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“Design is the process of changing existing
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APOIO A TOMADA DE DECISAO DA SELECAO DE TECNICAS DE
DESIGN THINKING PARA USO EM DESENVOLVIMENTO DE
SOFTWARE ATRAVES DE UM SISTEMA DE RECOMENDACAO

RESUMO

Design Thinking (DT) é uma abordagem de solucao de problemas utilizada por
empresas de software que posiciona o usuario como centro do processo de desenvolvi-
mento para entender suas necessidades e desenvolver solucdes que atendam as reais
necessidades do usuario. DT fomenta a empatia, a colaboracdo entre os membros da
equipe e o usuario, a formacao de equipes multidisciplinares, a ideacdao de multiplas solu-
cOes e a rapida avaliacao das solucdes propostas. DT é percebido pelas equipes como um
conjunto de técnicas para de forma pratica engajar os participantes, gerar ideias inova-
doras e ter contato frequente entre time e usudrio. Portanto, a selecdo de quais técnicas
usar se mostra como uma atividade importante, porém desafiante. No entanto, ha uma
falta de estudos que investiguem como profissionais que usam DT tomam decisées para
a selecdo de quais técnicas de DT utilizar e de recursos que possam dar suporte a tal de-
cisao. Desta forma, inspirada na metodologia de pesquisa Design Science Research, esta
Tese de Doutorado traz como contribuicao pratica o desenvolvimento de um sistema de
recomendacao colaborativo para prover suporte a profissionais de Tl na selecdo de técni-
cas de DT e como contribuicdes tedricas a modelagem da tomada de decisao da selecao
de técnicas de DT e a caracterizacao de DT no desenvolvimento de software. Estudos em-
piricos de avaliacao mostraram que o sistema de recomendacao de técnicas de DT auxilia
a decisao de quais técnicas os profissionais podem selecionar. Assim, esta tese defende
gue a selecao de técnicas de DT é baseada em elementos de contexto e que recursos
computacionais possibilitam contribuir para a selecao de técnicas de DT.

Palavras-Chave: Engenharia de Software, Design Thinking, Técnicas, Estratégias de Re-
comendacao, Tomada de decisao.



SUPPORTING THE DECISION-MAKING OF THE DESIGN THINKING
TECHNIQUES SELECTION TO USE IN SOFTWARE DEVELOPMENT
THROUGH A RECOMMENDATION SYSTEM

ABSTRACT

Software companies have been using Design Thinking (DT) as a problem-solving
approach to put the user at the center of the development process, to understand and
to develop solutions that meet the real users’ needs. DT encourages empathy, team
members and users collaboration, the composition of multidisciplinary teams, ideation of
multiple solutions and rapid evaluation of the proposed solutions. Literature on the Soft-
ware Engineering field points out that in addition to a mindset or a process, teams have
perceived DT as a set of techniques to engage participants, generate innovative ideas
and have frequent contact between team and user. Therefore, selecting which techniques
to use is an essential but challenging activity. However, there is a lack of studies inves-
tigating how DT practitioners make decisions for selecting which DT techniques to use
as well as a lack of resources providing support to decisions in software development.
Thus, inspired by the Design Science Research methodology, this Doctoral thesis brings
a practical contribution by developing a collaborative recommendation system to support
IT professionals in the selection of DT techniques and as theoretical contributions by mod-
eling the decision-making of DT practitioners behind the selection of DT techniques as
well as the characterization of the use of DT in software development. Finally, this the-
sis argues that the selection of DT techniques is context-based and that computational
resources contribute to the selection of DT techniques.

Keywords: Software Engineering, Design Thinking, Techniques, Recommendation Strate-
gies, Decision-making.
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1. INTRODUCTION

1.1 Context and Research Problem

Design Thinking is a problem-solving approach that brings human-centered de-
sign principles at its core [73]. Driven by the search for innovation, it fits the development
of new products, services, or processes, from startups to large and complex environments
[35]. Defined as a User-centered Design (UCD) approach [154], DT has been integrated
with software development aiming to boost the creation of user-centered solutions, trans-
forming users into active participants in the development process [2]. When used by soft-
ware development teams, DT fosters problem exploration iteratively and emphatically,
contributing to user engagement and team collaboration [68, 107].

Design Thinking can be used in the early phases of the software development pro-
cess to identify what the customer needs are, providing better support for downstream de-
velopment activities, mainly those related to identifying a proper solution for the problem
at hand. The multidisciplinary view offers software teams a collaborative problem-solving
environment, bringing all involved parties closer together [235, 237].

Integrated with Agile, DT fosters the search for a solution that meets the user’s
needs, while agile methods are intensely collaborative, focused on speed, simplicity, quick
and continuous deliveries, feedback collection and reaction to changes [103, 243].

Literature reporting on the use of DT techniques in software development has
been growing. Souza et al. (2017) [65] show that IT professionals have used more than 50
techniques associated with DT. Dobrigkeit and De Paula (2019) [68] studied the percep-
tions of different functions (developers, managers) and concluded that the knowledge and
the application of DT might be different within the same team, arguing that implementing
the appropriate techniques is a key success factor.

Kahan et al. (2019) [124] argue that DT supports requirements elicitation and
using the appropriate set of techniques might be a key element. Hehn et al. (2020) [107]
formulated a framework integrating DT and Requirements Engineering (RE), proposing
40 artifacts where DT can be used as the first step of RE activities (upfront), integrated
into the RE activities (infused) or along the software development process (continuous).
However, the authors indicate that selecting what techniques to use and when to integrate
each technique into RE activities are open issues when integrating DT into RE.

However, little is discussed about the selection of DT techniques for software de-
velopment, turning the selection of which techniques to use in a complex decision-making
endeavor. Pessoto (2017) [203] states that “during the Design Thinking process, design-
ers find themselves continuously in a situation where making a decision is fundamental to
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proceed and develop a solution. Conditions of certainty develop better-taken decisions;
however, there are numerous cases where uncertainty dominates the choice”. Thus, a
computational mechanism that supports IT professionals in the decision-making of which
DT techniques to use can be of help.

In this scenario, selecting what DT techniques to use in software development
opens the doors to Recommendation Systems (RSs). RSs perform information filter-
ing, providing recommendations of relevant items based on the user’s previous inter-
ests [101]. Recommendation systems allow users to obtain information to aid decision-
making in complex (large amounts of data) scenarios [226] and filter the most valuable
information from that available [209, 250].

1.2 Goals and Research Questions

This thesis seeks to support the decision-making of the Design Thinking tech-
niques selection by proposing, developing and evaluating a DT techniques recommenda-
tion system for software development. For us, supporting means giving access to qualified
and updated information about DT techniques, taking into account a collaborative envi-
ronment of experiences of DT practitioners.

In addition, we defined the following specific goals:

1. Characterizing the state-of-the-art of DT in software development;
2. Exploring the state-of-the-practice on the use of DT in software development;

3. Modeling the decision-making of DT practitioners for selecting DT techniques to use
in software development;

4. Developing and evaluating a DT techniques recommendation system to support the
selection of DT techniques in software development.

To achieve the research goals, we posed the following main research question
(RQ): “How can we support software development professionals to select Design
Thinking (set of) techniques?”

Inspired by the RQ and basing our research agenda on Design Science Research
(DSR), we also posed the following complementary research questions:

RQ1l) How has DT been integrated into software development, and what are DT models
and techniques being used?

- Conducted studies: a Systematic Literature Mapping and an Exploratory Survey
with IT professionals;
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RQ2) What challenges do IT professionals face when using DT techniques in software de-
velopment and how difficult do they consider the selection of DT techniques?

- Conducted studies: a Systematic Literature Mapping, an Exploratory Survey
with IT professionals and an Interview-based study with DT practitioners;

RQ3) What is the decision-making of IT professionals behind selecting DT techniques to
use in software development?

- Conducted studies: an interview-based study with DT facilitators;

RQ4) How might a DT techniques recommendation system support the decision-making of
selecting DT techniques in software development?

- Conducted studies/activities: a Meta-Design Thinking Session, a requirements
elicitation activity, an early tool evaluation, a DESMET comparison method eval-
uation, a requirements refining activity, a Technology Acceptance Model (TAM)
tool evaluation, an interview-based study for modeling the decision-making of
the selection of DT techniques, and an empirical study for validating the DT
techniques recommendation system with DT practitioners.

1.3 Publications

We list below the papers that we published in Conferences (national and interna-
tional) and the articles published in Journals. We sorted the publications considering the
timeline of the studies that we conducted. Table 1.1 summarizes all publications and the
metadata related to them, sorted by data of publication.

* Publication 1: (ERES 2020): Kryvoruchca, G.; Pereira, L.; Parizi, R.; dos Santos
Marczak, S. The Use of Design Thinking in a Global Information Technology Company.
Proceedings of the Regional Software Engineering School, 2020.

- This study aimed to describe how does the adoption of Designh Thinking with
software development take place in a global information technology company.
We conducted an interview-based case study with 16 professionals.

¢ Publication 2: (JSS 2022): Parizi, R.; Plautz, M.; Marczak, S.; Conte, T. How has
design thinking being used and integrated into software development activities? A
systematic mapping. Journal of System and Software, 2022.

- In this article, we report a Systematic Mapping Study to investigate the use of
DT in software development. We evaluated 127 papers from 2010 to 2021. We
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analyzed how DT is integrated in software development, what are the models
and techniques, what are criteria used for selecting DT techniques, and what
are the key points that DT practitioners should be aware of when using DT.

* Publication 3: (XP 2020): Prestes, M. P.; Parizi, R.; Marczak, S.; Conte, T. On the
Use of Design Thinking: A Survey of the Brazilian Agile Software Development Com-
munity. In: Agile Processes in Software Engineering and Extreme Programming,
Springer, Copenhagen, Denmark. 2020.

- In this paper we aimed to characterize how the software companies have been
implemented DT. It presents the results of a survey answered by 127 profes-
sionals from the Brazilian software industry.

* Publication 4: (CIBSE 2020) - nominated as best paper - Parizi, R.; Silva, M.; Couto,
l.; Trindade, K.; Prestes, M.; Marczak, S.; Conte, T.; Candello, H. Design Thinking in
Software Requirements: What Techniques to Use? A Proposal for a Recommendation
Tool. In: Ibero-American Conference on Software Engineering, Springer.

- In this paper, we presented the the meta-DT session in order of developing a
collaborative tool to provide recommendations about potential DT techniques
to be used in support of requirements engineering activities. We described our
DT session that identified the collaborative tool as a proposed solution, a re-
quirements elicitation activity to define the tool scope, and an interview-based
early experimental study with professionals that use DT in industry.

e Publication 5: (SBQS 2020): Parizi, R.; Moreira, M.; Couto, |.; Marczak, S.; Conte,
T. A Design Thinking Technigues Recommendation Tool: An Initial and On-Going Pro-
posal. Brazilian Symposium on Software Quality, 2020.

- In this paper, we focused on comparing Helius features with other related tools
using the DESMET method.

* Publication 6: (CSBC-WTD 2020): Parizi, R.; Marczak, S. A Context-based Rec-
ommendation Model for Design Thinking Techniques Selection in Software Develop-
ment. In: Proceedings of the Brazilian Conference on Software: Practice and Theory
(WTD). Online, 2020.

- In this paper, we presented our research agenda that involved the characteri-
zation of the state-of-the-practice and the development of a DT techniques rec-
ommendation tool. Our goal was to collect feedback from different researchers
and validate our research proposal.



22

* Publication 7: (SAC 2021): Pereira, L.; Parizi, R.; Prestes, M.; Marczak, S.; Conte, T.
Towards an Understanding of Benefits and Challenges in the Use of Design Thinking
in Requirements Engineering In: Symposium on Applied Computing. 2021.

- In this paper, we combined two qualitative methods, a focus group to collect
and understand the professionals’ DT usage opinions and a survey to confirm
the professionals’ challenges and benefits of using DT. This paper was produced
in collaboration with another Ph.D. student.

* Publication 8: (ICEIS 2021): Pereira, L.; Parizi, R.; Marczak, S.; Conte, T. Design
Thinking Techniques Selection in Software Development: On the Understanding of
Designers and Software Engineers Choices. In International Conference on Enter-
prise Information Systems, Prague, Czech Republic. 2021. p. 353-360.

- In this paper, we conducted an empirical investigation to identify how Design-
ers and Engineers are adopting DT, and understanding their decision-making.
We had 39 practitioners who used DT for software development in seven focus
groups among 35 distinct organizations. This paper was produced in collabora-
tion with another Ph.D. student.

* Publication 9: (WCO 2021 - Poster): Parizi, R.; Moreira, M.; Couto, |.; Marczak,
S.; Conte, T. Proposta de um Sistema Colaborativo de Recomendacgdo de Técnicas
de Design Thinking em Projetos de Software. In: Workshop de Colaboracao Online,
Online. 2021.

- In this poster, we introduced the idea of implementing a community of practices
in Helius, to support the decision-making and the selection of DT techniques to
use in software development.

¢ Publication 10: (WER 2021): Parizi, R.; Couto, I.; Hanauer, L.; Conte, T.; Marczak,
S. Helius: On a Recommendation System of Design Thinking Techniques for Software
Development based on Professionals’ Collaboration. In: Requirements Engineering
Workshop, PUC-Rio, Brasilia, DF. 2021.

- In this paper, we further the presentation of our Design Thinking Techniques
recommendation system, comparing it to other decision-support systems.

¢ Publication 11: (WER 2021): Filho, J. C. d. S. D.; Damian, A. L.; Parizi, R.; Marczak,
S.; Conte, T. Aplicando Técnicas de Design Thinking para a Especificacdo de Cenarios
na Elicitacao de Requisitos. Workshop de Engenharia de Requisitos, 2021.
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- In this paper, we worked to understand the role of DT techniques in construct-
ing Scenarios in Requirements Engineering and learn more about DT techniques
present in Helius. This paper was produced in collaboration with another Mas-
ter’'s student from UFAM.

* Publication 12: (REIC 2021): Kryvoruchca, G.; Parizi, R.; Correa, L.; Marczak, S.
On the Understanding of the Benefits and Challenges of DT Adoption in Software De-
velopment: A Cross-data Analysis. Rev. Eletrénica de Iniciacao Cientifica em Com-
putacao, 2021.

- This paper was an extended article (Publication 1), where er further investigate
the perceived benefits and challenges of adopting DT in software development.
We performed a cross-analysis on data we collected in 2 additional studies: a
Survey with 158 IT professionals and a focus-group-based study with 39 IT pro-
fessionals. Our analysis compares the benefits and challenges of adopting DT
by ORG with those we collected from other professionals, serving as a guide for
practitioners on the use of DT in software development.

* Publication 13: (SBSC 2022): Parizi, R.; Leal, L.; Marczak, S.; Conte, T.; Uma Pro-
posta de Comunidade de Pratica a partir da Experiéncia de Uso de Técnicas de De-
sign Thinking no Desenvolvimento de Software. Simpédsio Brasileiro de Sistemas
Colaborativos, 2022.

- This paper presents a detailed proposal of a community of practice of DT prac-
titioners implemented in Helius. Our goal was to collect feedback from re-
searchers from the Collaborative Systems community.

¢ Publication 14: (JSERD 2022): Parizi, R.; Moreira, M.; Couto, |.; Marczak, S.; Conte,
T. A Tool Proposal for Recommending Design Thinking Techniques in Software Devel-
opment. Journal of Software Engineering Research and Development, 2022.

- This publication presents in detail the process from the ideation to the require-
ments refining and validation of our Design Thinking Techniques recommenda-
tion system.

1.4 Thesis Outline

The remainder of the thesis is outlined as follows: Chapter 2 introduces Design
Thinking in software development, decision-making and recommendation systems. Chap-
ter 3 details our research design based on the Design Science Research methodology,
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showing the activities we performed in each DSR iteration. Chapter 4 presents the prob-
lem understanding space, where we collected data through exploratory studies to define a
research problem, while Chapters 5, 6 and 7 describe and detail the 3 iterations in the DSR
for proposing and evaluating a solution to solve the identified problem. Finally, Chapter 8
concludes this thesis, starting with an overall overview, followed by the contributions that
this doctorate brings to the field, a summary of the opportunities for future research, and
the publications reached as an outcome of our research efforts.

Table 1.1: Publications of this doctoral research

ID Qualis Venue Publication
2022
Parizi, R.; Plautz, M.; Marczak, S.; Conte, T. How has design thinking being used
) and integrated into software development activities? A systematic mapping.
15 PROFES (Journal First) International Conference on Product-Focused Software Process Improvement,
Jyvéskyla, Finland, 2022.
Parizi, R.; Plautz, M.; Marczak, S.; Conte, T. How has design thinking being used
Journal of System and ) . o . 9
14 Al Software (JSS) and integrated into software development activities? A systematic mapping.
Journal of System and Software, 2022.
Journal of Software Parizi, R.; Moreira, M.; Couto, |.; Marczak, S.; Conte, T. A Tool Proposal for
13 Bl Engineering Research and  Recommending Design Thinking Techniques in Software Development. Journal
Development (JSERD) of Software Engineering Research and Development, 2022.
Brazilian Symposium on Parizi, R.; Leal, L.; Marczak, S.; Conte, T.; Uma Proposta de Comunidade de
12 Bl Collaborative Systems Pratica a partir da Experiéncia de Uso de Técnicas de Design Thinking no
(SBSC) Desenvolvimento de Software. Simp. Bras. de Sistemas Colaborativos, 2022.
2021
Revista Eletrénica de Kryvoruchca, G.; Parizi, R.; Correa, L.; Marczak, S. On the Understanding of the
11 C Iniciagao Cientifica em Benefits and Challenges of DT Adoption in Software Development: A Cross-data
Computacao (REIC) Analysis. Revista Eletrénica de Iniciacdo Cientifica em Computacéo, 2021.
Workshop on Filho, J. C. d. S. D.; Damian, A. L.; Parizi, R.; Marczak, S.; Conte, T. Aplicando
10° A4 Requirements Engineering Técnicas de Design Thinking para a Especificagdo de Cenarios na Elicitacdo de
(WER) Requisitos. Workshop de Engenharia de Requisitos, 2021.
Workshob on Parizi, R.; Couto, I.; Hanauer, L.; Conte, T.; Marczak, S. Helius: On a
: P . . Recommendation System of Design Thinking Techniques for Software
9 A4 Requirements Engineering . , . .
(WER) Development based on Professionals’ Collaboration. In: Requirements
Engineering Workshop, PUC-Rio, Brasilia, DF. 2021.
. Parizi, R.; Moreira, M.; Couto, |.; Marczak, S.; Conte, T. Proposta de um Sistema
Workshop on Online . - P . s .
8 - Collaboration (WCO) Colaborativo de Recomendacao de Técnicas de Design Thinking em Projetos de
Software. In: Workshop de Colaboragao Online, Online. 2021.
. Pereira, L.; Parizi, R.; Marczak, S.; Conte, T. Design Thinking Techniques Selection
International Conference . . )
* ) . in Software Development: On the Understanding of Designers and Software
7 A3 on Enterprise Information . . . . .
Systems (ICEIS) Engineers Choices. In International Conference on Enterprise Information
Y Systems, Prague, Czech Republic. 2021. p. 353-360
Svmposium on Applied Pereira, L.; Parizi, R.; Prestes, M.; Marczak, S.; Conte, T. Towards an
6" A2 CZ)mputin (SAC)pp Understanding of Benefits and Challenges in the Use of Design Thinking in
P 9 Requirements Engineering In:Symposium on Applied Computing. 2021.
2020
. Prestes, M. P.; Parizi, R.; Marczak, S.; Conte, T. On the Use of Design Thinking: A
International Conference P . } .
) Survey of the Brazilian Agile Software Development Community. In: Agile
5 A3 on Agile Software . ; . : .
Development (XP) Processes in Software Engineering and Extreme Programming, Springer,
P Copenhagen, Denmark. 2020. p. 73-86
Ibero-American Parizi, R.; Silva, M.; Couto, |.; Trindade, K.; Prestes, M.; Marczak, S.; Conte, T.;
Candello, H. Design Thinking in Software Requirements: What Techniques to
4 B2 Conference on Software > . . ;
Engineering (CIBSE) Use? A Proposal for a Recommendation Tool. In: Ibero-American Conference on
Software Engineering, Springer, Curitiba, Brazil. 2020.
. Kryvoruchca, G.; Pereira, L.; Parizi, R.; dos Santos Marczak, S. The Use of Design
Regional Software e ) .
3 - Engineering School (ERES) Thinking in a Global Information Technology Company. Proceedings of the
9 9 Regional Software Engineering School, 2020.
Brazilian Symposium on Parizi, R.; Moreira, M.; Couto, |.; Marczak, S.; Conte, T. A Design Thinking
2 Bl Software Q):Jalii)t (SBQS) Techniques Recommendation Tool: An Initial and On-Going Proposal. Brazilian
Y Symposium on Software Quality, 2020
Brazilian Conference on Parizi, R.; Marczak, S. A Context-based Recommendation Model for Design
1 - Software: Practice and Thinking Techniques Selection in Software Development. In: Proceedings of the

Theory (CBSOFT - WTD)

Brazilian Conference on Software: Practice and Theory (WTD). Online, 2020.
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2. BACKGROUND

This chapter introduces Design Thinking in the context of software development,
highlighting the perspective of DT as a set of techniques. The chapter also introduces
decision-making, its strategies and criteria for problem-solving and the role of recommen-
dation systems in that context.

