development team, but are usually connected, 

and/or overlap, and/or are dependent on each other. That’s where technical lead comes into play as 

they are responsible for division and assignment of these tasks, communication and integrity of sep-

arate tasks. In the end, it is Technical lead who is delivering a coherent functionality their team put 

together. Technical lead, therefore, needs not only programming skills, but also leaderships, organi-

zation and communication skills.  

Tester / Quality Assurance Engineer  

Finally, tester is a responsible for validating the produced code against the requirements. Unit tests 

are conducted by the developer who produces the code. Integration tests are performed by combina-

tion of architects, developers and/or technical leads. Testers test the code in user’s environment. Role 

of a tester does not require programming skills. With good understanding of process and require-

ments, tester can test the functionality from their frontend part. However, some of the defects or bugs 

happen on backend part of development. To be able to conduct tests also on this layer, basics of 

programming are recommended for the role of  

 

1.5 Software process improvement 

One of the flagship institute of a software process defines a process “as a leverage point for an 

organization’s sustained improvement.”47 This, among other things, implies that a high-quality soft-

ware is a direct result of a high-quality software process. Developing a software is an expensive and 

long journey. Reports show more than half of the projects exceeds their initial budget estimates by 

189%.48 Need for optimization of software production and mitigation of risks during the process has 

led to a separate field developed to address these challenges - software process improvement (SPI). 

It is defined by Rico as “discipline of characterizing, defining, measuring and improving soft-

ware management and engineering processes, leading to successful software engineering manage-

ment, higher product quality, greater product innovation, faster cycle timers and lower development 

 

 

 
46 Kulshrestha, Saurabh. “Who Is A DevOps Engineer? — DevOps Engineer Roles & Responsibilities.” Edu-

reka. https://medium.com/edureka/devops-engineer-role-481567822e06. 
47 CMMI Product Development Team. CMMI for Systems Engineering/Software Engineering, Version 1.02, 

Continuous Representation (CMMI-SE/SW, V1.02, Continuous) (CMU/SEI-2000-TR-019). 2000. Pittsburgh, 

PA: Software Engineering Institute, Carnegie Mellon University. http://resources.sei.cmu.edu/library/asset-

view.cfm?AssetID=5267, p. 16.  
48 Ibid, 85.  
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costs”.49 Card uses a vaguer description of SPI, where he believes it consists of software assessment 

and improvement of all processes throughout software development.50 Coleman and O’Connor also 

uses abstract definition of SPI to be: “the way an organization develops its software products and 

supporting services, such as documentation.”51 For the purpose of this thesis, we can define SPI to 

be a set of methods and tools, which will allow software development teams and projects to improve 

their production development process.  

Concept of reliability and predictability is also important for the field of SPI. Reliability is de-

fined as “an extent to which the same measurement procedure yields the same results on repeated 

trials.”52 If reliability is reached, process can become predictable. Anything that is predictable can 

then be produced over and over again with the same result. Once the process is perfected and it can 

produce a quality software, it is desirable the same level of quality is reached with every software 

delivery.53 A defined process can also help everyone in the software team to understand their role 

and what is expected from them.  

In comparison to exact studies, abstract concepts of social and behavioral studies such as soft-

ware process cannot be measurable and objectively observable. In this case, one cannot measure 

reliability on figures and numbers, rather on empirical indicants. SPI, therefore, developed key pro-

cess areas, in which improvement of a software process can be measured.54 Key process area is used 

in CMM (later CMMI) and all models and frameworks that were inspired or derived from CMM. 

The frameworks describe them as set of practices that are undergone in order to reach certain objec-

tives. Key process areas are, therefore, actions (specific practices) but also anticipated results that 

are supposed to be achieved through these actions (specific goals).55 List of software development 

key process areas varies based on the model and approach of a SPI model. Next chapter elaborates 

on SPI and process areas concepts further.  

 

2 RESEARCH and LITERATURE REVIEW 

The following chapter describes the evolution of software process in the academic field and in 

the research area of software engineering. It deals with traditional models used in software process 
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51 Coleman, Gerry, and Rory O’Connor. 2007. “Using grounded theory to understand software process im-

provement: A study of Irish software product companies.” Information and Software Technology 49 (6): 654-
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improvement (SPI), but also with tailored models which will be later expanded in the practical part 

and will be applied to the research of the proposed thesis. The importance of this chapter is to support 

the arguments behind choosing the SPI model for the researched thesis.  

Genesis of agile methodologies and its establishment in the software development is, for the 

purpose of this thesis, neglected. First of all, while it uses their tools in implementing frameworks, 

the thesis aims to contribute to works of software process improvement rather than one of agile 

methodologies. Second of all, the evolution and genesis of agile methodologies seems to be ex-

hausted in not only international, but also local studies with the emerging popularity of methodology. 

2.1 Initial standardization of software development process 

In a relatively young study field such as software engineering, it is hard to define and describe 

an academic path from establishment to present. In order to profoundly evaluate genesis of an aca-

demic field, one might need more than just 60 years of existence. However, even in such short his-

tory, there can be identified certain milestones in studying software development – both taking place 

in 1960s.  

One of the first attempts to conceptualize study field of software engineering was in 1960 em-

bodied in Technical Committee 97 which purpose was to provide international standardization of the 

field of information processing.56 What later become JTC1/SC7, had initial purpose of addressing 

standardization of flowcharting techniques and representations.57 It had later focused interpreted its 

study area as standardization of processes, supporting tools and supporting technologies for the en-

gineering of software products and systems with the emphasis being on a process.58 

 Another international attempt took place later in 1960s with NATO Garmish conference in 

1968. The Science Committee of NATO established a Study Group which was tasked to assess entire 

field of computer science in an effort to define and accelerate possible international actions in this 

field.59 These assessments were then later, besides other things, presented and discussed on the afore-

mentioned conference and its second part held in 1969. Main deliveries of these conferences were 

two coherent reports, set of best practices to be used in software development and initialization of 

software engineering as an academic field to study and research.60 

Up until 1960s, the focus of studies centered around the technical aspect of software develop-

ment – technologies used, programming languages, coding, etc. What this international attempt con-

tributed to was emphasis on the software processes. As such, best practices in software development 

 

 

 
56 Note: Technical Commitee 97 is part of International Electrotechnical Commission – an international com-

mitee providing standards for electric, electronic and other related technologies. Coallier, Francois, and Motoei 

Azuma. 1997. “Introduction to Software Engineering Standards.” In SPICE: The Theory and Practice of Soft-

ware Process Improvement and Capability Determination, Khaled El Emam, Jean-Normand Druoin, and 

Walcélio Melo, 1-18. Wiley-IEEE Computer Society Pr, p. 5.  
57 Ibid, p. 5-6.  
58 Ibid, p. 5.  
59 Naur, Peter, and Brian Randell. “SOFTWARE ENGINEERING: Report on a conference sponsored by the 

NATO SCIENCE COMMITTEE Garmisch, Germany, 7th to 11th October 1968.” NATO SCIENCE 

COMMITTEE 1969. https://www.scrummanager.net/files/nato1968e.pdf, p. 8   
60 Brennecke, Andreas, and Reinhard Keil-Slawik. 1996. “History of Software Engineering.” Position Papers 

for Dagstuhl Seminar 9635. https://www.dagstuhl.de/Reports/96/9635.pdf, p. 37.  
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basically conceptualized what later become software process improvement (SPI). Another reason of 

such shift was due to increasing strategic importance of software product. As in history of every 

manufacturing process, the process of creating software has become a center of attention in order to 

utilize and streamline the path from initial inputs to a finished product. This need for systematic 

approach in software development was translated into creation of numerous methodologies around 

which even recent studies have been centered.   

A systematic state of the art of software process improvement (SPI) found out that especially 

from 1996, there can be seen a steep, more than 400% increase in frequency of SPI papers published 

per year.61 The following subchapters define some of the most established models and their variants.   

2.2 SPICE (ISO/IEC 15504)  

A developed and established version of the subcommittee’s SC7 efforts discussed above was 

formalized into a SPICE project. SPICE was one of the first attempts in software process assessment 

which encouraged software teams to self-evaluation. The aim of SPICE standards was to provide 

companies a determination framework in assessing a software supplier, in improving own software 

development and in self-assessment to assist organizations in identifying its ability to implement new 

software projects.62 The model can, therefore, be used for not only software development companies, 

but also any other organizations buying a software, using a software or implementing a software. 

Which is basically every single corporate organization, as trends nowadays demonstrate.  

The standards consist of nine parts which lead the organization in the assessment of software 

process. Besides introductory parts, references or glossary, the main parts of the model is part 2, 

which defines framework in defining processes’ capability. This part consists of five key areas -  

customer-supplier process, engineering process, project process, support process and organization 

process.63 As it emerged after the initial drafts of later discussed Capability Maturity Model, which 

provides framework for process improvement, SPICE did not attempt to provide guidelines in this 

area. It focuses solely on evaluating software organization’s process capability. 

 

2.3 Capability Maturity Model (CMM) and Capability Maturity 

Model Integration (CMMI) 

One of the most established methods of software process improvement started to develop in 

1980s. As the need for the quality software grew higher, the U.S. Department of Defense requested 

a method, that would enable them to evaluate contractors who can make software on budget and on 
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time.64 At this request, the Software Engineering Institute, funded by the U.S. government, launched 

an initiative to develop a maturity framework model for software processes. The first findings were 

drafted in 1987, which developed into conceptualized Capability Maturity Model (CMM) in 1991.65 

In short, the CMM model identifies five maturity levels in which every software company or software 

team finds itself. Depending on the starting position it can move to the higher maturity level based 

on model’s guidelines and methods. The levels range from ad hoc development to optimizing stage. 

