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The objective of this bachelor’s thesis has been to outline and propose various possibilities 

for Power BI analytics development in a case software company. The research was 

conducted through literature reviews, interviews and multi-criteria analysis. The focus is on 

developing business process reporting through Microsoft Power BI, which is offered to 

customers as a service alongside a software product. The case company has requested for 

solution ideas for their analytics function that would contribute to customer satisfaction and 

efficiency.  

The research problem was prepared with the help of software engineering and business 

intelligence related theory. These areas encompassed an overview of the software 

development process, SaaS model and software product-line engineering, as well as 

showcases of business intelligence systems and the functionality of Power BI. These fields 

were then combined to address the research problem in the case context utilizing two 

employee interviews with the AHP method. 

Cloud-based applications as well as BI systems are still finding their place in business use, 

and their intersection provides competent perspective to analytics services for example 

through automation, customization and quality control. Findings highlighted the importance 

of data accuracy, information relevance and reporting scalability, and thus the preference of 

a deployment pipeline, fully standardized reporting and proactive release planning. The 

position of the staff on the matter, the theoretical foundation and the already made 

advancements have been an early sign of the auspiciousness of the approach.  
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Tämän kandidaatintyön tavoitteena on kartoittaa ja ehdottaa Power BI -analytiikan 

kehitysmahdollisuuksia case-ohjelmistoyritykselle. Tutkimusta toteutettiin 

kirjallisuuskatsausten, haastattelujen ja monikriteerianalyysin kautta. Työssä keskityttiin 

Microsoftin Power BI -työkalulla kehitettyyn liiketoimintaprosessin raportointiin, jota 

tarjotaan asiakkaille palveluna ohjelmistotuotteen ohella. Case-yritys on tarvinnut 

asiakastyytyväisyyttä ja tehokkuutta edistäviä ratkaisuideoita analytiikkatoimintoonsa. 

Tutkimusongelmaa pohjustettiin ohjelmistotuotannon ja BI-teknologian teorioiden 

näkökulmasta. Nämä alueet pitivät sisällään katsauksen ohjelmistotuotantoprosessiin, SaaS-

malliin ja ohjelmistotuoteperhesuunnitteluun, sekä esittelevät liiketoimintatiedon 

hyödyntämistä ja Power BI:n toimintaa. Aihealueet yhdistettiin vastaamaan 

tutkimusongelmaan case-yrityksen kontekstissa käyttäen kahta henkilöstöhaastattelua AHP-

menetelmän kanssa. 

Pilvipohjaisten sovelluspalveluiden kuin myös BI-järjestelmien käyttö yleistyy yhä 

liikemaailmassa, ja niiden risteymä tuo kilpailukykyistä näkökulmaa analytiikkapalveluihin 

esimerkiksi automaation, kustomoinnin ja laadunhallinnan muodossa. Tutkimustulokseksi 

muodostui etenkin datan tarkkuuden, informaation relevanttiuden ja raportoinnin 

skaalautuvuuden tärkeys, ja sitä kautta ns. käyttöönottoputken, täysin standardoidun 

raportoinnin ja ennakoivan julkaisusuunnittelun suosiminen. Henkilöstön kanta asiaan, 

teoriapohja ja jo tehdyt edistysaskeleet kyseisillä päätöksillä ovat viestineet lähestymistavan 

lupaavuudesta.  
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1  INTRODUCTION 

Software has grown into a formidable 600-billion-dollar industry and is still expected to 

grow at an average annual rate of approximately seven percent for the next five years 

(Statista 2021a). The growth rate is, however, expected to decline year by year, and the same 

can be said for business intelligence (BI) system investments as a part of the demand for 

enterprise software (Statista 2021b). This could be an indication of market saturation, further 

emphasizing the significance of software vendors’ capabilities in general and BI alike as 

industry competition intensifies. The growth opportunities brought by a superb product and 

efficient project management instead of a growing market become crucial, especially since 

room for improvement exists in that area, with an estimated 70 % of BI projects failing to 

materialize expected returns (Ain et al. 2019, 2). Moreover, Software-as-a-Service (SaaS) 

has emerged as a competent business model over on-premises software along with the 

popularization of the internet (Aleem et al. 2021, 1037). The revenues of SaaS software have 

seen a more than 223 % increase since 2016 and are expected to surpass all other software 

in Europe by 2025 (Statista 2021c; Statista 2021d). Software engineering methodologies 

such as SaaS present an interesting opportunity for BI. 

For the sake of the case, envision a scenario where an enterprise provides continuously 

updated cloud software to clients through a SaaS model. The SaaS product is aimed at 

controlling and simplifying a business process. It is supported by a BI function developed 

on the side as an extension of the software product, with a mission to provide information 

on the client’s usage and performance with the product, and as such, on the business process 

itself. The BI service concerned is delivered and developed through Microsoft Corporation’s 

Power BI ecosystem in the form of Power BI reporting for the client. The management has 

encouraged to map out components for a Power BI development process that should be 

linked to the main SaaS product. That being said, this bachelor’s thesis has been 

commissioned by a Finnish independent software vendor providing financial technology in 

the North American market. Their B2B SaaS product is delivered through Microsoft’s Azure 

platform and can be integrated with various enterprise resource planning systems. 
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More often than not, research conducted around BI is from the perspective of in-house 

analytics instead of customers acquiring BI from third parties, especially ones that already 

provide the operational B2B software, greatly reducing the complexity of a BI deployment 

(Güemes et al. 2013). This issue indicates that a research gap is present, hence the application 

of software engineering methodologies on customer BI is seen as an opportunity in this 

thesis. Additionally, the consolidation of concepts such as SPLs, Power BI and multi-tenancy 

is surprisingly rare, although phenomena such as self-service analytics and SaaS have paved 

the way for their evolution.  

1.1  Research question, objectives and scope 

The aim of this thesis is to explore, specify and assess development process options in 

analytics, used synonymously here with reporting, for the introduced case through 

familiarizing oneself with the surrounding technology and concepts. The goal is to end up 

with a proposal for development process related decisions since a detailed plan of how it 

would be implemented is out of scope but could be the topic of subsequent research. A 

suitable and clear BI development process benefits the case company’s product 

development, which serves as the main motif for the commission. 

Main research question: 

How can one manage Power BI development for customers as part of a SaaS product? 

Research sub-questions: 

• What kinds of alternatives are there for customer Power BI development from the 

perspective of software engineering? 

• What alternatives are most compatible with the case company’s product 

development? 

The most observable constraint placed on this thesis is that reporting is developed primarily 

for the customer to use, so to paraphrase, the end focus is on BI as a service rather than 

internal BI. The information collected from the customer is related to the consumption and 

operating of the SaaS product and is provided to them as insights and analytics to support 

their usage of the main product in its business context. The importance of the provided BI to 

the customer may lie anywhere between merely a bonus feature and an absolute necessity. 

The perceived importance depends heavily on the properties and performance of the BI 
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service provided by the enterprise, and therefore it must be maximized by producing 

meaningful BI service that affects customer retention positively. The client’s business users 

may have recourse to BI in some of the following circumstances: commercial, regulatory, 

strategic or technological use, and that is why the quality of the service is to be up to par 

from all perspectives (Caserio & Trucco 2018, 43). Comparatively from the development’s 

viewpoint, the proposed solution is to be as lightweight as possible, since resources for 

governing the Power BI function are limited. 

1.2  Research structure and methods 

This is an interdisciplinary case with two dimensions introduced separately and later bound 

together to address the research questions. The first dimension introduces some practicalities 

of enterprise BI and covers the principles of Power BI technology. The other dimension 

contains software engineering methodologies, divided into three subdimensions handling 

concepts that are particularly relevant for this thesis, such as the software development life 

cycle (SDLC), SaaS and software product-line (SPL) engineering. (Figure 1) The selection 

of themes in both dimensions has been heavily influenced by the case and research question 

and have been intentionally selected to fathom the context of the research.  