2.1 Design Thinking in Software Development

Design Thinking is a human-centered problem-solving approach that explores
the users’ and businesses’ needs, transforming ideas into acceptable and validated so-
lutions [35]. DT can be understood as “a way of describing a designer’s methods that
is integrated into an academic or practical management discourse” [120]. Hiremath and
Sathiyam (2013) [111] argued that DT is increasingly used in software development com-
panies as a tool for innovation. It offers iterative learning from the beginning of the devel-
opment cycle, including continuous improvement [108].

In software development, DT supports the understanding of the problem to be
solved and the proposal and validation of solutions that meet the users’ needs [8, 167,
140]. DT also collaborates from the early stages of software activities—from the elicitation
of requirements [107] to the creation of an innovative mindset in developers, engineers,
and managers [68].

By bringing the user needs to the center of the discussion, DT also improves team
communication and facilitates knowledge domain acquisition, which is a well-known issue
in software development [154]. DT is also considered an easy-in integration and a way to
boost agile development [213].

Brenner, Uebernickel and Abrell (2016) [33] present Design Thinking from 3 per-
spectives - DT as a mindset, process, or as toolbox. This characterization has been widely
accepted in the literature [140, 148, 107, 162]. DT as a mindset considers that humans
make innovation for humans, combines divergent and convergent thinking, promotes the
philosophy of fail often and early, fosters the creation of prototypes that can be experi-
enced, and tests early with customers [68]. Dobrigkeit and De Paula (2019) [68] also argue
that DT as a mindset facilitates the professional to work on teams composed by diverse
professionals. Hehn et al. (2020) [107] mention that the company’s success includes
changes in the development team’s mindset. The authors argue that team members must
be empathic to participate in co-creation activities since the value can be obtained only
by understanding the customers’ needs.
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Design Thinking as a process is structured as a set of iterative working spaces,
exploring both divergent and convergent thinking [33]. Literature reports a span of DT
processes, also known as DT models. Each model defines DT as a set of working spaces
to understand the problem and produce innovative solutions [35, 13]. A set of techniques
can be applied in each working space, configuring the third perspective of DT: as a toolbox,
[107, 53, 51]. DT as a toolbox refers to the use of design methods and techniques from
engineering, computer, and psychology to solve a problem [140]. DT as a toolbox provides
practitioners with multiple mechanisms to aid the creation of a solution in the design
process. The use of appropriate methods is a core factor of success [68]. In this thesis, we
consider the perspective of DT as a toolbox.

Literature discussing DT as a set of techniques has been growing. Liedtka
(2015) [151] suggests a list of techniques associated with DT working spaces. The au-
thor summarizes a wide span of DT techniques, grouping them into visualization, ethnog-
raphy, collaborative sense-making, assumption surfacing, prototyping, co-creation, and
field experiment techniques. Meireles et al. (2022) [170] propose a categorization of DT
techniques including the input, control (how to use), mechanism, and output terms, indi-
cating that it is important to take into account what techniques to use. Rozante, Amancio
and Flores (2020) [64] argue that the key to conducting DT sessions with no quality loss is
by choosing the proper techniques. They also point out that the DT techniques allow the
stakeholders to gather different points of view, boosting creativity and innovation.

Therefore, considering the DT leans and how it can support the discovering of
user needs and scoping of a solution [107], well-known activities of the Elicitation phase
of the Requirements Engineering discipline, our long-term research goal is to support soft-
ware development professionals’ decision in the selection of which DT techniques to use
in a certain development scenario.

2.2 Decision-making

Decision-making (DM) is the “process of choosing a preferred option or a course
of actions from among a set of alternatives on the basis of given criteria or strategies”
[267]. As a process, a decision involves activities that lead the decision-maker to identify
the best alternative among the available ones to solve an identified problem [254]. Bock
(2015) [27] argues that “an individual who must make a decision is thought to have to
choose between a set of alternative courses of action. A good or “optimal” choice [...] is
seen as one that maximizes the presumed attainment of pursued goals.”

Decision-making is composed of intentional elements, combining technologies,

evaluation of alternatives and the decision itself. Tello et al. (2019) [254] abstractly draw
the decision-making process comprising the following steps (Figure 2.1): a) identify a prob-
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Identify a problem

Collect relevant information

Identify alternatives

Choose the best alternatives

Decision-making process

Take action

Evaluate the chosen decision and it consequences

Evaluate evidence ‘

A N N N R N N

Figure 2.1: Decision-making process drawn by Tello et al. (2019) [254]

lem, b) collect relevant information, c) identify alternatives, d) evaluate the evidence, e)
choose the best alternative, f) put it into practice, and g) evaluate the chosen decision and
its consequences. The authors also suggest that these steps are stimulated by a starting
point: understanding that a decision needs to be made.

Figure 2.2 shows a step-wise DM process proposed in the Guide to the Software
Engineering Body of Knowledge (SWEBOK) [30], containing the following steps: under-
standing the real problem, defining the selection criteria or identifying all reasonable tech-
nically feasible solutions, evaluating each proposal against selection criteria, selecting the
preferred proposal and monitoring the performance of the selected proposal.

Lehto et al. (2012) [144] argue that DM can not be unplugged from the context in
which it is required. For instance, decisions made for daily activities may be simpler than
others for specific moments, or those required under a scenario of severe pressure may
be more complex.

Tonetto et al. (2006) [256] associate decision-making with human thinking, ar-
guing that making a decision involves a set of heuristics, i.e., general rules of influence
that the decision-maker uses to simplify their judgments in decision-making tasks [256].
Rangel (2008) [222] points out that decision-making is a complex process in which the
decision-maker (a human being) considers his emotions, motivations, perceptions and

Define the

selection criteria
Evaluate each
Understand the

proposal against
real problem Identify all selection criteria
reasonable

technically
feasible solutions

L Select the Monitor the
| performance of

p:zfc;j]i the selected
Propos proposal

Figure 2.2: Decision-making process proposed in the SWEBOK Guide [30]
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previous experiences as key elements to achieve a decision. Zachary et al. (1982) [273]
argue that each decision comprehends 3 elements (also called constituents): (1) decision-
situation (where, when and for what the decision is made), (2) decision-maker (who are
making a decision), and (3) decision process (what are the steps of the decision-making).

Hastie (2001) [106] advocates that “Good decisions are those that effectively
choose means that are available in the given circumstances to achieve the decision-
maker’s goals.” The author also mentions that a decision problem might be graphically
represented as a decision tree (Figure 2.3), highlighting three major components: alter-
native courses of action, consequences, and uncertain conditioning events. The author
presents definitions for each concept of decision-making (Table 2.1).

Wang and Ruhe (2007) [267] define DM as a set of 3 essences: (1) a decision is
made when a decision goal is defined, (2) a set of alternatives or choices are known, and
(3) a set of strategies and decision-criteria are established by the decision-maker to select

O

alternatives,
options,
courses of action

uncertain
events

~/\ /N

outcomes

and (subjective)
consequences or
evaluations

Figure 2.3: Template for a decision [106]

Table 2.1: Decision-making concepts presented by Hastie (2001) [106]

Type Description
Decision-making the entire process of choosing a course of action
Judgment the components of the larger decision-making process that are concerned

with assessing, estimating, and inferring what events will occur and what the
decision-maker’s evaluative reactions to those outcomes will be

Uncertainty the decision-maker’s judgments of the propensity for each of the conditioning
events to occur

Preferences behavioral expressions of choosing (or intentions to choose) one course of action
over others

Outcomes the publicly describable situations that occur at the end of each path in the

decision tree (of course, outcomes may become mere events if the horizon of
the tree is extended further into the future)

Consequences the subjective evaluative reactions (measurable on a good-bad, gain-loss scale)
associated with each outcome
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one or more alternatives. The authors also categorize the decision-making processes into
2 categories, depending on the decision strategy used:

* Descriptive DM: illustrates empirical investigations that allow observing the behavior
behind a choice;

* Normative DM: indicates that the decision-maker uses his rationale and follows his
own preferences. It means that the decision-maker may consider elements like min-
imum cost, maximum benefit, and others for making a decision.

Wang and Ruhe (2007) [267] also proposed a taxonomy of decision-making. The
authors classify a decision into 4 categories: intuitive, empirical, based on heuristics,
and rational. Table 2.2 summarizes the decision-making taxonomy. For each decision
category, one or more decision strategies might be used, as well as the criteria used by
the decision-maker to select the alternative (or set of) that solves the problem.

Lehto et al. (2012) [144] argue that decision-making is connected to problem-
solving. Therefore, decision-making, problem-solving, and Design Thinking are related
concepts since DT is a problem-solving approach that considers the human aspect in-
volved in deciding the most suitable solutions.

In this scenario, computational resources might be used as mechanisms to sup-
port decision-making, the use of DT, and problem-solving as well. In Section 2.3 we intro-

duce the role of recommendation systems in the support of decision-making.

Table 2.2: Decision-making taxonomy proposed by Wang and Ruhe (2007) [267]

Category Strategy

Criteria

Arbitrary Based on the most easy or familiar choice
Intuitive Preference Based on propensity, hobby, tendency, expectation
Common sense Based on axioms and judgment
Trial and error Based on exhaustive trial
Experiment Based on experiment results
Empirical  Experience Based on existing knowledge
Consultant Based on professional consultation
Estimation Based on rough evaluation
Principles Based on scientific theories
Ethics Based on philosophical judgment and belief
Heuristic  Representative Based on common rules of thumb
Availability Based on limited information or local maximum
Anchoring Based on presumption or bias and their justification
Minimum Cost Based on minimizing energy, time, money
Maximum cost Based on maximing gain usability, functionality, reliability, quality, de-
. pendability
Rational

Maximum utility
Interactive events
Games
Decision-grids

Based on cost-benefit ratio

Based on automata

Based on conflict

Based on a series of choices in a decision grid
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2.3 Recommendation Systems

Recommendation systems (RSs) support overcoming information overload by fil-
tering out relevant information to the user [209, 3, 181]. In addition, recommendation sys-
tems have collaborated effectively in decision-making processes since they enable users
to get personalized information based on their interests [117, 25, 137]. Sharma et al.
(2019) [239] mention that RSs improve the decision-making process by presenting the
users with the most suitable suggestions.

RSs integrate computing and engineering methods to provide suggestions that
meet users’ needs and preferences [226]. Taghavi et al. (2018) [250] discuss that RSs
have been used in domains such as entertainment, education, and service, by recom-
mending music, TV shows, friends on social networks, books, articles, and so on, including
companies such as Netflix, Facebook, and Amazon [172, 264].

Developing an RS involves defining a recommendation approach, i.e., whether
the RSs will provide identical recommendations for all its users (non-personalized) or
whether it will provide specialized recommendations for a particular user (personalized)
[250, 209, 3, 137]. Non-personalized recommendation systems do not consider user infor-
mation for recommending items [25]. They use statistical analysis, such as the top-rated
items and the most-used items, such as the top-N new products [101, 209, 226]. Non-
personalized RSs provide identical recommendations for all users [209, 250].

On the other hand, Personalized RSs provide recommendations considering the
characteristics of the items (content-based recommendations) and/or characteristics of
the users (collaborative filtering-based recommendations). Personalized RSs analyze user
ratings for items to determine a user profile, which is composed of the user’s desires and
preferences [209]. For instance, personalized RSs establish the user’s preferences and
uses previous evaluations for items or identify users similar to the active user (the user
for whom the recommendation is intended) to generate the recommendation. Machine
Learning (ML) algorithms such as K-Nearest Neighbors (KNN) and k-means are used to
search for similar users, supporting personalized recommendations[188].

RSs request data from users or collect the data implicitly. For instance, implicit
data are collected from users’ clicks on items, while explicit data are asked of the users as
ratings to items [209].

The most well-known approaches of RSs are classified as content-based, collab-
orative filtering, and hybrid [117, 250]. Each approach is based on different mechanisms
for handling information and assessments that users provide to items as follows.

* Content-based Filtering (CBF) - consider the characteristics of the items for the rec-
ommendations. The recommendation of items to the active user (the user who re-
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guests or must receive the recommendation) is based on the similarity of items with
others previously evaluated positively by the user [255].

* Collaborative Filtering (CF) - explore information about past actions or opinions of
users of a specific community. CFs use a user-items rating matrix as input and pro-
duce as output values indicating how much the active user may like or dislike a spe-
cific item or even a list of N recommended items, characterized as top N-list [171].

* Hybrid Recommendations - use the combination of two or more recommendation
techniques to increase the accuracy and performance of the recommendations. The
combination of the approaches is used to enhance the advantages and mitigate the
weaknesses of each approach [117].

Robillard et al. (2010) [226] introduce recommendation systems for Software
Engineering (RSSE). The authors argue that RSSEs can provide relevant information for
performing tasks foreseen in SE activities. RSs are decision-support systems. Liang
(2008) [150] argues that “as the concept of decision support systems (DSS) has evolved
from aiding decision makers to perform analysis to providing automated intelligent sup-
port, the recent proliferation of recommendation systems has shown the power of DSS
in enhancing performance”. Zeebaree and Agel (2019) [274] point out that DSS systems
reduce uncertainty and improve decision-making.

Pérez et al. (2010) [217] define the goal of DSS as follows: “The central goal
of decision support systems is to process and provide suitable information to support
individuals or organizations in their decision-making tasks.” The authors refer to decision-
making as a selection process, which “consists of how we can obtain the solution set of
alternatives from the opinions on the alternatives given by the experts.”

In this context, this thesis proposes Helius, a collaborative recommendation sys-
tem to support IT professionals in selecting DT techniques for software development.
Helius provides both personalized and non-personalized recommendations of DT tech-
niques. In addition, this thesis also proposes a DT techniques decision-making model,
taking into account the decision elements of DT facilitators when selecting DT techniques.
The decision-making model serves as a source of information for proposing recommenda-
tion mechanisms of DT techniques.

Next, Chapter chapter 3 shows the research methodology of this thesis.
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3. DESIGN SCIENCE RESEARCH AS METHODOLOGY

This chapter presents the research methodology that we designed for this thesis.
Our goal is to answer the following research question: How can we support software de-
velopment professionals to select DT (set of) techniques during requirement engineering?

Given its nature, our research can be characterized as qualitative. Qualitative
research aims to understand and find explanations for a phenomenon, while quantitative
research focuses on collecting data from an observed phenomenon, characterizing its
analysis based on mathematical and statistical models [80].

Our research agenda consists of empirical methods considering that we aim to
understand a phenomenon in the software development context. Wohlin et al. (2003)
[270] argue that empirical methods provide a relevant scientific basis for the area by
considering software development as a human activity.

The research in this thesis follows the Designh Science Research methodol-
ogy [228, 110, 268]. We inspired our research agenda in the DSR framework proposed
by Runeson et al. (2020) [228]. By using DSR, we started by identifying and defining a
problem instance to next propose and validate artifacts to solve the problem at hand. As
a result, our long-term research goal is to contribute to both state-of-the-art and state-of-
the-practice on the use of DT techniques in software development?.

3.1 Design Science Research

DSR promotes problem-solving by exploring instances of the problem in prac-
tice, creating artifacts that result in better constructs (human-made designs) in specific
contexts. Wieringa (2014) [268] introduced Design Science in SE, arguing that “Design
Science is the design and investigation of artifacts in context. Artifacts are designed to
interact with a problem context to improve something in that context”.

Runeson et al. (2020) [228] presented an iterative framework for DSR in SE re-
search. The framework has 3 components (or activities): Problem conceptualization activ-
ity (problem understanding), which expresses the understanding of a general problem as
instances (concrete problems); Solution Design activity (solution design approach): which
represents a creative activity of problem-solving where solutions for the problem-at-hand
are ideated, and; Empirical validation activity (validation approach): which allows assess-
ing whether the solution proposal is feasible for the problem, providing a room to extend
the acquired knowledge.

LOur research was submitted and approved by the Ethics Committee Board.
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The DSR framework includes the concept of Technological Rule (TR). TR describes
the desired effect of a proposed solution in a particular context. It expresses the scope of
validity of the solution and it helps researchers to determine practical (problem-solving)
and theoretical (generalization) contributions of the research. Novelty is another element
of the DSR framework [228], which represents a refinement of the technological rule to
summarize the contributions achieved with the research.

The framework is grounded in the 3 cycles for Design Science proposed by Hevner
(2007) [110], namely: Relevance cycle, Design cycle, and Rigor cycle. The Relevance cycle
seeks to identify and understand the application context, the research problem, and the
acceptance criteria that will evaluate the research results. The Design cycle contemplates
the research activities that iteratively enable the construction and validation of artifacts.
The Design Cycle also allows feedback collection to refine the design in the next iteration.
The Rigor cycle aims to guarantee that the artifacts being produced are valid and con-
tribute both to practice and theory. The Rigor cycle suggests the use of empirical methods
for validating the research constructs and their application in a particular context.

3.2 Research Design

Figure 3.1 illustrates our DSR-based research methodology. We conducted the
Design Science Research framework iteratively, starting with the Problem Understanding
activity followed by 3 iterations of the Solution Design and Validation activities.

Figure 3.2 shows a timeline of our research design?.

3.2.1 Problem Understanding Approach

Problem Understanding aims to explore, identify and conceptualize a relevant
and novel research problem. Runeson et al. (2020) [228] argue that problem conceptu-
alization is a typical activity when employing DSR since the method aims to address real
problems as problem instances in a specific context. The authors assume that (Runeson
et al., 2020, p. 130):

Understanding a general problem in terms of one or more concrete prob-
lem instances is a basis for understanding how this general problem may be solved.
While exploring a specific problem instance, it may become clearer what the core
of the problem is, thus focusing the potential solution design on these areas.

For the Problem Understanding, we conducted 2 exploratory studies: a System-
atic Literature Mapping and a Survey with professionals from the agile software develop-

2The complementary material and artifacts generated for this research can be accessed in https://github.
com/rafaelparizi/PHD_repository/blob/main/README.md


https://github.com/rafaelparizi/PHD_repository/blob/main/README.md
https://github.com/rafaelparizi/PHD_repository/blob/main/README.md
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To support IT professionals’ decision on the selection of which DT techniques to use in a certain development scenario by recommending DT
techniques based on the collaboration of the DT-experienced professionals
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Relevance: characteristics of the context that are likely to impact applicability and potential value of the proposed solution.

IT professionals who use DT in software development wishing to decide on what DT techniques to use for software development. A problem observed in studies such as a
literature mapping that points to several DT techniques and the lack of resources to help decide which techniques to select, and a survey with IT professionals who select
techniques in different ways without using computational resources.

Technological Rule.

Rigor: characteristics of the three knowledge creating activities (problem understanding, solution design and in context evaluation) that adds to the strength of the empirical support of the

Interview with IT professionals to evaluate the initial solution proposal. Validation with IT professionals through a questionnaire-based data collection using TAM Acceptance
Model for collecting the perceived Ease of Use and the Perceived Usefulness of the recommendation tool proposed. Interview with DT facilitators to model the decision-making
for selecting DT techniques and an empirical evaluation of Helius.

Novelty: Positioning of the Technological Rule in terms of previous knowledge.

Recommendation Tool, support to IT professionals' decision-making of selecting DT techniques, improvement on the use of DT for requirement engineering activities

Figure 3.1: DSR method based on Runeson et al. (2020) [228]

* Research timeline

Systematic
Mapping Study

session

Problem
space

2019

. Problem understanding

Meta-DT
session
Solution

2020

Requirements Earl
tation evaluation

Forward Snowball

2021

on-mal
modeling

Community of practice
n implementation

2022

Helius Evoluti
and validati

2023

[ . Iteration 1 - Iteration 2 . Iteration 3

Solution Design and Validation Approaches ]

Figure 3.2: Research design - a timeline perspective



35

ment industry. Exploratory studies seek to find out what is happening, seek new insights
and generate ideas and hypotheses for further research [229]. We also conducted a DT
session to consolidate the results of our exploratory studies to establish a problem.

Systematic Literature Mapping

Systematic Literature Mapping is a procedure that follows a strict process for
searching, selecting, and extracting data from publications, mapping in a broad view the
existing evidence on a research question [204]. We performed our Systematic Literature
Mapping following the guidelines proposed by Petersen et al. (2008) [204], aiming to
identify publications that report the use of DT in software development. In addition, we
performed a forward snowballing review to supplement our literature mapping [81].

