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Abstract

Background:

Advertising technology (AdTech) plays an important role in the digital economy of today. AdTech serves
targeted online advertisements to diverse online systems. However, its unique life cycle stages and chal-
lenges are not explored, particularly in comparison to the standard software life cycle. AdTech includes
Demand-Side Platforms (DSPs), Supply-Side Platforms (SSPs), Programmatic Advertising Platforms
and other systems that must handle real-time traffic, scalability, extensive metadata storage and regula-
tory compliance.

Aim:

The aim of this study is to characterise the software life cycle of AdTech. This will be done by identifying
the differences from the standard software life cycles. Next to this, the aim is to propose best practices
tailored to the specific needs of AdTech. A key objective is to map these best practices with the AdTech
software life cycle by categorising them into its stages. Next to this, the research seeks to understand
whether the findings are also applicable to related domains, such as the related Marketing Technology
(MarTech).

Method:

A Design Science Research methodology was used in the research, with the focus on creating a tailored
AdTech software life cycle model and a catalogue of best practices for each life cycle stage. The study
incorporated interviews with industry experts and an exploratory case study on branded content software
to identify challenges and validate the artifacts. Insights were further evaluated using the Technology
Acceptance Model (TAM) through stakeholder feedback.

Results:

In the exploratory phase four interviews with AdTech experts have been conducted, along with a two
month-long case study. Based on the findings from the interviews and case study, two artifacts have
been developed: the AdTech software life cycle model and a best practice catalogue consisting of seven
best practices tailored to the AdTech software life cycle. These artifacts have been evaluated through
a demonstration and a questionnaire based on the Technology Acceptance Model and with in-depth
interviews.

Conclusion:

A software life cycle model for AdTech has been identified, along with seven key best practices, both
of which have been evaluated by an extensive group of AdTech experts. The AdTech software life cycle
consists of four stages: Initial Development, Scaling, Evolution and Replacement. The best practices
include: Develop AdTech in Components, Develop AdTech That is Simple to Implement, Scale in the
Cloud, Monitoring of AdTech Resources, Prioritising of Development Tasks, Leverage CI/CD in AdTech
and Replacing AdTech in Components. Each best practice is mapped in a specific stage of the AdTech
software life cycle.

The AdTech software life cycle model has been recognised as a valuable model for explaining AdTech
software and its development. Also, the best practices have been recognised as valuable while some
were highlighted as must-haves in AdTech development. However, more research is required to validate
and expand the best practices catalogue, as well as to explore whether other software domains share
characteristics with AdTech that necessitate a tailored software life cycle. Additionally, investigating
the continued relevance of standard software life cycle models, such as those proposed by Rajlich and
Bennett [37], could provide further insights into evolving software.
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Chapter 1

Introduction

Advertising software, also known as AdTech, plays an important role in the digital economy by enabling
targeted advertisements to reach consumers across various online platforms. Unlike regular software,
advertising software faces distinct challenges, including real-time traffic management, large-scale meta-
data storage, dynamic scalability to accommodate fluctuating user demands and compliance with strict
regulations. Due these complexities, it is expected that the life cycle of advertising software may differ
from standard software stages, indicating the need for a separate investigation. If such differences exist,
it may imply that developers and managers of AdTech software lack guidance, as standard software life
cycle models may not sufficiently reflect the realities of AdTech development.

1.1 Problem Statement

At the beginning of software development have developers viewed all work following the initial delivery
as software maintenance. However, as software development evolved over time, this perspective was no
longer enough [37]. To address this, Rajlich and Bennett [37] introduced the software life cycle model
which include five software stages: Initial development, Evolution, Servicing, Phaseout and Closedown.
However, it remains unclear whether AdTech follows the same software life cycle as standard software.
Due to this lack of understanding, it is also unclear how to best navigate AdTech through its different
software life cycle stages. Especially for managers and software engineers, navigating the entire life
cycle of AdTech is challenging without clear guidance. To bridge this gap, best practices for software
development need to be defined. By providing practitioners with actionable guidance in the AdTech
field.

Software development best practices are often designed for specific domains or methodologies. For
instance, Meso and Jain [31] emphasise the use of Agile methodologies, while Assal and Chiasson [3]
focus on security in software development. However, there are no established best practices for developing
AdTech. The lack of domain specific guidance creates a gap in existing software development guidelines,
leaving AdTech teams without clear guidelines to follow.

In this study, AdTech refers to “all technologies, software and services used to deliver and target online
advertisements” [48]. The AdTech stack consists of the following key elements: Demand-Side Platforms
(DSPs) for automated and real-time ad inventory purchasing, Supply-Side Platforms (SSPs) for managing
and optimising ad inventory sales for publishers, Programmatic Advertising Platforms, which integrate
DSPs and SSPs, for automating and optimising the ad buying process by advanced algorithms and real-
time optimisations, Data Management Platforms (DMPs) for audience data collection and targeting and
tools for ad verification and fraud prevention [44]. In a blog post, Gilmanov [17] also includes Ad server
platforms, Ad networks and Ad exchange platforms in the AdTech stack. In this study, we include these
components within the scope of AdTech, as they also play a crucial role in the AdTech ecosystem. See
Figure 1.1 for a visualisation of the AdTech stack from Gilmanov [17].
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Figure 1.1: The AdTech Stack from Gilmanov [17]

AdTech software can be divided into two layers: foundational infrastructure, such as Demand-Side
Platforms and Supply-Side Platforms and software that facilitates specific campaigns by leveraging this
infrastructure. This research will consider software built on top of the infrastructure as features that
leverage its capabilities.

AdTech has unique characteristics that differentiate it from standard software. To start, it must manage
significant amounts of real-time traffic from the DSPs and SSPs. Because of these amounts it needs to
dynamically scale to handle fluctuations in demand, driven by factors such as campaign performance,
user interactions and traffic spikes [52]. AdTech also needs to store large volumes of metadata [51] to use
this later for real-time targeting, personalisation, optimisation of ad delivery and performance analysis
[11]. Next to this, is AdTech often embedded within websites by publishers [35]. AdTech also operates
in a highly regulated space with complex data privacy requirements (GDPR) [42]. These unique require-
ments and challenges point out the need to identify the AdTech software life cycle and fill in the gap in
existing guidelines. To address these challenges and provide clear guidance, this study seeks to explore
a fundamental question:

The Research Question

How can the standard software life cycle model be adapted to fit AdTech, and which best practices
help bridge the gap in existing guidelines throughout this cycle?

1.2 Objective

The objectives of this research include defining the software life cycle specific to AdTech while highlighting
how it may differ from the standard software life cycle. Next to this, the objective is to map best practices
to various stages of the AdTech software life cycle as identified in this study. This will involve drawing
from existing studies and developing tailored best practices to address the unique needs of AdTech.
Additionally, the objective is to define the characteristics of AdTech. With these insight we can discover
whether the life cycle could be applied to other domains with similar characteristics, such as MarTech.

Currently, there are standard software life cycle models and sets of best practices for all software develop-
ment. However, the proposed AdTech software life cycle and best practices provide specialised solutions.
This tailored framework delivers actionable insights to help professionals navigate the dynamic life cycle
of AdTech. So, by providing the framework this study aims to enhance both theoretical knowledge and
practical guidance for practitioners in the domain.



1.3 Research Questions

To answer the main research question, we address the following sub research questions. The questions
focus on understanding the unique characteristics of AdTech software, its life cycle stages. The last
research question explores necessity for tailored best practices to navigate its development.

RQ.1 How can the AdTech software life cycle be modelled accurately?

This question explores the entire life cycle of AdTech software. Understanding its structure is key to
identifying AdTech software stages.

RQ.2 Does the AdTech software life cycle differ from the standard software life cycle?

The standard software life cycle should be applicable for many industries. However, it might not address
the demands of AdTech. This question investigates whether and how the AdTech software life cycle
differs from standard life cycles.

RQ.3 What best practices are effective for the development and maintenance of AdTech, and how can
they be mapped to the software life cycle?

Best practices streamline software development, but AdTech’s unique demands might call for tailored
best practices. This question examines whether the AdTech field requires new best practices.

1.4 Overview of the Thesis

This thesis applies the Design Science Research Methodology to examine the unique challenges of AdTech
and to develop a software life cycle model with tailored best practices for AdTech. Chapter 2 covers
the background and related work by exploring concepts of software life cycles. Next to this, covers the
chapter existing best practices and the characteristics of AdTech. Chapter 3 outlines the methodological
approach, introducing the used Design Science Research methodology and explaining its application in
developing a tailored AdTech software life cycle model and best practices.

The results of the artifact design activity is discussed in Chapter 4, which includes the tailored AdTech
software life cycle model and best practices catalogue. Next Chapter 5 evaluates these artifacts using
stakeholder feedback and the TAM, for measuring the artifacts usability and effectiveness in practice.

The outcomes and broader implications are discussed in Chapter 6. Next to this, will the applicability
of the artifacts will be discussed with the limitations of this study. Finally, Chapter 7 summarises the
contributions of this research and offers recommendations for future work, including potential extensions
to related fields such as MarTech.



Chapter 2

Background and Related Work

Standard software life cycles models for standard software reflect observed stages that guide decision-
making throughout a system’s lifetime [27]. However, the demands of AdTech software may require
adaptations to standard software life cycle models. This chapter examines previous works that align
with this thesis, focusing on software life cycles, best practices in software development and introducing
concepts specific to the AdTech domain.

2.1 Software Life Cycles

In software engineering, software life cycles are commonly used to outline the various stages and their
sequence during the development and execution in a production environment of specific software artifacts
[45]. Software life cycle models are generally meant to be both descriptive of what typically happens
in practice and prescriptive of what ideally should happen in practice [7]. Defining the software life
cycle has been the focus of numerous studies [45, 37, 16, 12|, with some concentrating specifically on the
initial development stage and others addressing the entire cycle. The software life cycle from Rajlich and
Bennett’s [37] addresses the entire life cycle and consists of the following stages:

e Initial Development: Engineers develop the system’s first functioning version.

e Evolution: Engineers extend the capabilities and functionality of the system to meet user needs,
possibly in major ways.

e Servicing: Engineers make minor defect repairs and simple functional changes.

e Phaseout: The company decides not to undertake any more servicing, seeking to generate revenue
from the system as long as possible.

e Closedown: The company withdraws the system from the market and directs users to a replace-
ment system, if one exists.

In addition to the software life cycle definition provided by Rajlich and Bennett [37], other definitions
exist. For example, IEEE [23] defines the software life cycle as “The period of time that begins when a
software product is conceived and ends when the software is no longer available for use”. This definition
by [23] identifies eight stages: The concept phase, requirements phase, design phase, implementation
phase, test phase, installation and checkout phase, operation and maintenance phase and optionally a
retirement phase. In this context, ’checkout’ refers to “Testing conducted in the operational or support
environment to ensure that a software product performs as required after installation.”[23]. In comparison
to Rajlich en Bennett, the IEEE life cycle provides more focus on the development before initial release
than on the continued development after release.

2.1.1 Software Development Life Cycle

Software progresses through the software life cycle stages by developing and maturing over time. To
steer through the software life cycle stages different software development methods can be applied. Each
method offers distinct approaches for managing the process. In this context, Saravanan et al. [38] provided



a comparative analysis of development focused stages within Software Development Life Cycle (SDLC)
models. The study identified the three most used software development methods: Agile, Waterfall and
Scrum.

The Waterfall model consists of five phases: Requirement Analysis, Design, Implementation, Testing and
Maintenance. In contrast to the Waterfall model, focuses the the Agile methodology on iterative devel-
opment through stages such as Timebox Planning, Requirements Elicitation, Detailed System Design,
Coding, Development and Testing, Demonstration and Retrospective Meetings [29].

As software development got bigger, it also became more complex. Customer requirements changed more
frequently, making it difficult for traditional SDLC models to keep up with market demands. Sequential
approaches like Waterfall lack the flexibility needed to accommodate rapid changes [29].

To response and adapt faster, a new methodology was introduced called Scrum. Scrum is not a structured
lifecycle model but rather a software development method (SDM) within Agile [26]. The methodology
focuses on iterative and incremental development. It centres around roles, artifacts and ceremonies such
as the Product Backlog, Sprint Backlog, Sprints, Daily Scrum, Sprint Review and Sprint Retrospective.

Although the Waterfall model and the Agile methodology are different in their structure and processes
they both share the same goal: delivering a high-quality product in a predictable, efficient and responsive
manner. They involve similar fundamental activities, gathering, analysing, designing, coding, testing,
releasing, maintaining and retiring. However, they are different in how these activities are carried out
[34, 32]. Especially Agile, serves as an umbrella for various methodologies, with Scrum being the most
widely adopted framework [29]. These methodologies (Waterfall, Spiral and Iterative) fall under Software
Development Methodologies, aiming to improve the quality of software products and to map, maintain
and control these products as a general product [40].

In the literature review from Saravanan et al. [38] on software development methods reveals that no single
SDM approach is universally applicable. Each method has strengths and weaknesses. Stakeholders should
evaluate the methods and decide which method fits bests for their context.

2.1.2 Choice of Software Life Cycle

For this study, we will investigate the software life cycle of AdTech. The software life cycle includes
all stages of a software’s existence, including the Phaseout and Closedown stages, whereas the SDLC’s
final phase is Maintenance. Additionally, the SDLC primarily focuses on the development process from
a development team’s perspective, while the software life cycle examines the technological perspective,
focussing the software itself. This perspective is particularly important for documenting its technical
traits.

As a guideline for this study, we will decided to chose the software life cycle model from by Rajlich and
Bennett [37] as our point of departure. This model provides distinct stages beyond initial development,
addressing aspects where the software life cycle defined by IEEE [23] falls short. Next to this, it offers
sufficient documentation. The software life cycle model not only outlines the key stages, from initial
development to closedown, but also provides contextual insights into stage characteristics such as staff
expertise, economics and software architecture at each stage.

2.2 Best Practices

For this research, we define best practices as routine applications of knowledge deemed superior to
alternative approaches. Best practices are often developed outside the organisation, such as industry
standards, academic research and adopted within an organisation to improve performance and to stay
competitive within an industry [20].

The selection of ‘best’ practices should be guided by clearly defined criteria [8, 36, 49]. In this study, we
adhere to the principles proposed by Wu, Liu and Bretschneider [49]. Their empirical findings show that
judges of 6 government departments, 1 from an international organisation and 16 from top universities
and research institutes prioritise innovativeness, sustainability and replicability alongside effectiveness
when recommending best practices [49]. While Wu et al. [49] hypothesised that importance would also
be a factor, their results did not confirm this. Therefore, they excluded the importance principle. The
final principles in this study are as follows [49]:



e Replicability: It refers to the quality or state that can be done in exactly the same way as before,
or produced again to be exactly the same as before. Best practices must be generalisable and
applicable to other locations and conditions.

e Effectiveness: It refers to the extent to which the expected goals or outcomes are achieved.
e Sustainability: It means the quality of being able to continue over a period of time.
e Innovativeness: This criterion refers to the novelty of the measures and mechanisms developed.

The best practices derived from this study will be analysed and discussed using this set of principles. We
will assess them whether they have been properly applied in their definition and selection. The results
of this assessment can be found in Chapter 6.

2.2.1 Software Development Best Practices

Best practices for software development have been studied before, Jain and Suman [24] provided a
systematic literature review about software development best practices. They categorised best practices
into the following areas: Requirement Engineering, System Design, Coding, Testing and Integration.
This structure aligns with the stages of the SDLC stages. This approach includes the initial development
stages, but overlooks later stages, such as maintenance and retirement stages. These final stages are
critical for a complete a full software life cycle perspective.

The best practices from Meso and Jain [31] are structured differently, they used three dimensions to
structure the practices: Product Dimension (Artifact), Process Dimension (Development) and People
Dimension (Software Team). Each best practice is formulated separately for each of these dimensions.
By utilising this approach, the best practices address the needs of the software product, development
process and team performance.

Whited and Hanna [46] used a structure for documenting best practices that provides clarity and guidance
for implementing them. This structure can be applied to best practices from various domains, not just
software development. Each best practice is organised using the following elements:

e Title: The best practice.
e Brief Description: Provides a brief overview of the practice.

e Additional Details: describes details such as the implementation of the best practice and other
necessary information.

e Objective: What the outcome should be after applying the best practice.
e When to Apply: Describes when the best practice is relevant.
e Cost Implications: Covers the costs aspects associated with the best practice.

e Conditions for Successful Application: Describes when the best practice is successfully exe-
cuted.

e Cautions: Describes risks and challenges in applying the best practice.

By using this structure the best practices are insightful presented and made easily understandable. This
is crucial for stakeholders who wish to apply them in a real-life setting. In addition to the best prac-
tice documentation approach proposed by Whited and Hanna [46], there are also other documentation
approaches. Alwazae et al. [2] developed a Best Practice Document Template (BPDT). The BPDT
organises best practices in components such as: Summary of BP, Representation, Requirements for Ap-
plying BP, BP Actor, BP Properties and BP Implementation. For documenting the best practices in
this study, we have used the best practice documentation approach from Whited and Hanna [46]. This
best practice documentation approach is the most comprehensive. A more detailed justification for this
choice, along with the justification for selecting the best practice categorisation approach, is provided in
Chapter 3, “Best Practices Documentation Approach”.
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2.3 AdTech

In the problem statement we described AdTech, which refers to all technologies, software and services
used to deliver and target online advertisements [48]. The AdTech stack includes DSPs, SSPs and
Programmatic Advertising Platforms, which enable automated, data-driven ad transactions in real time.
Additionally, Ad servers, Ad networks and Ad exchange platforms are highlighted as also included as
components of the stack [44, 17].

While figure 1.1 highlights all the platforms in AdTech. Figure 2.1 illustrates the structure of the display
advertising ecosystem. It shows the flow of data, ads, servers and the flow of revenue. Different studies
have illustrated this ecosystem in various ways. Some studies use terms like publisher ad server and
advertiser ad server instead of SSP and DSP. Next to this, view others the SSP, DSP and ad server as a

single entity, given that some platforms provide all these services.
1) Impression '
g Er Ads & $8%
_ >

User Publisher SSP Ad Exchange DSPs Advertisers

Figure 2.1: The display advertising ecosystem, impressions and tracking data flow left to right and
revenue and ads flow right to left [5].

2.3.1 The Online Advertising Ecosystem

In the online advertising ecosystem three primary stakeholders are involved: publishers (websites) supply
ad inventory (the available impressions publishers can allocate to ads [28]), ad networks (SSPs and ad
exchanges) facilitate the real-time bidding process and advertisers (brands) buy ads from ad inventory
[43]. In the online advertising ecosystem many software solutions play a crucial role. [30] paper contains
a brief introduction to this topic. In the mid-2000s, publishers started exploring ways to monetise the
“remnant” inventory they were unable to sell through ad networks. Ad exchanges were introduced as a
solution for this, they filled these slots in real time by taking bids from various advertisers by utilising
multiple advertising networks. This process is known as “real-time bidding” (RTB). Over time, ad ex-
changes expanded beyond remnant inventory. This change led to the development of several intermediary
business models within the exchange ecosystem:

e SSPs are analytics and automation companies that specialise in optimising publisher revenue by
directing ad impressions to the most lucrative ad exchanges [4].

e DDSPs are analytics and automation companies. They manage and executing ad campaigns for
advertisers[4].

e Data Management Platforms (DMPs) sell ad targeting data to advertisers in real time, often
basing their targeting recommendations on tracking data, information purchased from publishers
and offline consumer databases [30, 22].

e Ad servers are used by publishers on the supply side to manage advertisements. These ad servers
differ somewhat from those on the demand side in their technical functions, as they are designed
to broadcast the available inventory [22]. Consequently, ad servers on the supply side handle tasks
such as administration, delivery and tracking, including managing ad placements and monitoring
clicks on online advertisements [33]. In contrast, advertisers use ad servers to deliver digital ads
and streamline campaign management across various media and publishers [22].

As shown in Figure 2.1, we can see that both SSPs and DSPs facilitate the buying and selling process
of ads. However, they are clearly different platforms. SSPs collaborate with publishers to manage
relationships across multiple ad exchanges, aiming to maximise revenue. In contrast, DSPs support
advertisers by evaluating the value of individual impressions and optimising bid prices. Next to this,
many companies provide products that span both categories [5].

11



2.3.2 AdTech and MarTech

In the same domain, MarTech also plays a critical role. Although MarTech serves a different function.
AdTech focuses on optimising ad placements and ROI through tools like programmatic advertising and
real-time bidding, relying heavily on data [44]. MarTech, on the other hand, encompasses technologies
like campaign automation and customer journey mapping to improve overall marketing activities and
customer experiences [44]. In this research, we briefly compare the two domains and explore if AdTech’s
software life cycle aligns with MarTech’s. This section can be found in Chapter 6.
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Chapter 3

Method

In this research, a qualitative approach will be adopted, applying a “Research by Design” [10] approach.
The central artifact produced will be the AdTech software life cycle model, accompanied by a catalogue
of best practices for developing AdTech, categorised according to the various stages of this life cycle.
The best practice catalogue will provide a guideline for each life cycle stage. The research will involve
two rounds of interviews with stakeholders in the AdTech industry (Exploratory interviews and In-depth
interviews). Next to this, an exploratory case study will be conducted to investigate real-life challenges
in the industry.