 

Figure 1. Theory dimensions and subdimensions. 

The empirical part merges the two dimensions, however much of the segment is dedicated 

to introducing the intricacies of the case, the dilemmas linked to them and the application 

for solving them (Figure 2). Simply put, the core focus of the research shifts from a 

generalizable scenario into specific state of affairs in the case company. It is therefore 
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assumed that the introduction of the theoretical dimensions from controlled perspectives 

already expedites their coordination and application.  

 

Figure 2. Research roadmap. 

The research strategy can be loosely attributed to the concept of a case study as described by 

Yin (2009, 26-44), as the scope and level of research are constrained yet detailed enough. It 

states that a case study aims to answer the questions to how and why certain phenomena take 

place in a contemporary setting. However, as the nature of the research is exploratory, or 

answering the question “what”, traits from other methods may also be included. 

The theoretical foundation is laid through a qualitative literature review for two dimensions 

and their subdimensions by the use of research articles, textbooks, databases and 

international standards as well as corporate whitepapers, documentation and other sources. 

The theory is presented in a manner that its narrative is applicable to the baseline case at all 

times. The research problem created by the intersection of the dimensions in the empirical 

part receives a solution attempt through the joint application of interviews and analytic 

hierarchy process (AHP) (Figure 2). Consequently, a solution for the case is proposed in the 

shape of development process related decisions backed by academic and corporate 

publications, expert opinions and a quantitative decision-making tool. 
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2  SOFTWARE ENGINEERING METHODOLOGY 

Software is developed through software projects that are often complex undertakings, having 

to stay within a timeframe, budget and a scope. More often than not, a software project fails 

to deliver one or more of the abovesaid or is eventually deemed unnecessary or 

unsatisfactory by the end user. As a matter of fact, Standish Group’s CHAOS Report (2015, 

2) reveals that over 71 % of all software projects are unsuccessful, either by having faced 

issues with some of the said attributes or outright cancellation. The rate of success has, 

however, doubled since the 90s, owing much of it to agile development methods, which tend 

to have a considerably higher success of 39 % as opposed to traditional methodologies with 

a mere 11 % (Standish Group 1995 2-4; Standish Group 2015, 7). Modern project 

management practices and a clear framework for software development have been a 

lucrative starting point for software projects for some time now. 

 

Figure 3. Chosen software engineering methodologies adapted to Rossberg’s (2019) concept of ALMs. 

The umbrella term of application life cycle management (ALM) is perhaps the most solid 

justification for keeping SDLCs, SaaS and SPLs as focus points of a software project. 

Rossberg (2019, 7-8) asserts that a unified tripolar ecosystem with SDLCs, service 

management and operations as well as application portfolio management is the endorsed 

way to govern organizational ALM, with the last two drawing close parallels to SaaS and 

SPL concepts. (Figure 3) 
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2.1  Software development life cycle 

A software development life cycle (SDLC), synonymous with a software development 

process, is a framework that divides a software project into manageable areas and phases 

and defines how they are related to one another. SDLCs focus on the period of time from 

initiating software development to delivering the software and are therefore not to be 

confused with software life cycles or project life cycles (IEEE 610.12-1990, 67). The 

software project may be a part of a software project portfolio with multiple interrelated 

software projects, often characterized as a software product (Haikala & Märijärvi 2004, 35) 

(Figure 4).  

In order to conceive why an SDLC is needed for software projects, one must understand the 

shortcomings of a non-SDLC. The so-called build and fix antimodel is an unrefined and 

brute-force way of developing software without any proper specifications or design, not to 

mention documentation, haphazardly looping between making a change, informally testing 

the changes and patching the possible trouble points, with no further planning whatsoever 

(Dawson & Dawson 2014, 44). Not only is this way of operating poorly planned, but also 

overly laborious to maintain and unfit for knowledge sharing in the long run. 

SDLC is not a term confined to software engineering, but systems engineering in general, 

and as a matter of fact, it is a subtype of the systems development life cycle. The existence 

of such a philosophy has facilitated publications applying the development life cycle concept 

to numerous industries and uses, not least to business intelligence. For example, Bara et al. 

(2009, 101-103) have demonstrated the fit of systems development life cycles to business 

intelligence systems. It is not considered practical to fundamentalistically follow a certain 

SDLC model as-is, especially since none of them are standardized or perfectly suited for the 

software project, and consequently require each software project, program or business unit 

to thoroughly engineer their own SDLC (Chemuturi 2013, 169).   

Haikala & Märijärvi (2004, 35) establish that the SDLC commonly consists of five phases 

in their order of appearance: defining, designing, programming, testing and deployment. The 

case company prefers a six-phase SDLC, with project planning and requirements analysis 

kept separate, followed by designing, development, testing and deployment.  The US 

Department of Justice (2003), on the other hand, goes as far as to extending the SDLC into 

an eight-phase process by redistributing the later phases into development, integration & 
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testing, implementation and maintenance. They also expand the early stages further into 

project planning, concept planning and requirements analysis phases. The manner in which 

SDLC phases have been distributed and named vary to a considerable degree, but in essence, 

the idea and order behind them remains the same, it is just a question of categorization and 

definition. Most sources seem to agree on the first phase being planning of some nature, 

whether it is related to the requirements or the project overall, which is then followed by a 

design phase. The subsequent phases are focusing more concretely on developing the 

software, testing it out, deploying it to use and maintaining the operations. 

Taking the aforementioned into account, it seems as if most SDLCs follow a simple and 

compact five-step process as implied by Dawson & Dawson (2014, 43) and Haikala & 

Märijärvi (2004, 35) with the following activities: requirements, design, development, 

testing and deployment (Figure 4). 

 

Figure 4. SDLC in a business unit, adaptation from Haikala & Märijärvi (2004). 

The five SDLC phases are accompanied by supporting functions that are omnipresent in the 

process, composed of quality assurance (QA), documentation, requirements engineering and 

version control (Haikala & Märijärvi 2004, 35-36) (Figure 4). The way supporting functions 

contribute to each phase may, however, differ greatly.  

The assumption so far has been that the SDLC is a convenient sequence of phases. And even 

though they are easier to understand that way, their application in real-world scenarios tends 

to be difficult when something inevitably changes or fails, which is why agile SDLC models 
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have proven to be of greater utility than traditional SDLCs. Agile software development is 

iterative, meaning that the large and complex piece of software is broken down into smaller 

deliverables (Dawson & Dawson 2013, 45). Agile insists that planning should not solely 

pertain the beginning of a process, and consequently implementation should not concentrate 

only on the ending of a process (Serrador & Pinto 2015, 1041). Another aspect of agile is 

that it’s explorative, signifying that as user needs develop, so do the requirements, 

architecture, technology and especially the organization upholding the software project, 

hence the desired end result is not necessarily known when the project is initiated. Rigid 

sequence is to be eliminated in favour of a more undemanding approach, hence the process 

phases become continuous and indistinguishable from supporting functions, rendering into 

noticeable albeit minor results in the short-term as well (Serrador & Pinto, 1041-1042). 

Rapid and extensive communication is encouraged through more informal and cooperative 

practices such as smaller teams and low hierarchy (Dybå & Dingsøyr 2008, 836). The 

functionality-time graphing technique coined by Davis et al. (1988, 1454-1456) may be 

utilized for comparing development models such as traditional and agile SDLCs (Figure 5). 

The figure depicts how software is developed in relation to user needs and market trends 

feature-wise, with the y-axis representing advances in functionality through releases, sprints 

and other updates and the x-axis representing time.  

 

Figure 5. Functionality-time graph according to Davis et al. 1988; Dawson & Dawson 2013 comparing the traditional 

SDLC (left) and the agile SDLC (right). 