What indicates in which level every company finds itself are key process areas (KPAs) – their exist-

ence and their organization’s support.66 CMM model can also be considered as an establishment of 

project management in software development, as it puts emphasis on project management tools and 

quality management control in order for a company or a team to move from their stage to a higher 

one.  

In parallel with developing CMM, SEI’s director Watts Humphrey published a book Managing 

the Software Process in 1989.67 There, the author uses process management methods and applies 

them to software development. He builds on foundations of CMM with five maturity levels and 

expands the theory with practical implementation of the model. Humphrey’s publication places em-

phasis on improving, rather than assessing software process.  

In the span of 1990s, SEI developed five more versions of CMM in order to overcome certain 

shortcomings of the model. The versions focused on formalization of maturity levels in terms of key 

process areas.68 Not even newer versions of CMM prevented its eventual retirement in favor of a 

developed Capability Maturity Model Implementation (CMMI).  

As its title suggests, the CMMI focused on the implementation part of the model, not just on the 

theory which was one of the main drawbacks identified by experts and even authors of the CMM 

model. Another setback experts found in CMM was that it focused on the process and artefacts as-

sociated with traditional waterfall process such as requirements specification, documented plans, etc. 

All that at the expense of addressing results of the process such as software product, or associated 

engineering artefacts.69 Upgrade to CMMI from CMM was supposed to bring in benefits in the area 

of visibility and coherence of all activities across the development cycle. These include, for example 

more explicit connection between management and engineering activities to business goals, to pro-

vide better clarity on objectives the engineers work on or bigger emphasis on customer satisfaction.70 

These improvements addressed one of the hurdles of CMM which was lack of integration of separate 

models. To move from activity-based approach, which only focused on whether the key process area 
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was achieved, without further exploration of the results, the CMMI also defined goals for every key 

process area. This allowed organizations implementing CMMI to track their progress gradually.  

Mark C. Paulk, summarized this model to have “an enormous impact on the software commu-

nity”.  He estimated billions of dollars spent in variety of companies and software projects to improve 

methods based on CMM.71 Even more impressive testament of the model is number of models and 

methods that deviated from the CMM model. In the sense, CMM was the first model to establish a 

procedural view on software engineering, but through its shortcomings, software engineering was 

able to move to the iterative, results-based production, which is finding its success nowadays.  

 

2.4 Software process improvement for small companies 

Unfortunately, due to complexity of both CMM and CMMI, small companies or startups do 

not have resources needed to apply software assessment and improvement methods. The insuffi-

ciency of CMM for small companies is also implied by the model itself, where it considers a small 

team to be a team of 70 people.72 However, nowadays small companies, with fewer than 50 employ-

ees, and very small companies, with fewer than 25 employees, represent almost 85% of all software 

companies in countries which have a developed IT industry.73 The general consensus is that SPI can 

be applied to small organizations only with limitations. Sutton argues that a highly systematic ap-

proach to software process is not compatible with fast-paced and reactive environment of software 

development. Even more so, if such environment combines with a startup. On the other hand, he 

believes startup companies should concern themselves with SPI models, especially CMM’s central 

concepts. It can be problematic to adhere to all of them strictly and a startup should start at lower 

levels and perfect them before moving to higher ones. Sutton recommends selection and prioritiza-

tion of process issues to startup’s needs and resources.74  

Batista and Figueirdo attempted to apply CMM in 2000 to a small team. However, the lack of 

resources that can be seen in small teams and lack of managerial human recourses to lead the imple-

mentation of CMM led to not satisfactory levels – a team could not move to Level 2 of maturity as 

per CMM.75 For that, not only some variants of CMM model were tailored to suit the resources and 

necessity of small companies, but also individual attempts at software process improvement methods 

started to develop with the millennial change. This trend can be demonstrated by the increased fre-

quency of SPI papers focusing on small or medium sized companies.76 
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Process Improvement for Small to Medium Software enterprises (PRISMS) is one of the exam-

ples. As the title suggests, PRISMS was created to meet the specific needs of small companies, or 

rather to accustom to the limitations small companies have in comparison to bigger ones in imple-

menting any improvement models.77 The framework uses CMM’s key process areas but do not dwell 

on the rigid levels and their areas, rather focuses on both development’s team evaluation and business 

team set of goals to identify the key process areas to improve on themselves.78 The model places 

emphasis on defined business objectives and priorities before implementing a software process im-

provement methods, similar to Sutton’s recommendations.  

 The whole layout of the model can be seen in Picture 1. Lightly highlighted cells are for deliv-

eries or artefacts of certain process, while dark cells define procedural steps in model. Key process 

areas to improve are only defined after current process assessment, consultation with the develop-

ment team and definition of business goals. The research team of PRISMS model assists in two of 

the described steps: assessment and measurement. For assessment, authors provide awareness and 

business-case workshop to be useful tools for companies to adopt. For measurement of process’ suc-

cess, authors use simple Karner’s payoff method, which simply weighs in investment resources used 

for SPI and returns an improved software process brought to the organization.79 The model then 

builds its research on CMM framework in identifying key process areas with the organization. The 

key process areas are then prioritized to align with the established business objectives. 
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Figure 1 PRISMS model for software process improvement, author’s own work based on PRISMS definition80 

 

 

  
 

 

Another attempt in accustoming SPI models on small companies was based on Quality Func-

tion Deployment (QDF). QDF relies on the constant customer’s voice throughout the process of 

delivering the product. It was developed to have the constant customer’s requirements while pro-

gressing the production.81 For SPI, the process is considered to be customer’s requirement and is 

applied for procedural needs. To follow the SPI process, QDF suggests providing thorough docu-

mentation of the process and systematic assessment, plan and implementation of software design. 

Similar to PRISMS, this model understands small companies’ constraints such as limited resources 

and/or managerial time. It, therefore, highlights the importance of clearly defined business goals. 

Later, it provides a measure of importance of each process in the SPI project every organization 

decides to undergo. By providing organizations definition of priority for each process they decide to 

improve, it allows them to focus on key process to improve and move on to next ones in an 
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incremental process.82 The implementation of SPI methods is then spread out over time and the or-

ganization can benefit from its results earlier. In a sense, QDF uses similar philosophy as today’s 

incremental, agile methodology. 

2.5 CMMI-DEV 

To accustom to the specifics and trends of small software project, SEI also developed a CMMI 

version. CMMI-DEV version is aimed at developing software projects. The rigidity of CMM and 

CMMI is in this version minimized. It does not define that an organization has to follow a certain set 

of steps. It only specifies: “…that an organization should have processes that address development 

related practices.”83 For that, CMMI-DEV provides two paths in which organization can progress – 

continuous and staged. A continuous path provides a more incremental improvement and based on 

processes each individual organization defines for itself. Another follows traditional approach of 

CMMI with defined set of process areas. Based on the path chosen, the organization progresses from 

either capability levels – in case of a continuous path, or from maturity levels – in case of a staged 

path. Capability levels are applied directly to achievements or goals of a certain key process area. 

On the other hand, maturity levels are applied across multiple key process areas at once.84 In that 

sense, capability levels can be used to track progress in iterative, smaller teams. Apart the other 

things, this distinction is highlighted by the comparison of levels in Table 2.  

 
Table 2 Levels of continuous and staged path of CMMI-DEV framework, authors own work based on CMMI-DEV85 
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As Table 2 demonstrates, the capability levels do not reach the same optimizing stage as ma-

turity levels. Other than that, the addition of Level 0 to Capability levels implies that continuous path 

can be used for organizations that lack even the basic principles and process standardization. De-

scriptions of the capability levels in CMMI framework are as follows:  

Capability level 0 – Initial  

means the process is not performed at all or is, but very partially. This is the level most small com-

panies or startups find themselves in the early stages. 

Capability level 1 – Performing 

a performed process is a process which is making actions but may not be that stable. Performed 

practices might move the company towards its goals, but if not institutionalized, the process can 

revert to incomplete stage and goals would no longer be met 

Capability level 2 – Managed  

once the management of the processes is established, it means the process is planned and executed 

accordingly. The process is then monitored and controlled and all stakeholders in the process have 

skills and time resources to perform these processes  

Capability level 3 – Defined  

a defined process is a process established in company’s policies. Standards, process descriptions and 

procedures are tailored for organization’s standards and not just for one of organization’s projects, 

as is the case in a managed capability level 2. Defined process has a clearly described purpose, inputs, 

entry criteria, activities, roles, measures, verification steps, outputs and exit criteria86 

 

Maturity levels, on the other hand, provide a stricter and more structured definition of each 

stages.  

Maturity level 1 – Initial  

is a stage where an organization is in chaotic, ad-hoc processes. The results of the processes usually 

produce products and services, but the production exceeds budget and time scope of initial estima-

tions  

Maturity level 2 – Managed  

does not significantly differ from capability level 2 

Maturity level 3 – Defined 

does not significantly differ from capability level 3 

Maturity level 4 – Quantitatively managed  

defines a stage of an organization which uses quantitative objectives to measure and improve their 

process performance and quality of the product. These two variables are considered as statistical 

terms and individual steps of the processes are statistically measured and analyzed  

Maturity level 5 – Optimizing  

is an organization which continuously improves based on quantitative understanding of its processes. 