Process Iteration

identify ™ Defire [ Designa ¥ Demonstration »|  Evaluation *|  communication
Problem Objectives of Development i
& Motime a Solution -3 Find suitable Ouservehow | =@ Scholarty
Nominal process Define problem g what 5 Artitact 3 contaxt g & m"’-w %B publications
sea importance g wmﬁw‘: 'E é Use artifact fo g Merate back fo EE Professional
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Initiation Solution Centered Initiated
Initiation
Possible Research Entry Points

Figure 3.1: Design Science Research Methodology (DSRM) Process Model by Peffers et al [25]

3.1 Methodological Approach

The methodological approach for this study follows the Design Science Research Methodology (DSRM)
by Peffers et al. [25] (see Figure 3.1). The methodology starts with identifying the problem and defining
the research objectives, which were in detail outlined in Chapter 1, “Problem Statement”. This chapter
discusses the challenges in AdTech.

The solution and research objectives are discussed in Chapter 1, “Objectives”. This chapter elaborates
on the gap in the literature. By exploring whether AdTech follows the life cycle of regular software or
requires a new approach. To investigate this, the first research objective is to identify the characteristics
of AdTech and define its software life cycle by breaking it into distinct stages. The second research
objective is to assign tailored best practices to each stage. By addressing the specific challenges and
opportunities within AdTech software life cycle. Finally, the research objective is to determine if these
findings can be applied to related domains, such as MarTech, which has similar characteristics as AdTech.
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By addressing this gap the research aligns with the solution objective, which is to provide both theoretical
understanding and practical guidance for AdTech development. The solution objective of this study is to
develop a tailored best practices that delivers actionable guidelines to help professionals develop AdTech
more effectively. To meet the AdTech practitioners needs, the framework should support and be accepted
by AdTech experts. Additionally, it must also meet non-functional constraints, such as ensuring usability
and adoption which align with the principles of the Davis [13]. The principles focus on ease of use and
perceived usefulness in the industry. By doing this, this study adds theoretical knowledge and provides
guidelines for practical application, leading to more efficient and effective AdTech development.

Following the DSRM, insights are gathered and a theory is crafted based on these insights. The insights
will be gathered through interviews with industry experts and a case study which is discussed in Chapter
3 “Data collection”. This theory has been crafted by doing data analysis with coding which is discussed
in Chapter 3 “Data analysis”.

In the design and development phase have used this theory to create artifacts tailored to AdTech. The
artifacts developed in this study include a tailored software life cycle model for AdTech and best practices
for each stage of the software life cycle. Detailed descriptions of these artifacts can be found in Chapter
4, “Artifacts”.

To validate the artifacts, a workshop was conducted with stakeholders who work in the AdTech field such
as Software Engineers and Product Owners. The session provided an audience to present the developed
artifacts. By demonstrating how they address challenges in AdTech software development. Stakeholders
were encouraged to give feedback about the practicality and applicability of the proposed life cycle model
and best practices. This feedback was used to refine the final version of the artifacts, ensuring they are
both theoretically refined and practically relevant for AdTech professionals.

Evaluation of the artifact is conducted using the TAM. Validation interviews were conducted with stake-
holders and AdTech users. The interviews were focussed on factors such as perceived usefulness, ease
of implementation and overall impact on AdTech development. Participants provided feedback on how
well the proposed solutions fit with AdTech’s requirements, their practicality in real-world applications
and areas for improvement.

The final phase of DSRM is communication through publication. This research will be made publicly
available in the LIACS Thesis Repository (2024-2025) of Leiden University. Additionally, infographics
were created to visually illustrate the AdTech software life cycle and the AdTech best practices. By
showing the artifacts in the form of infographic it should the finding should be more accessible. These
infographics can be found in Appendix E.

3.2 Case Study Approach

An exploratory case study on branded content software development will be conducted to investigate
the AdTech development and its challenges it faces during its life cycle. As an exploratory case study,
it will serve as an initial investigation to derive new hypotheses and build theories about the AdTech
software life cycle [14]. Based on the findings from both the interviews and the case study, a theory will
be created along with AdTech best practices.

The case study takes place at Adswag, a Dutch technology company which specialises in digital ad-
vertising solutions. The office is located in Amsterdam, the Netherlands. During the case study, was
Adswag developing branded content distribution software. This software allows advertisers to scale and
distribute sponsored content (such as branded articles) across a network of over 200 publisher websites
with minimal manual effort [1].

The case study on branded content software is chosen as it adds value to the research since it covers
AdTech development, as outlined in the “Problem Statement” chapter. It adds value to the study by
demonstrating how issues such as real-time traffic management, scalability, data handling for targeting
and regulatory compliance in practice within the context of this branded content software. The branded
content software serves as an proper example of AdTech since it operates as a programmatic advertising
platform. The software facilitates both the demand and supply sides of the value chain.
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3.2.1 Case Study Documentation Approach

The case study documentation approach was conducted using direct observation logs, which took the form
of reality-based evidence capturing events as they occur or contextual evidence capturing the context
of events [50]. The observations were drawn from SCRUM meetings, such as daily stand-ups, sprint
planning sessions and additional meetings. This type of observational evidence is often useful for gaining
additional insights into the topic being studied [50]. When a researcher is writing observational field
notes, it is important to record the key details such as the date, time, location and a detailed description
of the subjects involved. Including observations of emotions, direct quotes and specific actions can
improve the context and depth to the data [47]. With this in mind, the logs of the observations have
been structured to include what occurred, who was involved, when and where it happened.

By applying this documentation approach, most logs recorded problems in the “What” column and
corresponding solutions in the “How” column. This structure enabled a systematic identification and
analysis of each problem. These documented issues were used in the research to identify challenges
specific to AdTech software, which are reflected in the artifacts. The identified solutions contributed to
the development of best practices.

3.3 Best Practices Documentation Approach

In Chapter 2, “Software Development Best Practices,” multiple ways for documenting best practices
were evaluated. In the study by Jain and Suman [24], best practices were categorised based on a SDLC.
Structering the best practices in a life cycle has also been done in this study however, instead of following
the SDLC, which focuses on the development phase of software, the categorisation here considers the
entire software life cycle. Given the scope of this study, which includes the entire life cycle of AdTech,
the ordering is based on the software life cycle stages rather than the SDLC stages.

In the study by Meso and Jain [31], each best practice is described in three dimensions: Product,
Process and People. However, this approach lacks some elements, such as a detailed description and
guidance on when to apply the practices. Because of the absence of these essential elements, this
approach has not been chosen for this study. Also the approach from Whited and Hanna [46] has been
discussed and considered. This structure includes elements such as a title, brief description, additional
details, objectives, application guidelines, cost implications, conditions for successful implementation and
cautions. Since this method meets the requirements for creating a detailed catalogue of best practices,
it has been used in this study.

Finally, the approach of Alwazae et al. [2] is discussed, which is based on their Best Practice Document
Template. While many elements of this template align with the approach from Whited and Hanna [46],
it is much more detailed, comprising 33 distinct points. However, given the extensive effort required
to complete this template in its entirety for every best practice and the time constraints of this study,
along with the fact that the approach from Whited and Hanna [46] sufficiently meets the needs of this
research, this approach has not been used as the chosen framework. However, it has served as a helpful
reference for filling in the template from Whited and Hanna [46].

3.4 Hypothesis

To address the research question: “How can the standard software life cycle model be adapted to fit
AdTech, and which best practices help bridge the gap in existing guidelines throughout this cycle?”, four
hypotheses are formulated. These hypotheses shape the research process by directing the creation of
the artifacts and serving as a foundation for their evaluation within the DSRM framework. In the first
hypothesis (H), the software life cycle of AdTech is expected to be different from traditional software.
The rapid pace of the advertising industry could mean that AdTech has a more iterative development
process.

H;: The software life cycle of AdTech is shorter and more iterative compared to the standard
software life cycle, due to the fast-paced advertising industry.

The second hypothesis discusses the financial and demand related factors that may influence the AdTech
software life cycle. AdTech systems may require a certain level of demand from advertisers before
development begins to justify the significant upfront costs.
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Hs: AdTech must ensure a reliable demand from advertisers and other consumers before develop-
ment begins, as its robust infrastructure requires significant upfront costs and resource investments.

The third hypothesis discusses the potential similarities between AdTech and standard software devel-
opment life cycles. It suggests that while some practices are needed, the core life cycle stages may not
differ significantly.

Hj: The software life cycle of AdTech does not differ significantly from the standard software life
cycle, although it requires specialised best practices for managing privacy regulations.

The fourth hypothesis discusses that, despite the specific nature of AdTech, its life cycle might closely
align with standard software life cycles, with only minor differences.

H,: The software life cycle of AdTech does not differ significantly from the standard software life
cycle.

3.5 Data collection

To evaluate the hypotheses, data has been collected in three phases, focusing on mainly qualitative
methods to assess relationships within the AdTech domain and its life cycle, as well as the applicability
and effectiveness of the proposed catalogue of best practices.

e Exploratory Interviews
The first phase involved conducting exploratory interviews with stakeholders in the AdTech field.
These interviews goal was to collect qualitative data to understand the relationships between the
software life cycle and AdTech development. Next to this, the goal was to identify any domain-
specific challenges.

e Exploratory Case Study
The second phase involved an exploratory case study focused on branded content software de-
velopment. This case study served as a means of data collection in the form of logs. This case
study provided an opportunity to gain insights into the current development process. By gathering
qualitative data from observations, documentation and stakeholder feedback has been analysed to
identify key insights and patterns relevant to the software life cycle.

e Validation Interview for Theory Understanding

The validation interview was an interview with an expert from the exploratory interviews. The
interview was to confirm and refine the findings from the exploratory interviews. It incorporated
a member validation approach, as described by Seale [39], where participants are asked to review
the researcher’s interpretation of the data to ensure it accurately reflected their experiences and
responses. In this process the participants confirm the accuracy of individual interview transcripts
and validating the themes identified during the analysis. By applying this method too, the study
aimed to enhance the credibility and reliability of its findings.

e Workshop
In the workshop, participants were asked to review the developed artifacts, including the defined
AdTech software life cycle and the catalogue of best practices. The artifacts were demonstrated
and after the demonstration, participants were asked to fill in a questionnaire about the artifact.
The questionnaire had a qualitative approach based on the Technology Acceptance Model (TAM)
by principles Davis [13]. In addition, the workshop provided an opportunity for participants to
give feedback and share their opinions on the artifacts with the group.

e In-depth Validation Interviews
The last interview round were in-depth interviews with AdTech developers. Here the goal was to
evaluate the AdTech software life cycle and best practices catalogue. Participants assessed their
relevance, practicality and effectiveness in solving key challenges. Feedback focused on satisfaction,
recognition of problem-solving and acceptance of the artifacts. It was also an opportunity to receive
feedback.
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3.5.1 Interview Guides

Two interview guides were created for the exploratory and validation interviews. With the exploratory
interview guide to examine the key stages of the AdTech software life cycle. This interview guide is
structured on basis of the software life cycle stages by Rajlich and Bennett [37]. The guide also included
targeted questions about certain AdTech topics, including scalability, technical challenges, regulatory
compliance and maintenance strategies. By structuring the interview questions this way the aim is to
capture AdTech’s entire software life cycle with its challenges it faces. In addition to questions about
the research topics, the interview guide also includes general questions about the interviewee’s role,
background and experience. During the interview process, the guide was refined to ensure all information
could be captured for this study. The interview guide is provided in Appendix A.

The workshop questionnaire followed a quantitative approach based on the TAM [13], using a 1-to-5
rating scale. Participants rated the artifacts on perceived usefulness, ease of use, user satisfaction and
behavioural intention to use. Optional open-ended questions provided additional qualitative insights.
The questionnaire is provided in Appendix C.

The in-depth validation interview guide was created to evaluate the artifacts using the TAM [13] on
a qualitative approach. With open questions focused on perceived usefulness, ease of use and user
satisfaction with the proposed AdTech software life cycle and best practices. Participants provided
feedback on the artifacts’ ability to address AdTech’s challenges, their practical applicability and the
likelihood of adoption within their organisations. The validation interview guide is provided in Appendix
D.

3.6 Data Analysis

In this study, each interview was transcribed to capture the participants’ perspectives accurately. These
transcriptions, combined with detailed observations from the case studies, provided a rich dataset for
analysis. For the data analysis, a combination of two methods was used: the Qualitative Research
method described by Seale [39] and the Grounded Theory method as Glaser describes [18].

3.6.1 Coding

For the coding process we used the Grounded Theory from Glaser and Strauss [19] with approach from
Grounded Theory Online [21]. The approach starts with identifying the substantive area by defining the
domain of interest and selecting the relevant substantive population. The next step is gathering relevant
to the area of study, followed by open coding. During open coding, sentences from each interview
transcription are analysed and assigned a descriptive category name that captures their essence.

The coding process in this study is called “Intermediate coding” [6]. This process uses the researcher
coding in two ways. First, to develop individual categories by connecting categories with subcategories
and creating a range of properties with dimensions. Second is to link the categories together [6]. This
process continues iteratively, with new labels being created as long as unique properties are identified
in the data. Once no new labels or properties emerge and the same ones are consistently observed,
theoretical saturation of categories is reached [19]. This signifies that “no new properties emerge and the
same properties continually emerge” [18§].

Throughout this process, memos are written to document theoretical insights, relationships and method-
ological decisions [21]. Once the core category is established, selective coding and theoretical sampling
are conducted to focus on the core category and related categories [6]. By this analytic emphasis, theo-
retical sampling helps researchers to craft robust theoretical categories. So, theoretical sampling occurs
later in the analytical process and helps researchers identify variations within the category(ies) and the
relationships between them [41].

Memos are then sorted to identify theoretical codes that organise substantive codes and shape the
emerging theory. The final steps involve integrating the theory with existing literature through selective

coding and writing up the developed theory. The code book from this research can be found in Appendix
G.
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3.6.2 Analysis Validation

For the validation of the codes and the theory, the Qualitative Research method described by Seale [39]
was applied, involving a validation interview to ensure the accuracy of the data and its interpretation.
This approach uses member validation, which means that participants review their interview transcript
and the researcher’s interpretation of it to confirm that it accurately reflects their experiences. Although
this method is considered the “gold standard” in qualitative research, it introduces a separate validation
process [15]. The Grounded Theory approach is different, this approach outlined by Glaser [18] includes
validation as an integral component of the research process. Through constant comparative analysis
and theoretical sampling, validation occurs continuously during data analysis, rather than being treated
as a separate task performed after the analysis is finalised [15]. While both validation approaches are
possible for this research, we chose for the separate validation interviews since the experts could not
be continuously involved in the research because of their job obligations. This approach allowed us to
schedule a dedicated time to validate the findings.

In addition to the validation interviews conducted with the interviewees from the exploratory phase,
the developed theory was also validated by two additional AdTech experts. These additional insights
provided more credible research findings.
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Chapter 4
Design

This chapter introduces the findings of the study. The chapter begins with an overview of the interviews,
followed by a summary of the codes and code groups from the data analysis. Next, each artifact is
discussed in detail.

4.1 Overview of Data Collection

In this study, 10 AdTech industry experts participated. A total of 9 interviews were conducted, including
5 exploratory and 4 validation interviews. Two participants took part in both phases. The interviews
involved 7 participants from 5 different companies—three operating within the AdTech industry and two
within the software development industry. Next to this, a workshop with 8 participants was held to
validate the artifact, of whom three had not participated in the interviews. Next to this, a case study
was conducted focusing on the development of an AdTech solution: Branded Content at an AdTech
company. All experts are kept anonymous due to privacy reasons. Below is a small introduction to the
experts to provide insight into their expertise and job experience.

Exploratory interviewees

e Expert A: Head of Technology at an AdTech company. Expert A has over 15 years of experience
in the AdTech industry and worked across four different companies. Skilled in developing AdTech
solutions and leading project teams.

e Expert B: A Senior Software Developer at an IT servicing company. Expert B has 15 years
of experience in software development with 6 years specialising in AdTech solutions. Skilled in
developing back-end and front end applications.

e Expert C: A Sales Director at a digital media and technology company. Expert C has 10 years of
experience in the AdTech industry and has worked at two AdTech companies. Expert C is skilled
in building strong client relationships, AdTech sales and requirements engineering.

e Expert D: A Senior Full Stack Developer at an AdTech company. Expert D has 6 years of
experience, including 4 years of experience in the AdTech industry. Skilled in building AdTech
applications on top of existing AdTech infrastructure.

e Expert E: A marketing technology professional with over 25 years of experience, including ex-
tensive expertise in analysing and mapping the marketing technology landscape. Expert E is a
founder of a MarTech company, specialises in assisting organisations to navigate the complexities
of MarTech stacks. Next to this, is Expert E recognised for proficiency in marketing technology
management.

Additional interviewees for validation of the artifacts

e Expert F: A Product Owner in the AdTech industry with 7 years of experience. Expert F has
previously worked as a TV Planner in an AdTech system and as an Online Campaign Manager.
In these roles the expert was responsible for managing DSPs, video players and AdTech platforms.
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Expert F served as a Programmatic Demand Manager, specialising in integrating SSPs and DSPs
for publishers. Now focused on project management in AdTech development.

o Expert G: A Business Development Director with 23 years of experience in the AdTech industry.
Expert G has an extensive background as a Solution Architect and Product Manager in program-
matic advertising. Expert G is specialised in data propositions and consultancy.

e Expert H: A Full Stack Developer with 10 years of experience, the last 6 years focused on AdTech.
Expert H is specialised in reporting systems and data processing using AWS and BigQuery. Cur-
rently working at a software house.

e Expert I. A Sales Manager in the AdTech industry with 9 years of experience in selling ads,
including audio and video ads. Expert I is skilled in AdTech-driven ad sales and optimising ad
transactions in SSPs.

e Expert J: A Data Engineer at an IT servicing company, with 6 years of experience. Expert J has
been focussed on AdTech for the last two years. Skilled in building cloud infrastructures.

4.1.1 Code and code groups

One of the data analysis goals was to identify codes in the transcripts. In total 171 codes were identified,
including 151 unique codes classified into seven distinct code groups. Figure 4.1 shows the distribution
of code groups. The largest group of codes is Initial development of AdTech, followed by the groups
AdTech in general and Evolution of AdTech. The smallest code group is Regulations, likely because most
interviewees have expertise in developing AdTech rather than in its legal and business aspects. The
complete code book can be found in Appendix G.

[ mitial development of AdTech
B AdTech in general
[ Evolution of AdTech

29, [ Replacement of AdTech

—
] Scaling of AdTech
3% [ Data collection
[ Regulations

Figure 4.1: Distribution of codes across categories.

4.1.2 Case Study Results

The branded content case study was conducted as part of the exploratory phase of this research and
spanned two months (January to February). The goal of the case study was to gain initial insights into
the development process of Adswag’s branded content software. During this period, a total of 19 log
entries were recorded. The complete log book can be found in Appendix F.

4.2 Artifacts

This section introduces the developed artifacts in this study. The AdTech software life cycle model is
created to provide more insights into AdTech’s life cycle. Unlike standard software models, which lack
specificity for industry specific challenges, the AdTech software life cycle model focuses on the demands
of AdTech.

The main goal of the life cycle model is to provide a clear tool for navigating AdTech’s life cycle. It
emphasises understanding of the progression from the software’s inception to its eventual conclusion. By
achieving this goal, practitioners could better understand its scalability, evolution and efficiently allocate
resources.

For best practices, the goal is to offer actionable guidelines that streamline AdTech development. These
best practices are specifically created to address challenges in AdTech development. By providing these
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artifacts our research fills in the current gap in specialised guidelines for this domain. This ensures that
industry practitioners have clear, targeted strategies to enhance their systems.

In Chapter 6 “How the Artifacts Address Key AdTech Challenges” we discuss in detail how the artifacts
address the challenges in AdTech.

4.2.1 Traits of AdTech

In the Problem Statement Chapter we discussed the traits of AdTech, distinguishing it from standard
software systems. The most important trait from AdTech is that it must manage large amounts of real-
time traffic generated by DSPs and SSSPs. This trait requires AdTech to have advanced capabilities for
processing data at high speeds to facilitate real-time bidding and ad delivery. Because AdTech needs
to deal with large amounts of real-time traffic AdTech resources must scale dynamically. Causes for of
large amount of real-time traffic could be good campaign performance, user interactions with the ads,
or other unexpected spikes. AdTech also relies on storing and processing large volumes of metadata,
essential for real-time targeting, personalised ad delivery and ad performance analysis. Managing these
operations while adhering to strict performance expectations adds to AdTech’s challenges. Next to this,
AdTech operates within a highly regulated space. AdTech must comply with data privacy laws, such as
the GDPR. In addition, AdTech is installed within publisher websites, to do this AdTech requires simple
integration with all publisher systems.

The traits we could identify from related work were also reflected in the case study and interviews. The
case study showed AdTech’s need for near real-time data processing, highlighting the trait of high-speed
data processing. It also revealed the importance of seamless integration with publishers, as noted by
the Head of Product, who stressed the need for a simple and but also robust integration process with
all publisher websites. In the interviews, the importance for real-time traffic management was a much
discussed topic, highlighting the requirement for scalable systems which need to be capable of handling
high volumes of traffic. Additionally, regulatory compliance was pointed out as a concern, with experts
raised the importance of adhering to GDPR and industry-specific regulations. While not always explicitly
stated, the handling of large volumes of metadata also played a role in the software from the host of
the case study. In particular in relation to real-time targeting and performance tracking. However, not
all AdTech systems from the host’s case study required metadata storage for targeting. In the case of
the branded content software, targeting was done by selecting ads based on the context of the website,
aligning ad content with the site’s domain.