Our literature mapping aimed to answer the following research question: “How
has DT been integrated into software development, what models and techniques are used,
how are DT techniques selected, and what are the key points that DT practitioners should
be aware of when using DT for software development?”. In Section 4.1, we detail our
Systematic Literature Mapping study.

Survey

Looking for answers to know how industry professionals use Design Thinking in
software development, we conducted a survey to seek a more in-depth understanding
of the Brazilian software development community. Our survey is characterized as ex-
ploratory [206, 125], seeking an understanding of the phenomenon through the informa-
tion collected. In Section 4.2, we detail our exploratory Survey with IT professionals.

Meta Design Thinking Session

Motivated by the findings that we obtained with the exploratory studies, we
worked on the definition of a technological rule for our research problem: to support IT
professionals’ decision to select which DT techniques to use in a specific development
scenario. Then, aiming to further the problem understanding, we performed a DT session.
We named the session like “meta-DT” since we conducted a DT session to support the
process of selecting DT techniques.

After the problem understanding activity was completed, we could determine the
relevance of the research [228, 110]. We identified that our research is relevant to IT
professionals who use DT in software development wishing to decide on what DT tech-
niques to use for software development. The problem observed in our SLM points out
that exist several DT techniques and there is a lack of resources to help decide which
techniques to select. At the same time, our survey showed that there is no consensus



36

on how IT professionals select techniques, lacking in considering the context information
and the experience of other professionals. Once we defined the relevance of our research,
we moved on to Solution Design and Solution validation activities. We performed these
activities in 3 iterations, as it is described next.

3.2.2 Solution Design and Validation Approaches

Iteration 1: Solution Proposal and Early Evaluation

The first iteration of the Solution Design was embedded within the meta-DT ses-
sion. It took place in the second half of the session, which referred to the solution space.
Our goal was to propose an initial solution to the problem at hand. As a result, we pro-
posed Helius, a DT techniques recommendation system. Next, still in the Solution Design
activity, we focused on eliciting requirements for the recommendation tool solution.

Moving towards the Validation activity in the DSR framework, in Iteration 1 we
performed an early evaluation of the initial artifact proposed. This evaluation aimed to
evaluate our tool specification with industry practitioners to identify whether we were
missing any relevant feature in the artifact.

Iteration 2: Solution Refining, Initial Validation and Initial Features Implementation

Motivated by the results of Iteration 1 and aiming to improve the artifact, we
performed a second iteration in the DSR framework. We refined the requirements of the
proposed solution and then we validated the solution with industry professionals.

We used the results of the early evaluation with DT practitioners (lteration 1 -
Validation Approach) and our defined artifacts, such as user journeys, service blueprints,
and low-level prototypes (lteration 1 - Solution Design Approach) as input to the Refin-
ing requirements activity. As a result, we obtained the macro-features and features that
represent the requirements of our recommendation system.

Next, we moved forward to evaluate our DT techniques recommendation tool
requirements. We conducted the validation activity by collecting data via a questionnaire
based on the Technology Acceptance Model (TAM) [59]. TAM uses a Likert scale [7] and it
allows evaluate users’ perceptions of the acceptance of technology. The model considers
the Perceived Ease of Use (PEU) and the Perceived Usefulness (PU) factors in assessing
this acceptance. We present the results of the TAM-based validation in Section 6.2

We also compared the features that we proposed for Helius in Iteration 2 to fea-
tures of two other related tools by using the DESMET method [131]. Using DESMET, we
aimed to demonstrate that Helius innovates in the field. As a result, we figured out that
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Helius advances in the recommendation of DT techniques for considering the combined
use of techniques, for allowing the evaluation of the techniques used and for consider-
ing the user experience in the recommendations. Section 6.2 shows the results of the
evaluation of the features using DESMET.

Still in Iteration 2 and inspired by the results we obtained through the valida-
tion activities (TAM and DESMET), we started to implement Helius using Flutter as the
programming Language. Section 6.3 presents the first implementation of Helius.

I[teration 3: Solution Evolution and Validation

Next, we run the third iteration in our DSR-based methodology to improve Helius
and empirically evaluate it. In Iteration 3, we conducted 3 activities in the solution design
approach: i. proposal of a community of practice of DT techniques experiences, ii. model-
ing the decision-making of the DT techniques selection and, iii. implementation of the DT
techniques recommendation mechanisms in Helius. In addition, moving to the validation
approach, we conducted an empirical study with IT professionals to evaluate Helius, our
DT techniques recommendation system.

We started Iteration 3 by proposing a community of practice of DT techniques as
a resource for supporting DT practitioners in selecting DT techniques. This collaborative
feature of Helius aims to help Helius’ users to know about other professionals’ experiences
in DT techniques in software development (see Section 7.1).

Next, we conducted an interview-based study to model the DT facilitators’
decision-making behind selecting DT techniques. We used Grounded Theory as the re-
search method. Our goal was to collect insights to enable the recommendations provided
in Helius. Therefore, once we proposed a descriptive decision-making model of the DT
techniques selection and still in the solution design approach, we converted the decision-
making strategies into recommendation mechanisms. We implemented such recommen-
dation mechanisms into Helius. The mechanisms include non-personalized and personal-
ized recommendations of DT techniques (see Section 7.2).

Finally, after implementing the recommendation mechanisms in Helius, we con-
ducted an empirical study with DT practitioners to evaluate Helius. Section 7.3 details how
we conducted the study and the results of its evaluation.

Next, Chapter 4 starts presenting the problem-understanding approach.
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4. PROBLEM UNDERSTANDING APPROACH

This chapter presents the exploratory studies that we conducted aiming to iden-
tify a research problem related to the use of Design Thinking in software development.
We conducted a Literature Mapping Study to characterize the state-of-the-art and also
conducted a Survey with professionals in the software development industry to collect the
state-of-the-practice of the use of DT for software development. In addition to these stud-
ies, we conducted a Design Thinking session to frame and define the problem constructs
to be solved through this doctoral research.

4.1 Design Thinking in Software Development: A Literature Mapping

Given its iterative approach to problem-solving, DT has been integrated with ag-
ile methods for boosting software development [200, 160]. While DT fosters the under-
standing of the problem and the search for a solution that meets the user’'s needs, Agile
methods focus on speed, simplicity, continuous and fast deliveries, frequent feedback,
and quick reaction to changes [103].

Nevertheless, the nature of software development teams and structure associ-
ated with the lack of training on the design subject, and the number of DT models and
techniques available, using DT becomes challenging. Therefore, it is important to inves-
tigate how DT has been used to support software development and what resources are
available to meet user needs by delivering solutions that address the problem at hand.

Literature review studies such as the one by Souza et al. (2017) [65] represent
research efforts for reporting the use of DT in software development aiming to help prac-
titioners how to use DT. The authors evaluated 22 papers and mapped 11 models and 55
techniques of DT. Results also show that DT is a dynamic approach that does not define an
order to its working spaces, allowing adaptation according to the context of the problem.

Waidelich et al. (2018) [265] performed a literature review and analyzed 35 docu-
ments, including journal papers, textbooks, and web documents in German and in English,
to provide an overview of DT models used in practice, but not limited to software devel-
opment. The authors conclude that there is no standardized model for use. They also
pointed out that there is flexibility in the steps to be followed, indicating that studying
which techniques can be used in each working space is a research possibility.

Pereira (2018) [200] presents a literature review that evaluated 29 papers be-

tween 2008 and 2017 to identify how the DT approach and Agile methods are integrated
into the development process, which strategies are used, and which models exist to carry
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out this integration. The authors figured out that the DT integrated into Agile seeks further
to capture users’ needs in the early stages and ensure the usability of the software.

On the other hand, literature also presents that DT can not be considered a silver
bullet. For instance, Pereira et al. (2021) [201] investigated not only the benefits of using
DT in software development, but also the challenges that IT professionals might face with
the use of DT. The authors conducted a focus-group study with 39 professionals from dis-
tinct companies’ roles and pointed out that the use of DT requires attention to points such
as the time pressure, the lack of participants’ engagement, the resistance to applying DT,
and the lack of empathy. De Paula, Amancio and Flores (2020) [64] discuss points and
counterpoints of applying DT in the software industry. They figured out that in addition to
knowing the right problem and identifying the appropriate solutions, the use of DT might
include some risks such as a lack of participants’ commitment, or a high effort to conduct
DT activities that can be considered a waste of time. Therefore, IT professionals should
be aware of some attention points when using DT in software development in order to
explore it effectively.

Thus, this section aims to further the understanding of the use of DT in software
development. Our goal is to identify not only the DT models and techniques, but also what
are the DT integration strategies in systems development, what criteria are considered by
professionals in making decisions about which DT techniques to use, and what are the
points that the DT practitioners have to pay attention when deciding to use DT.

Our Systematic Literature Mapping aimed to answer the following Research Ques-
tion (RQ): How has DT been integrated into software development, what models and tech-
niques are used, how are DT techniques selected, and what are the key points that DT
practitioners should be aware of when using DT?"?.

This procedure includes the following steps that support the identification, eval-
uation, and interpretation of available papers for an established research topic:

* Research protocol definition:

- Definition of research questions;
- Definition of the search strings;

- Definition of the inclusion and exclusion criteria for selecting publications;
* Search execution:

- Execution of automatic search in digital libraries;
* Studies selection, data extraction and results analysis:

- Selection of the studies using the inclusion and exclusion criteria;

1This study resulted in a publication in the Journal of Systems and Software. Ref.: [195]
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- Data extraction from the selected studies;

- Data analysis and results presentation.

4.1.1 Study Design

We followed the guidelines for Literature mappings proposed by Petersen et al.
(2008) [204], aiming to identify publications that report the use of DT in software devel-
opment (Iltem A). In addition, we performed a forward snowballing review as a way to
supplement our literature mapping as reported by Felizardo et al. (2016) [81] (Item B).

A - Systematic Literature Mapping

Figure 4.1 illustrates the process that we followed in our SLM, which was com-
posed of 7 activities (activities i to vii). We started by defining a research protocol for our
mapping study. The protocol is composed of the research questions, the search approach,
and the criteria to include or exclude publications. Then, starting from the main RQ, we
derived the research questions (activity i):

RQ1l. What strategies for integrating DT in software development have been adopted?
RQ2. What DT models are used in software development?

RQ3. What DT techniques are used in software development?

RQ4. What is reported about the selection of DT techniques in software development?

RQ5. What are the key points to be aware of when using DT in software development?

We formulated the search strings (activity ii) using the keywords strategy, as de-
fined by Petersen et al. (2015) [205]. We used Software Development and Design Thinking
as 2 keyword categories (see Table 4.1). The keywords in each category were combined

Definitions Search and Results
Ie Ie
8 N Al
Research protocol definition Search execution Studies selection, data extraction and results analysis
L 2 o > @ ® > 0= °

. - . Selection of the studies using the inclusion
; Definition of the research questions ; o e G

ii Definition of the search strings iv Execution of automatic search vi Extraction of data
| in digital libraries |

i Definition of the inclusion and vii Analysis of data and result presentation
exclusion criteria

Figure 4.1: Systematic Literature Mapping activities
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with a Boolean operator “OR”, and the categories were combined using a Boolean operator

“AND". The search string defined was:

(("software engineering") OR ("software development") OR ("software industry") OR ("soft-
ware construction") OR ("software project") OR ("software process") OR ("Software project
management")) AND (("design think*") OR ("design session")).

Table 4.2 shows the criteria that we used for selecting relevant publications. This

study focuses on publications reporting DT usage in software development (Inclusion Cri-

teria 1 - IC1). The exclusion criteria allow us to not include publications not available or

duplicated, publications not written in English (EC2, EC3, and EC4), or publications not

peer-reviewed (EC5).

Next, we performed automatic searches for publications in August 20202 on the

following digital libraries (activity iv): ACM Digital Library3, IEEE Xplore?, Science Direct?,

Scopus®, Springer Database’, and Wiley Online Library®. The total of retrieved publications

was 3,386 (see Table 4.3).

Table 4.1: Keywords used in the SLM

Category

Keywords

Software Development software engineering

Design Thinking

software development
software industry

software construction
software project

software process

software project management

design thinking
design session

Table 4.2: Inclusion and Exclusion Criteria for the SLM

Type Description
Inclusion IC1 publications related to DT in software development
EC1 Publications that do not attend the IC1, i.e., that do
not discuss DT in software development
Exclusion EC2 Duplicated publications
EC3 Publications not available for download
EC4 Publications not written in English
EC5 Publications that were not peer reviewed

2We run the automatic searches on the digital libraries in August 2020. Then, aiming to supplement the
set of publications about the use of DT in software development, we performed a forward snowballing as

suggested by [81].
3https://dl.acm.org/
“https://ieeexplore.ieee.org
Shttps://www.sciencedirect.com/
Shttps://www.scopus.com
Thttps://link.springer.com/
8https://onlinelibrary.wiley.com/
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Table 4.3: Publications retrieved from the digital libraries

Search Engine Result (# of Publications)
ACM 159

IEEE Xplore 592

Science Direct 295

Scopus 1592

Springer 551

Wiley 197

Total 3,386 publications

Figure 4.2 shows the publications’ selection process (activity v). We performed
the steps: 1) exclusion of duplicated, not available for download, not written in English,
or not peer-reviewed publications, 2) evaluation of agreement using Cohen’s Kappa co-
efficient [141], 3) reading the title, the abstract, and the keywords, and 4) reading the
publications’ full-text.

1%t step: Exclusion of duplicated, not available, not written in English or not peer-reviewed
publications

In the first step of the publications’ selection process, we worked on removing
duplicated publications by using the StArt tool®, which provides technical support for the
systematic research process. We also excluded publications not peer-reviewed, not avail-
able for downloading, and publications not written in English, according to criteria EC2 to
EC5, respectively. In this first step, we removed 299 publications remaining 3,087 publi-
cations. The exclusion rate of publications was 8.83%.

Rate of

Exclusion of dupllcated not peer- itle, abstract, keywords reading' Full readlng
reviewed, not available publications EC1 EC1
EC2 - EC5
papers accepted

exch;ldad excludad excludad 3,000,
e — .22%
total = 3386 | 299 | 3087 _2908__—°—r 70— 109 Accepted papers
: . . Total
Exclusmn rate : Exclusmn rate Exclusmn rate exclusion rate
8 83% : 85 88% 2 07% 96.78%

157 pub\ications

v

Agreement Evaluation
Cohen's Kappa Coefficient
85.31 /0 Perfsct

Wiley 2 _.‘

Science
Direct

Scopus

Springer

Figure 4.2: Systematic mapping study publications’ selection process

http://lapes.dc.ufscar.br/tools/start_tool
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2nd step: Agreement evaluation using Kappa coefficient

In the second step, we performed an agreement evaluation using Cohen’s Kappa
coefficient [141]. Kappa provides a coefficient for estimating the degree of agreement
between two reviewers [259]. Table 4.4 presents Kappa’'s agreement values.

In this step, we selected 5% of the publications (157 publications) to compute
Cohen’s Kappa agreement coefficient. The publications were selected randomly and 2
researchers examined them. Through this step, we obtained an agreement coefficient of
0.8531, considered perfect according to Kappa’s agreement indexes. Table 4.5 illustrates
the Kappa coefficient result. Researcher 1 accepted 33 publications and rejected 124
publications, while researcher 2 accepted 37 and rejected 120 publications, resulting in a
perfect degree of agreement. Thus, we proceeded with publication selection considering
the inclusion and exclusion criteria, based on Cohen’s Kappa coefficient result.

3rd step: Reading the title, abstract and keywords

In this step, we performed the publications’ selection by reading the title, key-
words, and abstract. We read the abstract of the 3,087 publications and applied the IC1 or
EC1 criteria. As a result, we excluded 2,908 publications that did not satisfy the inclusion
and exclusion criteria, remaining 179 publications of the total retrieved publications from
the automatic searches. The exclusion rate was 85.88%.

4th step: Reading the full text

In this step, we read the full text of the 179 remaining publications. We excluded
70 publications that did not correspond to DT in software development, resulting in an ex-

Table 4.4: KAPPA Coefficient Indexes [263]

Kappa Agreement description
<0 Without agreement
0.01-0.20 Slight agreement
0.21-0.40 Fair agreement
0.41-0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-0.99 Perfect agreement

Table 4.5: KAPPA Coefficient result for the SLM

Publications Publications zoA:f;"::ient
Accepted Rejected
Author1l 33 124 0.8531

Author2 37 120 Perfect agreement
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clusion rate of 2.07%%°. Thus, the publications’ selection process resulted in 109 selected
publications. The total exclusion rate was 96.78%, and the acceptance rate was 3.22%.

B - Forward Snowballing

Figure 4.3 shows the forward snowballing procedure that we followed. Felizardo
et al. (2016) [81] argue that forward snowballing is an alternative procedure for updating
literature review studies. We performed the forward snowballing procedure in 3 iterations.
We used the set of 109 publications selected in the SLM as the start seed. So, we looked
for citations from each of the 109 publications in the start seed. We used Google Scholar!!
to find citations for each paper.

We downloaded the citations and analyzed each one according to the inclusion
and exclusion criteria (see Table 4.2). We started the selection process by excluding dupli-
cated publications, not peer-reviewed, not written in English or not available for download.
The remaining publications were analyzed by title, abstract, and keywords.

Iteration 1

In iteration 1, we found a total of 1,387 citations for the 109 publications of the
starter seed. Initially, we excluded 967 citations using the EC2-EC5 criteria, remaining
420 citations. Then, we read the title, abstract and keywords of the 420 citations. We
excluded more 404 publications using EC1. Next, we did the full reading and accepted 16
publications in iteration 1.

[teration 2

In iteration 2, considering as the start seed the 16 publications that we selected
in iteration 1, we found 82 citations. Initially, we excluded 58 citations using the EC2-EC5
exclusion criteria, remaining 26 citations. Then, we read the title, abstract and keywords
of the 26 citations. We excluded more 24 publications using EC1. Next, we did the full
reading and accepted 2 new publications in iteration 2.

I[teration 3

In iteration 3, considering as the start seed the 2 publications that we selected
in iteration 2, we did not find citations. So, we ended the forward snowballing iterations.
Therefore, we have selected 127 publications in our mapping study. Section 4.1.2 presents
the results we obtained performing the data extraction of the selected publications.

19The values of percentage take into account the total of retrieved publications.
https://scholar.google.com
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Figure 4.3: Forward snowballing iterations

4.1.2 Literature Mapping Results and Discussions

This section presents the results of this Systematic Literature Mapping. Initially,
we show the results’ metadata that we extracted from the selected publications. Next, we
discuss each research question that we posed in Section 4.1.1.

Tables 4.6 and 4.7 list the 109 accepted publications through the SLM, and Table
4.8 shows the 18 publications that we selected through the forward snowballing proce-
dure. Both tables include the publication’s ID, classification (Book chapter, Conference
paper, or Journal article), title, and authors. We use the publication ID to identify the
publication in the analysis of the results. We also classified the selected publications in
empirical and non-empirical research [55], as follows:

» Empirical research: publications with methodological procedures applied in a real
context, such as:
B Academic context: students participated in the study in an academic context;
Industrial context: the paper was developed in an industrial environment;
E Innovation context: the paper was developed for social innovation;

* Non-empirical research: publications discussing theoretical and philosophical as-
pects, not applied in a practical context.

Theoretical context: the publication was not applied to any context.