The difference between level 4 and level 5 maturity level is that while level 4 focuses on controlling 
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and formulating the quantitative objectives, level 5 moves on to managing and improving these ob-

jectives.87 

Process areas are common for both continuous and staged path. Each process area has a spe-

cific goal defined which determines if the process area is fulfilled. What is different is the way an 

organization advances through the levels. An organization can move on to the next capability level 

by applying general practices or alternatives for the processes in the associated process areas. They 

are measured by generic goals. It is demonstrated on Picture X.  For a process area to move to the 

next level, all its specific goals needs to fulfill generic goals of the level. Generic goals are for the 

capability levels: 

GG1 Performed process – all specific goals in the process area are fulfilled  

GG 2 Managed process – institutionalized managed process   

GG 3 Defined process – institutionalized defined process  

 
Figure 2 Structure of CMMI-DEV goal (number of element is illustratory), created by the author  

 
 

Maturity levels are evaluated by the reached achievements on the specific goals of each pre-

defined set of process areas.88 From the brief descriptions, maturity levels provide more room to 

improve for organizations that have already established set of processes. Especially level 4 and level 

5, which provides foundation for internal analytics and statistical reports for a company to optimize 

its processes and products.  

Process areas defined in CMMI-DEV framework are divided based on their function to these 

parts:  

Process management process areas are classified as high maturity process areas which are used only 

in the staged path. Continuous path progresses through other areas. Once it reaches capability level 

3 on these, it can move to the following high maturity process areas:  

Organizational Process Focus (OPF) 

plans, implements and deploys process improvements after understanding organization’s strengths 

and weaknesses  

Organizational Process Definition (OPD)  

determines and maintains organization’s standard processes, work environment standards and other 

assets based on the organization’s process needs  
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Organizational Training (OT)  

identifies and conducts trainings for skills and methods needed to maintain identified processes and 

standards  

Organizational Process Performance (OPP) – advanced process areas  

derives and analyses quantitative objectives for process’ quality and performance against business 

objectives 

Organizational Performance Management (OPM) – advanced process areas  

is proactive management of organization’s performance to meet its objectives bases on the OPP 

analysis  

 

Project management process areas: 

Project Planning (PP)  

defines project plan including activities, stakeholders, and scope  

Project Monitoring and Control (PMC)  

ensures monitoring and controlling activities, while also taking corrective actions. Progress is meas-

ured by comparing project status to the plan.  

Requirements Management (REQM)  

is fundamental to the engineering processes as it ensures any changes of requirements are reflected 

in project plans and activities  

Supplier Agreement Management (SAM)  

manages suppliers needed to satisfy project requirements. This includes tracking their work and pro-

gress, arranging and revising their agreements  

Integrated Project Management (IPM) – advanced process area  

establishes and maintains tailored processes derived from the organization’s set of standard pro-

cesses. All stakeholders coordinate their effort in the most effective way through coordination of 

shared issues  

Risk Management (RSKM) – advanced process area  

deals with risks across all activities of the organization in an coherent way with risks identification, 

assessment and mitigation strategy definition  

Quantitative Project Management (QPM) – advanced process area  

determines objectives for quality and process performance using statistical and other quantitative 

techniques  

 

Engineers KPAs: 

Requirements Development (RD) 

is understanding and translation of customer’s needs into product requirements  

Technical Solution (TS) 

is creation of software architecture, software components and design  

Verification (VER)  

ensures that produced solution fulfills all requirements defined in RD. It is usually set in coding 

process and is conducted by peer reviews of the code  

Validation (VAL) 

validates the functionality against customer needs  
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Product Integration (PI) 

then takes care of integrating and delivering the new product to customers  

 

Support process areas: 

Measurement and Analysis (MA) 

operates across all processes and provides guidelines by aligning measurement needs and objectives 

with a measurement approach  

Process and Product Quality Assurance (PPQA)   

supports all process areas as it provides practices to objectively evaluate performed processes, prod-

ucts or services against CMMI-DEV 

Configuration Management (CM) 

establishes and maintains integration of all work products using configuration identification, control, 

status accounting and audits. Examples can be plans, process descriptions, requirements, design data, 

drawings, product specifications, etc.  

Casual Analysis and Resolution (CAR) – advanced support area 

is an optimizing process area where a team identifies cases of selected results and define methods to 

prevent negative results and/or leverage positive results 

Decision Analysis and Resolution (DAR) – advances support area 

determines which issues should be formally evaluated and then proceeds to apply the formal evalu-

ation process89 

 Continuous path allows organizations to select in which process areas it wishes to progress. 

Target levels can be set individually for each process area. If a set target level is reached in one 

process area, organization can either move to another one or continue progressing in this one. Staged 

path moves the respective set of process areas to higher maturity level simultaneously. Advancement 

is intertwined and sequential.90 

2.6 Software process improvement with agile methodology 

There are beliefs SPI and agile are contradictory. Mainly because SPI had been, for many 

years, tight with traditional models. Secondly, one of the four principles of agile methodology basi-

cally diminishes role of processes. However, some shortcomings of SPI models, even discussed in 

the former parts of this thesis, were accelerated by the rigidity of waterfall processes of software 

companies which accelerated SPI involvement in agile methods. The tailored SPI models for small 

companies also called for a more flexible and adaptable environment than the ones in large software 

project/organizations provide. Even the recent data show both approached to be used simultaneously. 

Although small in share (circa 10%), agile methodologies are considered to be one of growing trends 

in SPI studies.91 It is not impossible to merge SPI traditional approaches with agile framework as it 
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can be used in a hybrid model of both. Next part uncovers some of the studies using merges of both 

approaches.  

One of the examples that implementing agile does not mean refusing traditional methods which 

have found successes in the past, can be Barry Boehm and Richard Turner’s publication. There, they 

suggest a hybrid of two as they understand the shortcomings of agile methodologies. They describe 

their attempt to unify dispersed and misinterpreted agile practices into a coherent guideline for soft-

ware companies as: “change from slow, reactive, adversarial, separated software and system engi-

neering processes to unified concurrent processes”92 Authors address frustrations of managers on 

difficulty of integrating agile processes into their software organizations bound with traditional pro-

cesses. A bottom-line cause for such difficulties, is according to the authors, the contrast between 

“lightweight” process of agile methodology with traditional industry processes. On the one hand, the 

idea of agile methodology is agility and flexibility of the process, on the other, there have been years 

of system refining that have to be taken into account.93 For that, authors identify three areas of where 

conflicts between these two worlds occur – development process, business process and people con-

flicts where they combine best practices of both.  

Wang also provides a less distinctive description in differentiation between traditional and agile. 

He argues that while agile methodologies provide different guideline in using some of the traditional 

models’ framework, they do not change their content and main principles.94 In that sense, he makes 

a point for small sized software projects to apply agile methodologies, as it answers limitations they 

have in comparison to larger projects with bigger resources. It does not change the result in a quality 

software, it changes how the organization achieves such result.  

 Implementing agile methodologies in the journey of SPI does not mean abandoning tradi-

tional tools used in established models. A case for that is made by McAvoy and Butler in their re-

search of the project management role in agile teams. The authors describe the importance of deci-

sion-making in agile development teams. As it lies in their philosophy and definition, agile teams 

share the responsibility of decisions-making throughout the whole project team, rather than just one 

individual. As such, socio-psychological forces come into play during decision-making process as in 

the agile teams, there is an emphasis on cohesiveness, trust and empowerment while sharing the 

collective responsibility for the delivery.95 The authors’ main focus point of research is to highlight 

the importance of a traditional project manager role in the agile teams which tend to be disorganized 

and the level of cohesiveness within the team can have contra productive effects on decision making.    

 A direct implementation of CMMI and agile methodology is attempted in the publication of 

Al-Tarawneh, Abdullah, and Alostad from 2010. The authors tailor both approaches for the need of 

small companies. The main premise is to continue using established CMMI framework combined 
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with light-weighted methodology that allows companies to produce high-quality software under 

pressure of ever-changing conditions. The authors not only believe both can co-exist, but rather they 

complement each other.96  

 In CMMI-DEV v.1.3, SEI itself developed mapping of process areas to organizations using 

agile methodology. This came as an answer to the growing number of organizations using agile 

methodologies in their development. Authors encourage own interpretation of process areas in agile 

environments as it depends on organization’s context, business, project teams, etc.97 
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3 CASE STARTUP 

The following chapter discusses main conditions of the researched startup which shaped the 

methodology used in the proposed master thesis. The researched organization was founded in 2016. 

It has been operating in various industries as it aims to connect them with one, revolutionary solution. 

The following chapter introduces the researched organization (the thesis will refer to the organization 

as the startup from now on) from its:  

- Business proposition and market position 

- Software product and its complexity 

- Financing  

- Organizational structure and human resources state of the startup  

All four points heavily affects the startup’s and researcher’s decision making in software process 

improvement and application of chosen methods. The next chapter, therefore, introduces the startup 

from these viewpoints and provides contextual background for the rest of the practical part.  