2.1.1  Requirements 

The requirements phase is mostly related to configuring requirements that are a part of 

requirements management, encompassing not only the SDLC’s initial phase of requirements 

specification and analysis, but also a continuous action of updating, prioritizing and 

enforcing requirements through the entire life cycle in the form of requirements engineering 
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(Chemuturi 2013, 169, 6). A requirement is a feature, component, limitation or a request that 

is to be considered during the development of the software product, as well as delivered as 

a part of the software product, and can serve either a business purpose, a technical purpose 

or a stakeholder purpose (Chemuturi 2013, 3, 13). One could claim that requirements are the 

idealistic building blocks of a software product, but this depends strongly on the quality of 

the requirements. By involving a diverse and balanced spectrum of stakeholders, 

technologies and business needs when planning requirements, being aware of their details 

as well as combining overlapping ones, the subsequent phases begin to seem more attainable, 

a more cohesive plan is born and many complexities can be pinpointed relatively early – this 

is known as a more refined form of requirements specification, requirements analysis 

(Chemuturi 2013, 56-57).  

2.1.2  Design 

The second phase, design, is much less systematic than the preceding requirements phase 

and tends to be a brute force approach to mapping out which software, database or platforms 

could be used to develop the software product (Langer 2012, 7-8). A more compact 

description of this phase is to verify the executability of the drafted specifications and 

formulating an architecture of technologies to execute them with. This phase at the latest 

receives input from subject-matter experts (Langer 2012, 8). Not only can the architecture 

be designed at this stage, but also the distribution and implementation of code modules is to 

be drafted. The more the specialists have been communicated with in the specification phase, 

the less likely it is for the project draft to be reverted to the earlier phase or adjusted. The 

design phase is perhaps the least replicable phase of the SDLC, hence putting great emphasis 

on professionalism and cross-functionality. 

2.1.3  Development 

The development or build phase is perhaps the most self-evident phase out of all. As the 

name suggests, this phase encompasses all or most of the first-hand programming in an 

SDLC, but Haikala & Märijärvi (2004, 40) narrow it to last until the first error-free 

compilation. It is worth mentioning that this phase still concentrates on the components of 

the software architecture instead of a fully integrated one, or the changes are instantly 

integrated but in a parallel environment not visible to customers.  
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2.1.4  Testing 

The importance of testing – that is, the fourth phase, has only strengthened, with testing and 

QA contributing to more than a quarter of overall IT budgets and half of development time 

for better or worse (Garousi & Mäntylä 2016, 92). Faults in software are usually blamed on 

insufficient testing, as it is the last phase separating software from the customer, with a 

consequence that maintenance costs for a failure that made it through or skipped testing 

being remarkably higher than if the same fault was located before deployment during testing. 

According to IEEE 610.12-1990 (68) definition of the testing phase, the architecture of the 

system is integrated, and its fulfillment of the specified requirements is assessed, whereas a 

test is defined as an activity were the system or a part of it is executed in a certain way to 

evaluate and document the result. Much of testing takes place already in the previous build 

phase, with developers performing the debugging themselves, as it would not often be even 

possible to advance without having a function that works as designed (Langer 2016, 9). 

Actual testing is conducted on three main levels, starting from code modules and packages 

being optimized in isolation, known as unit testing, advancing to integration testing on 

validating interfaces between modules, and finally system testing, where the software is put 

on the test in various ways (Haikala & Märijärvi 2004, 288-290). The iterativeness of testing 

transpires in the software testing V-model, which asserts that each level of testing is in a 

direct relationship with a certain SDLC phase or subphase, for example system testing is 

compared to requirements, integration testing is compared with architecture design and unit 

testing is compared to module design (Haikala & Märijärvi 2004, 289). Later test stages and 

QA nowadays involve acceptance testing performed by non-programmers who are from both 

the client and vendor side and perform the tests in various environments (Langer 2016, 9). 

2.1.5  Deployment 

The deploy phase is when the implemented changes are published to the customer 

environment for official use (Langer 2016, 10). In a SaaS context, deployment is hardly a 

phase, but just the utilization of an interface through which changes are rapidly launched 

into an environment where the software can be used or tested. Further deployments or 

updates can include all sizes of fixes, feature removals as well as new or improved features, 

and are considered a part of the maintenance effort and version control, as they become a 

constant iteration between development, testing and deployment.  
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2.2  Software-as-a-Service 

SaaS is defined as a business model that enables the software vendor to deliver and update 

a software product to multiple customers and collect subscription payments on a more 

regular basis, with overall more responsibility put on the vendor and less on the customer 

(Oracle 2022). SaaS is a more flexible, scalable and convenient model for conducting 

software production in contrast to the traditional way of large one-off payments as well as 

infrequent and manual updates. How exactly does SaaS manage the aforementioned? 

Perhaps the most common terms associated with SaaS are Cloud and DevOps that 

encapsulate its core nature. 

2.2.1  Cloud 

Cloud is the infrastructure upon which a SaaS product is built, and that environment is 

available to any organizational user with network connection that possesses the sufficient 

credentials and license for utilizing the product, almost regardless of the hardware they are 

accessing it with. Changes performed by an organizational user to the system are not local 

nor global, but instead affect their tenant, that is, their organizational environment.  

Different organizations, however, do not interact or impact each other per se, and therefore 

have an isolated and tailored experience, even though the product is being channeled to them 

and multiple other customers based on the same source code (Tsai et al. 2014, 2). This is 

known as a multi-tenant architecture (MTA), where multiple organizations coexist in a SaaS 

product’s cloud infrastructure. The default approach of an MTA contains a dedicated 

database for each organization, storing tenant data such as business information and 

configurations for the application, that are linked to the product’s standard functions and can 

be queried, altered or deleted through those functions in the product’s GUI (Tsai et al. 2014, 

2). (Figure 6) In concordance with Microsoft (2022a), the mentioned approach in question 

grants extreme tenant data isolation and low complexity, however its cost-per-tenant is 

relatively high in the event of peaks, and additionally the monitoring of tenants is 

decentralized.  

2.2.2  DevOps 

DevOps (short for development and operations) outlines the improvement of organizational 

practices involving the SDLC, aiming for more open and streamlined cooperation between 
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operations and development teams as well as SDLC phases and functions (Gartner 2022a; 

Ebert et al. 2016, 94). In the aspect of methodology and project structure, this goal is meant 

to be reached through cross-functional teams, work visibility and goal breakdowns, whereas 

in the technological aspect it is meant to strive for continuous integration and deployment 

(CI/CD) by essentially automating the implementation and testing of changes (Ebert et al. 

2016, 99) (Figure 6). This research project leans heavily on the technological side. What 

bridges the gap between both aspects is that ultimately the initialization of DevOps is heavily 

reliant on tools and agile practices. Some notable DevOps tools used for either CI/CD, 

monitoring or collaboration are Slack, Azure DevOps, Atlassian Open DevOps, GitHub, 

Jenkins and Ansible.  

Especially after a software project’s first deployment, DevOps tools prove to be convenient 

for expediting maintenance and integration lead times in an MTA through an automated 

pipeline. A DevOps system that hurries manual routines when a rapid fix is needed might 

already pay itself back in cost savings in the event of a severe downtime, with unavailability 

costs in SMEs varying at a range from about $8 000 to $25 000 per hour (Atlassian 2022). 

Relatively smaller but more prolonged opportunity costs also appear during availability 

periods through for example false data or defunct GUI, known as data downtime in business 

intelligence, which may be just as costly on the long run and challenging to locate. Evident 

advantages of DevOps are the reduction of manual tasks and hence lower response time, also 

a key component of the SaaS model, as well as one of the primary means of proactively 

managing IT risk. 