Through interviews and a case study, additional traits of AdTech have been identified. One remarkable
trait was its need to continuously evolve. AdTech’s environment faces many external factors such as
trends, technological advancements and regulatory changes. These factors often influence one another,
creating a domino effect within the industry. For instance, when new technology enters the market and
is adopted by AdTech, regulations may later restrict its use, necessitating further adjustments within the
systems. In contrast, regulatory changes can drive technological innovation, requiring AdTech to adapt
to align with new standards.

In addition to these external pressures, have the AdTech companies intense competition. Publishers can
easily switch to other AdTech companies software when competitors introduce new features that other
doesn’t have. This adds another factor of pressure, as AdTech companies must not only respond to
external factors but also continually need to innovate to remain competitive. Modular architectures and
reusable components are important to facilitate these shifts, since this makes seamless incorporation of
new functionalities and the ability to adapt possible.

AdTech Requirements

Before AdTech companies decide to develop an AdTech solution, certain requirements must be taken
in mind. Without meeting these requirements, the AdTech solution may face challenges such as a lack
of trust or transparency issues.. Based on insights from the interviews and case study,the following
requirements have been identified as critical to the success of an AdTech solution:

e The AdTech solution must comply with data protection regulations, including the GDPR, which
governs the processing of personal data within the European Union. Next to this, must AdTech
comply with industry specific regulations, such as those set by the KSA (Kans Spel op Afstand)
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for betting advertising in the Netherlands as explained by Expert C. These laws impose specific
requirements on cookie consent, tracking technologies and targeted advertising practices.

e The AdTech solution needs to be simple. The AdTech industry is already complex. Next to this,
have many stakeholders, such as publishers, advertisers and agencies, not always have technical
expertise. This makes it essential for AdTech to be accessible and easy to use.

e The AdTech solution needs to deliver what it promises. AdTech solutions must ensure that all
the impressions promised actually get delivered. This means that these promises must could be
fullfilled with the aviallable ad inventory. This ensures that delivery expectations are realistic and
that campaigns run within the actual capacity of publishers’ ad spaces within the campaigns time
frame.

e The AdTech solution must provide publishers with control and monitoring capabilities. Publishers
want to be able to to track their performance, manage inventory and optimise revenue.

e The AdTech solution must offer a transparent payment process. Since advertisers construct varied
pricing structures for their campaigns and may adjust how costs are passed on, the platform must
clearly present all associated costs. This ensures that clients have full visibility into pricing break-
downs, their margin and cost allocations. By having a transparant payment process advertisers
can see that the goes fair and is predictable.

While these requirements have been discovered in this research, there may be many more yet to be
discovered for AdTech solutions. In Chapter 6, we discuss the limitations of this research and explore
how these requirements might also apply to other software solutions beyond AdTech.

4.2.2 The AdTech Software Life Cycle

In Chapter 2 “Software Life Cycles” various standard software life cycles are discussed, each aiming to
describe the life cycle of regular software. However, after conducting extensive research, we concluded
that these conventional software life cycles such as the software life cycles from Rajlich and Bennett [37]
and IEEE [23] fall short in capturing the unique characteristics and requirements of the AdTech software
life cycle.

For instance, AdTech systems must handle a lot of traffic from the earliest stages of their life cycle. This
is a trait that standard models do not account for. Additionally, the AdTech industry faces constant
changes driven by factors such as market dynamics, regulatory changes and technological developments.
Moreover, AdTech continuously evolves because of various external factors such as regulatory changes,
competition and new technologies. These never ending changes place a much greater emphasis on the
Evolution stage than in standard software life cycles.

Because the existing software life cycles for regular software are insufficient for AdTech, we propose a
new software life cycle. Our software life cycle model is specifically tailored to address the demands and
challenges of AdTech. Understanding these stages and their transitions can provide valuable insights for
both business and engineering stakeholders.

Software Stages

By coding the transcripts seven distinct groups have been revealed, as described in Chapter 3 “Coding”.
Among these, four groups could be directly linked to an AdTech software life cycle stage: Initial Devel-
opment of AdTech, Scaling of AdTech, Evolution of AdTech and Replacement of AdTech. These stages
reflect a time-ordered progression of AdTech software, from its inception to its eventual transition or
decommissioning. In Figure 4.2 we show our proposed AdTech software life cycle model. It shows the
four stages with the transitions between them.

e Initial Development. Engineers develop the first version of the AdTech software. Additional
software is also implemented on the publisher’s systems to enable ad serving on publishers side.

e Scaling. The resource infrastructure gets configured to dynamically scale its resources to handle
increasing traffic demands, maintain continuous uptime and accommodate significant impacts.

e Evolution. Engineers further develop the AdTech’s capabilities to meet emerging user needs,
evolving market trends, maintain a competitive edge and ensure compliance with regulations.
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e Replacement. Outdated AdTech software is retired and replaced with a new system through
careful planning to minimise disruptions.

Initial Development

) . Resources are being
First version scaled
running

Scaling
Auto scaling is \ i Ewvolution changes
achieved
Evolution
Loss of evolvability \

Replacement

Figure 4.2: The software life cycle of AdTech

In the next sections, we will discuss the AdTech software life cycle stages in more detail.

1. Initial Development

In the Initial Development stage, the AdTech software is either created from scratch or developed using
existing infrastructure, depending on the project requirements and available resources. During this stage
developers need to ensure that the software can be simply integrated with multiple third-party systems.
For example, publishers must implement the AdTech software directly into the code of their websites to
ensure proper functionality.

Because not all publishers have a technical background as explained by Expert C, the AdTech needs to
be simple to install. The low effort integration encourages broader adoption and reduces the likelihood
of integration errors. Furthermore, the software is built in modular components. By starting with a
modular architectures, components can be easily reused. Next to this, reduces it complexity for future
updates.

Testing plays a critical role during the Initial Development stage. Testing of new functionalities is
often conducted with AdTech users, such as agencies that have a strong relationship with the AdTech
company. The development team could also choose to extended it to all users. Software updates are
released frequently based on insights and testing. Software updates are released frequently based on
insights and testing. By iterative development and testing the first version gets iterative improvement.
This cycle continues until version 1.0 is finalised, providing a stable product that the sales team can
confidently present to clients.

2. Scaling

After a first working version of the AdTech software is realised, scalability measures becomes crucial. A
single client can significantly challenge the system’s capacity. To tackle this challenge the development
team needs to make sure the infrastructure can ensure reliable ad severing.

To meet these demands, the resource infrastructure is designed to scale dynamically. The resources
should adopt to fluctuations in traffic and accommodating growth in real-time without performance
degradation. Cloud-based solutions play a critical role in this process, because cloud-based resources
often offer automatic scaling functions for resources. By leveraging these functions the needed capacity
is made available instantly when needed.

Since AdTech systems are expected to operate continuously, downtime is not an option. Scalability
measures prioritise reliability to ensure uninterrupted operation and to handle the varying demands of
multiple clients.
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3. Evolution

AdTech’s environment constantly changes by factors such as new trends, regulatory changes, emerging
users needs and technical changes. To stay relevant AdTech developers constantly need to evolve AdTech
by adding new functionalities or changing existing functions.

The rapid environment of the AdTech demands also constant innovation. If AdTech fails to innovate
it can result in outdated software that no longer meets client needs. Ultimately causing clients to
look for alternatives. It could be said that AdTech in this stage is never truly finished, as the rapidly
evolving AdTech industry demands constant updates and improvements to stay relevant, functional and
competitive.

In addition to this, AdTech needs to keep up with technological advancements, regulatory changes and
other external factors. If the software must ensure compatibility with the latest tools, platforms and
comply with compliance standards. Regulatory adherence is essential to building trust with clients and
avoiding legal risks.

3.1 Evolution Factors
In this study, the following evolution factors could be identified. The factors include external pressures
but also internal demands that drive AdTech to continuously evolve to stay relevant.

e Ad-blockers: “One major factor is ad blockers. If they put us on a blacklist, then every Chrome
extension that blocks ads will start blocking our requests.” - Interviewee Expert D

e Acquisition & Integration: “Lot of AdTech will be sold to bigger companies and then integrated
in to their own AdTech stack. It maybe will not always be completely replaced but integrated in
other AdTech.” - Interviewee Expert F

e Competitors: ”If you don’t innovate for a year, it can happen quickly. Due to competition,
innovation from the rest of the ecosystem” - Interviewee Expert C

e Customer Needs: “Yes, for example, initially nobody asked for it, but now advertisers want
click-through links in the article. Like if Brand X wants to sell its beer, they add a link, a user
clicks it, we record an event, and Brand X can track it using UTM parameters.” - Interviewee
Expert D

e Different Client Profiles: "Initially, we were focused on one client, but eventually, as we imple-
mented it with publishers, we realized they could also be clients, and the client definition became
much broader.” - Interviewee Expert C

e Fast-Outdated Software: “More than you think. It’s never finished. I think maintenance is
always more, a lot. Maintaining is one thing, but today’s AdTech is already outdated.” - Interviewee
Expert C

e Innovation of the AdTech Platform: “That’s where the innovation is—simplifying the branded
content workflow. The product itself is already innovative in that it cuts out an entire flow by
bundling everything into one platform.” - Interviewee Expert D

e Maintenance: “If you collect a lot of data and handle high traffic, someone has to maintain it
because, for instance, you can quickly exceed the amount of space on a disk or run out of memory.
Many things can go wrong.” - Interviewee Expert B

e New Technologies: “Because there are new technologies, you also have to connect to them.” -
Interviewee Expert C

e Regulations: “If regulations change, technical solutions also change accordingly.” - Interviewee
Expert A

e Technical Changes Affecting the Ad Market: “Technical changes, for example, browsers
changing cookies.” - Interviewee Expert A

e Third-party Dependencies: ”AdTech usually integrates with many third-party companies.
These APIs evolve, introducing frequent changes. You have to maintain them because they al-
ways give a migration period, but in the end, they can just disable some functionality you used
before. So you have to keep track of it.” - Interviewee Expert B
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e Trends: “People follow trends in this market. Everyone wants the latest technology.” - Interviewee
Expert A

e Younger Market: “The market is getting younger, meaning younger people use our platform...
We want the platform to be user-friendly for that demographic. Hence the UI/UX designer. So
the design of our app might keep evolving, but on the back-end side, not much changes based on
the market or client needs.” - Interviewee Expert D

4. Replacement

If AdTech software becomes outdated because of factors such as new regulations, increased competition,
lack of innovation, or other industry changes, then replacement comes in as a necessary step to stay
competitive or to avoid potential losses.

When AdTech systems become trusted legacy systems with deep integrations into the clients systems,
it can hinder evolvability. This forces AdTech companies to decide it is time for replacement. This
replacement is often a difficult task, because of the many integrations AdTech systems have. Next to
this, are there still running campaign on the existing system. To replace the systems, extensive planning
is needed, any disruptions could result in significant costs. If the AdTech is developed in modular
components, it can significantly reduce the complexity. Another way of replacing outdated AdTech
systems is by transitioning client by client to the new systems. To execute this approach two AdTech
systems needs to run at the same time. Transitioning clients to a new systems is also a slow process
since the clients have running campaigns and integrations with the current system.

4.2.3 Stage Characteristics

During the software life cycle characteristics of the software and the development team change with each
stage. This includes shifts in staff expertise, software architecture and economic considerations [37]. For
AdTech, this also applies. In this paragraph, we discuss the characteristics that could be identified in
this study.

Staff Expertise

During the Initial Development stage, staff need strong expertise in web development to create the first
version of the software and integrate it with publishers systems (websites). In the Scaling stage, the focus
shifts to building scalable software and data engineering. Experience with cloud technologies is a must,
since it supports the development of scalable data storage and other infrastructure solutions. When the
software enters the Evolution stage, staff must stay up-to-date with the latest technologies and AdTech
trends. By staying up to date with the latest trends and technology, the development team is able to
evolve the AdTech timely. Finally, in the Replacement stage, staff must possess knowledge of the legacy
software to replace or update complex components without disrupting existing operations.

Software Architecture

The Initial Development stage is the most important commitment to defining the software architecture.
This architecture will serves as the backbone of the AdTech system. During the initial development is the
architecture is designed to support the the system’s intended functionality and to handle later evolution.
This architecture will significantly influence the ease of future evolution and providing a roadmap for
further development efforts, which align with the principles discussed by Rajlich and Bennett [37]. Next
to this, is the software architecture is favourably designed using a modular approach. By having a
modular architecture updates and replacement can be more easily done without ad serving disruptions.
In the Scaling stage, the architecture undergoes intensive upgrades in resources to handle increased
traffic and data demands. This ensures the system stays robust and reliable. In the Evolution stage,
the modular software architecture designed in the previous stages will be extensively used for updating
and replacing existing components and adding new components to the architecture. Finally, in the
Replacement stage, the architecture is gradually phased out, with certain components repurposed or
reused in the development of replacement software.
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Economics

By doing interviews with Expert A (Head of Tech) and Expert C (Sales Director), it is possible draw
several conclusion about the economics of AdTech throughout its life cycle. In the initial Development
stage, significant investment is required to create the first functional version of the software. Once there
is a function version and the first publishers are on-boarded to the AdTech platform, agencies or direct
brands can purchase advertisements. With these initial campaigns, the platform begins generating its
first revenue.

If developed correctly, the AdTech system scales automatically during the Scaling stage, with costs
balanced based on traffic. The difference between the campaign cost paid by the advertisement buyer
and the cost paid to the publisher is the profit. This will be used to fund operational expenses and further
development. In the Evolution stage, ongoing costs are directed toward implementing new features and
adapting to market demands to maintain competitiveness. By the Replacement stage, costs decrease as
the focus shifts to reallocating resources for the development of new software or elsewhere as needed.

4.2.4 Differences Between the AdTech and Software Life Cycles for Regular
Software

The AdTech software life cycle is influenced by the work of Rajlich and Bennett [37]. However, what
sets the AdTech software life cycle apart from traditional life cycles, such as those described by Rajlich
and Bennett [37] and IEEE [23], are several distinct characteristics. While the initial development
stage aligns closely with traditional life cycles, we found that AdTech software development requires
installation within third-party systems. Installation with publishers’ website is needed to create a fully
functional first version. This requirement sets the Initial Development stage apart from the standard
Initial Development stage.

In this study, we introduced a new stage: the Scaling stage. For AdTech software to become fully
operational, it requires a dynamic and robust infrastructure capable of handling the immense demands
of individual clients, who can generate millions of requests and data logs through a single campaign.
For AdTech is reliability critical, since even minimal downtime can disrupt operations and compromise
performance. Tackling these challenges is critical and have to be addressed before the software can
progress to the next stage of its life cycle.

While the Evolution stage in the AdTech software life cycle aligns with the Evolution stage described
by Rajlich and Bennett [37], the Servicing and Phaseout stages from Rajlich and Bennett [37] are not
included in the AdTech software life cycle. Similarly, the same applies to the Maintenance stage from
IEEE [23]. In the Servicing stage and Maintenance stage, minor repairs are made and small functional
updates are implemented to maintain and stabilise the system. However, this is not applicable to AdTech
software, which undergoes continuous development driven by evolution factors. If these factors are not
enough tackled, AdTech software quickly becomes outdated.

Unlike in traditional software domains, there is no parallel maintenance of older software versions in
AdTech. Instead, development efforts are focused on the latest version, which continuously evolves as we
mentioned before. Consequently, there is no space in the AdTech software life cycle for stages dedicated
solely to minor repair such as Servicing, as described by Rajlich and Bennett [37] and Maintenance, as
defined by IEEE [23]—or for minimal activity focused on generating revenue from the system for as long
as possible (Phaseout), as described by Rajlich and Bennett [37].

The final stage of the AdTech software life cycle, called “Replacement” aligns with the Closedown stage
stage described by Rajlich and Bennett [37] and the Retirement stage from IEEE [23]. However, the
final stage in the AdTech software life cycle places a strong emphasis on replacing the existing software
with a new solution, as publishers cannot afford to lose advertising revenue during the transition. Due
to this focus, we find “Replacement” to be a more fitting name for this stage.

4.2.5 Best Practices

In this section, we present best practices tailored to each stage of the AdTech software life cycle.
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Initial Development

Develop AdTech in Components was identified during the exploration interviews. A recurring need came
forwards to build AdTech using an modular approach. An example of this was provided by Expert
A: “The market operates in cycles, for example: 20 years ago were the first ads, it’s becoming more
automated, then other sectors like retail [...| emerge. These sectors need to be rebuilt from scratch. So,
AdTech can be reused. Therefore, it’s wise to build in components”

Title Develop AdTech in Components

Brief Description AdTech systems should be developed in modular components to
improve its reusability.

Additional Details Developing in components makes faster iteration possible. Next to
this, gives it more flexibility. Each component can be tested, up-
dated, or replaced independently. This reduces complexity when
scaling or evolving the software. This approach comes particularly
in handy when the AdTech software can be applied in different do-
mains.

Objective Create modular software components that can be reused across
different domains and AdTech systems, which improves adapt-
ability and efficiency.

When to Apply Start creating modular architecture as soon as the application’s
structure is defined. By starting with a modular based architec-
ture is the architecture modular from the outset.

Cost Implications Developing modular components may increase initial development
costs. However, it will reduces future maintenance and adaptation
expenses, which results in long-term cost efficiency.

Conditions for Suc- | Successful implementation depends on the reusability of the de-
cessful Application veloped components. When components can be easily reused in
different AdTech software or in different domains, it can be con-
cluded as a successful application.

Cautions Avoid over-engineering components to avoid complexity. Addi-
tionally, documenting the components prevents integration issues
in future stages.

Table 4.1: Detailed overview of the best practice: Develop in Components

Develop AdTech That is Simple to Implement was identified as best practice in response to a recurring
challenge observed in the case study: the onboarding and configuring/installation of publishers. These
issues caused ads being displayed multiple times on the same page. This problem aligned with the in-
terview with Expert C: “Publishers often don’t read all the documentation for implementation.” Expert
C further elaborated on the difficulty: “Often, the website owners aren’t knowledgeable enough to im-
plement simple things and get redirected to the next agency, which are usually small firms or agencies
that aren’t very quick or smart. This leads to going through many layers due to the lack of knowledge,
which is very challenging.” Expert C mentioned a possible solution for this problem: “Ideally, you should
centralise control so you can set the pace and not depend on sixty different parties, as we experienced
with dynamic branded content”. While this solution is ideal, it is hard to realise in a real-world set-
ting since the configurations need to be set on the publisher’s website. Giving this level of control to
an AdTech company can be too big of a commitment, as publishers need to accept the risk of potential
downtime. A more realistic approach could be a more simple integration which fits all publishers systems:
“If something works, it needs to be simple and applicable to many of your end-users.”
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Title Develop AdTech That is Simple to Implement

Brief Description AdTech solutions should be designed for effortless implementation.
By minimising a complex implementation it should the reduce the
technical burden of the publishers. An effortless implementation
should reduce debugging efforts and helps with broader adaption.

Additional Detalils A simple implementation includes minimal configuration steps,
clear documentation and automated installation.

Objective The objective is to ensure publishers can easily implement the
AdTech software without needing any technical expertise. With
the end goal of reducing setup time and dependency on third
parties.

When to Apply During the initial development stage, the development team
should focus on making the implementation/installation as easy
as possible. When new functionalities are introduced simplicity
should remain a priority.

Cost Implications Developing onboarding-friendly AdTech may require additional
development effort. However, reducing implementation complex-
ity decreases support costs, debugging and onboarding time.

Conditions for Suc- | The best practice is successfully applied when publishers need
cessful Application minimal support with implementing the AdTech. The AdTech is
as simple as possible to implement is a publishers system.

Cautions The development team must caustion for oversimplification. Ad-
vanced users should not lose functionalities. Additionally, imple-
mentation guides must remain up-to-date as technology evolves.

Table 4.2: Detailed overview of the best practice: Develop AdTech That is Simple to Implement.
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Scaling

Scale in the Cloud was identified as a best practice in response to one of AdTech’s core technical chal-
lenges: handling significant amounts of real-time data without any disruptions. As described in Chapter
1, “Problem Statement”, AdTech software needs to handle significant amounts of real-time data. To deal
with this, AdTech companies need to find a solution for this challenge.

In the interview with Expert B: "I mean that for instance several years ago people tried to set up database
on their own server but right now they prefer to use hosted solution that database it’s something which
is hosted by which is maintained by external company who is really take care of any parameters of this
piece of infrastructure”. To save costs, AdTech companies use automatic scaling functions in the cloud.
“Most of it runs in the cloud and needs to scale automatically.” - Expert A.

Title Scale in the Cloud

Brief Description AdTech should leverage the cloud for its automatic scalability
function. By leveraging this function, resource overallocation and
under allocation can be avoided.

Additional Detalils Cloud providers can dynamically allocate resources based on real-
time demand. By making use of the a cloud resources, systems
can avoid over-allocation and under-utilisation.

Objective To efficiently handle large amounts of real-time data, while min-
imising costs.

When to Apply When workloads/traffic vary significantly, requiring dynamic re-
source adjustments particularly during real-time peak hours. Peak
hours could happen during campaigns with significant reach, or
when transitioning from static on-premises solutions to more flex-
ible cloud systems.

Cost Implications Reduces upfront investment and operational costs associated with
resource overallocation but requires monitoring to manage costs
effectively during peak scaling. Next to this, the potential for
increasing cloud usage rates and dependency on providers could
lead to high costs over the long term.

Conditions for Suc- | A reliable cloud provider, applications designed for elasticity,
cessful Application proper cost monitoring tools, engineering team is skilled in cloud
resource management and auto-scaling enabled in the cloud con-
figurations to dynamically adjust resources as needed.