 

3.1 Business proposition and market position  

Facilities management, real estate and utilities industries are closely connected in their product 

and services, but very vaguely in operations, data transparency and communication with their cus-

tomer. Moreover, we can find outdated processes heavily relied on manual actions or obsolete soft-

ware tools such as Microsoft Excel. What the startup aims to provide is a complex software and 

hardware solution that will consolidate all their processes, databases and products while also creating 

new services they can offer to the end customers. Based on startups classifications, the researched 

startup can be identified as a scalable startup as it has ambitions to not only contain the whole do-

mestic market, but also expand globally.  

The startup operates on B2B market, with later ambitions to move to the B2C market. The inte-

grated solution the startup aims to provides does not recognize a direct competition on the market. 

Organizations are either fragmented and provide only a partial solution in comparison to the services 

the startup provides, and/or are seeking partnerships with the startup. By the time research started, it 

had already contracted customers, which could be considered big names in the industry. 

The startup, therefore, has a very strong foundation in business and sales department. Thanks to 

that, it has found itself in a very unique position in comparison to its counterparts. It is not the startup 

chasing the customers but the other way around. As mentioned above, there are already customers 

contracted. Unfortunately, due to its ambitious nature, the finalization of the product, or its MVP, 

has not been completed. There are two interconnected reasons for that. First of all, the product’s 

scope is considerably large which needs either huge development team and resources or time. Which 

leads us to the second point - financing does not provide the conditions to hire such development 

team.  
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3.2 Financing   

The startup falls into the category of self-funding. Up until today, the startup has been financed 

by the sole owner in what is called bootstrapping. It aims to be become self-sustaining by a direct 

sale model reaching a B2B market, but as mentioned earlier, while the product is not finished, there 

are no significant revenues flowing from external sources.  

Strategic wise, startup uses model of experience curve. Experience curve showcases a situation, 

when direct costs per unit are significantly high in the beginning of the process,  but decreases over-

time with the cumulative volume of production.98 As the startup’s product is quite complex, its sole 

development requires high costs. A quite big development team is needed from the beginning to 

produce the system. These costs diminish within time when the product is already finished and 

launched. Implementation of the product is also costly with the first customer. The complexity of the 

software requires series of trainings, materials and documents for the users to be able to start using 

the system. These documents are with every additional customer only edited or adjusted, and costs 

are decreasing accordingly.  

3.3 Software product 

The startup provides software and hardware integrated solution. The developed software is a 

cloud-based ERP and billing system which provides integrated database, document management 

system and effective process workflows within. From the engineering point of view, the software 

product is based on object-oriented programming and is divided into microservices. Microservices 

architecture enables large applications to divide their structure to the collections of services. This 

allows them to be independently deployable and maintainable.99 It is also architecture that can flex-

ibly organize around business goals and capabilities, which, as mentioned in the above subchapter, 

are limited. That’s why it is used in the researched startup as it can accommodate to the complexity 

of software but also to the ambitious business model and limited resources of the startup.  

The system is divided into modules from the business perspective as well. Said microservices 

group into coherent parts of the system. The startup had finished 3 of eight modules for the core 

functionality by the time this research started. On the top of core functionality, the system aims to 

develop set of additional services such as communication channel within the system.   

In the next development stages, the startup aims to progress the ERP web-based software and 

connect it to the mobile application for Android and iOS operating systems.  

As the system was internal product of the startup and not a custom software made for any 

particular customer, the role of a customer was played by the CEO. CEO had spent multiple years 

consulting and discussing the needs of the potential clients and collected their needs and require-

ments.  
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https://hbr.org/1985/03/building-strategy-on-the-experience-curve. 
99 “What are Microservices?” 2021. Microservices Architecture. https://microservices.io/. 
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3.4 Internal structure  

The internal structure of the startup has changed few times throughout the research. At the 

beginning, the startup was extremely centralized around its founder and CEO as he was involved in 

every stage of the production and other operations in the startup. Besides software department, the 

startup consists of hardware department. As the topic of the research is software process, the follow-

ing subchapter focuses on internal organization of a software team.  

The analyzed software team was organized under the Head of Software department (HoSW). 

However, as mentioned earlier, the CEO was involved in operations and work division. That means 

the startup’s structure resembled a flat organization structure which is usually common in starting 

companies. In the researched team, there were no formalized positions of the software engineers, nor 

were there any software roles defined between them. Outside HoSW, no one in the team held a 

different position than their peers. This changed in the beginning of the research when the researcher 

was hired as a Project manager to apply SPI tools, streamline the production along with it and facil-

itate the day-to-day operations within the team.  

There are three divisions line in software the team. First one is based on functional division, 

where the team consisted of: 2 front-end developers, 3 full-stack developers, 6 back-end developers, 

1 software architect and 1 tester. The HoSW served as a manager but was also involved in software 

engineering itself either from the side of a software architect or a software developer. The second 

division line went along the capacity of the team as there were 5 part-timers in comparison to 8 full-

timers. The last one was geographical. While 3 members worked on site where startup was located, 

the rest was dispersed in the Czech Republic and Slovakia.  

These division lines imply that the software team was far from being homogenous. Along with 

other preconditions discussed in this chapter, it played an integral role in decision making during the 

SPI process. This, along with the overall research approach, is identified in the next chapter.  

 

4 METHODOLOGY 

The main hypothesis researched in the proposed thesis is:   

 

H: A SPI model can be used to streamline processes in a startup company if used with appropriate 

and tailored agile and project management methods.  

The hypothesis is built on Sutton’s assumptions and recommendation on integrating software 

process methods and tools to the specific startup environment. The methods should not be imple-

mented as a rigid set, but rather answer to specific needs of the startup. This master thesis can be 

defined as a qualitative case study focusing on one startup company developing a software product. 

As the thesis works with an initial hypothesis and identified certain pattern, this research falls into 
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the category of instrumental case studies. Such study aims to build or extend a theory or to examine 

a certain phenomenon.100  

It can be argued that positionality is a central component in qualitative methods of social studies. 

What is the role and relationship of a researcher and the ones researched can impact process and also 

quality of data collection.101 The researcher had vital part in shaping the process and was therefore 

not an outsider in the process. The research could be, therefore, conducted in a more sensitive and 

responsive manner. There were also not any specific time window limitations during which re-

searcher had access to the researched group, as can be the case in qualitative studies. No processes 

or data slipped through and the research was conducted without these constraints.  

The software team was researched for 12 months. During the period, the researcher fully uti-

lized observation method as a primary data source. Detailed notes were reported and analyzed 

throughout the process. For the process assessment part, the researcher performed unstructured indi-

vidual and collective interviews.  

For individual interview, question asked was: “What would be the one thing you wished to 

change except money and your boss?”.  

For collective workshop, the questions asked were:  

“What are we doing good?”  

“What are we doing bad?”  

“What we should start doing?”  

Theories laid out in the previous chapters were used for implementation plan definition and 

analysis and interpretation of discoveries. The results of the improved software process were col-

lected in set of documentation and progress reports, which can be considered as secondary source of 

research data. The final source of data was synthesis of findings summarized in chapter 7.  

Constraints of the startup shaped the used methodology. Bootstrapping model of financing puts 

a significant pressure on the CEO and the whole team. This means time and money were very valu-

able assets in startups. Therefore, there could not be significant time or financial resources reserved 

for the SPI. Traditional or large in scales model like CMM or CMMI were eliminated in the begin-

ning. For the research, combination of models was implemented in order to meet software team’s 

needs.   

First of all, PRISMS model was chosen to navigate individual steps of SPI. Reasons for PRISMS 

model were, foremost, its application on small companies. The unique business position of the startup 

where it is customers who are waiting for the product to be finished, business vision and goals play 

an essential focus in the startup’s decision-making. PRISMS model places business objectives in the 

shaping process of SPI model implemented.  

 Unlike other models, PRISMS is one of the few that include development team to the process 

areas definition. Startups usually tend to merge separated roles in software development. In this 

 

 

 
100 McAvoy, John, and Tom Butler. 2009, p. 32.  
101 Ganga, Deianira, and Sam Scott. 2006. “Cultural "Insiders" and the Issue of Positionality in Qualitative 

Migration Research: Moving "Across" and Moving "Along" Researcher-Participant Divides.” FORUM:QUA-

LITATIVE SOCIAL RESEARCH SOZIALFORSCHUNG 7 (3). https://www.researchgate.net/publica-

tion/49913614_Cultural_Insiders_and_the_Issue_of_Positionality_in_Qualitative_Migration_Research_Mo-

ving_Across_and_Moving_Along_Researcher-Participant_Divides. 
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sense, startup software developers are more independent and have bigger insight to the companies’ 

objectives, functioning and priorities. The flat organizational structure of the startup supports this 

phenomenon. Including developers in the assessment process is not only beneficial, but integral in 

order to correctly evaluate the capability level of the team. For this, a partial hypothesis was formed:  

 

H1: Startup developers have an integral role in software development and their insights are crucial 

in software process assessment.  

The research question to answer this hypothesis is:  

R1:What are the differences in software process evaluation between developers and business?  

 

Although PRISMS model primarily uses CMM process areas in the step of defining key process 

areas, for the purpose of this thesis, CMMI-DEV framework will be applied instead. As discussed in 

theoretical overview, CMMI-DEV provides similar framework for small businesses, while building 

on foundation of CMM. Another benefit of this framework’s version is its continuous path which 

does not apply levels the whole scale of software processed but rather chooses objectives of each 

process area. It also allows to prioritize certain process areas at the expense of those deemed as less 

important. This factor is essential for the startup, as it can continue functioning while gradually ap-

plying prioritized process improvements. A cohesive process improvement suggested by CMM or 

CMMI-DEV staged path is not only something a startup cannot afford, but also something startup 

does not have time for. That is why, instead of CMM framework used in PRISMS model, the thesis 

applies CMMI-DEV guidelines. Metrics for the process areas were also not determined as the thesis 

uses a hybrid model between of PRISMS and CMMI-DEV. In CMMI-DEV there are already generic 

goals defined to assess the process improvement which will be followed in evaluating the SPI.  