 

Figure 6. An example of a SaaS product’s multi-tenant database architecture. 
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2.3  Software product-line engineering 

ISO/IEC 26550:2015 set of standards describe a software product-line (SPL) as a family of 

distinct software products developed from the same architecture, varying by some features 

but also sharing others. Key components of an SPL are the variability between its products 

to fit customer segments or specific requests, and on the other hand capitalizing on their 

similarities through software reuse, with a focus on the entire architecture as well as on a 

single software product variant SDLC (ISO/IEC 26550: 2015, 12; Northrop & Clements 

2012, 5). Like DevOps, improving lead times, decreasing workload, increasing quality and 

overall productivity are also central goals in software product-line engineering (Northrop & 

Clements 2012, 9). In respect to SDLCs and software project architectures, SPL engineering 

is coupled with version control, deployment and product management related decisions. 

Software product-line engineering intends to optimize the variability between the products, 

balancing between customer experience and production costs, drawing analogies to physical 

product manufacturing strategies as well. 

2.3.1  Standard vs. custom approaches and their analogies 

The two poles of SPLs are the standardized product and customized solutions. The 

standardized product is provided to all customers as-is and functionality-wise has no 

variability between customers whatsoever. The standard product is produced within a single 

SDLC that shares all its resources, being very cost-efficient but inconvenient for managing 

feature requests from a vast array of customers as the product evolves and userbase grows 

(Rummler et al. 2011, 287). The standard product may have customizations that are 

configured by the user via settings, as opposed to custom or hybrid solutions where they 

might be hardcoded in the SDLC, hence the product itself being unique but rather unsuitable 

for reuse. The customized solutions are personalized customer-specific ad hoc software, that 

share little to no similarities in terms of reusability, with each client project having a 

dedicated resources allocated for serving solely them (Rummler et al. 2011, 288). While the 

custom alternative might appear as high-class customer service, the high concentration of 

resources required to sustain them cause a significantly higher price. However, it is imminent 

that a custom solution brings more customer engagement and dependence on the service, 

whereas customers can rid themselves with relative ease of a cheap standard product that 

only partially fits their needs. (Table 1) 
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In industrial engineering, the point at which a standard product’s features and processes 

become defined by a single customer, hence transforming it into a customized solution, is 

referred to as a product differentiation point (PDP). It is similar to the term customer order 

decoupling point (CODP), where the point differentiates between producing to stock and 

producing to a customer order. (Daaboul 2015, 285) PDPs and CODPs can be applied to 

SDLCs as well, and for the sake of simplicity will be jointly referred to as customization 

points. The standard product approach is equivalent to make-to-stock (MTS), where the 

ongoing manufacturing process has not been dictated by customer specifications, but instead 

relies on feedback and market research, creating one standardized end product pushed to all 

customers. The custom solution, on the other hand, resembles the engineer-to-order (ETO) 

approach, where the very beginning of the manufacturing process is already impacted by the 

client (Grabenstetter & Usher 2014, 6349). The customization point of an ETO is at the very 

beginning of the life cycle, whereas for MTS it is considered to be non-existent or in the end 

of the life cycle (Figure 7). The ETO allows for a broader industry coverage, as it is more 

flexible in terms adapting to market trends as all products are unique (Grabenstetter & Usher 

2014, 6349). Furthermore, it is also the customer’s responsibility to specify and perhaps even 

design the product for themselves, involving themselves with the project, but on the other 

hand this enlarges the complexity as well, hence adding volatility onto the lead time of an 

already long project (Grabenstetter & Usher 2014, 6351). On the other hand, MTS tends to 

serve a smaller niche market so that requirements are easier to form, as the consequences for 

missing or unnecessary features are considerably higher. (Table 1) 

Table 1. Theoretical comparison of standard and custom extremes applied to SaaS and SDLC, influenced by 

Rummler et al. 2011; Grabenstetter & Usher 2014. 

 STANDARD CUSTOM 

VARIABILITY None Complete 

SOFTWARE REUSE Complete None 

STRATEGY Push Pull 

TARGET GROUP Niche Industry 

TIMEFRAME Continuous One-off 

NATURE New tenant deployment Full-scale project 

UNIT COSTS Lower Higher 

SCALABILITY Higher Lower 

CUSTOMER INPUT & FLEXIBILITY Lower Higher 

LEAD TIMES Lower Higher 

ORIGIN OF FEATURES Research and feedback Customer’s specifications 

CUSTOMIZATION POINT Deployment Requirements 

ANALOGIES MTS ETO 
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2.3.2  Hybrid approaches 

Neither extreme is particularly better than the other, since they excel in different areas and 

lack in others (Table 1). Most of the time customers want some control over the result of the 

deployed end product, and have the necessary bargaining power to demand so, yet do not 

fully wish to plan the product, since they have confidence on the vendor’s expertise. Real-

world applications often compromise between fully customized and fully standardized in 

order to find a state of equilibrium that maximizes customer satisfaction and system 

maintainability. (Rummler et al. 2011, 289) Therefore, a hybrid model of the two is usually 

the most likely approach, where the standardization or customization of certain attributes 

and levels is determined, and the customization point falls into a certain phase of the SDLC 

(Figure 7). 

 

Figure 7. The SPL approach spectrum of an SDLC, where CP is short for customization point. 

Industrial engineering provides in-betweener approaches such as Assemble-to-Order (ATO) 

and Configure-to-Order (CTO) (Figure 7). ATO refers to an approach where the standard 

product is modularized in a manner where customer selects from predetermined product 

variations, whereas Configure-to-Order is a step closer to mass customization, allowing for 

the customer to setup the product before receiving it with any possible combination out of 

the settings determined by the vendor (Cheng et al. 2002, 114). Although hybrid approaches 

may be the most common operating model for SPLs, many of the possible hybrid approaches 

do not make sense for a SaaS product, such as the customization point being located in the 

development phase, making SPL alternatives still rather polar or simply about adopting both 

extremes on some level.  
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3  BUSINESS INTELLIGENCE TECHNOLOGY 

The technology of business intelligence (BI) has been narrowed down to Power BI in this 

thesis. Power BI has been developed by Microsoft Corporation since 2014 and is one of the 

most widely used self-service analytics software (Pearson et al. 2020, 173). It is a part of the 

Power Platform, which is an environment for citizen developers. Citizen development 

signifies a shift in organizations, where no code or low-code tools for application 

development could be utilized by also personnel with little technological background to 

facilitate digital transformation (Pearson et al. 2020, xxi). Knight et al. (2018, 8, 11) 

characterize Power BI as both a relatively lightweight and an impressive application, 

probably due to its steep learning curve and visualization capabilities, especially on top of 

its broad functionality and fair price. Power BI itself is a SaaS product, receiving new 

features on a regular basis, fundamentally suited for crafting reports from data (Knight et al. 

2018, 8; Pearson et al. 2020, 173). 

Chen et al. (2009, 13) define data as captures of occurrences and events with a compact but 

a rather cryptic form, whereas information is processed data with a designated and 

intelligible meaning, which can be interpreted by a human into individual knowledge. One 

could claim that the ever-increasing adoption of business intelligence has given birth to a 

subindustry that is entirely powered by data. Data mining, big data, analytics and many other 

corporate BI buzzwords of this century share the common mission to ultimately support 

decision-making. In order to fully grasp the core aspect of Power BI development, the 

concept of decision support systems is to be examined. 

3.1  Enterprise business intelligence systems 

A decision support system (DSS) is a graphical user interface (GUI) that displays data that 

has been converted to information for a business user. One use case for DSSs is in the context 

of BI. DSSs are often in the form of historical reports with metrics and logs visualized in an 

understandable manner and are not a particularly new concept (Langer 2012, 225; Google 

2019). However, during recent years the development of BI has shifted to expanding the 

time-horizon of a DSS to displaying real-time, and most of all to reports becoming more 

interactive at an extent where the business users themselves have become the report builders 

(Aspin 2020, 30). As it turns out, the complexity of keeping up with client requirements for 
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analytics cannot be solved by merely adding more functionality in the long run, but instead 

by giving the client more direct control over what is shown in the reports (Langer 2016, 

225). This phenomenon of business users taking the initiative to contribute to BI reporting 

via BI systems is known as self-service analytics, and could be seen as an instance of citizen 

development. 