Cautions Misconfigured scaling rules can lead to unexpected costs. Depen-
dency on a single cloud provider may pose risks of vendor lock-in
and long-term costs may escalate due to increasing cloud usage
rates.

Table 4.3: Detailed overview of the best practice: Scaling in the Cloud.

While this best practice is particularly relevant to AdTech, it is not only applicable to this domain. Any
software that experiences high traffic surges during peak hours or events such as campaigns should also
apply this best practice to reduce cloud costs.
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Evolution

Monitoring of AdTech Resources emerged as a best practice in response to the operational risks associated
with handling high traffic and the storage of vast amounts of data. When handling large amounts of
traffic and storage large amounts of data, an unexpected error could pop up. As one developer explained:
“another thing is that if you collect a lot of data and you handle high traffic someone has to maintain it
because for instance you can quickly exceed the amount of space on a disk. You can have not enough
memory to handle this traffic. Many things can go wrong”. To avoid these risks, it is essential for
AdTech companies to monitor their system resources on computing power. This ensures potential issues
are identified on time before they escalate into more serious problems.

Title Monitoring of AdTech Resources

Brief Description Setting automated notifications for important resource measure-
ments such as CPU, memory and disk space to identify potential
issues. Next to this, make automated notifications it possible to
minimise monitoring.

Additional Details Automated tools and systems can be used to configure alerts when
thresholds for resource usage are exceeded. Notifications can be
sent via email, messaging platforms, or system logs. By having
these measures in place ensures immediately response to possible
issues.

Objective To maintain seamless operations under high traffic conditions by
identifying issues on time and performance degradation.

When to Apply The best practice should always be applied in systems with
high traffic, large data handling, or complex operations that are
resource-intensive. Monitoring of resources is also crucial when
systems get scaled up or are in peak traffic hours.

Cost Implications A monitoring dashboard and alerts costs minimal since many
could providers provide these for free. On-premise solutions may
have minimal associated costs.

Conditions for Suc- | Reliable monitoring tools with correctly configured thresholds and
cessful Application notification channels. A response plan must also be in place to
act on alerts promptly.

Cautions Overly sensitive alerts can lead to notification that get ignored
and where important alerts might be ignored. Proper calibration
of thresholds is essential to avoid unnecessary disruptions or false
positives.

Table 4.4: Detailed overview of the best practice: Monitoring of AdTech Resources.

Prioritisation of Development was identified when a recurring theme emerged during the interviews:
AdTech constantly needs to innovate. As Expert C noted, “If you don’t innovate for a year, it can
happen quickly. Due to competition, innovation from the rest of the ecosystem.” Similarly, Expert A
highlighted the market’s demand for constant innovation: “The market continuously wants new things;
some even have different preferences. Clients will quickly switch to competitors if you don’t offer the
latest features that your competitors do. As long as there are no competitors, you can hold out for a
long time. With standard AdTech, you're out if you don’t innovate.”

However, innovation alone isn’t sufficient. Maintenance is equally critical to make sure functionality
works, as Expert B explained: “Without maintaining, I think that this software will not work for a long
period...”

With this being said, we could say that AdTech needs to innovate but also be maintained. So, AdTech
systems must continually evolve. However, the challenge lies in determining which evolution factor is
the most important and which requires immediate attention. To address this, development teams need
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to make well considered decisions for the prioritisations.

Title

Prioritisation of Development Tasks

Brief Description

Software has many factors driving evolution, such as technological

advancements, market demands and regulations. Prioritisation of
development tasks is crucial to make certain development efforts
focus on the most high-impact tasks. This process is similar to
the process of sprint planning in agile methodologies.

Using frameworks like MoSCoW (Must, Should, Could, Won’t)
or impact-effort matrices during sprint planning can help teams
prioritising tasks that align with the organisations goals.

Additional Details

To work on tasks which contribute the most to the organisations
goals.

Objective

When to Apply Prioritisation should be done during sprint planning, backlog
cleaning, or any planning process. These are the moments where
team comes together and decisions need to be made on which

tasks to prioritise in development cycles.

Cost Implications Effective prioritisation makes sure that the resources are assigned
to the most impactful tasks. This will reducing the risk of wasted
time and effort. Poor prioritisation, however, can lead to ineffi-

ciencies and missed opportunities.

Conditions for Suc-
cessful Application

There is clear understanding is which tasks have priority. The
prioritisation aligns with the organisations goal and there is col-
laboration between the stakeholders

If the prioritisation is poorly executed, then the team will focus
on low-impact tasks. This could lead to resource misallocation.
Poor prioritisation could also lead to frequent changes in priorities
can disrupt workflows and confuse stakeholders.

Cautions

Table 4.5: Detailed overview of the best practice: Prioritisation of Development Tasks.

While this best practice is particularly relevant to AdTech, it is not exclusive to this domain. Any
software that undergoes frequent evolution should also apply this best practice to address the most
urgent development tasks.

Leverage CI/CD in AdTech emerged as a best practice to ensure robust ad serving during software
updates and deployments. With AdTech it is top priority that ad serving functions well in all situations.
To achieve this, AdTech development teams must adopt a robust strategy to minimise disruptions. One
such strategy involves the use of automated tests. Expert A explained this: ”In principle, we have
automated tests. New features are first rolled out on staging and tested there. If they pass, they are
rolled out to production. Later, maybe an acceptance environment is added”. By utilising this approach
development teams can make sure the latest commits are tested before they roll out further.

With this being said, Expert D explains the role of CI/CD (Continuous Integration and Continuous
Deployment) in their organisation: “We do have CI/CD. ... If staging looks good, we merge into
production and Vercel updates the production build. We have a similar process for the SDK...” With
the SDK, Expert D is referring to the software development kit used for displaying and tracking ads. So,
by using automated testing with CI/CD pipelines and using multiple stages, such as staging, acceptance
and production, teams can streamline deployments, reduce risks and ensure seamless ad serving.

31



Title

Leverage CI/CD in AdTech

Brief Description

AdTech development teams should implement CI/CD pipelines to
automate the software release process in AdTech. CI/CD pipelines
ensures rapid, reliable and low-risk deployments.

Additional Details

CI/CD allows developers deploy commitments with confident, fre-
quently, run automated tests and deploy in multiple environments
such as staging, acceptance and production. All this with mini-
mal effort. By applying this approach it ensures that ad severing
functions without any disruptions or downtime

Objective

The goal is to reduce deployment risks, improve software stabil-
ity and enable fast iteration cycles while maintaining seamless ad
serving.

When to Apply

Apply CI/CD in AdTech when it is possible. It is especially a
good integration when: there are frequent updates, minimising
downtime is critical, or teams need a structured release process
for ad-serving applications.

Cost Implications

Implementing CI/CD requires development/investment efforts.
Developers may need training. However, it reduces long-term
costs by preventing downtime, minimising manual errors and im-
proving operational efficiency.

Conditions for Suc-
cessful Application

CI/CD is successfully integrated when there are well-structured
automated tests, there are multiple deployment environment such
as staging, test and production and if it is integrated with a version
control system.

Cautions

When the CI/CD pipelines are poorly created, it could result in
deployment failures. Next to this, can a lack of rollback mecha-
nisms or not enough monitoring lead to undetected issues in pro-
duction.

Table 4.6: Detailed overview of the best practice: Leverage CI/CD in AdTech.
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Replacement

Replacing AdTech in Components was identified as a best practice to manage the complexity of replacing
legacy systems. Replacing AdTech system can only be done without disrupting ongoing operations.
Replacing AdTech systems is a complex process due of running campaigns with significant reach. This
also involves sales houses and ad agencies who prepare new campaigns. According to Expert A, replacing
AdTech requires careful consideration: “For example, with an ad server, it’s very complicated. You can
replace it piece by piece or build something alongside and gradually switch clients over a long period.
You can’t just stop.” Additionally, Expert B explained that extensive planning is needed to replace a
system “It depends on how this software is built and what you currently have. It’s usually a topic for
many meetings to plan the replacement of something with something else.” With this being said, we
could say it is important to have a phased strategic approach.

Title Replacing AdTech in Components

Brief Description The replacement of AdTech software is a complex process because
of the many dependencies. To ensure a gradual transition with-
out any disruptions, a phased approach should be applied. This
involves replacing software component by component.

Additional Detalils To apply this approach the transition team requires a detailed
overview of the current AdTech system with its dependencies be-
tween components. It also involves building or integrating new
components, alongside the existing system. Continuous testing is
critical and needs to be done to make sure everything functions.

Objective To replace existing AdTech systems without causing disruptions
to ongoing campaigns or affecting end-users.

When to Apply When building the system from scratch is to expensive or when a
full system has lost its evolvability.

Cost Implications Incremental replacement can spread the costs over time. However,
it may involve higher initial investment. The planning and coor-
dination of the transition efforts could increase operational costs.

Conditions for Suc- | All software components are replaced without disrupting ad serv-

cessful Application ing or impacting the systems end-users. All the stakeholders know
the priorities and there is clear understanding about the replace-
ment.

Cautions Replacing components one by one requires careful management

of dependencies. Poor planning or execution can lead to opera-
tional downtime or integration issues. Next to this, should enough
resources be allocated for testing and debugging during the tran-
sition.

Table 4.7: Detailed overview of the best practice: Replacing AdTech in Components.

4.3 About the Best Practice Catalogue

This best practice catalogue consists of seven best practices, with each stage of the AdTech software
life cycle corresponding to a specific best practice: Initial Development (2), Scaling (1), Evolution (3)
and Replacement (1). These best practices are derived from exploratory interviews and a case study on
branded content. This best practice catalogue serves as starting point for establishing best practices in
AdTech development, many more best practices could still be discovered. This will be further discussed
in Chapter 6, “Limitations”. Further research is needed to expand this catalogue, as discussed in Chapter
7, “Future Work”.
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Chapter 5

Evaluation

The evaluation of the artifact utilises TAM by Davis [13]. The TAM principles assess its usability, rel-
evance, acceptance and effectiveness. By using the principles we can determine whether the proposed
life cycle model and best practices align with the needs of AdTech practitioners. To gather feedback, a
mixed-methods approach was employed: quantitative data was collected through a questionnaire, while
qualitative insights were obtained via workshops and in-depth interviews. To avoid overloading stake-
holders, the best practices were assessed primarily through qualitative in-depth interviews. Meanwhile,
the software life cycle in AdTech was evaluated during a workshop using a questionnaire that included
both open-ended and multiple-choice questions.

Pilot

Before the full demonstration and the administration of the questionnaire, a questionnaire pilot was
conducted to ensure its clarity and comprehensibility. This pilot involved an AdTech campaign manager
who provided valuable feedback on the formulation of the questions. The manager pointed out that, in
the questions, the software life cycle model appeared to be presented as a tool for development, whereas it
should instead be viewed as a model that helps in understanding the different stages of AdTech software.
The involving questions were adjusted to incorporate the feedback.

5.1 Questionnaire Results

A total of 8 individuals with expertise in the AdTech field have participated in the workshop and
completed the questionnaire. Table 5.1 represents the average rating of each criterion of the TAM of the
AdTech software life cycle. Table 5.1 shows an average scores of 4.63 for comprehensibility. Indicating
that the software life cycle model of AdTech is easily understandable. One reason for the high score, as
noted by Interviewee Expert H, is that “The graph and the description of the life cycle of AdTech software
make it very easy to understand”. However, some feedback suggested to provide real-life examples to
make the model more easy to understand.

The next criterion of the TAM is Completeness, for which the artifact scored 4.38. Feedback from Expert
D noted, “The steps are complete. We don’t phase out software or keep it running without doing any
work to it. The reason for that is a fast-changing environment where rules are constantly changed.”
This highlights the distinctive traits of the AdTech software life cycle. However, there was also feedback
suggesting that more details could be added: “The model itself is more a ‘helicopter view’” with all stages.
Per stage there are quite a few things to keep in mind that are not on there but as a ‘helicopter view’ it
is complete”.

The Ease of Use criterion scored slightly lower, with an average score of 4.00. Expert H shared, “I think
it covers the software life cycle very well so it can be used as a good reference for work on other AdTech
software projects.” Expert F provided feedback suggesting that, "I think it is good to understand the
phases and know in what phase you are at the moment. But the real insights are in the ‘steps’ in the
phase. For example, what are the reasons for the evolution changes?”” This feedback noted the importance
of diving deeper into the specifics of each stage. While the workshop did not include all details from
each stage, these can be found in Chapter 4, “The AdTech Software Life Cycle”.
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The criterion Correctness scored the highest with a score of 4.75. While all 7 participants agreed that
the model with the context was correct, Expert F had an important note “I think it is correct. One
thing to note maybe at the replacement stage. Lot of AdTech will be sold to bigger companies and then
integrated in to their own AdTech stack. It maybe will not always be completely replaced but integrated
in other AdTech”.

The comment aligns more closely with the concept of evolution rather than a direct replacement. The
replacement stage must represent the final phase of an AdTech software’s life cycle. In the final stage
the system should be fully phased out. However, when AdTech is integrated into a larger AdTech stack,
it often does not follow a strict replacement path. Instead, it adapts and evolves to fit within the new
system and further evolves in the new system.

Another possible scenario is that the acquired AdTech is fully absorbed into another system, which could
mark the end of its software life cycle. To investigate this further and validate how such cases should be
represented future research is needed, which is also discussed in Chapter 7. For now, this study addresses
Expert F’s feedback by incorporating this perspective as an evolution factor within the Evolution stage,
as described in Chapter 4.

The artifact scored a 4.50 for Usefulness. The participations found it useful as a reference when explaining
AdTech software. As Expert D states, “As I said, the model correctly portrays the life cycle of a bunch
of software I have worked on. Every project I work on in AdTech shows the same characteristics as
the model, so I would say it is easy to understand”. Similarly, Expert A notes, “Pretty easy, we would
probably not just apply this to the product as a whole but also look at individual components - to
hopefully not have to deprecate everything at once.” This comment suggests that while the model is
applicable, it is particularly useful at the component level, because AdTech platforms do not necessarily
become obsolete all at once but rather in stages.

For the final criterion scored the artifact a 4.00. Adoption Likelihood refers to the expected real-world
use of the artifact. For the AdTech software life cycle model, we can expect that the model will not
be used frequently in day-to-day operations. However, it can be useful for educational or insight driven
purposes. As Expert D states, "I'm not sure if I would ever use this, but if we get a new colleague or have
to present our software to developers, it makes sense to throw this model in to show the development
progress." This suggests that while the model may not have a lot of practical applications, but it can
serve as a useful model for onboarding new colleagues. So, for explaining the development process of
AdTech software the model could be a useful tool.

The model scored an average score of 4.38 out of 5. With this score, we can conclude that the AdTech
software life cycle model is well-received. The model scored the highest for its correctness, comprehensi-
bility and usefulness as a reference. The scores for the ease of use and adoption likelihood suggests that
its practical usage may be more situational. The model could serve as an educational or explanatory
tool rather than a frequently applied framework in day-to-day operations.

Table 5.1: Average scores for TAM criteria of the AdTech software

life cycle.
Criterion Average Score (1-5)
Comprehensibility 4.63
Completeness 4.38
Ease of Use 4.00
Correctness 4.75
Usefulness 4.50
Adoption Likelihood 4.00
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Criterion Average Score (1-5)

Overall Score 4.38

5.2 Results of In-depth Interviews

To validate the best practices and the AdTech software life cycle, four in-depth interviews were conducted
with AdTech experts. For each best practice, five questions have been asked to assess comprehensibility,
correctness, acceptability, effectiveness and efficiency and the likelihood of adaptation. The full inter-
view guide can be found in Appendix D. The most interesting and thought-provoking quotes from the
interviewees have been included in this section.

5.2.1 Develop AdTech in Components

The best practice ‘Develop AdTech in Components’ was overall well received. When we asked Expert A
whether this is a good best practice for AdTech development, he responded with:

“In fact, it’s not just a best practice — it’s an absolute must. It’s a must, yes. Of course, there may be
other ways to approach it, but I've seen quite a lot, including some very large tech companies. I know
that at some point, they cease to exist. That may be because they don’t follow this best practice.” -
Expert A

This underscores that this best practice should always be applied. If the best practice is not applied
can have serious consequences. However, Expert B provided an important side note regarding the best
practice:

“Yes, but it depends, of course, because in our case it depends how big the company is and how big
the development team is. Because yes if the team is big then it will probably be an effective way of
development because they can focus on separate parts of that system. But it depends if your business
will succeed. because you can push too much efforts at the beginning. you haven’t verified yet what
should be exact shape of your application” - Expert B

This is a valid point. Starting with component-based development without first defining the overall
structure can make it difficult. To address this, the "When to Apply’ field has been refined to indicate
that this best practice should only be applied once the application’s structure is clearly defined.

Expert H highlighted another benefit of this approach:

“It is good to focus on making it modular so we can adjust it in the future. Because as with everything
concerning with software there are a lot of parts that usually tends to change and if we build it too
tightly it will be very hard to update it in the future.” - Expert H

This highlights the risks of not adopting a modular approach. Meaning that the best practice particularly
fits the fast-evolving AdTech environment as discussed in Chapter 4. Expert J provided a real-world
example of the consequences of not following this best practice:

“We were transitioning from old monolith system on AWS where all components were on one singular
instance and if any of one of them would need to be scaled up everything would need to be scaled
up. ...and with a modular approach each component is scaled on its own. Yeah, it’s incredibly better.
We saved a lot of money on that.” - Expert J

Additionally, Expert J highlighted another advantage of working with components: “I can see from the
development team that it’s much easier for them to find mistakes when everything is modular even
though they have monolith repository but finding errors is much easier that way.” - Expert J

With this being said, we could say that breaking the system into smaller, independent components,
debugging becomes significantly more efficient and reducing development time.
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5.2.2 Develop AdTech That is Simple to Implement

The best practice 'Develop AdTech That is Simple to Implement’ highlights the importance of making
AdTech easy to integrate. A simple integration ensuring a smooth onboarding process for publishers.
Expert A clearly recognised this benefit:

“The simpler and more step-by-step you can describe what needs to be done for implementation, the
easier it is to scale. You can’t expect someone handling the implementation to deal with something
overly complex, because these are people focused on media and their business, not necessarily hardcore
tech or coding.” - Expert A

Onboarding publishers who lack technical expertise can be time-consuming. To understand how valuable
this best practice is for improving efficiency, we asked Expert B:

“Yes, if they don’t bother you because everything is clear for them, it’s beneficial for you. You don’t
consume much more time on helping them.” - Expert B

This means that simplifying the integration process also saves time when if publishers can implement the
software independently without requiring assistance. Expert H explained that a simple implementation
process not only reduces complexity but also saves time:

“Yes, I believe so. Like most things, software is designed to simplify processes. In the context of AdTech,
the goal is to streamline complex processes without limiting the range of options available to clients.” -
Expert H

Next to this, pointed Expert J out that when software is easy to integrate, publishers are more likely to
implement it:

“It’s correct most of the clients are not very technical so the easier you do it for them the more likely
they are to implement your project product” - Expert J

This results eventually in the growth of the number of adopted publisher, making it a key factor in
scaling AdTech solutions.

5.2.3 Scale in the Cloud

The best practice ’Scale in the Cloud’ was not specifically defined for only the AdTech field. However,
Expert B noted that it is relevant in this field:

“I think that it’s happen very often. It’s a standard in this business.” - Expert B

Expert A provided a real-life example of why this best practice is crucial. The utilisation of the best
practice is particularly valuable when AdTech platforms experience sudden traffic spikes from external
sources:

“For example, if the NU.nl app or another news app sends out the same push notification about a news
event, you can sometimes see the total traffic in a country multiply by five—just within a minute. And
it doesn’t last very long either. These are massive spikes. Yeah. So you pretty much have to have
auto-scaling enabled.” - Expert A

Expert H notes the importance of cloud-based solutions over on-premise setups by pointing out the
challenges of scaling in an on-premise environment:

“So it’s very good practice to build in cloud than to try to set up it on premise which can incur a lot
of costs up front that won’t be utilised at start and it also prevents horizontal scaling at first so it’s
very easy to buy just a server and set it up somewhere and pay for the storage. But when the demands
skyrocket because we have higher campaigns or more traffic to our system then it’s very hard to adjust
the server. and also if you design the app for the single server it tends to be hard to update it in the
future for horizontal scaling like you can do from the start on the cloud. ” - Expert H

Expert J further describes the dynamic of scaling in the cloud. Expert J explains how their infrastructure
adjusts based on demand:

“In the night is the infrastructure is scaled way down, however not the database, but the kubernetes
everything there is scaled way down and during the day and during the ad campaign we can see that it
scale 10 times or more.” - Expert J
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With this being said, we can say that by applying best practice you can ensure efficient resource alloca-
tion. It allows systems to dynamically scale in response to fluctuating traffic demands while minimising
unnecessary costs during low-traffic periods.