Results Metadata

Figure 4.4 shows the publications’ frequency by year related to DT in software
development, categorized as book chapters, conference publications, and journal articles.
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ID C Title Authors
001 O Integrating the Design Thinking into the UCD’s methodology [97]
A heuristic approach for supporting innovation in requirements engineering [78]
003 | O Design thinking for search user interface design [20]
O Increasing Kenyan Open Data Consumption: A Design Thinking Approach [180]
005 [} From Palaces to Yurts: Why Requirements Engineering Needs Design Thinking [261]
O Design thinking methodology for the design of interactive real-time applications [230]
O Fast train to DT: A practical guide to coach design thinking in software industry [111]
008 O Reframed contexts: Design thinking for agile user experience design [2]
O CoDICE: Balancing software engineering and creativity in the co-design of digital encounters with cultural [76]
heritage
Design thinking: Expectations from a management perspective [224]
o= [ ] From product development to innovation [169]
012} O Guiding novice database developers in database schema creation [4]
O Lean UX - The next generation of user-centered Agile development [152]
014 O Design thinking for usability evaluation of cloud platform service [123]
015 | O The Role of Design Thinking and Physical Prototyping in Social Software Engineering [185]
016 @] Trends in the Use of Design Thinking for Embedded Systems [13]
@] Eliciting Requirements Using Personas and Empathy Map to Enhance the User Experience [82]
018 O Design thinking methods and tools for innovation [48]
019 A Brief Introduction to Design Thinking [157]
020 O Design Thinking Framework to Enhance Object Oriented Design and Problem Analysis Skill in Java Program- [221]
ming Laboratory: An Experience
021 O Can Metamodels Link Development to Design Intent? [89]
022 O Aligning healthcare innovation and software requirements through design thinking [44]
@] IBM design thinking software development framework [156]
024 [ ] LODPRO: learning objects development process [219]
025 | [ J Models as bridges from design thinking to engineering [253]
026 | O OnTimeCargo: A smart transportation system development in logistics management by a design thinking [17]
approach
O Pet empires: Combining design thinking, lean startup and agile to learn from failure and develop a successful  [63]
game in an undergraduate environment
O The origins of design thinking and the relevance in software innovations [119]
029 O An Integrated Framework for Design Thinking and Agile Methods for Digital Transformation [103]
030 Are We Ready for Disruptive Improvement? [227]
031} Communication Breakdowns in the Integration of User-Centred Design and Agile Development [28]
O Increasing the Quality of Use Case Definition Through a Design Thinking Collaborative Method and an Alter- [168]
native Hybrid Documentation Style
O Developing High-Performing Teams: A Design Thinking Led Approach [127]
O Embedded Design Thinking in Co-Design for Rapid Innovation of Design Solutions [1]
035 | From the Real to the Virtual: Developing Improved Software Using Design Thinking [164]
O Design Thinking Framework for Project Portfolio Management [232]
O The Use of Design Thinking in Agile Software Requirements Survey: A Case Study [40]
[ Framing Design Thinking: The Concept in Idea and Enactment [43]
039 [} Applying design thinking methods to ecosystem management tools: Creating the Great Lakes Aquatic Habi- [98]
tat Explorer
040 O Promoting the Elicitation of Usability and Accessibility Requirements in Design Thinking: Using a Designed [145]
Object as a Boundary Object
041 O Question-answer analysis in design thinking at the conceptual stage of developing a system with a software [244]
042 O The Agile Manifesto, design thinking and systems engineering [57]
043 @] Hackathons, semesterathons, and summerathons as vehicles to develop smart city local talent that via their [16]
innovations promote synergy between industry, academia, government and citizens
044 O An entrepreneurial narrative media-model framework to knowledge building and open co-design for smart [143]
cities
045 | O The Students’ Perspectives on Applying Design Thinking for the Design of Mobile Applications [260]
046 | O Infusing Design Thinking into a Software Engineering Capstone Course [191]
@] Identifying Design Features Using Combination of Requirements Elicitation Techniques [178]
O FATHOM: TEL Environment to Develop Divergent and Convergent Thinking Skills in Software Design [223]
O A2BP: A method for ambidextrous analysis of business process [231]
O Coupling design thinking, user experience design and agile: Towards cooperation framework [184]
051 O Design thinking methods and techniques in design education [134]
@] Introducing ‘Human-Centered Agile Workflow’ (HCAW) - An Agile Conception and Development Process [94]
Model
053 O The best of three worlds -The creation of innodev a software development approach that integrates design [67]
thinking, scrum and lean startup
054 O Design Thinking and Agile Practices for Software Engineering: An Opportunity for Innovation [51]
055 | O The Importance of Empathy for Analyzing Privacy Requirements [147]
056 @] Policy Recommendations to Induce Behavioural Changes through Interactive Energy Visualization [178]
O A first implementation of a design thinking workshop during a mobile app development course project [207]

*Continue on the next page

Paper Category(C): O Conference proceedings | ® Book chapter | @ Journal article
Research Type (T): Empirical -{EZ Academic | Industry | B Innovation} | Non-empirical -EIJ Theoretical
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ID C Title Authors
O Adopting design thinking practices to satisfy customer expectations in agile practices: A case from Sri [210]
Lankan software development industry
O CPM / PDD in the context of Design Thinking and Agile Development of Cyber-Physical Systems: Use cases [158]
and methodology
060 O Designing human-centric information systems: Towards an understanding of challenges in specifying re- [109]
quirements within design thinking projects
061 O Educating for empathy in software engineering course [146]
062 [} Juicing the game design process: towards a content centric framework for understanding and teaching game [142]
design in higher education
063 O Adding Scrum-style project management to an advanced Design Thinking class [72]
064 | (@) Software 4.0: '"How’ of building 'Next-Gen’ systems [198]
O The use of design thinking for requirements engineering: An ongoing case study in the field of innovative [108]
software-intensive systems
O Visual analytics for cyber-physical systems development: Blending design thinking and systems thinking [102]
Using Design Thinking for Requirements Engineering in the Context of Digitalization and Digital Transforma- [42]
tion: A Motivation and an Experience Report
068 [ J Effective Design Methodologies [15]
069 ] [ J Integrating cell and molecular biology concepts: Comparing learning gains and self-efficacy in corresponding  [99]
live and virtual undergraduate laboratory experiences
[ ] Advanced agile approaches to improve engineering activities [39]
(@) The Product Backlog [234]
072 O Dual-track agile in software engineering education [216]
O Design thinking in practice: Understanding manifestations of design thinking in software engineering [68]
O Design Thinking and Acceptance Requirements for Designing Gamified Software [208]
O Design Thinking in a Nutshell for Eliciting Requirements of a Business Process: A Case Study of a Design [148]
Thinking Workshop
076 | O A Step by Step Methodology for Software Design of a Learning Analytics Tool in Latin America: A Case Study [189]
in Ecuador
O Definition of Indicators in the Execution of Educational Projects with Design Thinking Using the Systematic [9]
Literature Review
[ J How digital transformation can influence business model, Case study for transport industry [91]
[ J Creating an innovative digital project team: Levers to enable digital transformation [100]
[ J Implementing Experience Sampling Technology for Functional Analysis in Family Medicine — A Design Think- [56]
ing Approach
[ J Design thinking: Challenges for software requirements elicitation [167]
082 ] O Towards applying design-thinking for designing privacy-protecting information systems [18]
083 | O Design Thinking’s Resources for in-situ Co-Design of Mobile Games [46]
084 O A Lean Design Thinking Methodology (LDTM) for Machine Learning and Modern Data Projects [5]
085 | O Combining challenge-based learning and design thinking to teach mobile app development [88]
086 O A Hackathon Methodology for Undergraduate Course Projects [87]
O SMARTD Web-Based Monitoring and Evaluation System [38]
088 O Design Thinking and Scrum in Software Requirements Elicitation: A Case Study [32]
O Mobile application based on design thinking for teaching kinematics [14]
O CALDET: A TRIZ-Driven Integrated Software Development Methodology [31]
[ J Challenges in Requirement Engineering: Could Design Thinking Help? [124]
092 O Design Thinking Versus Design Sprint: A Comparative Study [12]
[ ] A Value-Centered Approach for Unique and Novel Software Applications [237]
094] O Innodeck: Card based innovation support - A modular human-centered approach to facilitate innovation [104]
workshops
[ J Using Agile Approaches to Drive Software Process Improvement Initiatives [182]
[ ] Integrating design thinking into extreme programming [243]
097 | O Integrating Design Thinking into Scrum Framework in the Context of Requirements Engineering Management  [8]
O A LX (learner experience)-based evaluation method of the education and training programs for professional [126]
software engineers
099 O Design Thinking Approach for Mobile Application Design of Disaster Mitigation Management [249]
[ J Design Thinking in Industry [64]
[ ] Three Phases of Transforming a Project-Based IT Company Into a Lean and Design-Led Digital Service [140]
Provider
[ J On Integrating Design Thinking for Human-Centered Requirements Engineering [107]
[} Migrating a Software Factory to Design Thinking: Paying Attention to People and Mind-Sets [162]
104} [ ] When Does Design Help Thinking, and When Does Design Thinking Help? [199]
105 [ J Designing mangrove ecology self-learning application based on a micro-learning approach [45]
106 | [ J Embracing Quality with Design Thinking [251]
107 [ J Operationalizing Design Thinking in Business Intelligence and Analytics Projects [50]
108 [ ] “StoryWeb”: A storytelling-based knowledge-sharing application among multiple stakeholders [197]
Inherent Mapping Analysis of Agile Development Methodology Through Design Thinking [161]

Paper Category(C): O Conference proceedings | Book chapter | @ Journal article
Research Type (T): Empirical -{E Academic | Industry | B Innovation} | Non-empirical -EX Theoretical
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Table 4.8: Selected publications through a forward snowballing

ID C Title Authors
[110] O Experimenting with design thinking in requirements refinement for a learning management system  [85]
O Promoting creativity and innovative thinking in software engineering teaching: a case study [96]
112 @® An experimental study of the use of design thinking as a requirements elicitation approach for mobile [62]
learning environments
@® Systems thinking approach to implementing kanban: A case study [236]
O Empowering Project Managers in Enterprises-A Design Thinking Approach to Manage Commercial [136]
Projects
@® Supporting the teaching of design thinking techniques for requirements elicitation through a recom- [245]
mendation tool
@® Technique for representing requirements using personas: a controlled experiment [83]
@ A Brief Study on Enhancing Quality of Enterprise Applications using Design Thinking [61]
@ Innovation through Design Thinking, User Experience and Agile: Towards Cooperation Framework [183]
DT@IT Toolbox: Design Thinking Tools to Support Everyday Software Development [71]
O Design Thinking Use in Agile Software Projects: Software Developers’ Perception [41]
121 | O User Experience Design for Disaster Management Mobile Application using Design Thinking Approach [66]
InnoDev: a software development methodology integrating design thinking, scrum and lean startup [70]
O InnoDev Workshop: A One Day Introduction to Combining Design Thinking, Lean Startup and Agile [69]
Software Development
O Requirement Engineering and the Role of Design Thinking [114]
O The design thinking of co-located vs. distributed software developers: distance strikes again! [121]
126 | @® Designing a Persuasive Application for Behaviour Change with Children [214]
O A Novel Perspective to Threat Modeling using Design Thinking and Agile Principles [60]
Publication Category(C): O Conference proceedings | ® Book chapter | @ Journal article
Research Type (T): Empirical -{E Academic | Industry | XX Innovation} | Non-empirical - Theoretical

Most of them were published in 2019 (29 publications), followed by 2016 and 2020 (20
publications), and 2018 (19 publications). We also classified the publications following the
classification proposed by Wieringa et al. (2006) [269], such as:

* Evaluation research: publications that describe results from the investigation of a
problem in practice, showing the use of a method in practice.

* Proposal of a solution: publications that propose a solution technique and argue
about its relevance without complete validation. The technique must be new or at
least an improvement on an existing technique.

* Validation research: publications that investigate the properties of a proposed solu-
tion that has not yet been implemented in practice. It also includes publications that
involve experiments, simulation, prototypes or mathematical analysis.

* Philosophical publications: publications that present discussions about ways to un-
derstand the phenomenon conceptually.

* Opinion publications: publications that have the author’s opinion about what is
wrong or right about a given topic.

* Personal experience publications: publications that report experiences from applying
some method or technique, including lessons learned.
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Frequency of Publications by Year and Category
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Figure 4.4: Frequency of publications x Year of each category of publications

Wieringa et al. (2006) [269] mention that the same paper can be classified in
more than one class. Following this classification, we correlated each paper according to
the 2 research types, including empirical research in the academic, industry, or innovation
contexts, and non-empirical research in a theoretical context. Figure 4.5 shows that most
of the studies were performed as empirical research in the industry context for evaluation
purposes (33 publications), followed by experience reports in an academic context (21
publications) and proposals of a solution in the industry (20 publications).
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Figure 4.5: Publications’ classification x research type

Results

RQ1: What strategies for integrating DT in software development have been adopted?

This research question classifies the use of DT integrated into software develop-
ment following the integration strategies defined by Hehn et al. (2020) [107]:

1. Upfront DT: DT is considered a starter activity of a software project. It serves to
understand the customer and to identify features to be implemented in the software;

2. Infused DT: DT is considered a toolbox for supporting existing RE activities;

3. Continuous DT: DT is seen as a whole integrated approach in software development,
involving the customers along the full development cycle.

Figure 4.6 illustrates the 3 integration strategies of DT in software development.
We mapped the integration strategies for each research context: empirical research in
the Academic, Industry and Innovation context and non-empirical research in Theoretical
publications. It is worth mentioning that we do not include in the plot the paper which
introduced the strategies (e.g, Hehn et al. (2020) [107]).

The results show Upfront DT is the most cited strategy for integrating DT into
software development. It means that DT supports the teams in discovering the users’
needs and validating the candidate solution proposals at the beginning of the Requirement
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Figure 4.6: Strategies for integrating DT in software development

Engineering activities in a software development process. The studies using DT in an
Upfront strategy consider it to understand and define the problem, ideate it into several
candidate solution ideas, prototype the candidate solutions, and get feedback from the
stakeholders. For instance, Dobrigkeit and De Paula (2019) [68] performed an interview-
based study and collected the team’s perceptions about DT in software development. The
interviewees reported that they use DT as a pre-development phase for understanding
the problem, gathering users’ needs proposing solutions and validating prototypes before
starting the development process itself.

Perdire (2019) [216] used the Infused DT strategy for integrating DT in a Dual-
track Agile approach, combining Human-Computer Interaction and Requirements Engi-
neering in a course with students for software development. The authors used practices
such as ideation and experimentation to generate alternatives of viable interaction design
concepts that can satisfy stakeholders’ needs.

Mahe et al. (2019) [162] used the Continuous DT integration strategy. The au-
thors applied DT to change a company’s mindset. They applied DT to a company aiming
to modify the traditional software development methodology that had been used and that
had been resulting in difficulties such as the reduction of employees’ motivation, lack of
communication between consultants and developers, and poor requirements elicitation.
Thus, taking DT as a continuous strategy, the company improved the requirements elicita-
tion processes. It helped consultants and analysts to identify the most relevant features,
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improve the relationship between customers and managers and company consultants,
foster team engagement, promote employee creativity, encourage a strong collaboration,
and lead to a “fail fast, learn fast” philosophy.

RQ2: What DT models are used in software development?

In this question, we show the DT models that we found in the literature. A DT
model represents a set of DT working spaces, encompassing activities that provide a way
to start from the problem space and to evolve to the solution space [68]. Brown and Wyatt
(2010) [37] advocate that the DT process is best thought of as a system of overlapping
Table 4.9 shows the DT models that we
identified in our Systematic Mapping Study, considering the number of working spaces

spaces rather than a sequence of orderly steps.

themselves, the set of working spaces, and the studies that mentioned them.

Table 4.9: Design Thinking Models, Working Spaces and Publications

WSs Model Working Spaces Publications
2 DCIDT Divergent - Convergent 008
045§ 046§ 085 051
Brown Inspiration - Ideation - Implementation
008
3 Souza e Silva Immersion - Ideation - Prototyping 112
Daniéls et. al Understand - Explore - Materialize
Codice Resources - Ideas - Design Products
Dunne and Mar- Generate l|deas (abduction) - Predict Conse- Ll
tin guences (deduction) - Test - Generalize(Induction)
4 IBM DT Understand - Explore - Prototype - Evaluate g
HCAW Research - Ideation - Prototyping - Evaluation
061 ] 083
Double Dia- Discover - Define - Develop - Deliver
mond 106 J 055
Luchs Discover - Define - Create - Evaluate 019 ]
011 ] 014 § 020 054] 076 ] 104 § 099 | 116
5 d.school Empathy - Define - Ideate - Prototype - Test
018 § 022§ 039 J 105 J 120 ] 126
016 J 035 J 041 § 042 082§ 097 | 106 § 117 ] 127 |
Meinel and - (Re) define - Needfinding and Synthesis - Ideate
Leifer - Prototype - Test
Driving board Approach - Develop - Present and Provoke - Ex- [EH
6 plore - Reflect - Escape
063 |
Hasso Plattner Understand - Observe Point of view - Ideate - Pro- 003
Institute (HPI) totype - Test 029 ] 092 ] 053
Nordstrom (de Define - Observe - Form Insights - Frame Opportu-
Paula & Araljo) nities - Brainstorm - Experiment
Hiremath & Scoping - Research - Synthesis - Ideation - Proto-
7 Sathyiam typing - Validation - Implementation
Sandino Define - Explore - Ideate - Prototype - Select - Im-

plement - Review

Research type: Empirical{{XXJ Academic

* Wss = Number of Working Spaces

Industry I Innovation} | Non-empirical - I Theoretical
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# DT model with 2 working spaces
Divergent-Convergent Inquiry-based Design Thinking model (DCIDT) is a DT

model that organizes DT exploring divergent and convergent spaces associated with 2
activities: inquiry and questioning. Adikari, McDonald and Campbell (2013) [2] proposed
DCIDT integrated with a method called A2BP to systematize the analysis phase of the
business process modeling. The method allows the exploration of internal and external
business process opportunities.

# DT models with 3 working spaces

Brown’s DT model [35] was the second most cited DT model in literature. Brown’s

DT model has 3 working spaces: Inspiration, Ideation, and Implementation. Inspiration is
a working space that helps to understand the problem, the needs, and the challenges of
end-users. Ideation is a working space that allows analyzing previously collected data to
turn it into ideas to prototype the solution. Implementation is a working space performed
to test the generated prototypes and collect user feedback.

Souza and Silva DT model [246] contains 3 working spaces: Immersion, for cap-

turing and processing users’ information; Ideation, working on the ideas most referenced
in the information provided by users, enabling the identification of requirements and char-
acteristics of the proposed solution, and Prototyping, focused on transforming the require-
ments and characteristics into a real solution, and on verifying with the user whether
requirements match the users’ needs. Ferreira, Conte and Barbosa (2015) [82] used this
set of working spaces to present Pathy, a technique for exploring empathy, and Braz et
al. (2019) [32] applies DT with Immersion, Ideation, and Prototyping working spaces inte-
grated to Scrum, focusing on requirements elicitation activities.

Daniéls DT model [56] represents DT into Understand, performed to empathize

with users and define the problem, Explore, ideate solutions and prototype them, and
Materialize, to test and evaluate the solution created. The model was used to redesign
an e-health application. Budiarto et al. (2018) [38] applied a similar model to develop an
application for the Indonesian government’s agriculture sector.

CoDICE (Codesigning Dlgital Cultural Encounters) DT model [76] organizes De-

sign Thinking into 3 working spaces to co-design smart objects for enhanced encoun-
ters with cultural heritage to contribute to a joint European project. CoDICE’s DT model
working spaces are: Resources, or Situated Resources Gathering, a working space where
co-designers can collect useful or inspirational material while visiting the physical envi-
ronment where the digital artifact is going to be deployed; Ideas, or Divergent Inquiry and
Ideation, aimed at generating ideas; and Design Products, or Convergent Design, focused
on producing solutions for selected ideas.
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# DT models with 4 working spaces

Dune and Marting (2016) [75] suggest a DT model with 4 working spaces: Gen-

erate lIdeas, Predict Consequences, Test and Generalize. It explores abductive, deductive,
and inductive thinking in addition to testing. The authors integrated DT into a frame-
work that enhances the user experience’s current design by integrating three design ap-
proaches - DT, design for the user experience, and agile software development.

IBM DT model is a 4-working spaces DT model that provides a framework to write

requirements, organize teams, and track project progress, including constant end-user
feedback [156]. This model comprises the following working spaces: Understand, which
establishes empathy with users to help to understand them and their problems’ context;
Explore, which focuses on the generation of new innovative ideas; Prototype, which gen-
erates artifacts intended to answer questions to solve the problem; and Evaluate, which
solicits users for feedback about the prototype created.

IBM DT introduces the hill concept, creating a new way to express user needs
into project requirements. Each hill articulates a clear objective and contains a defined
scope to be achieved in a release and must be written to solve a specific and clearly
defined user problem. The hills also describe intersections between user expectations
and business requirements and consist of: “Who”: Describes a specific user; “What”:
describes a problem that needs to be resolved; and “How”: a measurable target resulting
from the completion of the hill [156].

HCAW (Human-centered Agile Workflow) model [94] organizes the working

spaces in cycles, where an initial Cycle Conception is proposed and organized into a Re-
search phase that starts by receiving from business personnel a problem scenario used
by the team to research to understand the problem better. This understanding is recorded
in an Insight Report, the foundation for the Ideation phase, in which a Co-Creation Work-
shop is hosted to generate ideas that are later prototyped in the Prototyping phase and
evaluated in the Evaluation phase.

Double Diamond DT model organizes DT in 4 working spaces: Discover, Define,

Develop and Deliver [52]. Challiol et al. (2019) [46] explain that Discover and Develop
are the 2 working spaces exploring divergent activities since they allow open possibili-
ties (problem thinking and solutions development). The other 2 working spaces, Define
and Deliver, explore convergent thinking, defining the problem, and selecting the suit-
able solution. For instance, Levy (2018) [146] used the Double Diamond in the academic
context to teach and practice empathy activities with students from 2 different courses.
The authors aimed to assess how empathy is explored in projects linked to wicked prob-
lems. Challiol et al. (2019) [46] used this model with students as an approach aiming to
teach mobile application development for the domain of co-location games. Hehn et al.
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(2020) [107] discuss the Double Diamond in the industry domain proposing a framework
for integrating DT and Requirements Engineering.