 These assumptions were formalized in the next partial hypothesis as follows:  

 

H2: With limited resources, startup companies have to tailor established models and practices to 

streamline their process without big investments.  

In researching second partial hypothesis, the following question will be asked:  

R2: What are the tools to minimize financial investments needed for SPI? 

 

Once the current process is assessed and key process areas are defined and prioritized, there 

is a need to define an improvement plan for these processes. For improvement part, this research 

applies mix of project management and agile methodologies. Rationalization behind that is as fol-

lows. A traditional project management is an essential component to both SPI and CMMI-DEV. And 

that is where limitations of researched startup come into place as it cannot rely on waterfall, sequen-

tial model. As mentioned above, the startup is in a situation when the contracted customers eagerly 

await the product. With an ambitious product not nearly finished, a process streamline has to rely on 

agile methodologies and iterative model of development. Otherwise, startup would lose its custom-

ers. Agile development is recommended method when a product/system faces certain levels of un-

certainty.102 This condition leads us to the last partial hypothesis:  

 

 

 
102 Malakar, Sudipta. 2021. Agile Methodologies In-Depth, p. 56.  
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H3: A business model of researched startup defines which tools for software improvement can be 

used in the process. 

R3: How do the contextual factors of an organization influence software processes in a company? 

  

 Next part of the thesis will attempt to prove these hypotheses using the empirical findings of 

the researcher during 14 months on a project. Figure below shows how did this thesis combined the 

described models and frameworks.  

 
Figure 3 Visual representation of methodologies used in the thesis, based on PRISMS model, CMMI-DEV and Agile and 

project management meethods, created by the author   
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5 SPI IN A CHOSEN ORGANIZATION  

The fifth chapter of this thesis moves on to the application of chosen SPI model on the startup. 

It is divided to subchapters based on the steps undertaken in the process. 

5.1 Business goals definition  

Business model of the startup was outlined in the previous chapters. In the beginning of the 

research, the startup has found itself committing to certain deadlines of the finished functionality 

which it was unable to fulfill. The contracted customers were not be able to pay for the services and 

the startup had to continue in the bootstrapping financing model.  

The complexity of the product made in impossible to wait for the product to finish to count the 

on the sales profit from customers. The business decided to build the business model on partial sales 

deploying the product modularly.  

Another management’s question mark was how effective the process is and how utilized the 

human and financial resources in the software team are. The cost optimization is a must in startups 

operating under pressure of time and money variables. The ideal situation is to distribute the costs 

over time and not have any individual increases at once.   

 

Considering this, the researcher defined business goals with the CEO as follows: 

• Finish the core functionality of the product in 6 months  

• Be able to set deadlines for finished functionalities for the customer  

• Validate the software functionalities during its SDLC  

• Monitor costs spent on software development  

• Improve software quality  

• Minimize costs spent on SPI  

 

Important thing to point out is the last point. Even though the startup was in need of process 

improvement and optimalization, the costs used for that should be minimized from both development 

and business side. Continuous path of CMMI-DEV was therefore used, which can implement process 

improvements over time based on initial prioritization.  

5.2 Process assessment and consultation process  

Second step in the PRISMS SPI model is to undergo a process assessment. The existing pro-

cess model of the startup lacked any definition and form. Rather than software process, the startup 

was performing a set of activities. The software team operated on an ad-hoc basis and was initially 

at the capability level 0 of CMMI-DEV framework.  

5.2.1 Process outline  

Through basic stages of SDLC, next part lays down how were the activities initially per-

formed.  
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Planning had two layers. First one, high-level plan of the whole product based on the modular 

division. The high-level plan was conducted with the client to outline the implementation steps. 

However, no one in the team really knew how much time it would take to finish the specific modules. 

The complexity of functionalities was not broken down to smaller pieces and estimates were set 

incorrectly. Short-term planning was done every week in the composition of CEO, HoSW, senior 

frontend developer and senior backend developer. Planning was an unstructured meeting where there 

were discussed list of pending tasks across the system. On few occasions, planning was even can-

celled, and the team was assigned tasks ad-hoc.  

Defining (requirements) was being done only on the surface. CEO was the one giving the 

software team overall vision for the functionalities which were recorded in bullet points in the inter-

nal wiki. From these bullet points, set of development tasks were created in a task management online 

tool.  

Design was not part of software activities. Outlined requirements on functionalities were then 

vaguely described in form of development tasks and developed. The software architect, who was part 

of the team, was independently analyzing technical solution of the next module to be implemented, 

outside of the SDLC of the team.  

Coding was performed individually and in ad-hoc manner. There were several impediments 

during the process. Firstly, as the product has complex architecture, every new added feature could 

and did disrupt the existing functionality. Secondly, the creativity of a developer without undefined 

scope could be dangerous in creating inconsistencies in the product and in the system. Finally, as the 

scope of the task was not defined clearly, the process of coding was prolonged due to developer 

either asking about specifics or procrastinating.  

There were no unit nor integral tests. The tester in the team conducted manual tests on the 

frontend part of the functionality and collected bugs found to the task management tool.   

Deployment had no certain rules or practices. By the time research started, two already devel-

oped modules were in the process of deployment. Deployment was two dimensional – first to the 

testing environment for the customer, second to the production environment for the customer. Due 

to performance issues after deployment to the testing environment, unfinished functionalities or bugs 

found, the planned deployment of the modules had already been delayed on two occasions.  

Maintenance bugs were reported only through the tester and had no prioritization. They were 

put to the task management tool without structure, where they were piling up together with some 

archaic or unfinished tasks.  

As for the communication, the team communicated daily on daily standups used in Scrum 

model. The attendance on the standups was random, there were days where it was even under 50%. 

The structure of standups was ineffective as it was individuals talking in an unstructured manner, 

and the meeting was usually prolonged to 30 minutes.  

The activities were also not producing desirable results and fell short on meeting business 

milestones. 

5.2.2 Consultation process   

Through various of collective and individual unstructured interviews, the team was asked on 

the current process and pain points they wished to change.  
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The general consensus on a pain point was the lack of specifications and clear architecture. 

The work that was assigned to them was only outlined, and it was up to developers to figure out the 

details. Some might consider it a positive room for creative process of each individual developers, 

but the consensus in the team was that in such a complex system and interconnected architecture, it 

was hard to effectively finish the tasks.  

An important topic of the consultation was the planning. The team felt unnecessary pressure 

as the deadlines for functionalities were set by the business without consulting the development team 

or without properly estimating the complexity of the module. The development team was then pres-

sured to finish the functionalities on set deadline which were unable to be finished in a defined time 

scope.  

The ineffectiveness on the process was implied by the other two points. First one was ineffec-

tive time spent on standups. The team was comprised of 15 people. There were standups, when the 

discussion between two-three people exceeded 15 minutes and scope of what is supposed to be said 

on standups. The whole team of 15 people then spent time listening to overextended discussions 

which could have been avoided had the discussion participants took it off call.   

Second activity pointing to ineffectiveness was work distribution. As it had no method, devel-

opers started the day without knowing on what tasks they will work on. As the startup held flat 

structure, there were clear no hierarchies set to distribute the work and no clear point of contact to 

ask for one.  

Outside of the points discussed in subchapter 5.1, the business was also consulted on the pain 

points of the software process. The frustration from the team not meeting deadline was also voiced 

from the side of business. Additional points were lack of transparency of team’s delivery and some-

what too creative process of functionalities deployment as it was full of inconsistencies and bugs. 

The business put emphasis on increasing software quality to minimize the number of bugs and per-

formance issues.  

Table 3 summarizes the pain points consulted with the software team and the business. Cells 

highlighted with green are the pain points which were identified by both parties. Cells in grey only 

with one of the asked. 
 

Table 3 Comparison of pain points identified by the business and development team 
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 As seen from the table, there were only three points characterized by both the development 

team and business. Other points were either shared from business side or from development team 

side. It can be seen the business had sales and costs optimization on mind, while the development 

team focused on their daily operations and struggles. The summarized pain points had several busi-

ness implications:  

 

• Inconsistent software  

• Zero integration of complex technical solutions  

• Not stable solutions causing inconsistencies and bugs  

• Confused, non-productive team with inability to fully utilized the team members   

• Ever-delayed delivery 

• Inability to make agreements with the clients 

• NO PROFIT   

5.3 KPAs for improvement   

Based on the process assessment and consultations with the team, there were process areas 

from CMMI-DEV framework prioritized. As PRISMS and CMMI-DEV says itself, the process areas 

in continuous path should be chosen and prioritized based on individual needs of each organization. 

After determining the main pain points, they were put in their respective process area. Each of the 

KPAs was according to CMMI-DEV set with a target capability level and according to PRISMS 

model with a priority.   

The pain points identified were subjected to the process area which should mitigate or elimi-

nate the pain points as follows:  

 
Table 4 Mapping of the pain points identified by the startup and the CMMI-DEV process area 

 

 

The target level and priority were set considering these variables. The target level for capabil-

ity model was set to Performed (Level 1) as the minimum improvement the startup had to undergo. 