A BI system typically consists of three layers: the raw data storage layer with scattered data 

sources such as operational databases, the logic and filtration layer mainly as a reference to 

data warehousing, and lastly the information access layer pointing to reporting (Baars & 

Kemper 2008, 133) (Figure 8). The two main options for constructing a BI system are either 

by a data warehouse or a data lake. Data warehousing is a traditional approach for managing 

database systems, which is simply a relational database narrowed down for BI purposes. 

Data warehouses adhere to the extract, transform and load (ETL) approach. (Bennani et al. 

2022, 203) Data warehouses extract the required data at specified intervals from real-time 

operational databases, which are vital systems for managing data produced by the software 

at first hand (Langer 2012, 226) (Figure 8). The data is then transformed, which involves 

cleaning, merging and filtering it according to business needs, thus creating a multilateral 

query to load the data from the operational database. Secondary sources such as internal files 

and third-party APIs may also be utilized on the side. Data warehouses have been de-

normalized during transformation, meaning that database tables related to each other through 

keys have been joined together to ease analysis for business users. The side effect of de-

normalization is slower query performance as well as higher costs, let alone poorer 

scalability and capacity. 

 

Figure 8. A simplified example of a BI value chain. 
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A data lake, on the other hand, is a large extract of raw and less structured data for multiple 

different uses (Gartner 2022b). They comply with an extract, load and transform (ELT) 

approach, where it is worthwhile loading all data content before any modification steps are 

be taken. The concept of data lakes developed relatively late in the 2010s, whereas data 

warehousing increased in popularity almost two decades earlier (Google 2019). Data lakes 

enable a higher frequency of refreshes since their loading costs are remarkably lower than 

those of data warehouses. This is due to the fact that data lakes are stored at a high level of 

normalization optimized for query performance. Data lakes can store enormous volumes of 

data; hence they are primarily used for big data applications (Bennani et al. 2022, 204-206). 

Just like data lakes, data warehouses may use different sources, but must have a mutual 

purpose in terms of end use (Bennani et al. 2022, 203). A disadvantage of data lakes is the 

incoherence of the data since they have not been transformed let alone de-normalized, 

making them more challenging for citizen developers to process into meaningful 

information.  

3.2  Power BI Desktop 

Power BI Desktop is a desktop application intended for locally creating and developing 

reports as a part of the Power BI environment (Microsoft 2022b). Power BI further comprises 

of Power Query, different views for examining the loaded data as well as building the actual 

data visualizations. (Appendix 1) The Power BI Desktop application fundamentally focuses 

on a single .pbix file at a time. 

3.2.1  Pre-processing 

Power Query is a data pre-processing tool for managing queries. Power Query operates 

according to ETL, and therefore can be used to handpick as well as preview the needed data 

in a suitable form (Aspin 2020, 33). Power Query is used to apply steps with certain rules as 

a script that is automatically run every time the data is refreshed between the data source and 

Power BI, returning the results in a tabular form. These rules commonly consist of renaming 

columns and certain cells, sorting, merging or removing columns, removing outliers, 

filtering out certain rows as well as convenient built-in features such as removing duplicates 

and other advanced data cleaning commands (Aspin 2020, 199). The tool replicates the 

applied steps in Power Query’s native M code, which can also be edited directly by the user. 
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Power Query effectively translates the M code to a query that is compatible with the data 

source.  

A pseudocode snippet of Power Query M filtering rows based on a column value: 

let 

 … 

#"Filtered Rows1" = Table.SelectRows(#"Previous statement", each 

([VendorName] = "Microsoft")) 

in 

 #"Filtered Rows1" 
 

The same code translated into the data source’s native query language, in this case SQL: 

SELECT …  

FROM …  

WHERE VendorName = ’Microsoft’; 
 

3.2.2  Analysis and post-processing 

Once the steps have been applied in Power Query, the specified tables are loaded to the 

actual Power BI Desktop, hence we have a valid Power BI file, even though it has no 

visualizations. The load is automatically validated by Power BI to ensure that no duplicates 

of primary keys exist among other things, and that the user possesses the credentials for data 

source extraction. It then generates a table schema from the load with modifiable 

relationships and cardinalities. Data transformation may take place after a Power Query load 

in actual Power BI as well, which is why Power BI Desktop also supports ELTs and data 

lake extraction and could therefore be characterized as ETLT software which is perhaps the 

“worst of both worlds” performance-wise, but great for data preparation. Post-load data 

transformations are conducted in Power BI’s data view, where data can be further 

transformed with some limitations in contrast to Power Query, but most importantly 

measures and calculated columns can be added for more advanced analysis purposes, and 

the loaded data can be viewed in its entirety (Aspin 2020, 432-433) (Figure 9). Calculated 

columns often used as dimensions and measures used as KPIs can be constructed using the 

Data Analysis Expressions (DAX) language as well as prebuilt quick measures in Power BI 

(Microsoft 2021a). The subsequent phase then focuses on building the report by visualizing 



23 

 

the data, which is relatively effortless owing to Power BI reports’ dynamic aggregation 

capabilities, interactiveness and broad selection of diagrams and plugins.  

The data structure reached thus far is known as a data model, which is a vital concept in 

Power BI as well as data engineering in general. Data model is a loosely defined term for 

depicting the already transformed tabular data structure, such as its entities and relationships, 

which is interchangeable with entity-relationship modeling used for database schemas (IBM 

2020). A Power BI data model or a dataset appears as a .pbix file that does not utilize visuals, 

but instead forms the skeleton for the data through analyses and ETLT, whereas a report 

forms the skeleton for the information through visualization. The user can elect to embed the 

visual report to the same file with the data structure, which is the default solution for 

expendable ad hoc solutions, whereas they are recommended to be split up when the data 

model can be utilized for multiple different reports (Figure 9). The third often overlooked 

option is an external data model in the shape of a reporting data warehouse, developed with 

non-Power BI tools such as Azure SQL or Snowflake, providing a less integrated and 

manageable process flow, but a higher performance and refresh rate if DirectQuery is 

selected (Coates & Webb 2020, 23).  

3.3  Power BI Service 

After the first viable version of a Power BI data model or a report has been finalized, it is 

published into the Power BI Service, an online environment for later stages of Power BI 

development entailing additional features for collaboration and distribution (Microsoft 

2021b). This subchapter outlines key features, additional features, issues, licensing and 

access management with Power BI’s cloud.  
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Figure 9. An example data lineage of multi-tenant Power BI reporting. 

3.3.1  Workspaces 

Reports and data models can be compartmentalized into workspace environments by for 

example project or customer. Workspaces are the core unit in Power BI Service, with most 

of its tools targeted for controlling a workspace. These workspaces are isolated from each 

other, allowing a significant reduction of data privacy risk. Group or user-specific access as 

well as their roles are defined in each workspace, enabling them to manage the workspace’s 

reports and the reporting infrastructure. In principle, workspaces are designated for 

individuals directly involved with the development of reporting. The online version contains 

numerous modifiable dataset-specific settings that either complement or substitute those of 

the desktop version, such as automatic refresh schedule, parameters and credentials 

management, which anyhow save the user from moving back-and-forth between desktop and 

online. Power BI Service inherently runs the uploaded queries and calculations from the data 

model in the cloud and distributes the data to the predefined applications. Workspaces can 

execute mass distribution via Power BI apps, which act as a projection of the reports, 

combining all chosen reports into a read-only package (Figure 9).  
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3.3.2  Licensing and access 

Power BI has four types of licenses: free, Pro, Premium per user and Premium per capacity. 

The free license is constrained to developing personal reports with relatively small amounts 

of data and automation, although virtually all of Power BI Desktop’s functionality is 

available for them. The Pro license, on the other hand, unlocks collaborative workspaces 

with other Pro users as well as the Power BI Service functions mentioned before 

(Gunnarsson & Johnson 2020, 28). The Premium per user license has a similar utility, but it 

can additionally share content to Pro users, whereas a vice versa arrangement is not possible. 