Luchs (2015) [157] proposes a DT model with 4 working spaces: Discover, for

capturing customer’s insights, followed by Define working space when the team creates a
definition of the problem based on the insights gathered previously. In the Create working
space, the team develops a solution to next evaluate them with the stakeholders getting
feedback in the Evaluate working space.

#DT models with 5 working spaces

D.school DT model from Stanford University [74] was the most cited DT model in

the literature. D.school DT is composed of 5 working spaces: Empathize, Define, Ideate,
Prototype and Test. Empathize aims to observe and view users and their behavior in the
context of their lives, interacting with them and living their experiences; Define is used to
synthesize the empathy findings into insights and scope a specific and meaningful chal-
lenge; Ideate relates to the generation of design and solution alternatives, while Prototype
is the phase in which ideas are transformed into physical artifacts for getting feedback
from users and refining solutions in the Test phase.

D.School DT model was used by Mutuku and Colaco (2012) [180]. The authors
applied D.school DT model to create and design solutions based on insights related to
government data, focusing on Open Data solutions for the government of Kenya. Pham et
al. (2018) [207] present another example of D.school DT model, using it in the format of
workshops with students to learn how to develop solutions and generate ideas for mobile
application development.

Meinel and Leifer DT model organizes DT with the working spaces [127]: (re) De-

fine, to establish the problem to be solved; Needfinding and Benchmarking, to understand
the users and explore the design space; Brainstorm, to generate ideas; Prototype, to build
prototypes of the ideas, and; Test to learn with the generated solution. This model shapes
DT in a cyclic mode, e.qg., the first activity (re)Define helps to restart the process seeking
improvement in the solution. For instance, Keighran and Adikari (2016) [127] introduced
this model in a study involving DT to develop strategies that satisfy a high-performance
team structure. Adikari et al. (2016) [1] used these DT working spaces to explore how
the inspired co-design approach on DT could be used to create ideas and prototyping to
design solutions agreed by the user for an intended information system.

# DT models with 6 working spaces

Driving Board [185] represents DT as an iterative cycle organized into 6 working

spaces: Develop, Present and Provoke, Explore, and Reflect. This cycle is preceded by
an Approach phase, in which stakeholders and team share information about the problem
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context and user experiences, and concludes with Escape. This working space allows the
participants to conclude that the problem has been sufficiently explored and that the list of
elicited requirements reflects the solution for the identified problem. The working spaces
aim to define low-fidelity prototypes to give a taste of what could be used to explore the
discussed ideas (Develop); present the latest versions of prototypes to encourage further
ideation through the participants’ feedback (Present and Provoke); use the prototypes as
boundary objects to help focus in the problem space and provide a technological scope
to facilitate the further exploration of the problem (Explore), and promote the reflection
upon provided feedback aiming to improve or propose new prototypes until the solution is
reached (Reflect).

Hasso Plattner Institute (HPl) model organizes DT into 6 working spaces [105]:

Understand, when the team sets the problem space; Observe, when the team gains a
consistent view and empathizes with the users and stakeholders; Define the Point of View,
which serves to define the point of view and in which the knowledge gained will be collated
and summarized; ldeate, when the team subsequently generates a variety of solution
possibilities, then selects a focus; Prototype, which serves in the development of concrete
solutions that can then be tested on the appropriate target group (Test). For instance,
Junior and Do Nascimento (2016) [122] applied HPI model to create e-learning objects.
The authors argue that the integration of this model with Scrum allowed the discovery of
the users’ needs and the production of a solution that was tested by the users. Luedeke
(2018) [158] used the HPI model to develop a tool for the automotive industry.

Nordstrom DT model proposes an integration between DT, Lean Startup, and Ag-

ile software development exploring the following 6 working spaces: Define the challenge,
when a multidisciplinary team of developers and designers gathers information about the
challenge to be solved and defines the sequence of activities to seek the solution; Observe
People, when the team records what stakeholders do and think; Form Insights working
space is used to generate insights to drive the discussion of potential solutions; Frame
opportunities is a working space used to create a visual representation to understand the
collected data by highlighting key relationships and developing the solution strategy. Next,
the Brainstorming Ideas working space allows brainstorming solution ideas and testing the
chosen solution under real conditions to learn how it works in practice (Try Experiments).
De Paula and Araujo (2016) [63] followed that model for developing a mobile game.

# DT models with 7 working spaces

Hiremath and Sathiyam (2013) [111] introduced a DT model for the creation of
innovative solutions, setting DT in 7 working spaces: Scope, which is concerned with

planning customer and stakeholder interactions, project member’s availability, and plan-
ning the DT activities efficiently; Research, working space for the team learning about
the problem space by observing and interviewing end-users and finding their needs and
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motivations; Synthesis, working space used by the teams to identify connections on the
data gathered from research and making statements about their understanding of the
problem; Ideation, working space for ideating, sharing, voting, selecting and generating
feasible ideas; Prototyping, working space used by the team to create physical ideas to
represent the solution; Validation, working space used to meet the users and validate the
prototyped ideas, and Presentation, the last working space used to show the produced
design blueprint for the stakeholders and establishing the solution ready for production.

Sandino et al. (2013) [230] propose a DT model for the development of interac-

tive real-time applications. It organizes DT in 7 working spaces: Define is a working space
used to the definition of a series of constraints (e.g., how faithfully a simulator must re-
flect reality) that will guide the subsequent work; Explore is used for the team to gather
information about potential users, their needs, and previous solutions to the same prob-
lem; Ideate is a working space when the team collaboratively identifies relevant issues
and generates as many ideas as possible to get answers to the identified needs. Next,
Prototype working space is when the ideas are prototyped and refined through iterative
discussions; Select is the working space used to choose the candidate solution that might
solve the problem; Implement is the working space used by the team to implement the
candidate solution, and in Review working space the team keeps track of whether it fits
the purposes that it was conceived for, once the product is introduced to the users, and
identifies possible areas of improvement.

RQ3: What DT techniques are used in software development?

This Research Question maps what DT techniques are used in software develop-
ment. DT as a set of techniques typifies the perspective of DT as a toolbox as proposed
by Brenner et al. (2016) [33].

Pusca and Northwood (2018) [215] discuss that DT can be understood by two
main and core spaces: problem and solution spaces. The former focuses on problem
identification and formulation, while the latter, the solution moment, seeks to propose
and validate solutions. The authors also argue that the problem space “is considered an
ahalytic sequence in which the designer determines all of the elements of the problem and
specifies all of the requirements and the constraints”, while the solution space “consists
of synthesis and analysis sequences in which several possible concepts are evaluated to
find the best solution for the problem”. Therefore, following the statements presented
by Pusca and Northwood (2018) [215], we organized the DT techniques according to the
problem space and solution space. Also, we point out a column “Not mentioned”, which
lists the publications that mention DT techniques but without indicating if the technique
serves the problem or the solution space.
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Table 4.10 also lists 85 DT techniques that we mapped in literature for both prob-

lem and solution spaces.

It means that teams using DT in software development are

concerned with understanding the problem and proposing the right solution [234].
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Brainstorming, Empathy Maps, Interviews, and Personas are the most cited tech-

nigues in the search for a better problem understanding (or problem space). For proposing

solutions and validating them (or solution space), the most cited techniques were Proto-

typing (on different fidelity levels), Usability testing, and Workshops. Prototyping is the

DT technique that assumes the role of the protagonist. Although the prototypes’ level of

fidelity varies, they offer support to DT practitioners to visualize the ideas and learn with

them to improve a solution [68]. Hehn et al. (2020) [107] claim that Prototyping helps to
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promote user interaction with the proposed solution. Araujo et al. (2019) [12] advocates
that prototypes are a well-known technique that helps validating the ideas created in DT
activities. Alhazmi and Huang (2020) [8] mention that prototypes allow the stakeholders
to interact with the solution.

Still looking at the DT techniques, we found 19 techniques used in both problem
and solution spaces. Such techniques are: Affinity Diagram, As-is Scenario Map, Bodys-
torming, Brainstorming, Business Model Canvas, Conceptual Map, Customer Journey Map,
Focus Group, How Can We?, Interview, Mind Mapping, Observation, Questionnaire, Stake-
holder Map, Storyboard, Storytelling, Survey, Try It Yourself, Workshop. It means that DT
techniques are flexible, helping the practitioners to solve the problem using the techniques
according to their needs.

Also, well-known techniques are used in software development activities, such
as Epics, Use case diagrams and User stories. Although these are not DT techniques,
they were reported as adopted techniques in the use of DT in software development. This
finding “blend in” techniques from DT itself and software development, like Requirement
Engineering, for example, [67].

Given the DT techniques that we listed in Table 4.10, choosing among them may
be challenging. Thus, in RQ4, we present our findings of how the literature reports the
decision criteria practitioners use for choosing DT techniques.

RQ4: What is reported about the selection of DT techniques in software development?

This research question aimed to explore how literature describes the factors that
contribute to the decision-making of Design Thinking techniques selection to use in the
context of software development.

We did not find any paper explicitly discussing how professionals decide which
techniques to use. On the other hand, we have figured out that the DT techniques are of-
ten chosen according to the goal that the DT practitioner wants to achieve (or DT activity).
Goals in this context are encapsulated by the DT working space being conducted by the
teams. Table 4.11 lists the publications which mention that DT techniques were selected
considering the DT working space being conducted. This means that the authors directly
associated the DT techniques used with the working space.

Table 4.11: Selection of DT techniques

Technique selection Publications
001 J 014§ 017§ 020 J 024§ 043 J 045 J 046 J 051 J 054 J 057 J 076 J 077 J 083 J 085 J 086 | 088 ] 089 |
According to the goal to be achieve 099 ] 107 J 112]

(encapsulated as DT working spaces)

003 Jo15] 018022 039 078 J 080 ] 087 105)

Research type: Empirical research - Y Academic Industry X Innovation context| Non-empirical research - Theoretical



63

We have also investigated what possible criteria practitioners use in selecting DT
techniques. The selection criteria for the techniques we have identified are:

* Application goal: what the DT practitioner aims to achieve using a DT technique;

* Application time: the time required to apply a technique;

* Familiarity: level of knowledge about a technique, but without using it;

* Comfortable to use: how comfortable the practitioner feels with using a technique;

* Stakeholder’s information: information available about the stakeholder and how to
explore her participation in the DT activities;

* Problem information: information available about the problem and how to explore it;

* Previous experience: level of experience in using a technique.

Table 4.12 shows the criteria for selecting DT techniques that we identified in the
literature and the respective papers that mention them.

Souza et al. (2020) [245] argue that even DT specialists recommend the use of DT
techniques toolkits to guide DT practitioners on the selection of DT techniques based on DT
models’ working spaces. The authors also mention that the selection of techniques might
be made by exploring questions such as “What tools can | use to understand people?”. It
indicates that the Design Thinking practitioners’ goals determine what techniques to use.

Dobrigkeit et al. (2020) [71] point out in a study with practitioners that the se-
lection of DT techniques uses information that allows identifying which techniques require
a short application time, are easy to put into practice and understand how to use, and
developers feel comfortable using.

Chasanidou, Gasparini and Lee (2015) [48] discuss that the DT techniques help to
facilitate the creation of innovative software solutions. The authors consider selecting the
methods and tools that are most fit, and knowing them may improve the results generated
for software engineering activities through the possibility of choice between the alterna-
tives that involve the user more effectively in the software development process. Brenner,

Table 4.12: Criteria used by Practitioners for Selecting DT Techniques

Criteria Publications
Application goal

Application time

Familiarity 018 ]
Comfort of use

Stakeholders’ information

Problem information

Previous experience

Research type: Empirical I Academic Industry I Innovation Non-empirical Theoretical
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Uebernickel and Abrell (2016) [33] claim that the deployment of appropriate methods is
a success factor of DT in projects, while Carlgren, Rauth and ElImquist (2016) [43] argue
that the use of the proper techniques allows collecting the “right” solution’s requirements.

De Paula, Amancio and Flores (2020) [64] consider that it is important to do an ef-
ficient pre-work on the selection of DT techniques, investigating the stakeholders in detail,
taking the time to know their needs, and choosing the appropriate innovation techniques
for ensuring the production of solutions meeting the user’s expectations. The authors ac-
cepted IBM’s challenge to apply a DT light-version, where time constraints were decisive
for selecting the techniques.

Harriet, Monika and Verena (2019) [104] proposed a card-based set of DT tech-
niques called Innodeck. Innodeck provides information about the techniques supporting
the use of DT for innovation. The authors mention that DT is composed of various tech-
niques and selecting which technique to use in the working spaces depends on the prob-
lem and the people involved in the project. For instance, the authors mention it is worth
the professionals selecting those methods that they are familiar, comfortable with, and
consider suitable for their challenges. Hehn et al. (2020) [107] proposed a framework
comprising 40 artifacts to be generated using DT integrated into RE that indicates a set of
techniques that can be used and when to select each one.

Dobrigkeit and De Paula (2019) [68] investigated a global software company and
concluded that the professional’s experience plays an essential role in understanding DT,
in how it is used or how the techniques are selected. The authors mention that the de-
velopers who participated in the study described DT as a process or toolbox because they
had, in general, less DT experience than the managers or designers. On the other hand,
the designers consider DT a mindset that fosters the professionals’ problem-solving.

Also, the DT techniques usage in software development is discussed by Souza
et al. (2019) [245]. The study presents an experience report addressing the challenges
faced by software engineering students in selecting and using DT techniques. Initially,
the authors introduced 15 DT techniques to a group of students. After the execution of
a mobile application development challenge, the students used only 6 techniques. The
authors reported that the students did not select more techniques due to the lack of clarity
in understanding how a certain technique works and how to use the techniques in the
established scenario. Then, to handle these challenges, in a second round, the authors
proposed DTA4RE (Design Thinking Assistant for Requirement Engineering)*?, a tool to aid
the selection of DT techniques. DTA4RE suggests DT techniques according to user needs
based on a question-answering form. After the second round, the students mentioned that
the tool helped them to choose techniques to solve the problem they had at hand. The
students selected 12 techniques of the 15 presented.

2https://sites.google.com/site/dtadre/pagina-inicial
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RQ5: What are the key points to be aware of when using DT in software development?

DT fosters an open-minded environment for problem-solving, explores collabora-
tion, and promotes creativity. It also aims to boost the user’s participation in the software
development process. However, DT is not a silver bullet and its use might establish a com-
plex environment. For instance, De Paula, Amancio and Flores (2020) [64] discuss points
and counterpoints based on their experiences of using DT in the software industry. The
authors indicate not only the benefits but also the risks they figured out in projects with
DT. Pereira et al. (2021) [201] also investigated the perceived benefits and the challenges
faced by IT professionals when using DT to understand the user’s needs and propose in-
novative software solutions. However, both studies do not indicate what the key points DT
practitioners have to pay attention to when using DT in software development. Therefore,
this question aims to bring some light through the map of the points to be aware of when
using DT in software development.

Table 4.13 presents a set of points that DT practitioners should consider when
using DT in software development. We categorized the key points into 4 categories, as fol-

Table 4.13: Attention points for using DT in software development

Attention points Publications
Problem and solution preconceiving

Preconceiving problems (lack of problem understanding)
Preconceiving solutions (outdated ideas)

Organization and stakeholders participation

Reach end users 086
Time pressure 086
Unavailability of resources (dedicated space for creativity, materials)

Lack of higher management engagement
Lack of collaboration

Lack of employee commitment 057
Mindset changing
Lack of knowledge in DT 051 |

DT techniques selection and results’ sharing

Select a correct combination of artifacts and their proper use
Share results from DT activities and ensure an effect on the final product

Requirement Engineering integration

Lack of requirements traceability

Neglect of non-functional requirements

Imprecise effort estimates

Prioritization of requirements

Changing of requirements

Lack of documentation 054

Research type: Empirical X Academic Industry X Innovation Theoretical Non-empirical
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lows: Problem and solution preconceiving, organizational and stakeholders’ participation,
DT techniques selection and results sharing, and Requirements Engineering integration.

The first category of attention points shows that DT practitioners have to be
aware that 2 types of participants’ preconceiving might difficult the adoption of DT in soft-
ware development. Problem preconceiving is the first type of preconceiving [234, 251]. It
means that the customers or even team members may have a pre-formed understanding
of the problem to be solved, which is known as Entrained Thinking. Snowden and Boone
(2007) [242] define Entrained Thinking as a pre-established mindset that drives the team
to an already conceptualized solution (lacking innovation) or even to a solution that does
not solve the right problem. The second preconceiving that the DT practitioners have to
pay attention to is the solution preconceiving [234, 64]. It happens when the customer
presents the problem to be solved and also presents the solution she wants in advance.

The second category of attention points refers to the organizations’ and stake-
holders’ participation in DT activities. It means that when using DT in software develop-
ment, the DT practitioners have to pay attention to how the organizations commit to DT
and also to the user participation in DT activities. Literature reports that it might be diffi-
cult to reach the “proper” end-users for the problem that the team wants to solve due to
several constraints such as people agenda, ethical issues, organization setup on business
environment [111, 234, 68].

The time required for using DT techniques or conducting DT workshops is also
a point to be considered in using DT in software development. Kongot and Pattanaik
(2017) [136] argue that “DT techniques need a certain amount of time to be carried out.
Customer’s time is precious, and often there is a need to improvise on the techniques
and develop a proposal that works given the time and audience”. Alhazmi and Huang
(2020) [8] advocate that DT requires a lot of effort to address the users’ needs. In addition,
time pressure is provoked by customers that do not understand the design process and
the value it has on the construction of an innovative and desired solution [234].

The unavailability of resources might become a challenge that compromises the
use of DT in software development. Therefore, it is an important point to be aware of be-
fore starting the use of DT [107, 102, 146]. DT fosters a creative environment that looks for
innovative solutions, breaking paradigms and proposing solutions that might have never
been thought of before. However, a proper exploration of DT requires investment in ded-
icated spaces or materials for research, user analysis, brainstorming, ideas generation,
prototyping, and feedback collection.

Literature also shows that for using DT in software development, a DT practitioner
should be prepared to deal with a lack of higher management engagement [234, 68, 103,
251], pressure to the teams to converge [234], lack of collaboration, when the participants
are not opened to give their ideas, or lack of experience in working on a multidisciplinary
environment proposed by DT [210, 136, 121]. In addition, another key point to consider
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when using DT are the lack of employee commitment that represents the team members
may think that discussing the problem and proposing solutions is a waste of time for those
working on the technical aspects of the solution [8]; lack of knowledge in DT, indicating
that the use of DT in software development requires practice to be used properly. For
example, Prasad et al. (2018) [210] points out that organizations fail in using DT because
they do not have enough theoretical knowledge in DT or the integration of agile and DT
principles. In addition, DT may be challenging to be performed because it requires a
mindset change, which is a key element in the proper exploration of DT, but that might be
achieved when the professionals have years of experience in DT [68].

The third category of attention points to consider when using DT refers to the
selection of DT techniques and how to share the results obtained in DT activities. Using
DT requires a decision-making process for selecting what artifacts the team should elab-
orate on a project [167, 64, 251]. For Tannian (2020) [251], DT is not a cooking recipe
since it evolves several dimensions, such as problem domain, team composition, level of
DT expertise, cooperating users, available materials, and market timing, among others.
These dimensions promote a complex scenario of problem-solving. On the other hand,
Dobrigkeit and De Paula (2019) [68] argue that once a result is achieved with DT, it needs
to be shared properly with the stakeholders. The authors argue that “results need to be
shared with the whole team in a time-effective manner and are only interesting to most of
the team once a certain feature is under development”. Therefore, there is still room for
research about how to explore the decision-making of DT techniques in software develop-
ment effectively.

The last but not less important category of key attention points that DT practi-
tioners consider when using DT is the integration of DT into RE activities. Researchers
and DT practitioners have considered DT an easy-in integration approach to perform RE
better. However, although there are different integration strategies between DT and RE
as proposed by Hehn et al. (2020) [107] such as Upfront DT, Infused DT or Continuous DT,
when using DT, the practitioners have to pay attention to the requirements traceability,
to the requirements prioritization, to the requirements changing, and to the effort estima-
tion [167, 108]. Minimal or no documentation are reasons that collaborate to fail since DT
does not foster the creation of extensive documentation of requirements [51, 167, 108].
Furthermore, non-functional requirements are usually not in the spotlight when using DT,
even though usability feedback is collected with end-users.