5.2.4 Monitoring of AdTech Resources

This best practice was created to help AdTech developers with preventing their infrastructure faces any
downtime. Expert A explained the potential consequences of failing to implement the best practice
"Monitoring of AdTech Resources’:

“If your ad server goes down, your clients don’t make money and if your clients don’t make money, you
have a problem. It’s also bad for reliability and reputation. So if something happens, you want to be
the first to see it and inform your clients.” - Expert A

Expert B agreed. The Expert highlighted that monitoring also helps with finding bottle necks in advance:

“Yes, definitely. it’s essential to know that everything is up and running and the campaigns are delivered
and clients can use your system or it’s also important to see where are bottlenecks of a system to take
action in advance. ” - Expert B

Expert H highlighted that monitoring is not just about system reliability but also plays a crucial role in
optimising cloud costs:

“Monitoring and maintaining system goes hand in hand. Especially if we have a system that tends to
scale pretty quickly and with all of the software projects especially that are run on cloud we need to
monitor it for the costs because it’s easy to incur a lot of costs in cloud.” - Expert H

Expert J, who actively applies this best practice, explained how monitoring alerts help them take action
when needed:

“When the new campaign launches, we can see that queues are rising and the system slowed it can be
slow down and and sometimes if the campaign is really big and we didn’t set the limits properly then
we get alerts and scale it manually enabled it to scale automatically.” - Expert J

Based on this, we could say that the best practice ensures stability, proactively addresses issues and
optimizes performance. Which ultimately saves costs and prevents any downtime.

5.2.5 Prioritising Development in AdTech

When we introduced the best practice 'Prioritising Development in AdTech’, Expert A’s initial response
was:

“Okay. I think this is super important. I don’t know if... I don’t know to what extent this is specific to
AdTech compared to regular software.” - Expert A

This is a valid point. The best practice was originally defined as an AdTech-specific best practice because
AdTech deals with various evolving factors that may need to be prioritised based on importance. However,
the best practice may not be only applicable to AdTech. Because of the strong point of Expert A has
the best practice been adjusted to also apply to software development in general.

To further evaluate its usefulness, we asked Expert B:

“It’s very useful best practice., I think that it’s happening always. they have a dedicated role roles to
ensure that this process is conducted in a right way such as scrum masters.” - Expert B

Expert B emphasised the importance of prioritisation tasks in software. By assigning scrum master to
execute this best practices is not a strange though since they have similar tasks. Expert A also pointed
out that the best practice applies beyond AdTech. Expert H reinforced its strong relevance to AdTech
specifically:

“Yes, it’s a very good practice since we need to prioritise business-focused tasks. AdTech is a highly
dynamic environment that changes rapidly, which means system requirements can shift just as quickly.
Because of this, it’s crucial to focus on the most important tasks that keep the system running smoothly
and ensure it remains competitive with other systems in the market.” - Expert H
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Expert J agreed on the importance of this best practice but pointed out the challenges in implementing
it:

“T think yeah, planning is the foundation, but I think it’s one of the hardest one to actually implement
because planning is when you have a lot of moving parts and A lot of things can go wrong....when
migrating to platform some new obstacles could appear and just mess up your plan if you're not careful
about it. 7 - Expert J

This highlights that while the best practice is essential, executing it can be a challenges when software
behaves new obstacles appear.

5.2.6 Leverage CI/CD in AdTech

This best practice was created to ensure developers can confidently and frequently deploy their latest
commits to environments such as staging, acceptance and production. Expert B emphasised on the
importance of using CI/CD to prevent downtime:

“It’s prevent you from breaking production environment. and especially when you have a tests incorpo-
rated in your pipeline, you can be quite sure that on production it will be also fine that you will not
expect some unpredictable behaviour.” - Expert B

As a Head of Tech, Expert A also sees CI/CD as a valuable practice in AdTech:
“It takes the tension off.” - Expert A

The comment from Expert A was an unexpected benefit of integrating CI/CD. Integrating CD/CD
pipelines not only helps software developers with deployments and debugging but it also gives managers
more confidence in releasing new software updates.

Expert H agreed by mentioning that AdTech operates in an rapidly evolving environment:

“Yes, it’s good practice because we need a constant pipeline of changes, especially given the rapidly
evolving environment mentioned earlier. Its good to have a process that automates system updates,
ensuring everything runs smoothly without introducing bugs to clients. Therefore, having a configured
CI/CD pipeline is important for AdTech development.” - Expert H

Expert J noted that the "When to Apply’ field needs a slightly adjustment. Expert J argued that CI/CD
should not only be integrated when frequent updates are required but should instead be implemented as
early as possible:

“It now stands that when to apply CI/CD in AdTech when frequent updates are required. I wouldn’t
agree with that. I think that CI/CD should be implemented whenever you can because manual updates
can be tricky and can lead to some issues down the road even if they are in not frequent you do it once
half a year if something change.” - Expert J

Expert J makes a strong point. Why should you wait until the software requires frequent updates when
implementing CI/CD earlier can save development time and simplify debugging? Based on this feedback,
we have adjusted the "When to Apply’ field accordingly.

5.2.7 Replacing AdTech in Components

According to Expert A, this best practice is an absolute must. Without replacing AdTech in components,
the entire system would need to be replaced all at once:

“Yes, it’s almost the only way to replace AdTech. Yeah, you could say it like that. Then it’s also the
only correct way. Of course, if you don’t break it down into smaller pieces, you’ll have to do it in one big
change. Yeah, it’s very difficult, especially because you can’t afford those disruptions in your service.” -
Expert A

Expert B also agreed by emphasising on the importance of ensuring the system is stable when you replace
it:

“Yes, as you mentioned here it’s very important to not break, to be able to still deliver content and at
the same time do some migration of a part of your system. So in AdTech it’s essential to not break the
system during such operation. So generally we should follow this rule. ” - Expert B
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Building on the best practice 'Develop AdTech in Components’, Expert H highlighted that if an AdTech
system is already designed in components it also be replaced in components. He also stressed the
importance of understanding software dependencies:

“Initially, we mentioned that having a component-based system is highly beneficial for maintenance and
adapting to changes in a dynamic environment like AdTech. During the system’s evolution, replacing
outdated components becomes crucial, as they can become stale and no longer align with business needs.
It’s important to identify these components, understand how they integrate with the rest of the system
and then design an effective approach to update or replace them with improved versions that offer
enhanced functionality and better meet current requirements.” - Expert H

Expert J shared a real-life experience of replacing AdTech infrastructure. In this example, he faced an
AdTech infrastructure which could only be replaced in all at once:

“T think it can be done gradually, step by step, but in our use case—when we had to migrate to another
cloud—it wasn’t so easy. It wasn’t gradual, However I think the best practice is correct. We didn’t stick
to it, but I think it’s correct.” - Expert J

This highlights that while gradual migration is ideal, real-world constraints sometimes make full-system
replacements unavoidable. That ultimately reinforced the need for a well-structured component-based
approach.
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Chapter 6

Discussion

In this chapter, we revisit the predefined hypotheses and challenging them with our findings. The
following is a discussion of the relevance and applicability of the key findings. Finally, we explore the
broader implications of the study and address its limitations.

6.1 Hypothesises

In Chapter 3.4, we presented the hypotheses for this study, which explore the research question: “How
can the standard software life cycle model be adapted to fit AdTech and which best practices help bridge
the gap in existing guidelines throughout this cycle?” The hypotheses are as follows:

1. Hy: The software life cycle of AdTech is shorter and more iterative compared to the standard
software life cycle, due to the fast-paced advertising industry.

2. Ha: AdTech must ensure a reliable demand from advertisers and other consumers before develop-
ment begins, as its robust infrastructure requires significant upfront costs and resource investments.

3. Hjs: The software life cycle of AdTech does not differ significantly from the standard software devel-
opment life cycle, although it requires specialised best practices for managing privacy regulations.

4. Hy: The software life cycle of AdTech does not differ significantly from the standard software life
cycle.

The hypotheses aimed to explore how the standard software life cycle model can be adapted to fit
AdTech and which best practices help bridge the gap in existing guidelines. However, based on our
research findings we can’t accept any of the defined hypothesises.

Regarding Hy, although AdTech operates in a fast-paced environment, the study does not conclusively
confirm that its software life cycle is shorter. This study found that the development process is highly
iterative to keep up with evolving industry factors, but the findings do not conclusively indicate that its
life cycle is shorter.

With Ha, the assumption that AdTech requires a guaranteed demand and funding needs to be secured
for the development begins. This was not supported by our findings. While development can cost a lot,
the study did not reveal strong evidence that upfront certainty is always necessary.

The results for Hz indicate that the AdTech software life cycle differs significantly from the standard
software life cycle. The AdTech software life cycle contains a new stage, Scaling. Next to this, plays the
Evolution stage a much larger role in AdTech development. Additionally, the Servicing and Phaseout
stages are not included in our model. All differences are discussed in greater detail in Chapter 4.
While best practices were identified, they were not primarily related to managing privacy regulations,
as we initially expected. Instead, the study steered us towards developing development best practices
specifically tailored to AdTech’s software life cycle, because, these kind of best practices did not exist
yet, but could be very valuable for AdTech developers.

Finally, H4 aligns with H3 and does also not hold, as the research led to the identification of a distinct
software life cycle for AdTech.
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6.2 Applicability of the Artifacts to AdTech

Chapter 2 introduced the AdTech stack illustrated in Figure 1.1. This technology stack served as a
foundational reference throughout this research. The research focus was specifically on AdTech software
in this stack that played a role in the ecosystem of serving ads. The full AdTech ecosystem is shown
in Figure 2.1. By examining only the technologies within this stack, the research maintained a focused
scope. Because of this focused scope the study could pursue more in-depth analyses. This depth was
necessary to identify the characteristics of AdTech beyond the already known attributes of the industry.

The experts who participated in this research had experience with the software from this AdTech stack
and related technologies. Their insights contributed to a clear understanding of the ecosystem. However,
since they did not have experience with every AdTech solution available on the market. This results in
limitations in the reliability of our findings. These constraints, along with their potential impact on the
study’s conclusions are further discussed in the Limitations section.

6.3 Applicability to Other Domains

To explore whether the AdTech software life cycle could be reused for the MarTech domain, an ex-
ploratory interview was conducted with Expert E. According to Expert E, consists the MarTech stack
out of six categories: Content and Experience, Social and Relationships, Commerce and Sales, Data
and Management. The last two categories Data and Management are primarily focused on measuring
ROI [9]. Within this structure, AdTech falls under the Content and Experience category of MarTech
explained Expert E. While this insight provides a useful perspective, it should be considered that this
perspective is based on a single expert interview. Further research needs to be done to validate this
perspective.

That said, it is unlikely that the AdTech software life cycle applies to all MarTech categories. Expert
E explained that each category serves a different purpose. While the Content and Experience category
focuses on ad serving, other MarTech categories consist of tools designed for functions like data visualisa-
tion, Agile & Lean management and other specialised tasks. The purpose of ad serving inherently brings
specific software characteristics, such as the AdTech traits described in Chapter 4. These characteristics
are not typical of software like data visualisation software or task management software.

Additionally, the end-user requirements in AdTech differ significantly from those in MarTech. AdTech
users demand solutions that are easy to integrate, transparent and simple, because the ad environment
is already complex. In contrast, Expert E explained that MarTech users typically seek solutions that
address their marketing challenges.

“MarTech end-users have fairly low demands and are quick to settle for something that doesn’t work...
CEOs and CFOs see software and think it will solve everything.” - Expert E

A reason for this difference lies in the distance to the marketing budget. Campaign managers are often
the users of AdTech software, which makes them directly involved with campaigns budget allocation and
optimisation. This leads to a stronger focus on efficiency and ROI, as Expert E explained. On the other
hand, marketing managers are the primary users from MarTech solutions. They often operate further
from the immediate budget concerns, leading to a preference for tools that they think it will solve their
marketing challenges.

Nevertheless, the AdTech software life cycle could apply to software in the Content and Experience
category within the MarTech stack. This category consists of various subcategories, including Display &
Programmatic Advertising, Mobile Marketing, Native/Content Advertising, PR, Print, Search & Social
Advertising and Video Advertising [9]. This is possible if the software that falls under these categories
shares similar characteristics with AdTech, as described in Chapter 4.

6.4 Best Practices Principles
In Chapter 2, four principles were selected to define best practices: Replicability, Effectiveness, Sustain-
ability and Innovativeness [49]. For a practice to be considered ’replicable’, it must be able to do it

exactly the same way as before, or produced again to be exactly the same as before [49]. This aspect
is addressed by incorporating the “When to Apply” and “Conditions for Successful Application” fields in
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the best practice table, which inform the reader about the necessary steps and appropriate circumstances
for implementation.

The next principle is Effectiveness. To meet this criterion, practices must meet the expected goals or
outcomes [49]. To assess this principle, we included questions in the validation interviews about the
effectiveness and efficiency of the best practices for improving software development. Based on the
results of the interviews, we could conclude that most best practices were effective, with some requiring
only minor description adjustments to fully reach their potential effectiveness. Chapter 5 Evaluation,
discusses how this was achieved.

The third principle is Sustainability. To meet this criterion, best practices has the quality of being
able to continue over a period of time [49]. To meet these requirements the best practices have been
formulated to be broadly applicable, ensuring they are not tied to specific technologies, platforms or
tools. By formulating the best practices with a focus on accessibility, they can be applied in various
contexts. Next to this, is there no prior knowledge of a particular technology needed to adapt the best
practice, while also not creating any additional dependencies.

The final principle is Innovativeness, which assesses the novelty of the measures and mechanisms devel-
oped [49]. To assess the Innovativeness principle, the best practices were validated based on their adapt-
ability in AdTech development. The validation interviews revealed that several practices were already
widely adopted and well-known. However, others were recognised as new not because they introduced
entirely new ways of working, but because they defined and formalised approaches that practitioners
were already applying intuitively.

6.5 How the Artifacts Address Key AdTech Challenges

The solution objective of this research was to develop a framework, which address the AdTech’s chal-
lenges and provides actionable insights for practitioners of the AdTech field. Such insights could help
professionals navigate the life cycle of AdTech more effectively. To achieve this objective, we created
an AdTech software life cycle model and best practices. These artifacts address AdTech’s challenges
and focus on the demands of AdTech such as real-time traffic management, a continuously evolving
environment and dynamic scalability.

To meet these requirements, the artifacts were specifically designed to meet these demands. The AdTech
software life cycle was adapted to reflect these challenges. AdTech software life cycle introduced a new
stage called “Scaling”. The Scaling stage focuses on preparing infrastructure to handle significant amounts
of real-time traffic and dynamically scale to the demand. Additionally, we included the “Evolution”
stage, as introduced by Rajlich and Bennett [37]. The Evolution stage plays a more prominent role in
the AdTech software life cycle. In our software life cycle this stage focusses on continuous development.
This is necessary due to the changing environment AdTech operates in; this requires software solutions
to evolve continuously.

The best practices were also designed to tackle the industry challenges and meet the AdTech demands.
For example, the best practice “Scale in the Cloud” suggests leveraging cloud-based solutions. By utilising
cloud resources AdTech can dynamically scale up to meet demand and scale down when resources are
no longer needed, which results in lower cloud costs.

The best practice “Develop AdTech in Components” recommends designing and developing AdTech
systems in modular components. By developing AdTech modularly, AdTech solutions can easily be
updated and replaced without having the difficulties of dealing with many dependencies. By having a
modular architecture, AdTech can adapt faster to the rapidly evolving environment.

To onboard many publishers, a simple integration process is critical. The best practice “Develop AdTech
That is Simple to Implement” addresses this challenge by promoting straightforward implementation
where there is no technical expertise needed to install the AdTech. By having a more straightforward
implementation the barrier to enter lowers, which ensures broader accessibility.

The best practice “Monitoring of AdTech Resources” emphasises the importance of continuous monitoring
of system performance and resource usage. By monitoring AdTech resources or setting notifications about
resources performances. By utilising monitor tools stakeholders can identify bottlenecks and more easily
identify issues during high traffic.
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AdTech operates in a fast paced environment and to stay relevant it must adapt fast. To do this,
development efforts must remain aligned with shifting priorities. The “Prioritisation of Development
Tasks” best practice supports this by suggesting to prioritise the development tasks. Prioritisation of
tasks ensures that the most urgent and impactful tasks are done first. So, by applying this best practice
development teams can continuously evolve the system.

To streamline software deployment and minimise downtime, the best practice “Leverage CI/CD in
AdTech” is created. The best practice emphasises on using CI/CD processes to deploy more frequently
and give developers and managers more confidence with deploying the latest updates. Next to this,
include CI/CD pipelines automating tests which help with developing a robust release.

Replacing AdTech is a complex task, since developers must ensure the systems doesn’t experience any
downtime while replacing it. The best practice “Replacing AdTech in Components” focuses on structuring
AdTech solutions so that individual components can be replaced without risking any downtime. By
applying a modular replacing approach systems can easily be upgraded without the need of a temporary
shutdown during transitions.

6.6 Limitations

While this study has provided valuable insights into AdTech development and its software life cycle, a
qualitative study also faces certain limitations. There could potentially be a interviewee selection bias.
In addition, had this research a relatively small number of validation interviews and a small group of
studied AdTech solutions. Next to this, had the research a limited scope, which may have restricted the
range of findings. All of this could have affected the generalisability of our findings.

The biggest limitation of this research was the challenge of recruiting experts in the AdTech field for
interviews. A total of 10 AdTech experts participated in the study. While AdTech is a specialised
domain, which definitely plays a big role in the global digital economy you could say that the pool of
worldwide relevant experts is relatively large. However, this study relied on a convenience sample. This
means that the researcher only involved interviewee’s which are located in the Netherlands or within the
researchers reach. As a result, the findings may reflect regional practices and perspectives. With this
being said, we can say that the findings not fully capture the global diversity or explored all AdTech
solutions. This limitation potentially affects the generalisability and comprehensiveness of the research
results and introduces a bias toward Netherlands-based professionals.

The exploratory phase of the research included five exploratory interviews and a case study conducted
over a period of 2 months. The resulted findings are a AdTech software life cycle and seven best practices.
In the exploratory interviews, saturation was observed after speaking with three experts who had direct
experience developing AdTech. However, the interviews with a MarTech expert and a Sales Director
introduced new perspectives.

The scope of this phase could have influenced the outcomes. A different software life cycle might have
emerged if the interview group had been larger or included of different participants. By selecting intervie-
wee’s from the Netherlands and within our reach we introduced the possibility of selection bias. All the
interviewees in this study had experience working with Dutch AdTech and their perspectives may have
been shaped by the context of the Dutch market. So, our regional focus have impacted the applicability
of our findings in other regions. This limits the generalisability of our findings. Additionally, if we had
interviewed a larger group or more diverse in terms of expertise and geographical background, we may
had different findings. So with a larger and more divers interviewee’s, it is likely that more best practices
would have been uncovered or a different software life cycle could have been modelled.

The validation of the artifacts was also limited by the scope of the study. The AdTech software life cycle
model could only be validated by the participants from the workshop. The validation could only be
done in a workshop, as the model required extensive details and a proper explanation of the conducted
research. Had this not been necessary, a larger audience could have assessed the model. However,
even the potential for a larger audience was then again limited by the reach of AdTech developers.
For validating the best practices, an in-depth interview approach was chosen to meet the qualitative
validation requirements. A quantitative validation approach was not pursued because of the limitations
in finding a sufficient number of AdTech developers. This restricted us the ability to gather the data
needed for such an approach. This decision was made to ensure that the validation process was still
valuable despite the constraints in participant availability.
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Additionally, all workshop participants had a personal connection with the researcher. This could pose
a potential threat to validity. Next to this, could the relationship have influenced the TAM scores,
introducing another bias. However, to reduce the risk of this bias, participants had to justify each score
they provided.

Another limitation lies in the group of AdTech software studied. In the case study, AdTech from Adswag
was examined. Their software is a combination of a DSP and SSP, which means that it facilitates both
the selling and buying of ads, as well as ad serving. However, the interviewees had experience developing
a variety of AdTech solutions. Their experience ranged from Adservers to SSP-only or DSP-only systems,
as well as combinations of these. Despite this broad experience, it cannot be excluded that the AdTech
software life cycle and the best practices may not apply universally to all types of AdTech software. It
could also only apply partially to specific components of AdTech systems.
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Chapter 7

Conclusions

7.1 Answers to the Research Questions

In Chapter 1, we defined three research questions that collectively address the main research question:
“How can the standard software life cycle model be adapted to fit AdTech, and which best practices help
bridge the gap in existing guidelines throughout this cycle?”

These research questions were explored and answered in previous chapters. In this section, we provide a
summary of the answers to the research questions and highlight the key findings.

7.1.1 RQ.1 How can the AdTech software life cycle be modelled accurately?

Based on the outcomes from the interviews, we concluded that standard software life cycle models do
not meet the requirements of AdTech. Therefore, the aim of this research was to create the AdTech
software life cycle from scratch. By conducting interviews with AdTech experts, coding the interview
transcriptions and grouping the codes, seven groups were identified. Of these seven groups, four groups
could be identified as software life cycle stages. These software life cycle stages address the challenges of
AdTech, which is discussed in detail in Chapter 6. With insights from the case study and interviews, we
modelled the AdTech software life cycle. We can conclude that the AdTech software life cycle consists
of four stages: Initial Development, Scaling, Evolution and Replacement.

Initial Development

In the initial development stage for AdTech software, a foundational version is either built from scratch
or using existing infrastructure. This stage includes integration with publisher systems and making the
software easy to roll out and install, regardless of technical expertise. The software is developed in
components to reuse the components for other use cases and simpler future updates. The developers
frequently update the software and improve the software iteratively until a stable version 1.0 is achieved.

Scaling

The Scaling stage starts when a functional version of the AdTech software is developed. The development
focus shifts to ensuring the system can handle large-scale traffic and data demands, because one single
client could have significant impact on the infrastructure. To prepare the infrastructure for fluctuating
traffic, the cloud should be leveraged. By utilising cloud resources and the auto scaling function it often
offers, is it possible to scale automatic with the demand.