 47 

For the two areas both business and developers identified as required (see table 3), there was target 

capability level set to Managed (Level 2) to address this urgency.  

As for priorities, the one tied directly tied to engineering process was preferred the most – 

Requirements Development. The reason for that is importance of business goals in this model. The 

business is product-oriented and prioritizes production process – software engineering to work as 

effective as possible. The project management KPAs followed as they were dependent on the first 

two process areas. An organization cannot plan, if the workload is not estimated. And the software 

team cannot estimate if it does not have clear requirements and technical architecture of the product.  

 
Figure 4 List of KPAs identified for SPI of the researched startup, the target capability level of the SPI and priority 

 

 

5.4 Improvement plan  

To minimize the costs, activities to implement the improvements were dispersed into 12 

months utilizing the continuous path of CMMI-DEV framework. The process areas were broken 

down based on the specific activities defined for each process area. For all process areas, level 1 was 

required, which meant all specific goals of the defined areas had to be achieved. This was prioritized 

in the improvement plan as well. Moving to Level 2 in Requirements Development and Project Plan-

ning was deprioritized and moved to the later parts of the plan.  

The specific activities of process areas were performed based on the process area’s determined 

priority.  
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Figure 5 Improvement plan for the researched startup based on PRISMS and CMMI-DEV 

 

 As the thesis follows agile and incremental development, the performed processes are also in-

cremental with every SDLC phase. The specific activity is considered performed when it is regularly 

performed in the development process.  

 Due to importance of the Requirements Development and Project Planning area, their ad-

vancement to Level 2 was prioritized against Level 1 of Project Control and Monitoring. However, 

that does not mean the team was not conducting some activities from these process areas. It was only 

not considered to obligatory perform all of them on either regular, or institutional basis.  

 Moving the processes to Level 1 in Requirement Development and Project Planning areas 

was performed simultaneously due to their interdependence and same importance to the business 

objectives. Had they been done separately; the length might have been shorter. However, both relied 

on compliance from all software team members, including CEO. Among daily activities, and code 

production, the SPI activities also take up some portion of team’s working hours. Thus, these pro-

gressions were laid out to 4-5 months considering these variables.  

 Level 2 for Project Planning was allocated much shorter time than for Requirements Devel-

opment. The researcher assumed that specific activities in Project Planning were in competence on 

1-2 people and their institutionalization could therefore be streamlined in comparison to Require-

ments Development which involved the whole software team and CEO.  

 The rest of the process areas were planned for the second half of the SPI process. The plan 

also counted on impediments in the process and reserved buffer time for first two process areas.   

 

5.5 Plan implementation  

In order to monitor and manage the changes and improvements of the SPI, one of the integral 

parts was the team distribution.  The software team was separated into micro teams. Firstly, the team 

composition suited the complex architecture of the microservices better. Each micro team could 
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focus on specific microservice and progress the module independently from the other parts. Sec-

ondly, the process of development had to be streamlined. While the modules were complex, the work 

on the modules could not be parallelized between 12 software developers. Sometimes three devel-

opers were working on their tasks and the rest was waiting for those tasks to be finished before they 

could start their own. The startup was losing one of the precious variables – time. Thirdly, by dividing 

the team to micro teams, two or three modules could be progressing simultaneously. Faster the pro-

duction, faster the product launch and profit from the sales. 

This restructure was supported by putting one more hierarchical level between developers and 

HoSW and PM – a technical lead who became responsible for the produced code. Another point to 

highlight was that team started to become more homogenous. During the 12 months, there were some 

members leaving, while some new developers arriving. The startup decided to hire only full-time 

workers and the ratio of full-time workers increased significantly. Pandemic of COVID resulted in 

full remote communication for all of the members regardless of their location. After HoSW left the 

startup, PM changed her role to Head of Software Delivery (HoSD) to be a sole bearer of knowledge 

of operations and process flows. This increased efficiency in decision making.   

The organization then changed from flat to flatter structure as Figure 6 demonstrates (the num-

ber of people is only illustrational).  This structure was chosen to accommodate to collective respon-

sibility of XP model in developers. By creating a flat structure, but with a certain hierarchy, the 

startup could keep the team encouraged, interconnected and engaged, while also preventing confu-

sions on reporting and accountability as in the flat structure.  

 
Figure 6 Change of organizational structure in the startup during SPI 

 
 

The process was, besides internal team, reviewed by two external consultants – one focused on 

the startup’s business model and growth, and external consultant company – focused on the software 

internal processes.  

Following parts lay down each of the defined key process areas and improvements that were 

implemented in the SPI process.  Tools and best practices of agile methodology and project manage-

ment were used to perform specific activities in the identified process areas. These tools were indi-

vidually chosen for the startup’s purposes by the researcher (who was a PM, later Head of Software 

Delivery), external consultant company, CEO, HosW and the development team itself.  

5.5.1 Requirements Development 

SG1 Develop Customer Requirements  

In case of developing customer requirements, the requirements had been collected for years by the 

CEO. The first step was to utilize this experience and formalize the requirements, or requests, as was 

the used title for requirements in the startup. They started to be registered in a task management tool 
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They were given a customized form of registering them. The examples of a registered request can be 

seen in Appendix B. The required information a requirement had to have registered were:  

- High-level overview of the requirement  

- Who is requesting the functionality  

- What are the users the requested functionality will affect  

- Context on the requested functionality – why is the user requesting this functionality  

- Business relevance to the customer  

- Urgency  

- Detail of the requested functionality e.g. screenshots 

- Business relevance to the startup  

- Note of the software team  

 

Requests were then moved along the defined workflow from new, to consideration, to approved, to 

analysis, to development and to completed. Additional statuses like deferred and will not implement 

were also part of the defined workflow. The movement to next stages were conducted on Prioritiza-

tion meetings which were attended by the CEO, HoSW and Project Manager (PM) on a biweekly 

basis. Besides moving the requirements to further stages, it was reviewed how many requirements 

proceeded to the development, how many are done, etc.  

 

Later during the implementation, a new role entered this process area - Consulting manager, whose 

role was to map the current state of customer’s processes and prepare the environment for the soft-

ware launch. As he gathered significant understanding of customer’s needs, part of his time was 

allocated to customer requirements identification. Clients and users were involved in the process 

through Consulting manager, or through feedback meetings reviewing the functionalities.  

 

Another form of institutionalization was the guideline provided for request registration and identifi-

cation of workflows as can be demonstrated in Appendix C.  

 

SG2 Develop Product Requirements  

After a request was moved to the status of Analysis, two parts of analysis occurred: User story and 

Technical architecture. Both the development team and the CEO identified the need to have specific 

definition of the task, how it should function and how it fits to the system architecture.  

Concept of user stories and technical architecture was applied from XP framework User stories also 

followed a customized format of: 

- Basic format – uses standard format of a user story  

- Business case – provides business reasoning behind the functionality  

- Prerequisites – what are functionalities that needs to be implemented before   

- Acceptance Criteria – how should the functionality look like and against what will be tested 

- Connected user stories 

- Appendices – usually link to a prototype  

- Architecture – usually link to the part of architecture in the internal wiki  
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User stories were formed into larger functionalities in a card view format. Every user story was then 

prioritized based on its scope into releases of certain module. The coherent card view of the partial 

modules in the system was included in Appendix D.  

 

User stories were then subject of technical analysis which integrated newly requested functionalities 

into the system architecture. This step was implemented in order to accommodate to the complex 

architecture of the startup’s product and to modular business development plan. Technical architec-

ture consisted of defined data models, API definitions (Application Programming Interface), com-

munication with other modules, etc. A software architect would then break down the architecture 

into tasks for developer which were added to the task management tool. Both user stories and tech-

nical solution were estimated with involved stakeholders and put on the product plan. In the process, 

CEO and/or HW department of the startup consulted and verified the expected behavior of some 

functionalities.  

 

Due to the delicate character of both user story and software architecture, it being an intellectual 

property of the startup, no example is available in this thesis.  

 

After implementation of these methods, the team evaluated process to be time taxing, but rewarding. 

For the business analysis and user stories definition, there was a Product Manager hired three months 

after SPI process started. However, for such a small team to have five people (CEO, HoSW, Con-

sulting Manager, Product Manager and Project Manager) included in the process, it was determined 

as ineffective after two months. Due also costs optimization reasons, the role of a Product Manager 

was abolished. PM was assigned to continue developing the user stories as she had before, and it 

became an official part of her workload.  

 

For the technical solution, one of the senior backend developers was reallocated from development 

and HoSW was also redirected from business requirements to translating them into technical analysis 

and design integration to strengthen the area of software architecture.  

Formal guidelines for both user stories and technical architecture were laid out in the later stages of 

the improvement plan. Guideline of a user story is attached in Appendix E.  

 

SG3: Analyze and Validate the Requirements  

Two methods were applied for the last specific goal. Customer requirements were defined by the 

business (CEO, Consulting Manager, PM), user stories created by the PM and technical architecture 

by the software architects. In order for the developers, who are the receivers of these work products 

to have a say in the process, all these materials are sent to them beforehand. They are provided with 

a platform to comment on the parts of the documents they do not understand or provide different 

perspective. The findings are then discussed on a grooming meeting – accommodated from Scrum 

methodology – and analysis is being verified.  