In this context, the main findings of our study are:

Finding 1: Design Thinking is integrated into software development through 3 integration strate-

gies (Upfront, Infused and Continuous). Upfront is the most cited strategy.

Taking into account the integration strategies of Design Thinking in software de-
velopment proposed by Hehn et al. (2020) [107], we identified that the DT Upfront in-
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tegration strategy is the most cited strategy if compared to the Infused and Continuous
strategies (73/127 publications).

This result shows that DT has been integrating into software development as a
starter activity to the Requirements Engineering, highlighting the search for the problem
and the proposition of solutions. Therefore, development teams have been perceiving
DT as a way to compose multidisciplinary teams, search for a deep understanding of the
problem, ideate and prototype various possible solutions, and collect feedback from users
before thinking about the technical requirements of the solution to be built. This percep-
tion indicates that software development teams have moved forward to understand what
is needed to develop before starting the development process.

The use of the Upfront integration strategy has also shown that development
teams recognize that even with the benefits resulting from the use of agile methods and
the well-known Requirements Engineering techniques, there is still room for what the solu-
tion is expected. Thus, teams can put into practice the philosophy “fail fast and fail often”
to develop the proper solution.

DT can also be integrated into software development through the Infused DT
strategy, which boosts Requirements Engineering activities. In this strategy mentioned
in 36 of the 127 publications selected, DT assists in activities already carried out by the
development team to extract, analyze, and evaluate requirements. The infused strategy
sets DT as a toolbox that supports the practices adopted by teams without requiring new
steps in the software development process or even without forcing teams to modify the
activities already performed.

Using the Infused strategy also indicates that teams have realized the need to
improve their Requirements Engineering activities. Thus, DT has been included as a
mechanism that encourages exploration of the mindset of designers, promoting a deep
understanding of the problem and prototyping the solution that suits the user’s needs.

DT was integrated into software development by the Continuous DT strategy in
17 of the 127 publications selected. In this strategy, DT integration exceeds the process
of developing a solution and achieves levels of change in the organization’s mindset. DT is
seen not only by development teams as a set of techniques or as a process that foresees
a set of working spaces, but as a practice to think in disruptive and innovative solutions
that meet the user’s needs. Continuous DT provokes the development team, managers,
and professionals who perform decision-making functions to realize that innovating is not
an isolated activity but a way of acting and thinking.

Continuous DT has been discussed as a DT integration strategy in software devel-
opment obtained due to DT practitioners’ experience. Dobrigkeit and De Paula (2019) [68]
show that the perception of DT as a mindset beyond a process or a toolbox is a perception
of professionals with more experience using DT or who perform management functions.
On the other hand, the authors point out that for developers or professionals with less
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experience in DT, it is seen as a specific activity to solve a particular problem. Thus, this
result indicates that companies will no longer use DT only as an upfront activity or as a
means of improving what is already performed by Requirements Engineering in an infused
strategy. Companies will explore DT to adapt thinking around how they work to produce
innovative solutions.

Finding 2: Design Thinking models organize DT in distinct working spaces and make it a flexible

and dynamic approach for problem-solving.

Brown and Wyatt (2010) [37] define the Design Thinking process as “a system of
overlapping spaces rather than a sequence of orderly steps”. Based on this statement,
we identified a spam of DT models in this systematic mapping study. We found DT models
ranging from 2 to 7 working spaces. However, despite the difference in the number of
working spaces, the models use convergent and divergent thinking to understand the
problem and evaluate the proposed solution.

D.school and Brown were the most DT models reported in the literature, respec-
tively. The former organizes DT in 5 working spaces, starting from empathy, which en-
courages the interaction and observation of users and their behavior in the context of the
problem, going to the synthesis of the problem representing the foundation of the under-
standing of the previous working space. Also, the d.school DT model suggests ideation as
a space for proposing several ideas to find proposals for innovative solutions, prototyped
and evaluated by the user. These 5 working spaces lead teams to move from the problem
to the solution space.

The DT model proposed by Brown organizes the transition from the problem
space to the solution space, starting with the Inspiration working space, which is similar to
the first two working spaces of the D.school model. The goal is to understand the problem
according to the needs and challenges of the end users. In Brown’s model, the ideation
working space acts similarly to the ideate and prototyping working spaces in d.school,
where ideas and prototypes for these ideas are generated. Finally, the Implementation
working space foreseen in the Brown model corresponds to the Test working space of the
d.school model, in which end-users evaluate ideas.

Thus, despite having differences between DT models, DT presents flexibility re-
garding working spaces, allowing the teams to generate innovative solutions. The amount
of working spaces of a DT model does not limit the use of DT for understanding the user’s
needs, creating team engagement, exploring creativity and proposing appropriate solu-
tions to the problem presented. Therefore, there is no single silver bullet DT model that
must be followed, as also reported by Waidelich et al. (2018) [265], where the authors
performed a literature review on DT models applied for general purposes. It is worth men-
tioning that no studies are comparing different DT models regarding the working spaces
used to generate innovative software solutions.
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Finding 3:A large number of DT techniques can be applied to software development in the prob-
lem space or the solution space. Techniques can be selected independently of the integration

approach used, and a large number of techniques creates a decision-making problem.

DT practitioners also explore DT as a toolbox [33]. In our mapping study, we
identified 85 techniques used in DT working spaces when integrated into software de-
velopment for both problem exploration (problem space) and solution proposal (solution
space). It reinforces the dynamic and flexible nature of DT that explores the designers’
mindset for problem-solving.

The most cited DT techniques in software development are Brainstorming, Empa-
thy Map, Interviews, Personas, and Prototyping. These techniques allow the collaborative
proposition of various ideas to solve the problem, map the user’s needs, obtain data about
the problem and the solution, represent the user through a fictional character, and sketch
the solution, respectively. However, the wide variety of DT techniques gives the prac-
titioner the option to explore them as needed and test them in conjunction with other
software development practices already performed by RE or by the development method
used, such as the Agile method.

Our results also show that the DT techniques are not linked to DT integration ap-
proaches in software development. If the team wishes to integrate DT using the Upfront,
the Infused, or the Continuous strategy, it can explore the full set of techniques and select
those it considers suitable for the problem at hand. In addition, the flexibility provided by
DT has also allowed the integration of techniques already known in Requirements Engi-
neering, such as User Stories, Use Cases diagrams and Epics. Thus, we can highlight that
DT and ER can be complementary activities so that their techniques can be used together
and thus enable the software requirements to be appropriately established.

Therefore, DT as a toolbox helps DT practitioners to understand what the user’s
needs are and also develop a solution that is viable and feasible. However, although
many DT techniques collaborate with teams in software development activities, it cre-
ates an endeavor in regard to the decision-making process for selecting the techniques.
Thus, understanding how the selection of techniques is performed by professionals and
researchers is important for using DT in software development.

Finding 4: DT practitioners usually consider the goals they want to achieve for selecting DT tech-
niques. Goals in this context are encapsulated as DT working spaces. Application time, familiarity,
comfortable to use, stakeholder’s information, problem information and previous experience are

also criteria used to guide the selection of DT techniques.

Despite the importance that professionals have given to DT in software develop-
ment, we did not identify any work in the literature that investigates in depth what is the
decision-making process of DT techniques. Our study identified that some publications in-
dicate that the practitioners have selected the techniques based on the working space of a
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selected DT model. This finding confirms that the DT models help the choice of techniques
and that the perspective of DT as a process is taken into account by teams [33].

However, it is necessary to know which criteria contribute to the decision-making
of which DT techniques the practitioner will put into practice in order to help the software
development. We identified that practitioners use the information they have about the
techniques as criteria. This information can include the application time required by the
technique, which indicates how the team should prepare itself and how much time, for
example, the stakeholders should plan to participate in the activities of DT, the familiarity
that the practitioner has with the technique, that indicates how much the practitioner
knows the technique even without having applied it before, and comfortable to use, that
indicates how apt the professional feels to apply the technique in practice with the team
multidisciplinary available.

Other criteria that support practitioners with the decision of which DT techniques
to select involve the information that the practitioner has about the stakeholders, allowing
one to explore the most of each participant, or about the problem, which enables the
practitioner to choose techniques that better explore the problem and propose effective
solutions to it. Previous experience is a criterion cited for selecting DT techniques, which
considers the result of earlier uses of certain techniques helping to use a technique again.

The technique selection criteria we have identified in this systematic mapping
study is an initial set of indications of how practitioners decide which techniques they
intend to use. However, we emphasize that there is a lack of studies investigating what
are the criteria used by professionals to select the techniques that could encourage the
development of solutions for helping novice professionals to establish techniques that
foster the exploration of DT in software development in the most effective way.

Finding 5: DT boosts software development, but it is not a silver bullet. Although DT has been
easy-in integrated into software development, there are key attention points that DT practitioners

have to be aware of when using DT.

Although the literature has been showing that DT brings benefits to software
development, it also shows that IT professionals have to be aware of key points to extract
such benefits of the DT’s usage (see Table 4.13).

Preconceiving problems or preconceiving solutions are 2 points that need certain
attention in the use of DT in software development. DT practitioners have to handle prob-
lems already defined or solutions pre-proposed by customers, even before starting the
use of DT. A mindset change could be a way to walk around these preconceiving issues,
but it may be just achieved after a long time of experiencing DT in software development.
Pressure provoked by the market time or higher management also represents endeavors
to be solved when using DT in software development.
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Design Thinking has collaborated to improve Requirement Engineering activities
by providing a space to do a deeper understanding of the users’ needs [107, 64]. However,
reaching the “right” end-users could require a big effort from the organization due to
time or domain constraints. In addition, the integration between RE and DT is not all a
bed of roses. Literature has pointed out that DT for RE requires attention to the lack of
requirements traceability, the neglecting of non-functional requirements, the non-ability
to do a proper effort estimation, and the difficulty of doing a requirements prioritization
by do not consider detailed documentation of requirements.

Literature also points out that it is important to develop a creative mindset and
establish empathy with the user, as well as to move from a specific problem solution to
a problem-solving mindset [154]. Creating a multidisciplinary team composed of profes-
sionals with different backgrounds might be a way to achieve the benefits of DT. However,
some companies are still resistant to bringing their employees to work full-time in DT
activities. Bringing the user together is yet another point to consider when using DT. In
addition, is also necessary to find proper tools to support the use of DT, that will provide
the proper setup to understand the real problem and propose innovative solutions.

Therefore, it is essential to identify which models and techniques are the best fit
for a certain scenario, customer profile, and application areas (e.g., the problem is blurry,
the problem is well defined but no indication of the solution is previously known, a solution
already in place is no longer attending the user needs and requires reconsideration).

Our mapping study contains limitations and threats to validity inherent to a liter-
ature review [129, 271]. As a construct validity, our research questions may not provide
complete coverage of all the papers that present DT and software development. As inter-
nal validity, related to studies selection and data extraction, two authors performed the
process of paper selection [129]. We searched 6 digital libraries containing the majority
of the high-quality papers in SE. Two senior researchers reviewed this research strategy.
As conclusion validity, we extracted data and had discussions following the protocol which
we defined before kicking off the extraction process.

Next, we present a Survey with IT professionals aiming to investigate the re-
search gap in the selection criteria of DT techniques that explore the decision-making
scenario of DT practitioners. Our goal is to further the understanding of how DT can be
exploited to collaborate with software development and produce solutions that meet the
user’s needs and are feasible, viable, and desirable.

4.2 Design Thinking in Software Development: A Survey in Industry

Our Systematic Mapping Study showed that DT has been chosen as an approach
to support problem-solving by many software development companies. However, little is



73

mentioned about how these professionals use DT concerned with which techniques are
performed, which steps are followed, and the way to implement this approach, as it pro-
poses itself, to be divergent to generate numerous alternatives and, also, convergent,
to find a solution. Thus, we executed a survey to further our understanding of how the
Brazilian community of IT professionals uses DT in software development.

Our survey is characterized as exploratory [206, 125], seeking an understanding
of the phenomenon through the information collected. We posed the following research
guestion: “How do professionals in the Brazilian software development industry use De-
sign Thinking?”. Our goal was to collect data for characterizing the DT models and tech-
niques used in software development, how professionals select the techniques and their
level of difficulty in selecting DT techniques!3.

This section is structured as follows: we start by presenting how we carried out
the planning and design of the survey, proceeding with its prior validation. Next, it de-
scribes the details of the survey’s execution. Next, we show the outcomes gathered with
our survey, discussing the findings and limitations.

4.2.1 Survey design

We started to build this study by designing the Survey according to guidelines
proposed by Kitchenham (2001) [206]. We performed the following activities: planning
and design, prior validation; survey execution, data analysis and results presentation.

Next, we show details of each survey’s activities.

Planning, Design and Prior Validation

We started building a questionnaire as a data collection instrument, using the
Qualtrics tool** (see Appendix A)*. Table 4.14 shows the questions that we posed in the
questionnaire. We invited IT professionals to answer questions related to DT, such as DT
methods, techniques, decisions and difficulties of using DT. We also questioned the profes-
sionals about their jobs and DT experiences, aiming to draw a profile of the respondents
(demographic questions). We created the questions of the survey based on data gathered
previously through our systematic literature mapping.

Before starting to distribute the questionnaire, we performed a prior validation

process. Following the recommendations given by Kitchenham et al. (2002) [133], a pilot
test was performed to evaluate the consistency and correctness of our instrument. We

13This study was published in the International Agile Conference (XP). Ref.: [211]
M Available in https://www.qualtrics.com
15This study was conducted in partnership with a Master’s student at PUCRS.
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Table 4.14: Questionnaire structure

# Question Type
Demographic Questions

D1. What is your experience, in years, using Design Thinking? closed

D2. What is your current organizational role or function? open

Questions about Design Thinking in Software Development

Q1 There are several process models, that abstract working spaces when using Design Think-  closed
ing. Do you use any of these models as a reference in your activities?

Q2 Several techniques can be used to support the use of Design Thinking. What techniques closed
do you usually use?

Q3 How do you usually decide which techniques to use? closed

Q4 On a scale of 0 (No difficulty) to 10 (Extreme difficulty), how difficult do you feel in decid- closed
ing which techniques to use in a given situation?

sent the instrument to a researcher that has experience in the Software Engineering field
and the use of DT in the software development industry. She participates in the activities
of our research and also knows the results of the literature mapping that supported the
planning and design of the survey.

Execution

Following the survey’s planning and design process, we defined the target audi-
ence as those professionals working on DT in software development. We used LinkedIn®
to reach out to our target audience and to distribute the questionnaire electronically.
LinkedIn is a professional-oriented social network where IT professionals share their ex-
periences and curricula. We applied the following strings as filters to reach our target
audience: "design thinking" and "software" and "design thinking".

We surveyed the participants between December 2019 to January 2020. In the
meantime, we invited 466 professionals to participate in our survey. As a result, 158
participants accepted to participate in our study, representing a response rate of 33.90%.
Figure 4.7 shows the number of answers per period.

4.2.2 Survey Results and Discussions

D1. What is your experience in years using Design Thinking?

Figure 4.8 shows the experience of the professionals who answered the question-
naire. Regarding software development, 78 professionals mentioned having more than 8
years of experience, followed by 39 professionals who reported having between 4 and 7
years of experience. Thus, 74% of the survey’s participants have more than 4 years of
experience in software development (Figure 4.9).

6 Available in https://www.linkedin.com
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Figure 4.9: Survey participants’ experience in software development

Regarding the experience in the use of DT in software development, the largest
number of participants (76) responded having between 1 and 3 years of experience, fol-
lowed by professionals (42) with 4 to 7 years in the use of DT for software development
(Figure 4.8). This shows that 80.1% of the participants have at least 1 year of experience
with DT (Figure 4.10).

QD2. What is your role or function?

In question QD2, we asked the participants about their jobs. Figure 4.11 summa-
rizes the most cited roles played by the professionals who participated in our study. The
participants most cited the following roles: Facilitator (16 citations), Researcher, UX/UI
Designer, Developer, Specialist, Analyst, Agile Coach, Consultant, Product Owner, and
Engineer. In addition, some participants reported playing the role of Head of Digital Trans-
formation, Design and Innovation Manager, Service Designer, Product manager, Chief Ex-
ecutive Officer (CEO), Scrum Master, and Design Leader, among others.

Agile Coach, UX/UI Designer and Facilitator were the most cited roles, with 27,
21 and 16 professionals, respectively. This result indicates that DT is used by both Design
professionals (UX/Ul designers and DT Facilitators) and development professionals, such
as Agile Coaches. Furthermore, based on the results for the 2 demographic questions, we
can understand that the study reached diverse professionals with different experiences in
software development and in using DT for such purposes.
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Q1. There are several process models that abstract working spaces in the use of DT. Do
you use any of the DT models as a reference in your activities?

In question Q1, we asked the participants if they use DT models as a resource for
helping them to apply DT in software development. We listed in the questionnaire the DT
models we found through our Systematic Literature Mapping. Figure 4.12 exemplifies a
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subset of DT models and the respective set of working spaces of each model presented to
the survey’s participants.

Figure 4.13 shows the result obtained in the Survey for Q1. The results indicate
that the DT practitioners use different DT models, meaning that there is no consensus
on the set of working spaces when applying DT in software development. This result is
aligned with that obtained through the literature mapping (Section 4.1), which summa-
rizes different DT models that have been used as a guide for integrating DT in software
development and for conducting DT workshops or projects.

The answers the participants provided to the Q1 also show that DT models such
as Divergent and Convergent, the Stanford d.school Model and the Hasso Plattner Institute
Model (HPI) were the most cited ones. Therefore, this result confirms that professionals
understand DT as a set of working spaces, as mentioned by Brenner et al. (2016) [33]. In
addition, the result clarifies that the view of DT as a model is dynamic and reinforces the
flexible nature of DT.

Q2. Several techniques can support the use of DT. Which techniques do you use?

In Q2, we aimed to identify the DT techniques DT practitioners use when inte-
grating DT into software development. Figure 4.14 shows the DT techniques the partic-
ipants mentioned they use and the respective amount of responses for each technique.
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The professionals who participated in our survey indicated 49 different associated with
DT as techniques they use in software development activities. The participants men-
tioned Brainstorming (151 participants), Personas (149 participants), and Empathy Map
(123 participants) as the 3 most cited DT techniques that they use.

The results allow us to understand that IT professionals use diverse DT tech-
niques, indicating that the selection of which techniques to use in software development
must configure a challenging endeavor.
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Figure 4.14: DT techniques the survey’s participants use in software development

Q3. How do you (IT professional) usually decide which techniques to use?

In Q3, we asked how the participants decided which DT techniques to use in soft-
ware development. Our goal was to identify the elements considered by IT professionals
as determinants for selecting DT techniques. The questionnaire included some answers’
alternatives as we found in literature, such as: based on the previous experience of the
professional; it depends a lot on the context that the professional will use; the professional
chooses the techniques according to the space/stage of DT, where each space/stage has
its own techniques; the professional usually needs to study the techniques to know which
one is the best for the moment; the professional already has his/her catalog of techniques
that he/she uses; the professional selects the techniques by indication of a colleague; the
professional selects the technique when the technique fits his/her need, and; the profes-
sional selects the technique by recommendation given by his/her company.

Figure 4.15 shows the answers the professionals indicated as decision strategies
for selecting DT techniques. The results point out that the selection of techniques is mainly
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Figure 4.15: Survey participants’ decision strategies for selecting DT techniques

linked to the following elements: the need of the professional who will use DT (137 partic-
ipants), the context of the project in which DT is or will be used (131 participants), based
on previous experience in the use of DT techniques by the professional (128 participants),
and based on the working space according to the adopted DT model (106 participants)?’.

However, we can not assume what decision-making strategies the IT profession-
als use when selecting DT techniques. Therefore, more in-depth studies are required to
model the decision-making of selecting DT techniques, aiming to assist software develop-
ment professionals interested in using DT. This is the overall goal of this research.

Q4. On a scale of 0 (No difficulty) to 10 (Extreme difficulty), how difficult do you consider
to decide which techniques to use in a given situation?

In Q4, we aimed to identify what is the difficulty level of software development
professionals when they need to select techniques to be used in DT activities. The results
pointed out that, on average, the difficulty of professionals is 4.5 on a scale of 0 to 10,
with a standard deviation of 2.18.

Through the perspective of years of experience in DT, the results show that those
professionals less experienced in using DT considered it more challenging to select DT
techniques (Figure 4.16). The results also show that years of experience in DT are a key

7In Q3 the participants could select more that one single option as their answers.
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Figure 4.16: Survey participants’ difficulty in selecting DT techniques

factor in terms of difficulty in selecting DT techniques. For instance, professionals with
less than 1 year of experience in DT have 5.19 (average) on a scale from 0 to 10 as
their difficulty in selecting the set of techniques. On the other hand, the difficulty level
for selecting DT techniques decreases to 3.22 (average) for professionals who have been
using DT for more than 8 years. The mean value trend line in Figure 4.16 shows this result.