The Premium per capacity license is the most expensive one, since the license is 

organizational not of user-specific, empowering paid licensees to deliver content to free 

users in the tenant. (Microsoft 2022c)  

User roles can be defined in workspaces, but for apps access management appears as merely 

a field of usernames that can be added or removed. Power BI’s integration with Microsoft’s 

Azure Active Directory (AAD) enables more sophisticated tools for determining and 

scrutinizing user access (Coates & Webb 2020, 177). Self-service analytics can be offered 

by admitting external users to the workspace with the help of AAD, although the function is 

disabled by default. App-level self-service analytics may, however, be a safer practice to 

avert de-standardization and access management complications.  

3.3.3  Development tools 

Power BI Premium provides serviceable features for SDLC, such as the deployment 

pipeline, which is a tool for conveying and populating reports and data models swiftly by 

switching between development, testing and production environments (Gunnarsson & 

Johnson 2020, 70; Microsoft 2022d) (Figure 10). In terms of DevOps, multi-tenant 

deployment automation is possible at a semi-automatic level through Microsoft PowerShell 

and REST API workarounds or perhaps with the help of a custom DevOps tool and does not 

require Premium licensing (Gunnarsson & Johnson 2020, 75) (Figure 10). As documented 

in Microsoft (2022e), a chargeable alternative specifically meant for independent software 

vendors with MTAs are so-called service principals that are configured via AAD.  



26 

 

 

Figure 10. Multi-tenant SDLC tools in Power BI, adaptation from Gunnarsson & Johnson 2020. 

Multi-tenant Power BI reporting is essentially operated through the same steps regardless of 

how automated it is – a template set of reports and data models in an experimental workspace 

is replicated to other workspaces with their respective tenant data sources (Figure 10). So 

even though deployment pipelines focus on just one client instance in an MTA, the result 

that passed through development and testing can be circulated automatically to other client 

production workspaces through appropriate steps with the given tools so that the report is 

displayed to the client with their own data (Gunnarsson & Johnson 2020, 76; Coates & Webb 

2020, 167). On the downside, apps only refresh data automatically, but if the structure of 

visuals or the dataset has been altered, the only way to update the app is manually by an 

admin or a member of the workspace. On the other hand, this initially negative feature 

decreases the need for a costly deployment pipeline, as the production workspace could be 

used for testing other tenants as well, as structural changes do not instantly transfer to app 

recipients (Coates & Webb 2020, 164).  
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4  MAPPING AND EVALUATING DEVELOPMENT PROCESS DECISIONS 

While the thesis is focused on the development process as a whole, significant parts of the 

case company’s BI development process have systematized or are already linked to the main 

SaaS product’s SDLC, hence not requiring any further research. Charting a complete 

development process does not belong to the scope of this research, but instead singular 

decisions that advance the development process do. 

Currently an estimated 80 % of the case company’s customers have reusable standard 

reports, so it goes without saying that standardization is currently the backbone of their 

Power BI development. The word ‘development’ is to be emphasized here, as standard 

versions are not meant to be directly monetized, but their indirect role in marketing, customer 

relationship management and sales is immeasurable in both of its meanings. In spite of 

accounting for less than 20 % of the case company’s customer analytics, tailored reports 

comprise all of the direct analytics revenue with billable development hours, bringing the 

setting not far from the so-called Pareto’s 80/20 principle. The case company expressed their 

desire to keep some level of standardization, whilst also condoning fully customized 

reporting in parallel (Figure 11).  

 

Figure 11. Example functionality-time graph for simultaneous custom and standard projects. 

4.1  Business intelligence development life cycle 

The systems development life cycle application for BI systems from Bara et al. (2009, 102-

103) is to be further adapted as a middle ground for the SDLC and typical Power BI 

development process (Figure 12). The life cycle is set into motion by mapping customers’ 



28 

 

needs, justifying the features meant for satisfying the customer needs as well as devising a 

project plan with a timeline, scope and objectives. The second phase is the design phase, 

which in the BI context would refer to as “modeling the data model”, such as delineating 

ETL filters, data sources, SQL joins and KPI logic. It is followed by the development phase, 

whose implementation details have been illustrated in Figure 8 and Figure 9, but basically 

comply to a bottom-up procedure of starting from raw data and ending up with informative 

visualizations. Additionally, the design phase should contain a plan as to how metadata of 

the project is to be accumulated in the development phase, especially in terms of internal 

documentation, such as naming and overall coding conventions as well as change logging. 

The fourth phase is testing, containing different testing methods, especially validation, such 

as comparing the correctness of data in a datamodel query to the original operational 

database. For standardized reporting, GUI testing is also a pivotal but less automatable 

aspect. Before deploying the BI system, the documentation should be updated into a scalable 

and understandable format for customers as well.  

 

Figure 12. A simplified agile development life cycle for BI. 

4.2  Development process dilemmas 

The case company faces dilemmas from each software engineering domain. Each dilemma 

is related to approaching a prevalent issue or an investigation in the case company’s Power 

BI reporting. The dilemmas are examined collectively, hence they are then bundled together 

as combinations of alternatives, with eight possible combinations (Table 2). 
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Table 2. Combinations of alternatives. 

ID Deployment pipeline Customization point Release synchronization 

1 FALSE Early Proactive 

2 FALSE Late Proactive 

3 FALSE Early Reactive 

4 FALSE Late Reactive 

5 TRUE Early Proactive 

6 TRUE Late Proactive 

7 TRUE Early Reactive 

8 TRUE Late Reactive 

 

The first dilemma entertains the idea of initializing a deployment pipeline for the SDLC of 

Power BI development, which would require purchasing a Premium license. Even though 

the license brings other perks alongside the deployment pipeline, only the properties of the 

deployment pipeline are considered here. 

𝐷𝑒𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝑝𝑖𝑝𝑒𝑙𝑖𝑛𝑒 =  {𝑇𝑟𝑢𝑒, 𝐹𝑎𝑙𝑠𝑒} 

The second dilemma is fundamentally a service-level SPL decision that considers whether a 

customization point should be earlier or later than it already is in regard to the SDLC. 

however not specifying whether customization should be brought to an ETO level or perhaps 

modularized, or if mass customization by self-service analytics should be introduced on an 

app or workspace level.  

𝐶𝑢𝑠𝑡𝑜𝑚𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 =  {𝐸𝑎𝑟𝑙𝑦, 𝐿𝑎𝑡𝑒} 

The third and final dilemma contemplates the timing between the main SaaS product’s 

releases and Power BI deployments regarding database schema changes. In essence, 

schematic changes are communicated and visible in testing environments beforehand, so 

Power BI development has the opportunity of preparing the data model for such. A schematic 

update may either remove certain structures, which causes query failure if left unchecked, 

or add new features. However, coordinating with release changes may be laborious if the BI 

development is not otherwise invested into the cycle. The two options are to either just react 

to the issue once it occurs, willfully accepting an unknown amount of downtime, or the 

proactive option to gather knowledge on the effect of a schematic change from test 

environments before the release, replicating the required fixes on the deployable data model, 

resulting in no downtime at all or a fixed but relatively short amount of it. 

𝑅𝑒𝑙𝑒𝑎𝑠𝑒 𝑠𝑦𝑛𝑐ℎ𝑟𝑜𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛 =  {𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑒, 𝑝𝑟𝑜𝑎𝑐𝑡𝑖𝑣𝑒} 
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4.3  Interviews 

Certain employees from the case company with a central role in the Power BI development 

process were chosen as interviewees. Interviews are conducted as an attempt to objectivize 

the direction of the research, but most importantly to grant the case company control over 

which development process solutions are favoured. Their decision-making is, however, 

essentially carried out subconsciously, as only the criteria held valuable by the employees is 

collected and used to assess various alternatives, instead of directly presenting the 

alternatives to them in order to reduce bias. 