 

Second method was verification of the requirements with the customer which was taken from the 

Prototype model of the SDLC. Together with the user stories and technical architecture, a prototype 

model of an analyzed product was created. The wireframe was created using the tool Figma and was 
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practically a copy of a system with basic functions which where templated to mimic the functionality. 

Prototype was then validated with the customer – CEO and/or HW department, in appropriate time 

before development of the prototyped functionality started. On this validation, CEO could express 

his comments so that the rest of the team could edit the user stories or architecture accordingly.  

 

Prototypes were later used with the client as well, to showcase the planned functionality and gather 

their feedback before the functionality is finished to make final adjustments. The prototyping has 

also shown its benefits but due to limited capacities could not be conducted on every new set of 

functionalities. Five months after the process a Product Designer was hired to institutionalize the 

process. Both designer kit and UX components guidelines have been completed and added to the 

internal wikipedia of the startup.  

5.5.2 Project Planning  

SG1: Establish Estimates 

The revised process of requirements definition allowed estimations to be set. As mentioned above, 

grooming meeting became part of the development process where the development team discusses 

newly specified features. The main aim of the grooming was to estimate the user stories which were 

broken down to development tasks. Format of the grooming adopted poker planning from XP. De-

velopers used online software to vote how much do they think it will take to produce a certain task. 

Everyone votes individually, and only after each member votes, the points are revealed to the group. 

If the points differ significantly, there is a discussion held. Developers can change their votes until 

the final confirmation is set and average of all points is assigned to the groomed task.  

 

Grooming became a part of every new set of functionalities in the development process. The PM was 

moderating the sessions and recording the estimates in the task management tool. An example of a 

groomed task and the online software tool used can be seen in Appendix F.  

 

SG2: Develop a Project Plan  

CMMI-DEV uses sprint as a replacement for project in agile environments. The startup accommo-

dated two weeks springs from Scrum. The modules were divided into releases. Releases were 

groomed and estimated. Tasks from releases were put in a Gantt chart based on their estimation and 

team assignation. Each developer was assessed based on their pace and capacity (as some were work-

ing part-time). A real example of a Gantt charted sprint is shown in Appendix G.  

 

Once releases were estimated, the whole module was scheduled in the product plan. The product 

plan was a high-level roadmap of the product. Each module had three activities planned – business 

analysis (user stories and prototype validation), technical architecture and development (estimated 

development tasks). The whole process was in competence of the PM. The illustration of the divi-

sions used in developing the Sprint and Product plan is shown on Figure 7: 
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Figure 7 Division of work structures used for Sprint plan and Product plan 

 

 

SG3: Obtain Commitment to the Plan  

A commitment to the plan is in sprint environments tasks assignation. This was constitutionalized 

by two tools. Firstly, directly on the grooming meeting, after their estimations, tasks were assigned 

to the developers. Secondly, if tasks were too big and not assigned on the grooming, technical lead 

was assigning the tasks to his micro team himself. The assignations were then recorded in the task 

management tool.  

 

The commitments of both technical leads and developers in this activity was in the later stages con-

firmed by the detailed description of team roles responsibility which was conducted by the PM. The 

need for the clear definition of responsibilities was accelerated with the need to institutionalize this 

specific activity. Both formalizations are shown in Appendix H.  

5.5.3 Project Monitoring and Control  

SG1 Monitor the Project Against the Plan 

There were several tools to perform and/or improve monitoring of the process, plan and team.  

 

Firstly, task management were formalized adopting Kanban methods. Each sprint started to have its 

own Kanban board and a precise definition of moving the cards to the next status provided a visual 

support to the sprint monitoring. Appendix I showcases a diagram followed by the team to move 

their tasks. Appendix J is a real example of one of the sprints in Kanban board.  

 

Secondly, answering one of the pain points of the developers, daily standups were revised and re-

structured. Guidelines on how to lead the standup, what to say on standups and how to prepare for 

standups were set (Appendix K). Technical leads were leading their standups to streamline the whole 

meeting as they knew about blockers of their teams beforehand and could swiftly address them 
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without prolonging the discussions. Lastly, standups started to have visual representation adopting 

Kanban boards.   

 

Thirdly, new task management tool – Goodday – allowed each task to have its own time spent by a 

developer on a task. These partial time reports were then summarized reports & analytics tool of 

Goodday. A quick way to review reported time helped monitor the sprint and its progress. It also 

helped to compare the reported time to estimated time of the task.  

 

All monitoring and control tools were then put in a weekly report of each module. The report used 

comparison method on estimated hours to develop the functionality vs. real hours it took to develop 

the functionality (Appendix L).  

 

SG2 Manage Corrective Action to Closure  

Due to incremental and dynamic environment of the startup, corrective actions were implemented 

daily and on three levels.  

 

Firstly, on the sprint level. Comparing the estimated progress vs. the real progress as mentioned 

above was conducted during sprint. If sprint was behind, resource allocations were made during the 

sprint based on importance.  

 

Secondly, on the product level. All changes to requirements or other unexpected events (e.g. refac-

toring the old code because of inconsistencies caused in the previous projects) were reflected in the 

product plan and deadlines immediately moved or reconsidered.  

 

Finally, on the process level. Team adopted sprint retrospective method of Scrum and held retrospec-

tive discussions on the improved processes. Some of the corrections spurring from these retrospec-

tives were for example clear list of competences in the team (e.g. Appendix H).  

5.5.4 Verification  

SG1 Prepare for Verification 

Verification was conducted on every development task and part of the code. The preparation was 

therefore done during the process of grooming as that is when the tasks assigned to a spring were 

named.  

 

SG2 Perform Peer Reviews  

Implementing XP methods, peer reviews became part of the development process. Firstly, by for-

malizing technical lead role who had to review every part of the code his team members produced. 

In later stages it has also become practice for other developers in the team to review the code of their 

peer. This was however not enforced. 

 

SG3 Verify Selected Work Product  

The first level of verification was done by a developer, who produced the code as it was enforced by 

technical leads to perform unit tests on every new functionality. This was also reflected in the 
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grooming stage when the estimations of the functionalities increased because of considered time 

spent on writing unit tests. Unit tests on specific tasks took longer than the implementation itself.   

 

The code then moved to the technical lead and other team members for the peer review and code 

review. Any comments of the technical lead had to be processed and corrected.  

 

After the code review, the code moved to the testing environment where there were manual tests 

performed by the tester. The tester followed detailed acceptance criteria of a user story.  

 

Final verification was conducted at the end of each functionality on so called DEMO meeting. On 

this, PM provided quick presentation of the functionality, each feature and review from the CEO and 

other stakeholders was recorded. This format was adopted from Scrum’s ritual – Sprint review.  

 

6 RESULTS OF THE SPI  

The previous chapter described SPI process through their inputs and implementation. In the 

following one, the thesis proceeds with the results of this process. First, the revised process model is 

laid out with the impact it had on the startup. In the second subchapter, the process is evaluated 

against CMMI-DEV framework and their guidelines on process appraisals.  

6.1 Revised process model  

All improvements implemented had several positive impacts on the team and the process. The 

revised process model of software development can be seen on the Figure 8. This model is being 

followed by the startup since the improvements’ implementation. It is also formalized in organiza-

tional policy and internal wiki.  

 

Positive effects on the team is described below:  

• Dividing the team to micro teams prevented this ineffectiveness and fully utilized each 

resource available 

• Role of a technical lead enabled task management, code reviews and answered lack of 

responsibility or accountability for the produced code  

• User stories resulted in no discrepancies between the produced functionality and cus-

tomers’ requirements  

• This was supported by prototypes creation which served as a tool to visualize outcome 

of the functionality  

• Technical architecture as part of the development process helped developers to have 

clear guidelines on the produced code. It drastically streamlined programming process.  

• Groomings provided developers a platform to voice their opinions and be part of prod-

uct shaping process  

• Groomings allowed every task to be estimated based on developers’ experience which 

led to detailed sprint planning and management  
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• Deadlines for the clients started to be set based on developers’ estimations and PM’s 

planning  

• Kanban boards helped PM and the technical leads to have a visual representation on 

what is everyone working on, what is the amount of work left to be done and what was 

completed  

• Unit tests, code reviews and peer reviews increased product’s quality and decreased 

each functionality lifecycle  

 
Figure 8 Revised process of software development in the researched startups after improvements implementation 

 
 To evaluate the business’ satisfaction, we can go back to the business objectives set by 
CEO, majority of them were answered with the process improvement: 

 

1. Finish the core functionality of the product in 6 months  

- Unfortunately, this objective could not be met as the complexity of the product turned out to 

be much more difficult to implement. A detailed list of specifications in form of user stories 

and detailed software architecture allowed the business to see how much time will be needed 

to complete the functionality. However, thanks to the SPI process, from 2 modules in three 

years, the software team implemented 4 modules in thirteen months. The velocity and tempo 

of production rapidly increased without significant increasements to development resources.  

2. Be able to set deadlines for finished functionalities for the customer  

- Thanks to the estimations and sprint planning, the deadlines were more precise and reflected 

real complexity of the functionality.  

3. Validate the software functionalities during its SDLC  

- Accommodating the prototype model, the business had a quick and effective framework to 

validate the analyzed functionality before it went to production. The discrepancies could 

therefore be discussed and corrected before it was too late and before time and financial 

resources were burnt. 