Figure 4.16 also shows that even with the increase in experience in years of pro-
fessionals in using Design Thinking, there are still professionals who present high difficul-
ties (maximum values of each experience range). For example, 9 was indicated as being
the level of difficulty for selecting a technique by professionals with 4 to 7 years of expe-
rience (max value row), and 7 was indicated as being the level of difficulty for selecting a
technique by professionals for professionals with more than 8 years using DT for software
development (max value row).

Q4 reinforces that selecting DT techniques in software development might be
a challenge. Although accumulating experience in DT, there are IT professionals who
have elevated levels of difficulty when selecting DT techniques. Thus, it is important
to investigate this challenge in detail and that computational resources that support IT
professionals in choosing DT techniques in software development may be of help.

Therefore, the results of the exploratory studies show that there is a large set of
DT models, including many techniques, which professionals choose for different reasons
and goals. In addition, the exploratory studies’ results show that the professionals who
want to use DT have a certain level of difficulty in selecting techniques to use in the DT
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activities. Therefore, there is evidence that selecting DT techniques is a complex decision-
making problem.

Our exploratory survey presents limitations in that we cannot generalize to the
entire universe of software development since we conducted the survey only in the Brazil-
ian scenario. Therefore, the answers might only represent the participants’ point-of-view
and not the whole organization of which they are part. To mitigate them, we invited par-
ticipants who work for global software development companies that are multicultural by
nature. Nevertheless, these limitations represent opportunities to replicate this survey in
different countries. These replications would allow the community to build a broader view
of DT usage and its integration with agile methods.

Thus, to better understand the problem and to seek solutions for it, we performed
a meta DT session, as we detail in Section 4.3.

4.3 Meta Design Thinking Session: Problem Space

By bringing the user needs to the center of the discussion, DT improves team
communication and facilitates knowledge domain acquisition, a well-known issue in soft-
ware development [154]. Given its interactive and dynamic nature, DT has also consid-
ered an easy-in integration with and a way to boost agile development [213]. Despite the
use, navigating in this new world might be challenging.

Literature discussing DT as a set of techniques has grown. It offers many tech-
niques that form the toolkit to perform DT activities themselves. However, despite the
large number of studies reporting on the use of DT in software engineering [65], we still
have no consolidated knowledge of how developers choose DT techniques and what crite-
ria and sources they consider for supporting such selection.

We identified in our previous literature mapping (see Section 4.1) initiatives such
as the Luma Institute’s Innovating for People Toolkit [159], which explains the meaning
of each technique and suggests related techniques for a certain purpose, or the IDEO
Toolkit [115], which recommends techniqgues based on a predefined set of questions that a
professional might ask about on the use of DT. These examples demonstrate that choosing
a technique is not trivial.

Although highly used by practitioners, both initiatives fail to consider the context
in which DT is being used. For instance, if the team has no previous information about the
stakeholders, selecting interviews might be of more interest to learn about their profile
rather than a focus group session in which people might not get along and waste effort.
DTA4RE - Design Thinking Assistant for Requirements Elicitation [245] is a first step to-
wards aiming to tailor the recommendation process. However, DTA4RE is still limited in
the number of contextual factors it considers to recommend a technique and on not take
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into account any feedback from those who use the recommendations. Nevertheless, there
is a lack of studies investigating the decision process of which techniques to use and de-
tailing which contextual factors (e.g., previous knowledge about the problem to be solved,
customer engagement, etc.) affect such decisions.

In this section, we further investigate the use of Design Thinking techniques in
software development, aiming to support IT professionals in selecting what techniques
to use. To achieve our goal, we conducted a Meta Design Thinking session. We named
it a meta-DT session since it was a Design Thinking workshop focused on deepening the
understanding of the use of DT by itself in software development.

The meta-DT session worked as a bridge between the understanding and the
solution proposal approach in our DSR-based research methodology (see Figure 3.1). We
split our meta-DT session into 2 spaces: a problem space and a solution space. This
section focuses on the problem space. It comprises the framing of a research problem
that takes into account the previous results that we obtained through our exploratory
studies. The solution space is explored in Section 5.118,

4.3.1 Design of the Meta-DT Session

We started the Meta-DT session by posing the following research question: How
can we support software development professionals to select DT (set of) techniques during
software engineering activities such as requirement engineering?

The session was moderated by a Requirements Analyst with 2.5 years of experi-
ence in DT. She designed the session into the following activities: i) problem understand-
ing based on the presentation of the working question; ii) problem definition, which aimed
to discuss the need for a tool further; iii) ideation using the Brainwriting DT technique
to generate ideas; iv) convergence activity using the Affinity Diagram DT technique to
find similar features; iv) prototyping the solutions (paper-based prototypes defined by two
mixed groups of 5 members); and v) choice of solutions and presentation by each one of
the groups through a voting activity.

Considering the moderator’s previous experience in conducting DT sessions, she
organized the problem understanding and problem definition activities with the following
steps: i) presentation of a working question to explore in-depth the problem at hand, and
ii) problem definition to further discuss the need for a tool. This section focuses on the
steps of problem understanding based on the presentation of the working question and ii)
problem definition, which aims to discuss the need for a tool further. Activities iii) to v) are
presented in Section 5.1 (Solution Space).

18This study was published in the Ibero-American Conference on Software Engineering (CIBSE). Ref.: [194]
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4.3.2 Meta-DT session: problem space results

A total of 10 people participated in the activity - 5 of them from industry, with an
average of 3 years of experience working with DT, and 5 graduate students with DT as a
research topic.

For the Problem Understanding, we used as input the information that we have
collected through the conduction of the previous exploratory studies: a Systematic Lit-
erature Mapping and an Exploratory Survey with professionals from the agile software
development industry.

During 1 hour-long, the participants discussed the following results:

» Systematic Literature Mapping [195]: We learned that there is a large set of DT
models, DT techniques, and different DT techniques’ selection strategies reported
in the literature. We also identified tools (e.g., DTA4RE, IDEO DT) that support the
identification and selection of DT techniques. Still, none of them takes the context in
which the selection of the techniques takes place.

* Survey with IT professionals from the Agile community [211]: We learned that 1/3 of
them had a difficulty of 6 or up points (scale 1 to 10) in selecting a technique. We
also learned that 83% of them chose techniques based on the product context, 81%
on their previous experience (which includes learning from others), and 67% on the
fitness of a certain technique to a certain DT working space phase (e.g., interviews
to support discovering). Results showed that selecting a set of techniques might be
challenging and shed some light on selection criteria.

At the end of the first half of our meta-DT session (problem space), the partici-
pants converged on a problem definition. Section 4.4 presents the problem framed as a
result of the meta-DT session, expressed as a Technological Rule of the DSR methodology.

4.4 Research Problem: Framing the Problem’s Construct

The problem that we observed in our SLM points to several DT techniques and a
lack of resources to help deciding which techniques to select. The Survey showed that IT
professionals select techniques in different ways without considering the context informa-
tion and the experience of other professionals.

Next, following the DSR-based research framework and motivated by the findings
we obtained with the exploratory studies, we worked on the definition of a technological
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rule. The technological rule represents what problem the thesis proposes to solve. We de-
fined the first element of our technological rule following the structure defined by Runeson
et al. (2020): To achieve effect/change in a situation/context apply intervention.

To support IT professionals’ decision-making to select which DT techniques to use in a
specific development scenario.

In this activity, we also defined the relevance cycle in our DSR-based research
method. As we mentioned in Section 3, the relevance cycle aims to identify and under-
stand the application context and the research problem. We identified that our research
is relevant to IT professionals who use DT in software development wishing to decide on
what DT techniques to use for software development.

Since that we defined the relevance of our research, we moved on to Solution
Design and to Solution validation activities in the DSR, as we show in Chapter 5.
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5. ITERATION 1: SOLUTION PROPOSAL AND EARLY EVALUATION

This chapter describes the first iteration of Solution Design and Validation Ap-
proaches in the DSR framework that we followed in this thesis. In total, we run 3 iterations
in the DSR framework. It includes the activities that we conducted to propose and validate
Helius!, a DT techniques recommendation system to aid IT professionals in selecting DT
techniques for software development.

We started Iteration 1 of the Solution Design activity in the second half of the
meta-DT session, referring to the solution space of a DT session that uses the double
diamond as the DT model.

5.1 Meta Design Thinking Session: Solution Space

As mentioned in Section 4.3.1, we conducted a Meta-DT session to identify, de-
fine, and propose a solution for the research problem. The following Technological Rule
guided our meta-DT session: To support IT professionals’ decision to select which DT tech-
niques to use in a specific development scenario.?

In a two-minute time slot and using post-its, the same professionals who par-
ticipated in the Problem Space activities (see Section 4.3.1) described what she thought
was essential to provide relevant information to interested parties about the established
problem. This ideation activity resulted in 24 proposed insight cards for the established
problem. Then, to gain a deeper understanding of this scenario, an Affinity Diagram was
organized (see Figure 5.1). This diagram allows the organization and grouping of results
(insight cards) according to their similarities, dependencies, or affinities, clustering macro
areas or features that delimit the addressed theme [262].

The 4 resulting identified macro features (in Portuguese, from left to right) are: i)
qualified decision-making; ii) prediction-based recommendation; iii) techniques presenta-
tion; and iv) dynamic visualization of recommendations.

Next, the participants were separated into two mixed groups of practitioners and
graduate students to carry out a prototyping activity. We named these groups as Group 1
and Group 2. The moderator introduced two personas, Joano and Sindi, presented in Figure
5.2 and previously created for the session to present the characteristics of potential tool’s
users, fostering the proposal of solutions that take into account the users’ needs. Each

'Helius means the search for clarity, originating from the Greek that represents the personification of
the sun. Clarity means supporting decision-making.

2This activity was published as an article in the Journal of Software Engineering Research and Develop-
ment (JSERD).
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persona was assigned to each of the groups to work on. Group 1 was assigned to the
Joano persona and Group 2 to Sindi.

Through prototyping, for about 30 minutes, each participant individually de-
signed a first round of paper-based low-fidelity prototypes to address the 4 identified
macro features. Figure 5.3 shows the prototypes related to the macro feature iii) presents
the techniques. Subsequently, each group was instructed to review the designed proto-
types, group them by features and vote by posting a yellow post-it on the grouped set of
prototypes by the macro feature that most represented what the tool should offer.

Table 5.1 summarizes the identified features per persona grouped by macro fea-
ture and the respective amount of votes attributed to them (columns (V4) and (V,)). The
voting aimed to highlight whether certain macro features stood out and deserved priority
attention or a deeper discussion. Each participant could choose between one to three
features. Features with zero voting indicate that none of the participants considered it
a priority. The groups differ on what they consider to be most relevant. While Group 1
considered that the visualization of techniques was the most relevant macro feature (6
out of 10 votes), Group 2 was torn among 3 of the macro features, with no predominant
decision. Given the distinct persona behaviors and needs, this divergent scenario was not
considered an issue.
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Figure 5.1: Affinity Diagram identifying the macro features for a tool

Name Profile Name Profile
Joano S 38 yearsold Sindi 24 yearsold
% Single Married
?— Father of a 6 years old Facilitator
% Designer Uses transportation apps
: n Taking a fellowship in Design BSc in Software Engineering
Owns a car Travels a lot for work
Behaviour Needs Behaviour Needs
Hurried Stay connected 24x7 Enjoystravelling Trust people
Studies a lot Optimize time to complete Communicative Be successfulin her area
Shy his activities Engaged with the of work
Likes TV series community
Tries to jog Friends with lots of people
Social media blogger Pays attention to details

Figure 5.2: Personas Sindi and Joano used in the DT session
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1)

Figure 5.3: First round: low-fidelity prototypes for the macro feature iii)

Table 5.1: Identified features per persona grouped by macro feature

Macro Feature Joano Persona (Group 1) 2 Sindi Persona (Group 2) Vs
i) Qualified decision - Organize Techniques by Category (7a) 0 - Suggest Complementary Technique (7a) 4
making - Qualify Decision Making (7a, 7b, 7d) - Organize Techniques by Category (7a)
- Qualify Decision Making (7a, 7b, 7d)
ii) Prediction-based - Get to know similar cases (7b, 7c, 7d) 1 - Suggest tools predictively (7a) 2
recommendation - Consider the context of use of DT (7a, 7¢) - Receive examples of the application of the
- Provide feedback (7d) technique (7b, 7c, 7d)

- Consider the context of using DT (7a, 7¢)
- Provide feedback (7d)
iii) Techniques pre- -Visualize techniques and models (7a, 7b, 3 - Visualize the techniques and models (7a, 0
sentation 7c) 7b, 7¢)
- Search for technique recommendations in
a systematic way (7a, 7c)
iv) Dynamic visual- - Simulate the use of combined techniques 6 - Dynamic and interactive visualization (7a, 2
ization for a particular purpose (7¢) 7b)

To conclude, each group presented their results to one another and explained
their voting and motivations behind it. This discussion promoted common ground among
the meta-DT session participants and made it possible for the group to conclude that they
had reached a tool vision.

5.2 Requirements Elicitation Activity

Upon a 1.5-hour-long session, we conducted a requirements specification activ-
ity. This activity was conducted by the 5 graduate students who refined the tool’s re-
quirements. Based on our previous experience in elicitating requirements, we chose the
following techniques: i) User Journeys [149], to represent the needed steps for a user
to achieve their (business) goals, ii) Service Blueprints [149] to describe how the ‘service’



90

(tool features) may be offered to the user (touch-points), covering the entire journey, iden-
tifying points for improvement and business opportunities, and iii) Low-Fidelity Prototypes
[149], to define how users will interact with the tool3. Specifications were defined by 3 of
the students and reviewed by the other 2 until a consensus was reached.

5.2.1 User Journeys

Proceeding with the requirements-gathering exercise for the tool proposed, we
started with the definition of 5 User Journeys. Figure 5.4 shows a User Journey developed
for Persona Sindi, highlighting her main actions when looking for a technique and aiming
to use it in her product development. The identified functional requirements derived from
this user journey are highlighted in Figure 5.4, described next:

Access the system: user access the tool;

* Recommend techniques based on a self-updated visualization graph: user can re-
ceive technique recommendations and self-update the tool, collaborating with other
system’s users;

* View techniques details: user can access detailed information about a certain tech-
nique, like when, how, and why to use it;

* Attach/Add techniques from the visualization graph to a new project: user has the
opportunity to choose a technique and associate it with a new project;

* Create a new project: user can create a project and manage the used techniques
and previous experiences, updating the visualization graph.

5.2.2 Service Blueprints

As mentioned, Service Blueprints (SB’s) are used to visually present the detailed
specification of aspects of a service (business feature), from the user’s perspective, and
other relevant parts that may be involved.

Figure 5.5 presents an SB for the persona Sindi related to the User Journey shown
in Figure 5.4, aiming to get new insights and a deeper understanding of the problem. In
this service blueprint, the user initially accesses system (A) and selects from the sug-
gestion graph some techniques for his DT project (B). The user can also see information

3The full report can be found at http://bit.do/CIBSE2020DesignThinking
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about the selected technique (C) as well as linking to the running project (D). Figure 5.5
also presents other expected functionalities through the relationships shown in each of
the horizontal lanes’ physical evidence (i), customer actions (ii), contact with backstage
actions (iii), and support processes (iv).

5.2.3 Low-fidelity prototypes

Considering the insights gathered from the Users’ Journeys and the Service
Blueprints, we further detailed the features through their prototypes. We designed a sec-
ond round of paper-based prototypes mapping the results from the two referred elicitation
techniques to consolidate our understanding as presented here.

Technigues Recommendation Graph Screen (Figure 5.6-(a)) shows the techniques
within a graph according to a specific filter. By default, the graph is set to generate the
vertices and edges according to the most used technique. Therefore, the starting and
central node from this graph present the most recommended technique, followed by the

User Journey - Sindi
UJ001 - Create a new project =

1. Sindi wakes-up cheerful to finish this week with this beautiful friday
morning;

2. Then, she gets out of the bed and takes a shower;
3. After the shower, Sindi joins her husband in the breakfast table;

4. In the midst of conversations with her husband, Sindi remembers her
trip to S&o Paulo, which involves the projected she was assigned for
by her boss;

5. Therefore, she finishes her breakfast, prepare her material and heads
to the airport;

6. At the airport, after finishing the check-in, Sindi finds out her flight was
delayed due to aircraft maintenance;

7. Hence, Sindi enters in the DT app looking forward to anticipate the
project’s preparation - ACCESS THE SYSTEM;

8. In the Home Screen, she access the feature “recommendation graph”
and starts to see the most recommended techniques based on users
choice and displayed as a graph - DISPLAY AS A GRAPH THE RE-
COMMENDED TECHNIQUES BASED ON A RETRO FEED ALGO-
RITHM;

9. Curious about some techniques she never heard of, Sindi holds her
finger on the screen for a few seconds and a pop up appears with
details about the technique in question - VISUALIZE DETAILS AND
INFORMATIONS OF TECHNIQUES;

10. After navigating through the recommendation graph and visualizing
some technique’s details, Sindi gather the ones she needs to use for
her project and proceeds with its creation - ATTACH SELECTED
TECHNIQUES FROM THE GRAPH TO A NEW PROJECT;

11. After loading the project creation screen, Sindi fills the name, parti-
cipants and remaining details about the project;

12. Finally, Sindi reviews her inputs and details about the project and
press the create project button - CREATE A NEW PROJECT

Figure 5.4: User Journey View techniques in detail for Persona Sindi
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next most recommended nodes that relate to the first (e.g., Brainstorming followed by
Journey maps and Personas). Thus, our tool presents a network of DT techniques.

In addition, if a user is not familiarized with any of the techniques, each of them
contains descriptive information, e.g., definition, case scenarios to use, and others (see
Figure 5.6-(b)). When the selected technique is selected, its respective data have to pop
up inside a little rounded square, delivering the user’s continuous use of the feature, de-
spite having to go back and search manually about the given technique.

Figure 5.6 illustrates two other features. Figure 5.6-(c) provides the concept of a
project to store related information held together, whereas having to seek them separately
all the time. Therefore, the screen exhibits blank fields to be filled about the project’s
crucial details (e.g., name, description and participants), a set of available DT models to
fit in their project and also a list of the previously selected techniques with the graph.

Finally, Figure 5.6-(d) illustrates a screen for capturing user feedback from the
use of DT techniques in their software development projects, chosen through the recom-
mendations made by the tool we are proposing in our work. In this screen, the user can
inform the result of the application of a specific technique (e.g., Persona), filling in fields
like what was the experience of use, if it suggested any alteration or if it was done alterna-
tively, how many times already used, would be used again, and how to rate it (on a level
of stars ranging from 1 (not suitable) to 5 (very appropriate)).

This last screen represents a core feature of our tool: the exchange of information
and experience among DT professionals, creating an effective and consolidated communi-
cation channel and establishing a community environment, especially for those who apply
DT in software engineering. Thus, our proposal is not limited to an information guide but

defines it as a collaborative environment that enables the exchange of experiences be-
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Application g S
Screen Details Screen creation Screen

Custom
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Figure 5.5: Service Blueprint for Persona Sindi
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Figure 5.6: (a) Graph; (b) Technique detail; (c) Project creation; (d) Feedback

tween DT users. This feature should also be further modeled ahead as per the use of the
first tool draft to be made available.

5.3 Early Solution Proposal Evaluation

Once we concluded the creation of low-fidelity prototypes, we moved to the val-
idation approach in the DSR framework. In Iteration 1, we conducted an early interview
evaluation study with DT practitioners in software development.

5.3.1 Interview-based Evaluation Study

We interviewed 5 DT practitioners (a product designer, a service designer, a prod-
uct owner, a business analyst, and an IT manager) of 2 multinational IT companies: a large
Brazilian TV broadcasting company, a cooperative bank and an IT provider with an average
of 3.5 years of experience with DT in software development.

We first openly asked how they select the techniques they use to later present
them with our recommendation tool idea and a sample of printouts of low-fidelity proto-
types to discuss in detail. Four interviews took place during coffee breaks of the DT track
of an industry-based developers’ conference. Each interview lasted an average of 20 min.
We sent the prototypes to the interviewee by e-mail and then we discussed our proposal.

Here, to maintain the confidentiality of both practitioners, we identify them as
P1, P2, P3, P4, and P5. We asked: i) how do you select DT techniques? ii) how do you deal
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with changes in the technique selection during a DT session, if any? and iii) how would
you welcome a tool that recommends your techniques considering your product context
and feedback from others?