In accordance with Brinkmann (2013, 21), semi-structured interviews have a purpose to 

produce knowledge related to a certain theme, nevertheless having a flexible aspect to it. 

Semi-structured interviews hereby are more like dialogues, facilitating the interviewer’s 

understanding of the answer and the interviewee’s understanding of the question. Structured 

interviews, by contrast, provide the same standardized set of questions for all interviewees 

in a rigid format, which is a straightforward approach for quantitative interviewing 

(Brinkmann 2013, 19-20).  

The interviews are carried out in two stages, a semi-structured interview taking place first, 

followed up by a structured interview. Factors from a minor literature review are also 

blended with the answers to constitute a more comprehensive result. The semi-structured 

interview inquires a single but complex question with a qualitative answer, with the results 

along with a few external citations then being aggregated and summarized. The results are 

used in the consecutive structured interview to be assessed quantitatively. The interview 

results may then be transferred and utilized in the AHP method, in this case the average 

rating of each criterion is converted into a weighting for the summarized decision-making 

criteria (Figure 13). 
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Figure 13. The decision-making framework. 

4.3.1  First interview 

The first interview question is inquired through private messages on the corporate 

communication platform Slack, with the interviewees being given a week to ponder the 

following question: 

“Which factors form a successful Power BI reporting development process?” 

The hypothesis of first interview’s results is solely based on a foundings from three related 

sources, with the assumption is that most of the upcoming interview answers fall within the 

discovered categories. The use of a minor literature review is justified here as a foundation 

for summarizing the interview results as well as for reinforcing the interview answers. The 

handpicked sources were moderately diversified by domain, enabling a more holistic but 

nonetheless a thematic view of the hypothesized factors (Table 3). Patterns and similarities 

among interviewee answers are expected, considering that they are aware of the same vision 

and current state of the Power BI function. 
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Table 3. Minor literature review of success factors for Power BI multi-tenant reporting development. 

SOURCE DOMAIN PROPOSED CRITERIA 

Aleem et al. 2021, 1038-1042 SaaS • Customization 

• Scalability 

• MTA 

• Security 

• Integration 

• Fault tolerance and recovery management 

Dinter et al. 2011, 6 BI • Ergonomics 

• Responsiveness 

• Flexibility 

• Security 

• Integration 

Farzaneh et al. 2018, 1369 Knowledge 

management 
• Time 

• Cost 

• System quality 

• Customer satisfaction 

• Benefits 

 

Five employees involved with Power BI reporting in some degree gave answers for the first 

interview round (Appendix 2; Table 4). The answers overlapped to an extent, and most were 

also similar with the hypothesized factors, and no contradictions arose whatsoever. All of 

the criteria with more than one mention passed the screening.  

Table 4. Summarized results from interview round #1. 

CRITERION MENTIONS 

Scalability & automatability 4 

Relevance of information 3 

Accuracy of data 3 

Awareness of releases 3 

Maintainability & testability 3 

Customizability 2 

Communicability & monitorability 2 

 

The answers signal of factors that have high prioritization at the time when the interviews 

were conducted as well as of factors in need for betterment, and that is also why a portion of 

the hypothesized factors are missing. Although, one would think that cost is definitely a 

prominent factor, but its absence in answers could suggest of some leeway. In a way, cost is 

a component of scalability in the form of unit costs. Security, despite being a vital 

component, is out of scope here and much of it sits on Microsoft’s area of responsibility. 

Integration, on the other hand, is simply not a pressing subject yet for the case company’s 

Power BI reporting but could definitely be one in the future. 
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4.3.2  Second interview 

The subsequent structured interview is conducted via a brief online questionnaire, requiring 

the interviewee to rate the factors according to their perceived importance from 1 to 10. 

These are the factors that were summarized from some of their answers on the first interview 

round. The interviewees were given 24 hours to answer the following question: 

“How would you rate the given factors by significance relative to each other?” 

The quantitative interview was answered by eleven employees from development as well 

as management positions, each giving scores between 1 and 10 to the summarized criteria. 

Even though weighting could already be applied based on the number of mentions each 

criterion had, a second chance is given for the interviewees to review criteria they had not 

necessarily thought of and to achieve a more precise weighting (Table 5). 

Table 5. Summarized results from interview round #2. 

How would you rate the following factors by significance relative to each other for Power BI development? 

 Scalability & 

automatability 

Information 

relevance 

Accuracy 

of data 

Awareness 

of releases 

Maintainability 

& testability 

Customizability Communicability 

& monitorability 

Average 8.11 8.78 9.56 7.33 7.11 5.33 7.33 

Median 9 9 10 8 8 6 7 

Mode 10 8 10 9 10 6 6 

SD 2.06 1.01 0.81 2.06 2.54 2.09 1.57 

 

The average score for a criterion was 7.84, with Accuracy of data scoring the highest rating 

of 9.64 and Customizability the lowest rating of only 5.82. The most divisive criterion 

among the employees was Maintainability & testing in terms of having the highest 

standard deviation of 2.54, whereas Accuracy of data was the most agreeable one with a 

spread of only 0.81. The large deviation in Maintainability & testability as well as the 

surprisingly low score for Scalability & automatability in contrast to the first interview 

may perhaps both be explained by a more sizeable involvement of management personnel 

in the second interview. This produced a more main product oriented and marketable 

output than expected, most likely since the two were, after all, the premises for creating of 

the BI function. 

4.4  Analytical hierarchy process 

Analytical hierarchy process (AHP) is a decision-making method for analysing choices 

according to their scores calculated through weighted criteria (Brunelli 2015, 1). As the 
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founder of the AHP method in the late 70s, Saaty (2004, 1) outlines the importance of 

assigning weighting to criteria relative to each other. The method is often used for 

operations research and is perhaps the most popular multi-criteria decision analysis tool 

(Brunelli 2015, 2). It is worth bearing in mind that the final ratings are more suitable for 

ranking alternatives than relative let alone absolute comparisons (Brunelli 2015, 14-15). 

The first interview defined the criteria, and the second interview provided scores for each 

criterion. That being said, the method is utilized for deciding on the best combination of 

alternatives (Figure 14). 

 

Figure 14. Preview of the analytical hierarchy process. 

4.4.1  Analyzing alternative combinations 

To prepare the decision-making model for the AHP, initial ratings for each combination of 

alternatives are to be determined exclusively. The ratings depict the utility of each 

combination under a certain criterion, not yet adjusted for its weight. The utility ratings are 

stored in a matrix with the criteria columns x ∈ [Scalability & automatability, Relevance of 

information, Accuracy of data, Awareness of releases, Maintainability & testability, 

Customizability, Communicability & monitorability] and alternative combination rows y ∈ 

[ID 1, ID 2, ID 3, ID 4, ID 5, ID 6, ID 7, ID 8]T.  

The logic for assigning the values to the matrix are determined by the sum of the alternative 

instances considering the criterion it is evaluated against. The instance generates a one if it 

has a positive effect on the criterion, whereas when it is deemed negative or indecisive 

against the criterion, it produces a zero. As an example, if one were to assess the relevance 
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of the information for alternative combination ID7, where Deployment pipeline = TRUE, 

Release synchronization = “Reactive” and Customization point = “Early”, the reading 

would be 2. A deployment pipeline would support information relevance with its structured 

testing phases, granting one point, whereas having a reactive approach to changes in the 

SaaS product may be harmful for the accuracy of the data, as there is a possibility for data 

downtime as well as little time to validate new features after a release, keeping the rating 

still at one. An early customization point, on the other hand, transfers more responsibility 

and tools for the customer to tailor the report according to what they believe is relevant, 

scoring the second point.  

A similar algorithm to the aforementioned is defined for each criterion, populating the utility 

matrix U below. 