4. Monitor costs spent on software development  
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- By requiring all developers to report their time under every development task, the manage-

ment could monitor costs spend on functionalities and optimize them accordingly. This was 

not possible in the past as developers reported their time very vaguely and incoherently.  

5. Improve software quality  

- Hard to measure improvement. However, multiple layers of tests – unit tests, code and peer 

reviews, manual tests – at least minimized number of returned tickets. Software quality got 

better also thanks to the specifications and software architecture which minimized inconsist-

encies in the software. 

6. Minimize costs spent on SPI  

- A detailed comparison could not be made as there were no estimations on the SPI process 

and tailored SPI process beforehand. The researcher did not have access to all financial and 

costs data of the startup. SPI process not dealing a huge constraint on the financial stability 

of the startup is however a showcase of a acceptable costs/benefit ratio of the SPI.  

 

6.2 KPAs  

As the CMMI-DEV framework suggests, the performance of specific areas should be meas-

ured with adjusted activities in agile operating organizations. The following SPI evaluation, whether 

the specific activity is performed, are based on their own recommendations on how they should be 

adjusted for agile environments.  

Tables 5 to 8 summarize improved process areas using the CMMI-DEV guideline. Each pro-

cess area’s specific have defined whether they achieved a generic goal to move to next capability 

level or not. Level 2 generic goals are redundant for process areas, which did not target this level. 

All activities included were described in the previous chapter.  

  
Table 5 Evaluated specific and general goals of CMMI – DEV model in Requirements Development process area 

 
 



 58 

 

Table 6 Evaluated specific and general goals of CMMI – DEV model in Project Planning process area 

 
 

Table 7 Evaluated specific and general goals of CMMI – DEV model in Project Monitoring and Control process area 

 
Table 8 Evaluated specific and general goals of CMMI – DEV model in Verification process area 

 
 

 All process areas were able to reach targeted level 1 capability level - Performed. Require-

ments development was institutionalized and achieved generic goals of level 2 capability level - 

Managed. However, Project Planning does not fulfill two out of 10 generic goals of level 2 capability 

level and is still in the process of reaching the Managed level.  

 Overall, in comparison to the plan, the performing of the activities was much faster than 

expected. It was the startup’s dynamic and flexible environment that allowed new models to be 
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implemented almost immediately. Some of the activities from process areas were connected and 

therefore, they were performed earlier than originally planned.  

 What showed an unexpected turn was the institutionalization of these processes based on 

CMMI-DEV framework guidelines. Even though the process was performing, the generic goals of 

Managed Level needed more time to be applied. The success of performing activities also hindered 

this process. As the startup and the business felt the improvements of the performing activities, the 

motivation to institutionalize them and move them to the next capability level decreased. It also 

required extra time resources which were due to financial situation of the startup dispersed over time. 

That is why level 2 progress took longer than originally estimated in the improvement plan.  

 Figure 9 showcases the real improvement plan based on its implementation and when the 

respective process areas reached the targeted levels. 
 

Figure 9 A real execution of the improvement plan for the researched startup based on PRISMS and CMMI-DEV

 

7 INTERPREATATION 

After presenting the empirical data of the research, this chapter will address the validity of 

the formulated hypotheses. PRISMS model recommends involving developers in the key process 

areas definition as their insight of the process is on higher level of details. Hypothesis 1 concerning 

startup developers involvement applied this recommendation. To answer this hypothesis Research 

Question 1 asks what the differences in software process evaluation between developers and business 

are. Looking back at the Consultation and Process Assessment process it could be seen there were 

several differences between pain points identified by the developers and by the business. Only two 

pain points were identified by both parties (no planning, lack of specifications), while the majority 

of the technical points were identified only by the developers. Improvements that streamlined the 

development process such as software architecture or unit tests would then be ignored. Overall, it 

can be concluded that while business focused on their business objectives and goals, it was actually 
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developers who focused on the procedural changes. The reason behind is that the flat structure of 

startup engaged developers in all parts of processes. As developers operate in the process on a daily 

basis and therefore know exactly what needs to change or what are the things that can be improved.  

Hypothesis 2 can be argued. The limitations were clear during the startup. Answering the 

Research Question 2 on what the tools to minimize financial investment are, the proposed thesis used 

prioritization and compliance with the business goals. Firstly, it needed to tailor PRISMS model and 

apply CMMI-DEV framework instead of CMM. Continuous path of CMMI-DEV allowed distribu-

tion of costs investment of SPI to various months. Secondly, it could not implement all process areas 

at once and had to prioritize which area to focus on and on which level. The lack of human resources 

to lead the process resulted in delays in Improvement plan, especially in process areas moving to 

capability Level 2. As a result, the improved process and majority of activities displayed positive 

effects on the software team and achievement of majority of the defined business objectives. An 

inability for one process area to reach Level 2 can however not fully confirm this partial hypothesis. 

Financial constrains allowed to perform identified activities. However, their full institutionalization 

and advancement to Level 2 was deprioritized due to limited financial resources of the startup.  

Concerning Hypothesis 3, the contextual factors of the startup were present during various 

steps of the process. The business model of the startup, where it was necessary to generate partial 

sales profit from launched modules, structured the process into sprints which ensured regular incre-

ments. This incremental methodology had to accommodate agile tools which fulfill this methodology 

in the most efficient way. Research Question 3 of how the contextual factors of an organization 

influence software processes in a company was answered by constant mix of methods used from 

different frameworks and not just accommodating set of recommended tools of one method, e.g. 

Scrum.  

 The final hypothesis of the thesis can be concluded as partially confirmed as Hypothesis 2 

could not be fully proved.  

 

H: A SPI model can be used to streamline processes in a startup company if used with appropriate 

and tailored agile and project management methods.  
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Conclusion 

The proposed thesis focused on the software process streamlining in a selected startup company. 

More specifically, the thesis aimed to prove that various models of software process improvement, 

SDLC and agile and project management can coexist to accommodate specific needs and contextual 

facts of a startup. The thesis applied the concepts and theory on software process, software teams, 

agile methodologies, software process improvement and startup specifications to implement a cus-

tomized, but efficient model of software process improvement.  

In regard to that, thesis analyzed established models of software process improvements and their 

benefits and shortcomings. Through variety of other models and versions, there was identified two 

frameworks that could be applied to the startup’s needs – combination of PRISMS SPI framework 

which customizes SPI methods to small business and CMMI – DEV framework which is an adjusted 

CMMI framework. After analysis of the startup’s contextual framework, agile methodology was 

used as a tool to implement theoretical frameworks of the model. This led to formulation of three 

hypotheses. The first dealt with the importance of developers in assessing the process areas to im-

prove. The second assumed that the limited time and financial resources of the startup could be com-

pensated with tailored models and tools used in the software process improvement. Finally, the third 

one suggested, that contextual and business model variables are integral to decision making on which 

tools of implementation should be used.  

The main hypothesis of this thesis expected a connection between these three hypotheses and 

summarized it in the assumption that the established SPI frameworks can be successful with tailored 

models and agile tools in the startup environment. In order to prove these hypotheses, the research 

continued with answering three research questions. Data researched to confirm them provided a sum-

mary of each steps taken in the SPI model – from process areas identification, through prioritization, 

plan definition and its final implementation. Results of the software improvement were then briefly 

described and the whole process was evaluated based on CMMI-DEV framework. The process im-

provement showed beneficial results in the researched startup. Three out of fours defined process 

areas were able to reach their targeted level. This process has been accompanied by list of real arte-

facts and work products in the appendices to demonstrate the real process and activites during the 

research.  

 Certain limitations of the research have to be considered. Firstly, all data were empirically 

obtained and could have been subjected to subjectivity. This is something most of qualitative studies 

suffer from. To compensate for that methodology frameworks are used to conduct a research. The 

proposed thesis therefore used an established model in the field of SPI - CMMI. The framework also 

provided guidelines and measures on evaluation the SPI process which addressed lack of quantitative 

variables in the research. Second limitation is time. As with any other subjects of studies, in order to 

fully assess results of the SPI, more time would be recommended before conducting conclusions. 

Last one, case studies are usually limited in generalizations of conclusions.  

Nevertheless, this thesis should be used as an example of how to deal with complex and difficult 

environments of software development. The thesis should also provide inspiration on navigating the 

steps to consider when choosing SPI model and which development methodology to use in different 

setups for other small companies or startups. Further studies can be conducted from this thesis as 
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well. Either by applying the model on other companies with similar conditions or by continuation of 

the research in the startup with more process areas included or even higher target levels.  
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Appendices  

Appendix A: List of abbreviations used in the thesis  
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HoSD – Head of Software Delivery 

HoSW – Head of Software Department  

KPA – Key Process Area  

PM – Project Manager  

QDF – Quality Function Development  

SDLC – Software Development Lifecycle 
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SG – Specific Goal  

SPI – Software Process Improvement 

UX – User Experience  
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Appendix C: A real example guideline defined by the startup for requirements definition in 
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Appendix D: A real life example of card view of user stories defined for one of the submodels 
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Appendix E: A real example guideline defined by the startup for user stories in the internal 

Wikipedia 
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Appendix G: A real example of a gantt chart (Sprint plan) of a revised planning process  
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Appendix I: A guideline diagram for moving the cards in sprint Kanban boards  
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Appendix J: A real example of one of the sprint Kanban boards  
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Appendix K: A real example of guidelines of formalized daily standups  
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Appendix L: A real example of a status report on development of one of the modules 
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