Evolution

In the Evolution stage, the AdTech software undergoes continuous development to remain relevant in a
fast changing market. The software gets frequent updates address shifting user needs, emerging industry
trends and regulatory developments. The combination of these forces make the Evolution stage a never-
ending process of development. To keep up, it requires significant investment of time and resources.
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Replacement

In the Replacement stage, AdTech software is outdated because of changing regulations, force com-
petition, or lack innovation. The Legacy systems are often deeply integrated in publishers operations
which pose challenges because replacing them risks disrupting ongoing campaigns. Consequently, a care-
fully transition transition plan is necessary. Replacing AdTech could be done in two ways: incremental
component replacements or gradual migration of clients.

7.1.2 RQ.2 Does the AdTech software life cycle differ from the standard
software life cycle?

By comparing the standard software life cycles with the AdTech software life cycle, we can conclude that
the AdTech software life cycle differs from the standard software life cycle, such as the software life cycles
from Rajlich and Bennett [37] and IEEE [23], because of its unique characteristics. While the Initial
Development stage follows a traditional structure, AdTech software must integrate within publishers’
websites, to create a functional version. This integration makes AdTech more complex in the initial
development. Additionally, we introduced a new stage: the Scaling stage. AdTech requires a dynamic
and robust infrastructure capable of handling the immense demand, to become fully operational.

Furthermore, the AdTech software life cycle does not include traditional Servicing, Maintenance, or
Phaseout stages, as found in Rajlich and Bennett [37] and IEEE [23]. These stages are not applicable for
AdTech software, which undergoes continuous development driven by evolution factors. If these factors
are not enough tackled, AdTech software quickly becomes outdated. Consequently, there is no place for
a phase dedicated to small updates or extending monetisation of a legacy system. The final stage, called
“Replacement”; aligns with the traditional Closedown or Retirement stages but emphasises transitioning
to a new AdTech solution without revenue loss for publishers and the AdTech company. As a result, the
life cycle does not accommodate a phase focused merely on minor updates or extending the monetisation
of outdated software.

7.1.3 RQ.3 What best practices are effective for the development and main-
tenance of AdTech, and how can they be mapped to the software life
cycle?

Based on the outcomes from the case study and interviews, we identified seven best practices that are
tailored for AdTech development. These best practices are evaluated and found to be valuable and
effective for AdTech development. Based on the feedback we received during the in-depth interviews, we
concluded that not all best practices are only applicable to AdTech. Some of the best practices could be
applicable to other domains such as MarTech. This is discussed in detail in Chapter 5 and 6. The best
practices are categorised in a stage of the AdTech software life cycle. The following best practices have
been defined:

Initial Development

Develop AdTech in Components

AdTech software should be developed in modular components to increase flexibility for updating the
system. While the initial development cost may be be higher, this approach significantly reduces main-
tenance and adaptation expenses in the long run. Experts noted that modularity simplifies debugging
and scaling independently. Implementation of this best practice should be done once the application’s
structure is clearly defined.

Develop AdTech That is Simple to Implement

Simplifying AdTech implementation is crucial for ensuring simple onboarding and reducing publisher
dependency on technical support. A difficult implementation can lead to misconfigurations. Experts
pointed out that when a setup is simple to execute through automation or clear documentation it will also
improve adoption rates. When applying the best practice developers should caution for oversimplification.
Customisation should remain available for advanced users and default configurations should be simple.
Investing in a user-friendly implementation process reduces long-term support costs and accelerates
adoption.
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Scaling

Scale in the Cloud

The best practice Scaling in the Cloud was created for the AdTech domain, but is also applicable to other
domains. AdTech companies must handle massive real-time data demands. By leveraging cloud-based
resources with automatic scaling functions, AdTech infrastructure can be allocated the right amount of
resources on based on the demand. These automated capabilities ensure that infrastructure scales up
during peak traffic periods and scales down during low activity which lowers cloud costs.

Evolution

Monitoring of AdTech Resources

AdTech resources need to be continuous monitored to ensure maintain systems stability and prevent
unexpected downtimes. Some Experts highlighted that handling large amounts of data without any
proper oversight can lead to critical issues. By monitoring AdTech resources issues such as storage
limitations, memory shortages and other bottlenecks can be identified on time.

Prioritising of Development Tasks

The best practice Prioritising Development Tasks is another best practice which is not exclusively ap-
plicable to AdTech. Experts mentioned that while innovation is necessary to stay relevant, maintenance
also still needs to be done. Based on this, AdTech development teams must make strategic decisions
when prioritising the development tasks. By utilising prioritisation frameworks such as MoSCoW or
impact-effort matrices teams can allocate the available resources.

Leverage CI/CD in AdTech

This best practices suggests to leverage CI/CD in AdTech. Utilising CI/CD pipelines is essential for
ensuring stable ad serving. FExperts highlighted the importance of automated testing and multi-stage
deployments. By integrating CI/CD, new features will be thoroughly tested before reaching production.
So, by integrating CI/CD pipelines AdTech companies can streamline their releases while at the same
time minimise downtime. Implementing the CI/CD pipelines requires investment in infrastructure, but
it will ultimately enhances software stability and accelerates development cycles.

Replacement

Replacing AdTech in Components

When AdTech needs to be replaced, this best practices suggest to do this by replacing the system com-
ponent by component. Experts mentioned that replacing AdTech software can be complex task because
it involves live ad campaigns. A phased replacement approach allows new components to be integrated
gradually. By applying this approach the development team reduces risks and ensures service continuity.
This method spread costs over time, but it still requires careful planning, dependency management and
thorough testing to prevent any downtime.
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7.1.4 Answer to the Research Question

To answer the main research question: “How can the standard software life cycle model be adapted to fit
AdTech, and which best practices help bridge the gap in existing guidelines throughout this cycle?” - we
draw on the findings from the sub-research questions.

To adapt standard software life cycle models such as those proposed by Rajlich and Bennett [37] and
IEEE [23] the AdTech requires extensive modifications. By, building on 7.1.2, which identified the key
differences we can answer our main question. In this section we briefly describe how these standard
models can be adjusted to meet the requirements of AdTech and its development.

The Initial Development stage generally follows a similar structure as standard software. However AdTech
software must be built with early integration into publishers’ systems in mind. This installation is a
must-have requirement for any functional version.

Moreover, a new stage the Scaling stage must be introduced. AdTech requires a dynamic and robust
infrastructure capable of handling the immense demand, to become fully operational. This is not required
for standard software.

Additionally, the AdTech software life cycle does not include Servicing, Maintenance, or Phaseout stages.
These stages are not applicable for AdTech software, which undergoes continuous development driven by
evolution factors. If these factors are not enough tackled, AdTech software quickly becomes outdated.
This continuos development means that AdTech software is in a state of constant evolution. Because of
this trait plays the Evolution stage a much more important role in AdTech’s software life cycle.

The final Replacement stage aligns with the Closedown or Retirement stages from Rajlich and Bennett
[37] and IEEE [23]. However, the Replacement stage involves transitioning to a new AdTech solution
without revenue loss for publishers and the AdTech company.

We can conclude that by transforming the standard life cycle with our suggested structural differences,
it becomes better suited for AdTech. While the standard model can be adapted to address AdTech’s
requirements, we propose treating the AdTech software life cycle as a distinct model in its own right.
The full model is explained in detail in Chapter 4.

To guide practitioners in the AdTech development field, we have created seven tailored best practices
for each stage of the AdTech software life cycle. These practices offer practitioners actionable insights
during AdTech development. A detailed discussion of these practices can be found in Section 7.1.3. By
providing these best practices, is the existing gap in the AdTech guidelines filled.

7.2 Contributions

This study has contributed by providing a software life cycle model and a best practice catalogue tailored
to AdTech to the existing literature on AdTech. By providing these artifacts we have addressed the gap
in the current literature. The best practice catalogue offers a systematic collection of practices that can
guide AdTech development practitioners in refining their development processes throughout the AdTech
software life cycle. By mapping these best practices into the life cycle model, this research delivers a new
understanding of AdTech’s evolution. Our contributions should serve as a framework for both researchers
and practitioners in the AdTech field.

7.3 Future Work

To address the limitations outlined in Chapter 6, we discuss in this section several areas for further
research and refinement.

First, in this research five interviews were conducted in the exploratory phase. However, expanding this
number in a future research could lead to the identification of additional best practices. Next to this, a
more extensive set of exploratory interviews could capture a wider variety of industry perspectives and
experiences. This could also help with improving the AdTech software life cycle and help refine the best
practices. Additionally, this research included only one interview with a MarTech expert. Future research
should include more interviews with MarTech experts to validate whether the developed artifacts are
also applicable to the MarTech domain.
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Second, increasing the number of validation interviews could improve the validation of the artifacts from
a quantitative perspective. A larger sample size could not only strengthen the reliability of the findings
but also provide a broader range of perspectives. This could improve the assessment of the effectiveness
and applicability of the proposed artifacts.

Next to this, while this document provides a overview of the software life cycle of AdTech, a dedi-
cated publication in a journal with the attached best practices could add even more value to industry
professionals.

Another area for further investigation is how acquisitions affect the AdTech software life cycle. This
study briefly discussed how scenarios of AdTech acquisitions could affect the software life cycle. These
cases raise questions about whether such integrations represent a continuation of the original software
life cycle, a form of evolution, or a complete replacement. Currently, this study addresses these secnarios
by including them as evolution factors. However, more research is needed to decide if a dedicated stage
or sub-model is needed to more accurately represent the role of acquisitions in the AdTech software life
cycle model.

This study found that AdTech’s software life cycle does not align with the standard software life cycles
such as the proposed by Rajlich and Bennett [37] or IEEE [23]. This finding suggests that other domains
may also have software that does not fit standard software life cycle models. So, future researches could
investigate whether other domains require tailored software life cycles as well.

In addition to this direction, future research could also explore whether other software domains share
characteristics with AdTech. Identifying such domains would allow researchers to examine whether their
software life align with AdTech’s life cycle. Such kind of analysis could improve the understanding of
software in these specialised domains.

Another possible research direction is to examine whether the software life cycle proposed by Rajlich and
Bennett [37] remains applicable to today’s software. This software life cycle model was introduced in the
year 2000. It could be possible that shifts in software development practices and software requirements
over time have influenced its relevance and applicability.
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Appendix A

Exploratory Interview Guide

Interview no.

Interviewee name

Interviewee role

Company

Date

Table A.1: General interview information.

A.1 Introduction

Thank you for taking the time to participate in this interview. This interview is part of my Master’s
research project. In this research, we focus on understanding the software life cycle of AdTech. The
objective of the research is to define the software life cycle specific to AdTech. Your insights will help
shape the outcomes of this research. In this study AdTech refers to “Advertising Technology” and to
all technologies, software and services used to deliver and target online advertisements. As said in the
interview invitation, the interview will be recorded. The recording will be exclusively for analytical
use. All data will be anonymised and managed with confidentiality. Before we begin, do you have any
questions?

A.2 General Questions

1. What is your role within your organisation?
2. What is your experience with software development?
3. What type of AdTech does your organisation develop? (e.g., DSP, SSP)

4. Which components of your software need to be scalable from the start? Why?

A.3 Initial Development

(Engineers develop the system’s first functioning version. [37])
1. What are the most critical technical considerations when launching new AdTech software?
2. Who are your end-users?
3. What requirements do your end-users have?
4

. Which development methodologies do you specifically use for AdTech development? (e.g., Scrum,
Agile, Waterfall, etc.)

55



e Do you continue to use these methodologies as the software matures?
5. What challenges do you face when developing AdTech?

6. Are there challenges in AdTech development that you do not encounter in standard software de-
velopment? (e.g., collaboration or implementation issues)

A.4 Evolution

(Engineers extend the capabilities and functionality of the system to meet user needs, possibly in major
ways [37])

1. What are the biggest challenges in maintaining AdTech software compared to starting it?
Are software requirements influenced by market changes or customer needs?

Do you use testing methods before deploying the software?

Does your software reach many users during testing?

Does your software reach many users when it is first deployed?

If yes, do you take precautions to ensure that the rollout of a new feature proceed smoothly?
How do you account for regulations during your software development?

How do you handle frequent API changes from dependent parties?

© ® N e ;o W N

What strategies do you use to minimise disruptions during software replacement or updates?

A.5 Servicing

(Engineers make minor defect repairs and simple functional changes. [37])

1. How would you estimate the maintenance costs of AdTech compared to standard software? (e.g.,
an ERP system)

2. How much maintenance is required for AdTech once the all the features are implemented?

A.6 Phaseout

(he company decides not to undertake any more servicing, seeking to generate revenue from the system
as long as possible. [37])

1. How quickly does AdTech become outdated? What factors drive this?

A.7 Closedown

(he company withdraws the system from the market and directs users to a replace- ment system, if one
exists. [37])

1. Can AdTech be easily replaced? Why?
2. What happens to the software when it is no longer used?
3. Is it more difficult to replace AdTech systems than standard software? (e.g., an ERP system)

Thank you for participating in this interview. Your insights are invaluable to our research and under-
standing of AdTech development. If you are willing, I may have follow-up questions to clarify certain
points. Would you be open to answering those in the future?

Thank you again for your valuable time and expertise.
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Appendix B

Exploratory MarTech Interview Guide

Interview no.

Interviewee name

Interviewee role

Company

Date

Table B.1: General interview information.

B.1 Introduction

Thank you for taking the time to participate in this interview. This interview is part of my Master’s
research project. In this research, we focus on understanding the software life cycle of AdTech. The
objective of the research is to define the software life cycle specific to AdTech. Your insights will help
shape the outcomes of this research. In this study AdTech refers to “Advertising Technology” and to
all technologies, software and services used to deliver and target online advertisements. As said in the
interview invitation, the interview will be recorded. The recording will be exclusively for analytical
use. All data will be anonymised and managed with confidentiality. Before we begin, do you have any
questions?

B.2 General Questions

1. What is your role within your organisation?
2. What is your experience with software development?

3. What type of MarTech do you have experience with?

B.3 Questions about MarTech in General

1. Which technologies are included in MarTech?
2. What characteristics do all MarTech technologies have?
3. Is AdTech a part of MarTech, vice versa, or are AdTech and MarTech two distinct domains?

4. What challenges do MarTech technologies face in the industry?
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B.4 Questions about the Technical Aspects of MarTech

®

© ® N> e

. Who are MarTech’s end-users?

What requirements do MarTech end-users have?

Are software requirements influenced by market changes or customer needs? If so, which factors
drive these changes?

What challenges do you face when developing MarTech solutions?
Does MarTech continually evolve to stay relevant?

How quickly does MarTech become outdated? What factors drive this?
Can MarTech solutions be easily replaced? Why or why not?

What happens to MarTech software when it is no longer used?

Is it more difficult to replace MarTech systems than standard software (e.g., ERP systems)? Why?

B.5 Comparing AdTech and MarTech

1.

6.

What are the key differences between AdTech and MarTech in terms of technology and function-
ality?

2. Do AdTech and MarTech share a common software architectures?
3. Are AdTech and MarTech solutions interchangeable in any way?

4.
5

How does data usage differ between AdTech and MarTech?

. Are the regulatory challenges the same for both AdTech and MarTech?

Does AdTech evolve at a different pace compared to MarTech? If so, why?

Thank you for participating in this interview. Your insights are invaluable to our research and under-
standing of AdTech development. If you are willing, I may have follow-up questions to clarify certain
points. Would you be open to answering those in the future?

Thank you again for your valuable time and expertise.
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Appendix C

(Questionnaire

Q1. On a scale of 1-to-5, how easy is the software life cycle to understand? (1 being very difficult and 5
being very easy.)

© 0 0 00 O
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Q2. Could you motivate your answer to the previous question?

Q3. On a scale of 1-to-5, how complete do you think the AdTech software life cycle model is? (1 being
very incomplete and 5 being very complete.)

O
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Q4. Could you motivate your answer to the previous question?

Q5.0n a scale of 1-to-5, how easy do you think is it is to use the software life cycle for insights in AdTech
development? (1 being very difficult and 5 being very easy.) very easy
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Q6. Could you motivate your answer to the previous question?

Q7. On a scale of 1-to-5, how correct do you think the software life cycle is? (1 being very incorrect and
5 being very correct.)
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Q8. Could you motivate your answer to the previous question?
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Q9. How useful do you think the AdTech software life cycle model is for understanding AdTech software
and its stages? (1 being very useless and 5 being very useful).

O 1
O 2
O 3
O 4
O 5
Q10. Could you motivate your answer to the previous question?
Q11, On a scale of 1 to 5, how likely are you to reference the AdTech software life cycle to explain the
stages of AdTech software? (1 being very likely and 5 being very unlikely).
O 1
O 2
O 3
O 4
O 5
Q12. Could you motivate your answer to the previous question?
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Appendix D

Validation Interview Guide

Interview no.

Interviewee name

Interviewee role

Company

Date

Table D.1: General interview information.

D.1 Introduction

Thank you for taking the time to participate in this interview. This interview is part of my Master’s
research project. In this research, we focus on understanding the software life cycle of AdTech. The
objective of the research is to define the software life cycle specific to AdTech. Your insights will help
shape the outcomes of this research. In this study AdTech refers to “Advertising Technology” and to
all technologies, software and services used to deliver and target online advertisements. As said in the
interview invitation, the interview will be recorded. The recording will be exclusively for analytical
use. All data will be anonymised and managed with confidentiality. Before we begin, do you have any

questions?

D.2 General Questions

1.
2.
3.

What is your role within your organisation?
What is your experience with software development?

What type of AdTech have you build? (e.g., DSP, SSP)

D.3 Best Practice Questions

1.

2
3
4
5

Do you understand the best practice?

. Do you think the best practice is correct?
. Do you think the best practice is a good best practice for AdTech development?
. How useful is the best practice for improving efficiency and effectiveness?

. How likely do you think AdTech development teams are to adopt the best practice?
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Thank you for participating in this interview. Your insights are invaluable to our research and under-
standing of AdTech development. If you are willing, I may have follow-up questions to clarify certain
points. Would you be open to answering those in the future?

Thank you again for your valuable time and expertise.
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Appendix E

Infographics

E.1 Infographic of AdTech Software Life Cycle Model

The AdTech Software Life Cycle

Engineers develop the first version
of the AdTech software. Additional
software is also implemented on the
publisher's website to enable its
functionality.

First version Autoscaling is
achieved

running

The resource infrastructure gets
configured to dynamically scale to
handle increasing

traffic demands, maintain
continuous uptime, and
accommodate significant impacts.
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Engineers extend the capabilities and
functionality of the AdTech software to
meet emerging user needs, align with
evolving market trends, maintain a
competitive edge, and ensure
compliance with regulations.

Loss of
evolvability

Evolution
changes

Replacement

Outdated AdTech software is retired
and replaced with a new system
through careful planning to
minimize disruptions. ©Q




E.2 Infographic of AdTech Best Practices

ADTECH BEST

PRACTICES

in the order of the AdTech software life cycle

DEVELOP ADTECH IN 0O
COMPONENTS

AdTech systems should be developed in
modular components to enhance

reusability. D

DEVELOP ADTECH THAT IS SIMPLE
TO IMPLEMENT

AdTech solutions should be designed for effortless
implementation, minimizing the technical burden on publishers.
A frictionless setup process ensures faster adoption and
reduces errors during integration.

SCALE IN THE CLOUD

Using cloud-based infrastructure with

automatic scaling capabilities to efficiently I '

manage real-time data demands while
avoiding resource overallocation.

MONITORING OF ADTECH
R RESOURCES

OBT Setting automated notifications for critical system resources,

such as disk space, memory, and CPU usage, to proactively
detect and address potential issues without the need for
constant monitoring.

PRIORITIZATION OF DEVELOPMENT
TASKS

Software has numerous factors driving evolution, such as technological
advancements, market demands, and regulations. Prioritization is crucial
to ensure development efforts focus on high-impact tasks, similar to the
process of sprint planning in agile methodologies.

LEVERAGE CI/CD IN ADTECH

Implementing Continuous Integration and Continuous
Deployment (CI/CD) to automate and streamline the software
release process in AdTech, ensuring rapid, reliable, and low-risk
deployments.

"ADTECH BEST PRACTICES"
BY RUBEN VISSER
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Appendix F

Log Book

This appendix presents the complete log book from the exploratory phase of the branded content case
study, conducted over two months (January—February). It documents key activities, observations and
insights related to the development of Adswag’s branded content software. The Date column is formatted
as DD-MM-YYYY.

Table F.1: Overview of logged entries from the branded content
case study.

Date What Who How Why

03/01/2025 | Problems with con- | Publishers,| Publishers imple- | Configuration of the
figuring publishers. | Head of | mented code to | code went wrong on the
Branded  content | Product display  branded | publishers side.

gets displayed on content.
multiple places
on the publishers
website.

06/01/2025 | There is a mneed | Sales Di- | Develop dummy | To sell the software,

for a preview ver- | rector branded content | demo software is
sion of the branded software with | needed.

content software to example data on a

demo the software separate domain.

to client.

08/01/2025 | Server stores cache | Software | Server doesn’t | The server’s provider is
too long, because | Devel- empty the cache. blocking the cache emp-
of this the Ilat- | oper tying on a command ba-
est advertisement sis.
changes are not
displayed.

08/01/2025 | Data storage of ad- | Data En- | Switch the | By switching the
vertisement logs in | gineer databases to a | databases to a different
the cloud is too ex- different region in | region, we can expect to
pensive. the cloud. reduce the cost of data

transfers.
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20/01/2025 | The maintenance of | Software | Researching data | It is now  time-
data types in soft- | Devel- types and reusing | consuming to maintain
ware development | oper them better. all the different types.
is a hurdle.