𝑈 = 𝑥 × 𝑦 =

[
 
 
 
 
 
 
 
1 2 2 1 1 2 1
2 1 1 2 2 1 2
0 1 1 0 0 1 0
1 0 0 1 1 0 1
2 3 3 2 2 3 2
3 2 2 3 3 2 3
1 2 2 1 1 2 1
2 1 1 2 2 1 2]

 
 
 
 
 
 
 

 

4.4.2  Weighting the criteria 

A pairwise comparison matrix can be applied to the second interview results to compare two 

criteria simultaneously by their relative importance rating, resulting in criteria weightings 

(Table 6). 

Table 6. AHP pairwise comparison matrix, as demonstrated by Brunelli (2015, 5-6). 

  
Scalability & 

automatability 

Information 

relevance 

Accuracy 

of data 

Awareness 

of releases 

Maintainability 

& testability 
Customizability 

Communicability 

& monitorability Weight 

Scalability & 
automatability 

1.000 0.924 0.848 1.106 1.141 1.522 1.106 
0.151 

Information 

relevance 
1.083 1.000 0.918 1.198 1.235 1.647 1.198 

0.164 

Accuracy of data 1.179 1.089 1.000 1.304 1.345 1.794 1.304 0.179 

Awareness of 

releases 
0.904 0.835 0.767 1.000 1.031 1.375 1.000 

0.137 

Maintainability & 
testability 

0.877 0.810 0.744 0.970 1.000 1.334 0.970 
0.133 

Customizability 0.657 0.607 0.558 0.727 0.750 1.000 0.727 0.100 

Communicability 
& monitorability 

0.904 0.835 0.767 1.000 1.031 1.375 1.000 0.137 

Sum 6.603 6.099 5.601 7.306 7.532 10.047 7.306  
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The criteria weights are then inserted into the vector w. 

𝑤 = [0.151 0.164 0.179 0.137 0.133 0.100 0.137]𝑇 

4.4.3  Final result 

To piece together the result, the weight vector then multiplies the utility matrix from before, 

rendering the final weighted ratings for the eight combinations of alternatives. They are once 

more fitted into the pairwise comparison matrix to produce weights with a sum of exactly 1, 

hence they can be considered as probabilities for utility. 

𝑈𝑤 =  [0.120 0.130 0.037 0.046 0.204 0.213 0.120 0.130]𝑇 

The sixth element with a 21.3 % probability of utility ranks first, referring to ID 6 which is 

in favour of harnessing a deployment pipeline, keeping a late customization point and 

applying anticipatory measures on release synchronization. The second-best option, ID 5, 

came close at 20.4 % with just the customization situating being earlier. The worst performer 

was ID 3 with just 3.7 %, which as a combination is not far from the default approach the BI 

function used to have, which shows that not only have strides been made, but above all 

greater strides are yet to be made. As an example, the case company recently estimated that 

the experimentation of PowerShell & REST API deployment automation has already 

reduced deployment time by a factor of ten. On the other hand, if the customer base were to 

increase tenfold, the current procedures would most likely not be able to keep up. Blending 

in also QA related automation, such as data cleaning automation and test automation would 

further enhance the controllability, but its availability heavily depends on future 

technological development of Power BI.   
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5  CONCLUSIONS 

The objective of this research project was to provide the case company with an overview of 

methods and choices related to producing BI to customers related to a business process from 

enterprise software, as well as to draft proposals from some of them. The final responsibility 

for decision-making is in the hands of the case company, meaning that the proposals have a 

directional rather than an imperative nature. The main research question is as follows: 

How can one manage Power BI development for customers as part of a SaaS product? 

There is not a one true approach for the aforementioned, however, ascertaining certain 

aspects are always prioritized, such as the defined criteria of scalability, automatability, 

information relevance, accuracy of data, awareness of data source updates, maintainability, 

testability, customizability, communicability and monitorability may guide customer BI 

development towards more productive tasks and output. Table 7 encapsulates how the 

research problem has been broken down and answered through research sub-questions, with 

the contents-column responding to the first sub-question and the proposals-column to the 

second sub-question. The research first focused on introducing software engineering and 

business intelligence theory, introducing points of emphasis as well as subtly implying 

possible alternatives. Furthermore, actual alternatives were formed in the empirical section 

of the research.  

The result of employee interviews and the analytic hierarchy process produced a proposal 

that would require purchasing a premium deployment pipeline, allowing for a development 

process oriented in continuous quality delivery to customers, data validation and 

requirements engineering through testing and reviewing. Another component of the proposal 

included maximizing the reuse of BI assets, meaning that standard reporting would be 

preferred, and customization would only be allowed for completely separate entities. The 

third component entails heavy and close-knit cooperation between main software product 

development and BI experts in terms of release cycles. The utilization of CI/CD tools was 

seen as a key for expediting most of these decisions, and these have already prematurely 

proved to yield process improvements, but it depends on the case and technological 

advancements how widely and progressively they should be adopted. 
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Many viewpoints and alternatives have been cast aside here, which might otherwise be of 

utility to customer BI. Those include integration and embedding possibilities, other DSS 

tools than Power BI, data lakes and other types of data sources, the security aspect, complex 

SPLs, custom DevOps solutions and many more. This research project has apparent points 

of criticism, some of which have been acknowledged in advance. The vast spectrum of 

functions in Power BI are updated and expanded continuously, hence much of the 

information here might already be outdated. Applying software engineering methodologies 

can be challenging, and often all of their properties end up being labelled as important, or 

conversely only a handful of points are ultimately examined as the scope becomes more 

defined, as seen in this research project. Moreover, subliminal research bias as well as 

qualitative interpretation differences or misunderstandings are always more or less factors 

that can negatively impact the result’s integrity. 

The implementation of a multi-tenant BI function as well as excluded aspects could be topics 

in further research. The final scope here is perhaps too narrow to cohesively contribute to a 

wider audience like Power BI users, BI services and independent software vendors, however, 

it introduces a rather uncharted research domain – BI as a standardized service, more 

specifically multi-tenant analytics. Above all, the overall need for a separate analytics 

function largely depends on how the original software product manages to relay information 

to the user. 

Table 7. Research results. 

AREA CONTENTS FOCUS PROPOSALS 

SDLCs 1. Requirements 

2. Design 

3. Development 

4. Testing 

5. Deployment 

Supporting functions 

BI as a service 
• Introduction of 

the deployment 

pipeline 

(Premium 

license) 

• Standardized 

reporting, via 

app with 

minimal self-

service 

• Tight release 

cycle 

coordination 

Power BI • Citizen development 

• Sharing & licensing 

• Development tools 

- 

SPL engineering • Standard 

• Custom 

• Hybrid 

Standard & custom 

SaaS • Cloud 

• DevOps 

MTA & CI/CD 

BI systems and 

development 
• BI value chain 

• Data warehouses vs. data 

lakes 

• BI development life cycle 

Data warehousing 

and the BI 

development life 

cycle 

- 
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Appendices 

Appendix 1. Power BI Desktop’s GUI (Microsoft 2022). 

 

  



 

 

Appendix 2. Results of interview round #1. 

Which factors form a successful Power BI reporting development process? 

ORGANIZATIONAL ROLE SUGGESTED CRITERIA 

BI Specialist • Data validation 

• Information relevance 

• Data & UI scalability 

• Awareness of database schema changes 

Business Analyst • Multi-source research on reporting needs 

• Awareness of database schema changes 

• Accepting, prioritizing and scheduling features 

• Standardized development, but customizable report 

• Synchronization with release cycles 

• High and low-level development tracking 

• Testing and validation 

• UI scalability 

Chief Product Officer • Meet customer demand with expertise 

• Ensure information accuracy periodically 

• Understandability and necessity of information 

• Brand consistency 

• Maintainability and reusability 

• Pricing for custom solutions 

• Documentability and customer communication 

Chief Technology Officer • Deployment automation 

• Conformance to main product SDLC when possible 

• Version control 

Head of Product • Controllability of maintenance 

• Deployment communication 

• Test automation 

 