20/01/2025 | Ul Designs from | Software | Waiting on the de- | The functionalities are
consultancy are | Devel- signs slows down | complete, but the next
taking long to | oper progress. step is to code the de-
finish. signs.

20/01/2025 | Native ad config- | Head of | Create a prompt | To onboard publishers’
uration is a time | Product to automatically | domains for native ads,
consuming manual configure pub- | the configurations need
task. lisher domains. to be tailored to each

domain.

27/01/2025 | The development | Software | Merge one ver- | The sales team need
team have a hard | Devel- sion with the main | a working version to
time with choosing | oper, Full | branch. demonstrate.
the right software | Stack De-
version merge with | veloper,
main and make | Head of
public. Product

29/01/2025 | Versions of the soft- | Sales Di- | Defining the scope | If software versions are
ware need to be de- | rector and requirements | not clearly defined, it
fined to celebrate of each software | becomes difficult to pre-
success. version. pare users for updates.

29/01/2025 | The framework | Software | Replacing NextJS | The traffic generated
where the AdTech | Devel- with ReactJS will | by the AdTech platform
application is build | oper lower the costs to | has increased so much
on needs to be re- host the app. that the current hosting
placed by a cheaper provider has become too
framework. expensive.

03/02/2025 | Unexpected error | Software | One old cluster | Cubejs was configured
occurred while | Devel- had an error. to update, which was
campaign was | oper causing an executing er-
running. ror.

05/02/2025 | Unexpected error | Data En- | The cloud func- | An update in Google
occurred in the | gineer tion could not find | cloud functions caused
cloud functions for a python library. the error.
data collection.

05/02/2025 | Cloud function | Data En- | Updating the | There is a campaign
needs to be fixed to | gineer cloud function | planned on the same
run a campaign on and test it. day.
the same day.

11/02/2025 | Infinite scroll pages | Publishers | Publishers should | Branded content articles
cause errors when only display | are not meant to be dis-
serving branded branded content | played on infinite scroll
content articles. articles on regu- | pages.

lar, non-infinity
scroll pages.

67




12/02/2025 | New publishers net- | Head of | Plan a call with | By onboarding new pub-
work mneed to be | Product the stakeholders | lishers, agencies gain
onboarded for the to make a plan for | greater flexibility in tar-
branded content. their onboarding. | geting their audience

based on various do-
mains.

12/02/2025 | A decision must | Data By implementing | Real-time data improves
be made regarding | Analyst, data pipelines | customer satisfaction.
whether the adver- | Head of | using Kafka, it is
tising performance | Tech, possible to obtain
dashboard should | Data real-time data,
display  real-time | Engineer | but this comes at
data or near-real- a higher cost.
time data (every 5
minutes).

17/02/2025 | Decide which | Software | By compar- | The current storage sys-
bucket storage | Devel- ing multiple | tem is inadequate be-
provider will re- | oper providers, you | cause the benefits it
place the old can compare on | once provided are no
storage system. factors such as | longer relevant in the

speed, costs, de- | new advertising infras-
pendencies, and | tructure.

integrating effort.

This will help

you make a wise

decision.

18/02/2025 | The Junior Full | Full By explaining the | If the entire team com-
Stack  Developer | Stack De- | new framework to | prehends the new frame-
needs to meet with | veloper the Junior Devel- | work, the development
the lead developer oper, he can mi- | of the AdTech app accel-
to understand how grate his code into | erates.
the new framework the new frame-
work. work.

25/02/2025 | The AdTech system | Head of | Monitor the cloud | Exceeding the limits of
exceeds the edge re- | Tech, resources to see if | cloud resources can lead
quest limits in the | Software | the limits are ex- | to increased costs.
cloud. Devel- ceeded by an ex-

oper pected reason.
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Appendix G

Code Book

This appendix provides the code book which contains all the codes used in this study. The codes have
been used for data analysis. Each code group is organised into multiple levels of detail to provide greater
clarity and depth. These levels are denoted by an underscore (‘_ ‘) following each code, indicating that
subsequent codes are nested subsets of the preceding ones within the group. In total, 7 code groups (or
themes) were identified and defined.

e AdTech: Contains codes that refers to AdTech.

e Data Collection (DC): Contains codes related to the data collection practices of AdTech com-

panies.

e Evolution of AdTech(EA): Contains codes related to the Evolution of AdTech.

e Initial Development (ID): Contains codes related to the initial development of AdTech..

e Replacement of AdTech (RA): Contains codes related to the replacement AdTech.

e Regulations: Contains codes related to regulations.

e Scale AdTech (SA): Contains code related to the scaling of AdTech.

Table G.1: Codes extracted from interviews with their definition

and source.
Code Frequent | Definition Expert | Example
#AdTech accu- 1 Describes the | D “You have to make sure you don’t
rate__measuring importance of ac- double count requests, because
curately measuring that can become costly if you do
the viewer of an it wrong. Those are very expen-
advertisement. sive mistakes.” - Interviewee Ex-
pert D
#AdTech acquisi- | 1 Describes the ac- | C ”So what comapany x does is ac-
tion quisition of AdTech quire startups or companies that
software. are essential in the chain, ensur-
ing that revenue is immediately
offset against those costs” - In-
terviewee Expert C
#AdTech ad- 1 Describes the use of | B “it’s an adserver we mostly use
server as_infras- an adserver as an their software to share ad across
tructure infrastructure. the web.” - Interviewee Expert B
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Code Frequent | Definition Expert | Example
#AdTech big or- | 1 Describes the cus- | D “...In AdTech, you can be talk-
ders_in_AdTech tomer orders in ing tens of thousands of euros a
AdTech day, scaling higher as you grow.”
- Interviewee Expert D
#AdTech 2 Describes branded | B “yeah, it’s a software whichs dis-
branded con- content software. plays branded content on a pub-
tent software lishers site. Yeah. so our clients
can buy an article on a different
websites” - Interviewee Expert B
#AdTech buy 1 Describes the | A "What is very similar is that we
DSP demand side plat- have a sell side, the SSP side” -
form. Interviewee Expert A
#AdTech buy- 1 Describes that buy- | A "Generally, the buying and sell-
ers_and_sellers ers and sellers have ing parties the same amount of
have the same the same amount requirements” - Interviewee Ex-
amount_of re- requirements. pert A
quirements
#AdTech both 2 Describes AdTech | A ”"Our platform connects sellers
DSP_SSP which provide both (websites/publishers) and buyers
DSP and SSP. (brands), in that sense it encom-
passes both sides” - Interviewee
Expert A
#AdTech busi- 1 Describes the im- | B "I mean business relations are re-
ness_ relations portance of busi- ally important. Google DV 360
ness relations. platform. So let’s say you have
ad server and someone would like
to be your competitor and he
will create ad server and this ad
server will be even better because
it will be quicker. It will have
more features deliver campaigns
in a better way.” - Interviewee
Expert B
#AdTech closer |1 Describes the re- | B "I think that it’s a mostly maybe

to_end users_fo-
cus_on_regula-
tions

sponsible parties in
the AdTech value
chain.

for instance investor or someone
who is closer to the real end users
really keep track on what are reg-
ular regulations are and what we
can’t do. I mean for instance we
are aware that we can’t collect
sensitive data to identify user di-
rectly. we can’t share this data
with some other companies.” -
Interviewee Expert B
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Code Frequent | Definition Expert | Example
#AdTech deliv- 1 Describes the | A ”On the advertiser side, it needs
ers_what it importance to be reliable, the product
promises of  promises in promise is to simplify the work.
AdTech. It’s easy, what they book also
happens” - Interviewee Expert A
#AdTech 1 Describes how | A "Legislation, GDPR can make
GDPR_ changes GDPR effects sales. certain things prohibited. It im-
affects_sales, pacts what can be sold” - Inter-
viewee Expert A
#AdTech high 2 Describes the high | C "Not easily, because there is a
entree_barrier entree barrier of high barrier to entry” - Intervie-
AdTech. wee Expert C
#AdTech higher | 1 Describes the im- | D “They want the platform to func-
ROI than com- portance of offer- tion properly and, ideally, earn
petitors ing a higher return more money here than with com-
on investment than peting solutions such as Google.”
your competitors. - Interviewee Expert D
#AdTech interwo- | 1 Describes the | C "The ecosystem is intertwined
ven__ecosystem ecosystem of through contracts with advertis-
AdTech. ers, media agencies, sales houses,
and publishers” - Interviewee Ex-
pert C
#AdTech ISSO 1 Describes the im- | A ”Additionally, we comply with
must_for collabo- portance of the certain ISSO measures. To col-
ration with big ISSO for collabora- laborate with large parties, you
parties tion. must meet ISSO standards. You
can’t avoid it if you’re large. Ev-
erything must be correct, so it’s
auditable” - Interviewee Expert
A
#AdTech mar- 1 Describes the pace | A "If you design it smartly, you can
ket changes in the AdTech mar- indeed reuse it. If it’s one big
rapidly ket. monolith and a use case is some-
thing different, you have a prob-
lem. The market changes very
quickly” - Interviewee Expert A
#AdTech needs |1 Describes the im- | B ”As I understand the assumption
to_be easily un- portance of an easy for our system is that it has to
derstand understandable so- be easy to start to configure cam-
lution. paign.” - Interviewee Expert B
#AdTech needs | 1 Describes the im- | A "For the most part, yes. On the

to_be simple

portance of an sim-
ple solution.

advertiser side, it needs to be re-
liable, the product promise is to
simplify the work.” - Interviewee
Expert A
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Code Frequent | Definition Expert | Example
#AdTech pay- 1 Describes the | A "This doesn’t always happen in
mentprocess__ importance of the advertising world. Addition-
needs to_ work a transparant ally, there is a billing model. The
and _transparant paymentprocess. payment process must be trans-
parent and accurate, so water-
tight” - Interviewee Expert A
#AdTech rapid 3 Describes the fast | C "Maintaining is one thing, but
world paced industry. today’s AdTech is already out-
dated” - Interviewee Expert C
#AdTech ad 1 Describes that not | D “We installed Sentry to moni-
serving exceptions always the ad serv- tor errors, and we’re at about
ing works because 0.001% of requests failing—often
of exceptional de- because someone’s using an old
vices. Nokia phone that doesn’t load
everything. It’s just not a huge
concern for us because the API is
robust.”- Interviewee Expert D
#AdTech large 1 Describes that | D “...there are larger stakeholders
stakeholders AdTech works with behind them. The consequences
large stakeholders. of errors are bigger.” - Intervie-
wee Expert D
#AdTech sell 1 Describes the sup- | A "What is very similar is that we
SSP ply side platform. have a sell side, the SSP side and
a buy side, the DSP side” - Inter-
viewee Expert A
#AdTech _soft- 1 Describes  AdTech | A "The market operates in cycles,
ware can_be software’s  adapt- for example: 20 years ago were
used in_differ- ability to emerging the first ads, it’s becoming more
ent upcoming domains. automated, then other sectors
domains like retail (e.g., AH) emerge.
These sectors need to be rebuilt
from scratch. So, AdTech can
be reused Therefore, it’s wise to
build in components” - Intervie-
wee Expert A
1 Describes the im- | B "Usually the process looked like

#AdTech using
api

portance of APT us-
age in AdTech.

in the app user can create the
creative and later through this
platform’s API the ad is shared
it’s published to the platforms
and later served” - Interviewee
Expert B
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Code Frequent | Definition Expert | Example
#AdTech lack 1 Describes that ads | D “One possible issue is how we
of SEO struggle with SEO load articles by adding a param-
(Search Engine Op- eter in the URL. That means
timisation) there’s no SEO for that page,
and we have to replace content
to actually show the ad or arti-
cle.” - Interviewee Expert D
#AdTech _lever- 1 Describes the im- | C "In the first two or three years,
age third party portance of third allow it on the network, learn
software party software. from it, and then decide if the
technology is essential for opera-
tions. If so, then decide whether
to develop it in-house or acquire
that partner ” - Interviewee Ex-
pert C
#AdTech is SaaS | 1 Describes that | A "Think for any software, in prin-
AdTechreally is a ciple, we are just a SaaS solution,
SaaS (Software as so it doesn’t need to be different”
a Service). - Interviewee Expert A
#AdTech UI _ 1 Describes UT less | A "Maybe also in ERP. If you're
less critical critical in the con- live, you're live and can’t be
text of AdTech offline for an hour for main-
downtime. tenance #AdTech cant have
downtime. Maybe some ERP
systems too. Ul can be offline for
an hour” - Interviewee Expert A
#AdTech techni- 1 Describes technical | B "let’s assume that the maintain-
cal standpoint standpoint  main- ing part is a challenge maybe
maintainance tainance is harder even more that starting from a
is_harder than than starting in the technical point of view” - Inter-
starting context of AdTech. viewee Expert B
#AdTech write 1 Describes the im- | D “We keep things as simple as pos-

own_code for
overview

portance of writing
code by the AdTech
company itself.

sible, writing as much code our-
selves as we can. That way
we know exactly what’s going
on—no weird magic that might
break when traffic spikes. Stick-
ing to the basics was an impor-
tant choice we made.” - Intervie-
wee Expert D
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Code Frequent | Definition Expert | Example
#DC _AdTech 2 Describes that their | B ”T think that it’s a mostly maybe
dont_collect sen- AdTech doesn’t col- for instance investor or someone
sitive data lect sensitive data. who is closer to the real end users
really keep track on what are reg-
ular regulations are and what we
can’t do. I mean for instance we
are aware that we can’t collect
sensitive data to identify user di-
rectly. we can’t share this data
with some other companies.” -
Interviewee Expert B
#DC_AdTech 1 Describes AdTech | B 7 So during designing system we
store_only data store only data to are trying to collect only needed
to_deliver busi- deliver business informations to be able to deliver
ness_ value value. business value without collecting
any user specific details.” - Inter-
viewee Expert B
#DC _ask per- 1 Describes  AdTech | A " think the advertising world
mission _to_use has to ask per- is responsible for privacy viola-
data mission to  use tions. So yes, it’s a major part of
data. the software. We listen to what
is allowed and what isn’t. Users
on a site give their preferences” -
Interviewee Expert A
#DC _data_col- 1 Describes data col- | B “another thing is that if you col-
lection lection in AdTech. lect a lot of data and you handle
high traffic someone has to main-
tain it because for instance you
can quickly exceed the amount of
space on a disk. you can have
not enough memory to handle
this traffic. many things can go
wrong.” - Interviewee Expert B
#DC_ GDPR _ af- 1 Describes how | A "We take GDPR into account,
fect data_collec- gdpr affect data so how we store data and which
tion which and collection which data we store” - Interviewee Ex-
how and how. pert A
#EA  AdTech 1 Describes the im- | A How quickly does the advertising

needs mainte-
nance

portance of mainte-
nance in AdTech.

system become outdated without
maintenance? "Very quickly. ” -
Interviewee Expert A
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Code Frequent | Definition Expert | Example

#EA API are 1 Describes that API | B ”so if you serve ad through these

effected by regu- are effected by reg- platforms maybe it’s not strictly

lations ulations. on your side to follow these rules
but indirectly it also affect your
software because they introduce
some changes because they need
follow the rules the restrictions
And in the end they have to
make some changes in API to
cover these requirements and so
it’s also affect your software.” -
Interviewee Expert B

#EA _API_up- 1 Describes how | D “We might only do a big API up-

date _method and when an API date once a year.” - Interviewee
should be updated Expert D
with AdTech

#EA check ad |1 Describes the im- | B “for BCSD DK we have these

serving at_ev- portance of the tests after each deployment if the

ery deployment checking of ad adserving still works.” - Intervie-
serving at every wee Expert B
deployment.

#EA CI_CD 1 Describes the use | D “Which strategies do you use to
of CI/CD with re- minimise disruptions during soft-
leasing software up- ware updates or replacements?
dates We do have CI/CD. ... If stag-

ing looks good, we merge into
production and Vercel updates
the production build. We have a
similar process for the SDK...”
- Interviewee Expert D

#EA _factor_ad- 1 Describes the evo- | D “One major factor is ad block-

bocker lution factor ad- ers. If they put us on a black-
blocker list, then every Chrome exten-

sion that blocks ads will start
blocking our requests.” - Inter-
viewee Expert D

#EA factor _com- | 1 Describes the evo- | C "If you don’t innovate for a year,

petitors

lution factor com-
petitors.

it can happen quickly. Due to
competition, innovation from the
rest of the ecosystem” - Intervie-
wee Expert C
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Code

Frequent

Definition

Expert

Example

#EA _factor_cus-
tomer needs

2

Describes the evo-
lution factor of cus-
tomer needs.

“Yes, for example, initially no-
body asked for it, but now ad-
vertisers want click-through links
in the article. Like if Brand X
wants to sell its beer, they add
a link, a user clicks it, we record
an event, and Brand X can track
it using UTM parameters.” - In-
terviewee Expert D

#EA factor cus-
tomer needs
not addressed

Describes what
happends when the
customer needs are
not addressed.

“What if you don’t address these
needs? Then customers might be
less satisfied. Would they leave?
Possibly not over just that, but
it’s definitely a downside.” - In-
terviewee Expert D

#EA factor
API changes fre-
quently

Describes the evo-
lution factor api
changes frequently.

”Adtech is that usually you in-
tegrate with many third-party
companies these platforms that
you mentioned before. So
this API evolve they introduce
changes quite frequent in this. So
you have to maintain it because
they always give some migration
period but in the end they can
just disable some functionality
that you used before. so you have
to keep track on it.” - Interviewee
Expert B

#EA factor dif-
ferent client pro-
files

Describes the evo-
lution factor differ-
ent client profiles.

“From their own usage, initially,
we were focused on one client,
but eventually, as we imple-
mented it with publishers, we re-
alized they could also be clients,
and the client definition became
much broader” - Interviewee Ex-
pert C

#EA _factor
fast _outdated

Describes the evo-
lution factor fast
outdated software.

"More than you think. It’s never
finished. I think maintenance is
always more, a lot. Maintaining
is one thing, but today’s AdTech
is already outdated” - Intervie-
wee Expert C
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#EA _factor 2 Describes the evo- | B “another thing is that if you col-
high traffic is lution factor high lect a lot of data and you handle
maintainency traffic creates main- high traffic someone has to main-
tainency. tain it because for instance you
can quickly exceed the amount of
space on a disk. you can have
not enough memory to handle
this traffic. many things can go
wrong.” - Interviewee Expert B
#EA factor 1 Describes the evo- | C "Because there are new technolo-
maintance lution factor main- gies, you also have to connect to
tance. them, so maintenance is part of
development.” - Interviewee Ex-
pert C
#EA _factor un- 1 Describes the evo- | B “another thing is that if you col-
expected _errors lution factor unex- lect a lot of data and you handle
pected errors. high traffic someone has to main-
tain it because for instance you
can quickly exceed the amount of
space on a disk. you can have
not enough memory to handle
this traffic. many things can go
wrong.” - Interviewee Expert B
#EA factor 1 Describes the evo- | C "Because there are new technolo-
new _technologies lution factor new gies, you also have to connect to
technologies. them” - Interviewee Expert C
#EA factor plat- | 1 Describes the evo- | D “That’s where the innovation
form _innovation lution factor of the is—simplifying the branded con-
innovation of the tent workflow. The product
AdTechs platform itself is already innovative in
that it cuts out an entire flow
by bundling everything into one
platform.” - Interviewee Expert
D
#EA factor _reg- | 2 Describes the evo- | A "If regulations change, techni-
ulations lution factor regu- cal solutions also change accord-
laitons. ingly” - Interviewee Expert A
#EA factor 1 Describes the | A "People follow trends in this mar-
trends evolution factor ket. Everyone wants the latest
trends. technology” - Interviewee Expert
A
#EA factor tech- | 1 Describes the evo- | A "Technical changes, for example,

nical changes af-
fect _ad market

lution factor tech-
nical changes affect
ad market.

browsers changing cookies” - In-
terviewee Expert A
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#EA _factor 1 Describes the | D “The market is getting younger,
younger market evolution factor meaning younger people use our
younger market. platform. We have Koen and
Kiki, for example; Kiki is quite
young. We want the platform to
be user-friendly for that demo-
graphic. Hence the UI/UX de-
signer. So the design of our app
might keep evolving, but on the
backend side, not much changes
based on the market or client
needs.” - Interviewee Expert D
#EA _in_year 1 Describes  AdTech | C "Very quickly, you can be out-
outdated is in a year out- dated in a year” - Interviewee Ex-
dated. pert C
#EA _innovation | 1 Describes  innova- | C "I think. If you don’t inno-
nessicity tion nessicity in vate/develop, it dies” - Intervie-
AdTech. wee Expert C
#EA never fin- 1 Describes that | C "It must continue to be devel-
ished AdTech is mnever oped; it’s never finished” - Inter-
finished. viewee Expert C
#EA no_innova- 1 Describes no inno- | A ”Speaking about regular AdTech.
tion means leav- vation means leav- The market continuously wants
ing clients ing clients. new things; some even have dif-
ferent preferences. Clients will
quickly switch to competitors if
you don’t offer the latest features
that your competitors do. As
long as there are no competitors,
you can hold out for a long time.
With standard AdTech, you're
out if you don’t innovate.” - In-
terviewee Expert A
#EA ongoing 1 Describes ongo- | B I think that there many IPIs can
API_changes de- ing api changes change quickly where you have to
mand_frequent demand  frequent react on a traffic on a load on
updates updates. your application.” - Interviewee
Expert B
#AdTech mainte- | 1 Describes the | D “Unless it’s a significant change
nance with care. importance of care- that could cost us thousands of
fully maintaining euros a day if we don’t imple-
AdTech ment it, it’s often best to leave

it alone. Especially the logic for
articles and placeholders.” - In-
terviewee Expert D
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#EA _mainte- 1 Describes mainte- | A "With regulations, a lot some-
nance for regula- nance for regula- times needs to change, and
tions tions. the entire AdTech system must
quickly adapt. The question is
whether this is maintenance or
development.” - Interviewee Ex-
pert A
#EA test 1 Describes the use of | D “Do you test with a small portion
method lists to test on spe- of the audience first, or does ev-
cific domains eryone get updates at once? Be-
cause of how our API is built,
all publishers are immediately
able to access new functional-
ity. ... We might add domain-
based logic later on (like domain
whitelists or blacklists).” - Inter-
viewee Expert D
#EA third 1 Describes the wuse | D “We installed Sentry to moni-
party software of third party soft- tor errors, and we’re at about
for _monitoring ware for monitoring 0.001% of requests failing—often
of AdTech because someone’s using an old
Nokia phone that doesn’t load
everything. It’s just not a huge
concern for us because the APT is
robust.”- Interviewee Expert D
#EA software 1 Describes software | C ”Yes, rule number one is that we
update rules update rules. don’t deploy anything live on Fri-
days. That’s the basic rule. Es-
sentially, it is tested in beta; then
you have to deploy the event live,
and things can still go wrong” -
Interviewee Expert C
#EA _standarisa- 1 Describes standari- | C "Initially, we were very broad,
tion _importance sation importance. wanting everything. But then we
started focusing on what we ac-
tually wanted and what it was
intended for, and how we could
possibly standardize” - Intervie-
wee Expert C
#EA  without 1 Describes evolution | B "without maintaining I think
maintance fast factor without that this software will not work
outdated maintance fast for a long period...” - Intervie-
outdated. wee Expert B
#ID _accessibility 1 Describes accessi- | A ”"We also consider accessibility,
bility. such as colors, so people with
color vision deficiencies can read”
- Interviewee Expert A
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#ID API ver- 1 Describes what | D “If that API changes often, I as-
sions happends when sume they’ll use versioning. If
third party APIs we’re on version 1 and they re-
change lease version 2, we’ll keep using
version 1 until we see a reason to
switch. We have direct contact
with them, so we can coordinate
and avoid disruptions.” - Inter-
viewee Expert D
#ID _compo- 1 Describes  compo- | A "By thinking in components, you
nents help reduc- nents help reducing try to prevent this, to allow
ing complexity complexity. reuse’ - Interviewee Expert A
#ID create soft- | 1 Describes the im- | A "Media agencies sometimes want
ware _in_com- portance to create exceptions, only to build a com-
ponents for software in compo- ponent that can be reused”
reusability nents for reusabil-
ity.
#ID _cost_strat- 1 Describes cost | C "Therefore, we chose to collabo-
egy strategy in AdTech rate with Adswag so they would
industry. develop it and bear the costs ” -
Interviewee Expert C
#ID _develop- 2 Describes develop- | A "Yes, 1 think so. Other AdTech
ment_method de- ment method de- companies still do it this way. As
pends on_team pends on team size. the team grows, you will need to
size define tasks more specifically” -
Interviewee Expert A
#ID_design_feed- | 1 Describes  design | B "But yeah when we take into ac-
back feedback in initial count the adswag it’s happening
development. right now for instance user the
company which working on de-
signs as a point of their work
is sending survey to the adswag
clients about what they think
about one version of an app com-
paring to they showed them dif-
ferent versions of an app and
they expected some feedback.” -
Interviewee Expert B
#ID _expecta- 1 Describes expecta- | C "What requirements do your
tion management tion management. end wusers have? "Certainly,
it’s about expectation manage-
ment.The higher you set expec-
tations, the more they will de-
mand.” - Interviewee Expert C
#ID _first _impres- | 1 Describes how | C ”A delayed response results in a
sions__matters first impressions poor experience 7 - Interviewee
matters. Expert C
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#ID _improve 1 Describes the im- | B ” But I would say that in some
by feedback portance of feed- of these points it’s the common
back in initial de- situation that you have to listen
velopment. your customers to make product
better. it’s not even for a web
application. It’s for every prod-
uct that you have to react on a
users’s client’s needs.” - Intervie-
wee Expert B
#ID _informa- 1 Describes the im- | C "They always want instant infor-
tion instant portance of instant mation, so instant responses are
information. necessary ” - Interviewee Expert
C
#ID _integration | 1 Describes the im- | C "Ideally, you should centralize
centralize con- portance of integra- control so you can set the pace
trolle tion controlle. and not depend on sixty different
parties, as we experienced with
dynamic branded content” - In-
terviewee Expert C
#ID_integration | 1 Describes integra- | C "Publishers often don’t read all
lack effort tion lack effort of the documentation for imple-
publishers. mentation” - Interviewee Expert
C
#ID integration | 1 Describes the im- | C "Ideally, you should centralize
pace_controlle portance of pace control so you can set the pace
controlle in devel- and not depend on sixty different
opment. parties, as we experienced with
dynamic branded content ” - In-
terviewee Expert C
#ID _integration | 1 Describes the in- | C "Because they have relatively lit-
simplicity urgency tegration simplicity tle knowledge of custom things,
urgency. to roll out quickly you either
have to build it yourself or sim-
plify it” - Interviewee Expert C
#ID keep low 1 Describes the im- | C "The higher you set expectations,

expactations

portance of setting
low expactations.

the more they will demand. It’s
important to keep expectations
low ” - Interviewee Expert C
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#ID knowledge | 1 Describes the | C ”Often, the website owners aren’t
gap _agencies knowledge gap knowledgeable enough to imple-
and_publishers agencies and pub- ment simple things and get redi-
lishers. rected to the next agency, which
are usually small firms or agen-
cies that aren’t very quick or
smart. This leads to going
through many layers due to the
lack of knowledge, which is very
challenging ” - Interviewee Ex-
pert C
#ID long inte- 1 Describes the long | C "It’s a long process and can take
gration process integration process a long time ” - Interviewee Ex-
with publishers. pert C
#ID no_cus- 1 Describes the im- | A "But exceptions are problematic”
tomization portance of no cus- - Interviewee Expert A
tomization.
#ID no_strictly |1 Describes that | B "It’s I have a feeling that we don’t
development there is no strictly stick strictly to some developing
method development method. we just think what will
method in de- work for us in a short term to
veloping AdTech. deliver some MVP” - Interviewee
Expert B
#ID publisher 1 Describes the pub- | C ”"We often need publishers to de-
dependency lishers dependency. liver the ads” - Interviewee Ex-
pert C
#ID_retain mvp |1 Describes the im- | C "You need to reduce the expec-
portance of retain- tation pattern and not share too
ing the mvp. much” - Interviewee Expert C
#ID_ ROI 1 Describes the im- | C A critical consideration for
portance of ROI. launching is to ensure that we
have the funds to cover costs or
that there is a direct return on
investment ” - Interviewee Ex-
pert C
#ID _scrum 3 Describes the use of | D “We use Scrum. We have a
Scrum as a develop- sprint demo every two weeks and
ment method a stand-up two or three times
a week, depending on what’s
needed ID Scrum.” - Intervie-
wee Expert D
#ID _servicing 1 Describes how ser- | C "If something is wrong, they

needed

vicing during devel-
opment is needed.

want it fixed immediately a de-
layed response results in a poor
experience. Therefore, maintain-
ing a high service level is essen-
tial” - Interviewee Expert C
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#ID _servicing 1 Describes servicing | C "I do maintain customer contact,
software updates when software up- for example, telling them to be
dates. careful and to call me if some-
thing goes wrong ” - Interviewee
Expert C
#ID _stability 1 Describes the im- | D “So our main challenge is con-
portance of stable solidating everything on a single
AdTech platform and ensuring stability.
” - Interviewee Expert D
#ID_ start with | 1 Describes the im- | B "When you see that you have
focus_on_prod- portance of starting more and more users then you
uct platform with focus on prod- think more about or maybe scal-
uct platform. ability will never be a problem
for your software and you will
Spend a lot of time on making
some optimizations at the begin-
ning. so it’s better to focus at
the beginning more on a prod-
uct than on scalability.” - Inter-
viewee Expert B
#ID _standardize 1 Describes the | C "Don’t share too much, as it leads
importance of stan- to more questions. Avoid too
dardizing making many exceptions” - Interviewee
no exceptions for Expert C
customization
#ID test could |1 Describes the test- | A "We’'re still small, so we don’t do
be domne for all ing method that af- that yet. Currently, it’s rolled
users fects all users. out to all users. This might
change as usage grows.” - Inter-
viewee Expert A
#ID test could |1 Describes that tests | A "You can do A/B testing or roll
be done to could be done to out to a subset of users first” -
small group first small group first. Interviewee Expert A
#ID _testmethod | 1 Describes the test- | A "In principle, we have automated
staging to test method that uses a tests. New features are first
or_acceptance staging area to test rolled out on staging and tested
stage or acceptance area. there. If they pass, they are
rolled out to production. Later,
maybe an acceptance environ-
ment is added ” - Interviewee Ex-
pert A
#ID urgent er- 1 Describes the im- | C "If something is wrong, they
ror _fix portance of urgent want it fixed immediately” - In-
error fix. terviewee Expert C
#ID _develop- 1 Describes that de- | A "The first version took a week,

ment_time in-
creases _when
software _matures

velopment time in-
creases when soft-
ware matures.

now a new feature also requires
a whole week of work. ” - Inter-
viewee Expert A
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#ID _dependen- 1 Describes that de- | A 7As the software develops, all
cies_increase pendencies increase dependencies on each other in-
complexity complexity. crease. If you want to do some-
thing, you have to consider ev-
erything, which is always the
case 7 - Interviewee Expert A
#ID _AdTech 1 Describes the im- | A "The market operates in cycles,
reusability portance of soft- for example: 20 years ago were
ware reusability in the first ads, it’s becoming more
AdTech. automated, then other sectors
like retail (e.g., AH) emerge.
These sectors need to be rebuilt
from scratch. So, AdTech can be
reused ” - Interviewee Expert A
#ID work in 1 Describes how | A "It depends on whom you want
components _to working in com- to serve. If something works, it
reuse ponents helps needs to be simple and applica-
reusability. ble to many of your end-users.
Media agencies sometimes want
exceptions, only to build a com-
ponent that can be reused” - In-
terviewee Expert A
#ID _continuous | 1 Describes the | A "With AdTech software, yes,
development continuous  devel- there is a maintenance phase on
opment in AdTech. the component level. But across
the entire package, you're always
working on a new component, so
there’s always something new.” -
Interviewee Expert A
#ID _develop- 1 Describes how | C "They try to acquire a lot of tech-
ment is_expen- development of nology because developing tech-
sive AdTech is expen- nology is very expensive. Inno-
sive. vation costs a lot of money” - In-
terviewee Expert C
#ID _implementa- | 1 Describes the diffi- | C "Not easily, because there is a
tion_ difficulty culty of implement- high barrier to entry. That’s due
ing AdTech.. to the difficulty of implementa-
tion ” - Interviewee Expert C
#ID _compo- 1 Describes how com- | A "Media agencies sometimes want
nents help reduc- ponents help reduc- exceptions, only to build a com-
ing complexity ing complexity. ponent that can be reused” - In-
terviewee Expert A
#RA AdTech 1 Describes that | A "If you're connected everywhere,

cant _be un-
plugged quickly
due to_contracts

AdTech cannot be
unplugged quickly
due to contracts.

many scripts run on publishers
that can’t find a server anymore.
If other companies are depen-
dent, you can’t just unplug it.”
- Interviewee Expert A
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#RA _ad_perfor- 1 Describes that | C "There are also performance
mance _cost replacing  AdTech costs because you have to pro-
affects ad perfor- vide new inputs, and the new
mance. system needs to optimize” - In-
terviewee Expert C
#RA _adserver 1 Describes that | A "For example, with a adserver,
is_ difficult _to_re- AdTech is difficult it’s very complicated. Replacing
place piece by to replace piece it or replacing it piece by piece
piece_or_slowly by piece or slowly or building something alongside
switching clients switching clients to and gradually switching clients
different AdTech. over a long period. You can’t
stop.” - Interviewee Expert A
#RA _ conse- 1 Describes the possi- | D “Are AdTech systems harder to
quences_of errors ble consquences of replace than standard software?
erros when you try Yes, because typically a lot more
to replace AdTech. money is involved, and there are
larger stakeholders behind them.
The consequences of errors are
bigger. In a typical system, if
one payment fails, that might be
a few hundred euros lost. ..” - In-
terviewee Expert D
#RA _contract 1 Describes contract | C ”So switching is relatively easy in
dependencies dependencies in re- terms of relationships, through a
placing AdTech. one-year contract or something”
- Interviewee Expert C
#RA _compex 1 Describes the com- | D “Can large AdTech systems be
plexity of replacing replaced easily once they're es-
AdTech. tablished? No, it’s very difficult.
There’s a ton of complexity be-
hind them, and you have to be
extremely accurate with request
counting and tracking. ...a mas-
sive undertaking—Ilots of testing,
careful planning.” - Interviewee
Expert D
#RA _data_loss 1 Describes data loss | C "You can switch easily; it just
when switching of takes time and money. You have
AdTech. certain datasets in a particular
system and your learnings, etc”
- Interviewee Expert C
#RA _hardcoded | 1 Describes the | A "Some things are hardcoded since

scripts_at__pub-
lishers

use of hardcoded
scripts at website
of publishers.

they need to be on the pub-
lisher’s site.” - Interviewee Ex-
pert A
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#RA education |1 Describes the | C "It’s all integrated, and replac-
cost cost of educating ing it takes time, and time is
employee when money.Then you first lose money
switching to differ- because you have to retrain ev-
ent AdTech eryone, but it’s not impossible.”
- Interviewee Expert C
#RA knowledge |1 Describes the | C "All your staff have a lot of
cost knowledge cost, knowledge in one system, which
when switching to is lost” - Interviewee Expert C
different AdTech.
#RA _migrating | 1 Describes the mi- | D “Building a new API from
data gration of data dur- scratch and migrating data is
ing replacement a massive undertaking—Ilots of
testing, careful planning” - Inter-
viewee Expert D
#RA_ money in- 1 Describes the | D “...larger stakeholders behind
volvement involvement of them. The consequences of er-
money when re- rors are bigger. In AdTech, you
placing AdTech can be talking tens of thousands
of euros a day...” - Interviewee
Expert D
#RA _providers 3 Describes that | A "Providers lock you in; that’s
dependency providers of cloud their revenue model, like with
make it difficult to Vercel” - Interviewee Expert A
change.
#RA _replace- 2 Describes that | B “it depends how this software is
ment_needs_thor- AdTech replace- built, what you have currently.
ough planning ment needs thor- it’s a topic for many meetings
ough planning. usually to plan replacement of
something with something.” - In-
terviewee Expert B
#RA _replace- 2 Describes that | A "If you’re connected everywhere,
ment_requires AdTech replace- many scripts run on publishers
extensive plan- ment requires that can’t find a server anymore.
ning to_ mini- extensive plan- If other companies are depen-
mize disruptions ning to minimize dent, you can’t just unplug it.”
for clients disruptions for - Interviewee Expert A
clients.
#RA _shutdown 1 Describes that if | D “What if your own branded con-
the software is tent software isn’t used any-

not used anymore
you should shut it
down.

more? We’d probably scrap it.
We might reuse some of the API
logic if it’s still valuable...then
shut it down. Unless we find an-
other purpose for it.” - Intervie-
wee Expert D
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#RA _tracking 1 Describes tracking | C "If they switch to another sys-
pixel replacement pixel replacement. tem, all those people need to
be retrained for the new system,
and all the pixels need to be
replaced and everything remea-
sured, which can certainly take
half a year” - Interviewee Expert
C
#RA lots of 1 Describes the | D “...a massive undertaking—Ilots
testing amount of testing of testing, careful planning.” - In-
before a replace- terviewee Expert D
ment can happen.
#RA _think 1 Describes the | A "You can’t just migrate away
ahead about importance of from the cloud, for example. It’s
replacing to_ thinking ahead also difficult because it always
avoid _trouble about replacing to needs to be running, like the ad-
avoid trouble. server. If you don’t think it
through initially, you’ll get into
trouble. ” - Interviewee Expert
A
#RA unplug if |1 Describes that | A "What happens if your software
not used and AdTech should be is no longer used?You unplug it
possible unpluged if not ” - Interviewee Expert A
used and possible.
#Regulations 1 Describes the im- | C "Ultimately, you have to make
best_effort portance of regula- a best effort; that’s also in the
tion’s best effort. KSA regulations, which also ap-
ply to betting—you must make
a best effort.Regulations can
conflict with each other, so
some elements clash. For ex-
ample, you can store certain
data under KSA but not un-
der GDPR, putting you in a
dilemma. Therefore, you have to
make a best effort to comply with
both KSA and GDPR as best
as possible; it’s a human judg-
ment.” - Interviewee Expert C
#SA _AdTech 1 Describes that | A "If you're live, you’re live and
cant _have down- AdTech cannot can’t be offline for an hour for
time have downtime. maintenance” - Interviewee Ex-
pert A
#SA _api_needs | 2 Describes that API | A ”Additionally, we have an API

scalable

of AdTech needs to
be scalable.

that ensures content is displayed.
If it fails, the product collapses.
This must always work” - Inter-
viewee Expert A
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#SA _scale_on__ 1 Describes that | B ”Actually it depend on how many
user _amount AdTech should users your system had has so
scale on the amount yeah I would say that it’s always
of users. a balance and it’s always depend
on which stage the project is.” -
Interviewee Expert B
#SA_budget lim- | 2 Describes  budget | A "Most of it runs in the cloud and
its_in_cloud limits in cloud. needs to scale automatically. We
have budget limits” - Interviewee
Expert A
#SA cloud 2 Describes the use of | A "Most of it runs in the cloud and
auto_scaling the cloud with auto needs to scale automatically. We
scaling. have budget limits” - Interviewee
Expert A
#SA cloud based | 1 Describes the use of | B "I mean that for instance sev-
the cloud. eral years ago people tried to set
up database on their own server
but right now they prefer to use
hosted solution that database it’s
something which is hosted by
which is maintained by external
company who is really take care
of any parameters of this piece of
infrastructure.” - Interviewee Ex-
pert B
#SA _cloud _cost 1 Describes that the | A "Everything runs in the cloud, so
cloud scales as long you can scale as long as you pay”
as you pay - Interviewee Expert A
#SA _design 2 Describes why de- | A "If not designed correctly, it be-
important _to__ sign is important to comes very expensive quickly” -
grow _AdTech grow AdTech. Interviewee Expert A
#SA later fo- 1 Describes the late | B "When you see that you have
cus_on_scalabil- prioritiy of scaling more and more users then you
ity _platform think more about or maybe scal-
ability will never be a problem
for your software and you will
Spend a lot of time on making
some optimizations at the begin-
ning. so it’s better to focus at
the beginning more on a product
than on a scale scal scalability.”
- Interviewee Expert B
#SA _logging 1 Describes the im- | A Which components of AdTech

needs scalable

portance of scaling
for logging.

need to be scalable from the
beginning?’Everyting related to
logging” - Interviewee Expert A
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Code Frequent | Definition Expert | Example
#SA _no_down- 1 Describesthe im- | B "But I can imagine that if you
time portance of no have a real working ad server for
downtime. instance the main goal is to not
have any downtime. So probably
you have to design the deploy-
ment and some migrations in a
way to not break the app.” - In-
terviewee Expert B
#SA _one_ client | 1 Describes the im- | A "If a new client comes tomorrow,
could have big pact that one client it could have a significant im-
impact could have on the pact” - Interviewee Expert A
cloud resources.
#SA _outsourc- 1 Describes the | B ”So you have to incorporate also
ing infrastructure choice of outsourc- analytic on the condition of your
ing an infrastruc- infrastructure to keep control of
ture. your system. yeah, but I think
that it’s also changed a bit in the
past years because the trend is
that companies would like to out-
source some parts of their infras-
tructure to companies which are
specialized. in this” - Interviewee
Expert B
#SA scale cost 1 Describes the cost | A "Additionally, it must be scal-
of scaling in the able, automatically scalable, and
cloud. cost-controlled” Interviewee
Expert A
#SA some 1 Describes that | B ”0f course, some parts of a sys-
parts_require some parts require tem has to be scalable from the
scalability at scalability at start. beginning in case of our software
start where we track activity of the
users on a pages where is a article
displayed because from the be-
ginning you will have quite high
load quite high amount of re-
quests. But still, probably in the
later stage of the system when we
will onboard more customers and
we will have more users and more
campaigns.” - Interviewee Expert
B
#SA _logging 1 Describes that | A Which components of AdTech
needs_ scalable resources need need to be scalable from the
to scale for the beginning?”’Everyting related to
logging. logging” - Interviewee Expert A
#SA_budget lim- | 1 Describes the bud- | A "Most of it runs in the cloud and

its_in_cloud

get limits in cloud.

needs to scale automatically. We
have budget limits” - Interviewee
Expert A
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Code

Frequent

Definition

Expert

Example

#SA _fast _growth

1

Describes that
AdTech  products
can grow very fast.

"With advertising, you grow very
quickly because you operate on
various websites rapidly. So it
quickly involves millions of re-
quests per day and billions per
month” - Interviewee Expert A
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