Regarding question (i) choice of DT techniques, the participants reported that
they select considering the customer’s knowledge and feeling, according to P2; that they
learn to choose from the experience gained from years of application, and that ends up
creating a particular set of techniques by the results that have already been obtained in
previous applications, as mentioned by P3. In addition, the techniques can be chosen and
determined according to the DT working space, either for understanding the problem, for
ideation, or for developing the solution. P4 unveiled it:

« —“We learn to choose techniques over time because each technique has a result.
If one wants to understand the problem, one uses certain techniques. One defines
one’s own toolkit over time. Also, if one has to think about solutions, one has these
(certain techniques) here that help one get there” - P4;

On the need to look for other techniques while conducting a DT session (question
ii), interviewees responded that situations arise when users/participants are not engaged
or do not understand how the technique works and need to change or adapt the technique
for more meaningful results. P3 and P4 stated that:

* —“There are situations in DT Workshops where the use of some techniques does not
work, so the moderator/designer must choose another technique from their experi-
ence. There are also instances when participants find it challenging to use a partic-
ular technique, so one needs to use others” - P3;

* —“It happens that one has to change in the middle of a workshop because the cus-
tomer does not respond well to a certain activity. In this situation, empathy must be
used to understand what is happening and get around the situation. Changing the
technique is often helpful in those situations.” - P4;

P5 and P2 suggest making combinations between different techniques, observing
that with the applied variations, going beyond the pre-established models and keeping the
freedom for exploring the Designer’s mindset, one gets a more efficient result.

» —“Experiment variations between techniques (a mix of techniques), because this en-
sures the bias of the Designer and not just replicating methods [...]" - P5;

* —"“You test if this technique combines with this one.” - P2;

Regarding the need for a recommendation tool (question iii), the interviews
showed that it would be helpful and of great help to professionals who use DT. They sug-
gested that the DT user might input some data such as “Do you already have the problem
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defined?" to know if the person (client) already has the scope of the problem defined; “Do
you know users?" — then suggest a particular set of tools.

For P1, the tool should be geared to the DT community by fostering information
exchange (feedback, more effective techniques); should have explanations of concepts,
such as whether the solution to the problem is developing a mobile app, providing useful
Minimum Viable Product (MVP) tips; and should clearly present the techniques to under-
standing the problem, for ideation, and for creating the solution. Also, it should establish a
sense of community, with a forum for users to interact among themselves, going beyond
a simple guide, and provide metrics for evaluation (hnumber of users who accessed in a
period, user satisfaction when using).

Therefore, we realized through the early evaluation task with 5 professionals that
the selection of DT techniques is made considering the customer’s knowledge and feeling,
previous experience, or according to the working space of DT. We have also learned that
professionals might change a DT session’s selected techniques due to a lack of participant
engagement. In addition, the professionals mentioned that a tool that considers the pre-
vious experience of the professionals to recommend techniques seems to help with the
decision-making of selecting DT techniques for software development. However, there is
still room for the solution’s refinement. In Section 6, we show Iteration 2 in the DSR-based
method, where we performed a tool’s requirements refining activity and conducted an
initial tool validation.
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6. ITERATION 2: SOLUTION REFINING AND INITIAL VALIDATION

Motivated by the results of Iteration 1 (Chapter 5) and seeking improvement to
the solution, we performed a second iteration in the DSR framework. We refined the
requirements of the proposed solution and then we validated the solution with industry
professionals. We also used the DESMET method for features analysis as described next.

6.1 Requirements Refining Activity

After the early evaluation activity, inspired by the feedback gathered with the
DT professionals and based on our defined artifacts (user journeys, blueprints, and low-
level prototypes), we performed a requirements refining activity. We transformed the low-
level fidelity prototypes into high-level prototypes to further detail each of the previously
identified features. For this transformation, we used Figma as a prototyping tool.

Supported by 2 graduate students and reviewed by 2 other researchers (an as-
sistant researcher and a senior researcher), the requirements refining activity was based
on the use of the Figma prototyping tool [84]. Figma is a web-based tool that allows the
definition of transitions between prototype screens and allows the creation of content into
multiple layers’ structure. Using Figma, we created high-level prototypes to refine our un-
derstanding of the requirements. We transformed the low-level prototypes generated in
the Solution Design cycle into high-fidelity prototypes.

6.1.1 High-level prototyping

Figure 6.1 presents an example of our low-level (a) to high-level (b) fidelity pro-
totype transformation. We structured all the high-prototypes into 4 basic areas: (1) a
status bar, a thin line containing system information; (2) a navigation bar, to show infor-
mation about the user’s current location within the App; (3) a content area, to represent
the content, where the general buttons, inputs and other components are positioned in,
and finally; (4) a tab bar, located at the bottom of the canvas-used area to draw-, used to
show all tool sections, which in our example are: the home screen itself, the projects, the
recommendation graph, and the user profile.

As a result, we transformed the 19 low-level into 62 high-level prototypes, as
illustrated in Figure 6.2. We started the high-fidelity prototyping process with the cre-
ation of an initial screen, drawing the 4 main areas of the screen structure as previously
mentioned-the status bar, the navigation bar, the content area, and the tab bar. We used
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Figure 6.1: Low fidelity redesigned to high-level fidelity prototypes: Home screen

Figure 6.2: Overview of the screens created using Figma

the initial screen as a standard prototype to facilitate the creation of the other screens
of the solution. After that, using the initial prototype, we built all the other high-level
prototypes in the solution. For each defined feature, we created one or more high-level
prototypes (see Figure 6.3). During this process, we peer-reviewed the drafted high pro-
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Figure 6.3: High-level fidelity prototypes generated using Figma

totypes among the authors, resulting in improved versions. This process allowed us to
obtain a better and more refined understanding of the specified user requirements.

Next, based on the high-fidelity prototypes we generated for our solution, we ex-
tracted the features for Helius. As it is a recommendation and a collaborative system,
we designed a set of features aiming to assist software development professionals in the
selection of DT techniques according to their needs. Thus, Helius is a collaborative rec-
ommendation tool that takes project context and previous experiences to recommend DT
techniques in software development.

Therefore, we defined the target audience, the features, and a subset of the
screen overview to show how Helius works. The tool’s target audience is professionals who
work with software development (e.g., developers, requirements analysts, UX designers),
especially those who are beginners in the use of Design Thinking in the context of software
development but not limited to this profile.

Table 6.1 presents a set of features and respective sub-features for our tool pro-
posed based on the DT session and on the high-level fidelity prototyping activities. We
organized Helius into 6 main features: (F1) DT Techniques Recommendations, (F2) DT
Techniques Filtering, (F3) DT Techniques Evaluation, (F4) DT Techniques Community Feed-
back, (F5) DT Techniques Information, and (F6) DT Techniques and Project Management.

The DT Technigues Recommendation feature (F1) is Helius’ core feature. This
will help users to receive recommendations of the techniques most suited to their needs
according to the project characteristics and contextual information (e.g. project domain,
stakeholders’ commitment level, team expertise in Design Thinking). The recommenda-
tions are performed by Helius using the DT techniques information and using information
from the user, making the tool a collaborative system too. Therefore, once the user evalu-
ates the techniques selected to be used in a project, Helius uses this data for recalculating
the recommendation graph.
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Table 6.1: Helius Features

Sub-

ID Feature set Sub-feature description
feature ID
F1-SFO1 To consider the combined use of techniques in projects to
p1 DT Techniques recommend DT techniques
Recommendations F1-SF02 To consider contextual information from the user’s
project to recommend DT techniques
F1-SFO3 To consider feedback from other users to recommend DT
techniques
F2-SF01 To consider techniques characteristics to filtering similar
F2 DT Techniques Filtering DT techniques
F2-SF02 To consider project context information to filtering similar
DT techniques
DT Techniques F3-SFO1 To allow evaluation of a single technique by the user
F3 Evaluation F3-SF02 To allow evaluation of the techniques used in conjunction
in a DT project by the user
" DT Techniques F4-SFO1 To allow filtering feedback by technique
Community Feedback F4-SF02 To show related feedback for projects and techniques
used in conjunction
DT Techniques F5-SFO1 To show detailed information about each DT technique
F5 Information F5-SF02 To show the related uses of a technique with other tech-
niques
DT Techniques and F6-SFO1 To manage a project which uses DT techniques
F6 Project Management F6-SF02 To share project data with other team members

The DT Techniques Filtering feature (F2) allows the users to filter techniques
based on the characteristics of the techniques. This feature works as a catalog of tech-
niques in which the user can filter them using a set of criteria, including the working space,
the goal, among others. In this way, Helius, in addition to recommending the techniques
(Feature F1), allows filtering DT techniques, helping the user to select the most appro-
priate techniques for her project. This feature supports professionals who already have
experience in DT, instead of requesting a technical recommendation, prefer to filter to
learn about other techniques.

The DT Techniques Evaluation feature (F3) allows the users to make evaluations
considering the techniques they have used in their projects. Therefore, once the user
selects a technique for evaluating, Helius shows a form composed of a field for evaluation
rate, and 6 questions: “How was your experience using the technique”, “What would

you do differently”, “How many people participated in the use of this technique?”, "'What
techniques did you combine together?” and “What was the cost of applying a technique?”.

The DT Technigues Community Feedback feature (F4) combines the evaluations
of the users about their experiences using a technique. This feedback allows the users to
know each technique based on previous experiences?.

LIn this version of Helius, there is no evaluation moderation.
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Helius also provides the DT Techniques Information feature (F5). This feature
organizes a collection of data about each technique, such as the technique definition, how
to use it, and suggestions about when to use it. In addition, Helius includes community
feedback on the technique information. Feature F5 is further explained in Section 7.1.

The DT Techniques and Project Management feature (F6) allows the users to cre-
ate a project, including data such as project name, project description, the participants’
profiles, project due date, project tasks, and team members. No information that could
compromise the project’s confidentiality is requested or exposed. Therefore, once the
users have created a project, they can request a recommendation. Also, it is by using this
feature that Helius provides the feature for technique evaluations (ii). Users can evaluate
the techniques they have used in their own projects.

Figure 6.4 illustrates a subset of screen prototypes of Helius. Screen (a) shows the
start user interface, which provides functionalities such as “create a project” (F6-SF01),
“write a review" (F3-SF01, F3-SF02), and view the “community feedback" about the tech-
niques and projects (F4-SFO1, F4-SF02). Screen (b) illustrates the creation of a project
to insert DT techniques. It is also possible to insert DT models. Additionally, on Screen
(b), there is the functionality: “Recommend me a technique” used to request DT tech-
niques recommendations (F1-SFO1, F1-SF02, F1-SF03). Once the user has selected the
recommendation feature, Helius shows Screen (c).

On Screen (c), the user is able to select one technique. After that, Screen (d) is
opened, showing a graph of DT techniques and their relationship, i.e., techniques recom-
mended according to their usage in previous projects (F1-SF01, F1-SF02, F1-SF03). For
example, on Screen (d), Personas was the selected technique, and the other two tech-
niques, Brainstorm and Interviews, were present in the graph. It means that Personas
x Brainstorm and Personas x Interview were already used in conjunction before within a
project (F5-SFO1, F5-SF02). In addition, on Screen (d), the users may select which tech-
niques want to insert into their project (we show the selection of Personas to be added to
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Figure 6.4: Recommendation tool’s screens overview
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a project, marked with a blue ‘v’). Once the user has clicked in the square over a graph
edge, which creates a relation with two techniques, Helius presents Screen (e). On Screen
(e), there is information related to the relationship between the two techniques, such as
the projects that they already were used in conjunction with (F5-SF01, F5-SF02). For ex-
ample, on Screen (e), we show the relationship between Personas and Interviews and
the project where these two techniques were applied in conjunction. Helius also builds
a graph from filters applied by users on the characteristics of the techniques and of the
project (F2-SF01, F2-SF02).

Finally, on Screen (f), we show the feedback registered by the Helius tool users

about the DT techniques they had used (F4-SF01, F4-SF02). This feedback helps other
users describe previous experiences with the use of DT techniques.

6.2 Requirements Validation Activity

After the requirements refining activity, we moved to the validation activity in It-
eration 2 of the DSR-based approach. We used the high-level fidelity prototypes generated
with Figma as input for designing and running a requirements validation activity. Thus, we
organized the validation activity into 2 major tasks: (Section 6.2.1): validation environ-
ment setup using Quant-UX, aiming to design and prepare the environment for validating
the specified requirements through prototyping, and (Section 6.2.2): feedback collection
with DT practitioners, through a questionnaire-based data collection, aiming to validate
our DT techniques recommendation tool for future implementation. As mentioned, the
guestionnaire was based on TAM considering the Perceived Ease of Use and Perceived
Usefulness factors.

6.2.1 Validation Using Quant-UX and TAM

We used Quant-UX to simulate the interaction of the high-fidelity prototypes as a
means to validate the requirements with potential users, i.e, Design Thinking practition-
ers. Quant-UX is a free prototyping and validation tool that allows to design and measure
the users’ interactions with a solution. Thus, we created the screens interactions aiming
to collect experiences from the Design Thinking practitioners by using our DT techniques
recommendation tool prototypes [218].

For validation purposes, Quant-UX includes features such as screen recordings,
A/B testing, and QR Codes to share the solution with users and test the solution. Quant-UX
also allows the creation of user interface flows, transforming the prototypes into interac-
tive ones, and providing a functional perspective of the solution. It also includes features
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like (a) heatmaps, highlighting the points of user interaction on the screen; (b) user jour-
ney, showing which prototypes are executed by the user and in what flow, helping to
discover usability problems, and (c) test evaluation, a statistical report describing useful
data about the user interactions, like scroll visibility, number of views, and dwell time.

Using Quant-UX, we first imported the 62 high-level fidelity prototypes from
Figma as images. Next, we created the interactions between the prototypes, defining
the logical entries for generating user flows. Figure 6.5 illustrates an overview of the logic
flow. The arrows portray the paths between an element and the screen that is summoned
when that element is pressed.

Feedback collection with DT practitioners

Once the validation environment was set up, we collected the feedback with DT
practitioners?. We invited 80 out of 158 respondents who have authorized us to contact
them for follow-up studies. Seven of them (8.75%) accepted our invitation and partici-
pated in this validation study. Table 6.2 shows the participants (named validators here),
identified as V1 to V7, their roles and their DT's years of experiences.

We sent a 4 minutes video to the practitioners explaining our research goals and
introducing in general words how the tool will work. The video did not contain explanations
about how the practitioners should use the features of the proposed tool, aiming to avoid

Figure 6.5: Overview of the screens flow built using Quant-UX

2These are distinct individuals from those who participated in the early evaluation study.
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feedback bias. We also sent the link for the prototypes created using Quant-UX, and the
TAM-based questionnaire link.

Table 6.3 shows the questionnaire that we created for collecting validation feed-
back based on the TAM model and on the Likert scale (Totally agree, Strongly agree, Par-
tially agree, Partially disagree, Strongly disagree, Totally disagree). We posed statements
considering Perceived Ease of Use (PEU) and Perceived Usefulness (PU) factors. Also, we
posed 3 open questions (OQ) for collecting if the practitioners would use our recommen-
dation tool, which are the positive features they perceived, and which are the features
we should improve in our tool proposal. The questionnaire was peer-reviewed by a senior
researcher who has conducted several studies using TAM over the years and piloted with
a graduate student who also works in the industry.

Figure 6.6 shows the TAM’s results of the Perceived Ease of Use, while Figure 6.7
shows the Perceived Usefulness of the recommendation tool, respectively.

* Perceived Ease of Use: The DT practitioners who participated in our validation ac-
tivity indicated that the DT technigues recommendation tool can be considered an
easy-to-use tool. With different agreement levels, the participants considered it easy
to learn how to use the recommendation tool (PEU #1), acquire the tool’'s ability

Table 6.2: Participants of the tool’s validation step

Participant ID Role DT Years*
V1 Head of Innovation 10
V2 Innovation Manager 3
V3 Engineer Support 5
V4 UX Designer 5
V5 Project Manager 5
V6 Software Engineer 3
V7 Designer 4

*Years of Experience using DT in software development

Table 6.3: Validation Questionnaire based on TAM model

Perceived Ease of Use statements for the recommendation tool:
PEU #1 It was easy to learn how to use the DT techniques recommendation tool
PEU #2 | was able to use the recommendation tool to request recommendations for DT techniques
PEU #3 It was easy to acquire the ability to use the recommendation tool
PEU #4 It was easy to remember how to request DT techniques recommendation
PEU #5 | think the recommendation tool is an easy to use tool
Perceived Usefulness statements for the recommendation tool:
PU #1  The tool allows to create projects and include DT techniques
PU #2 The tool allows to require recommendations of DT techniques
PU #3 The tool allows to evaluate the DT techniques used
PU #4 The tool allows to view information about the related techniques in the graph
PU #5 The tool allows to view other users’ comments on DT techniques

PU #6 | consider the recommendation tool useful for selecting DT techniques

Open questions about the use of the recommendation tool prototypes:
0oQ1 Would you use this tool for selecting DT techniques in software development? Why?
0Q2 Which features of the tool do you consider positive for the selection of DT techniques?

0Q3 Which features of the tool do you think need to be improved for the selection of DT techniques?
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Perceived Ease of Use

M Totally agree ® Strongly agree @ Partially agree Partially disagree ® Strongly disagree ® Totally disagree

PEU #1

PEU #2

PEU #3

PEU #4

Figure 6.6: TAM results for Perceived Ease of Use

Perceived Usefulness

® Totally agree ™ Strongly agree ™ Partially agree M Partially disagree M Strongly disagree ™ Totally disagree

PU #2
PU #3
PU #4

PU #5

PU #6

Figure 6.7: TAM results for Perceived Usefulness

(PEU #3), remember how to request DT techniques recommendation (PEU #4), and
in general, the tool was easy to use (PEU #5). Only for the statement related to how
easy it was to request recommendations for DT techniques (PEU #2), 1 DT practi-
tioner partially disagrees with the ease of using the tool.

Perceived Usefulness: Regarding the usefulness of the recommendation tool, most
of the DT practitioners totally agreed that the tool allows: creating projects and in-
cluding DT techniques (PU #1), to require recommendations of techniques (PU #2),
to evaluate the DT techniques used (PU #3), to view information about the related
techniques in the graph (PU #4), and to view users’ comments on DT techniques
(PU #5). The DT practitioners also agree that the recommendation tool is useful for
selecting DT techniques (PU #6).



105

Regarding the questions about the features provided by the tool, the DT practi-
tioners answered the following:

OQ1: Would you use this tool for selecting DT techniques for software develop-
ment? Why?

The DT practitioners pointed out they would use the recommendation tool be-
cause it provides data about the experiences of professionals who used the tool, allowing
them to better know the practices around DT techniques:

—"“The tool will become a data pool with several experiments and combined models
of tools. This is cool to bring inspiration and best practices” - V1,

—"“We can create shortcuts through the experience of other users” - V2,

—“This tool will help my choice of techniques to the point that | can learn about other
users’ experience with certain techniques” - V7,

The participants considered the tool appropriate for selecting DT techniques and
for engaging DT practitioners during DT sessions:

—“The tool would be very useful to assist when | need to think about DT techniques
to engage participants in the DT session” - V5;

The participants also considered the tool useful since it provides information to
select a DT technique according to how much time is required to use it, and also it was
considered useful to professionals who do not have any DT experience:

-“(The tool) allows me to see how much time is required to apply a DT technique
because in order to select the techniques | always consider the time available | have
to apply DT.” - V4,

"I found it very useful for those who have no previous experience with DT"” - V6;

0Q2: Which features do you consider positive for the selection of DT techniques?

Two participants considered the recommendation graph as a positive feature:

* —“The Recommendation graph [...] for a quick consultation (of the techniques) is
amazing, especially for more experienced professionals” - V1,

* —“The suggested graph is an interesting feature. By clicking on it, it is possible to
know what other techniques are related. The technique recommendation is great,
it’s like we have someone helping us to choose techniques” - V7,
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Other participants (V2, V3, V4, and V5) mentioned the reviews of the techniques
as a positive feature since it provides information to the professional for choosing the
appropriate DT technique. For instance, one participant mentioned:

* —“(The tool) provides a view of the comments of other participants, which allows me
to see what the experience with the techniques was like” - V4;

In question OQ3: Which features of the tool do you think need to be improved for
the selection of DT techniques?, the DT practitioners pointed out improvements for some
features of the proposed tool, such as:

i) techniques visualization: -“To improve visualization of techniques and details of
techniques.” - V5;

ii) reviews presentation: -“The organization by tabs could be changed” - V1;

iii) project creation including DT techniques: -“I think that when we describe a project,
we have to start with the selected techniques. | thought the prototype didn’t give
me this option to see if it worked” - V3;

Still in the validation activity, using Quant-UX we captured heatmaps of the pro-
totypes’ areas that the users clicked. These heatmaps helped us to analyze the user
experience and to identify improvements to the proposed tool’s screens. Figure 6.8 shows
examples of the heatmaps for the Home screen (a), for the technique selection screen
(b), and for the graph recommendation screen (c). In the Home screen (a), the partici-
pants clicked on the main areas, such as buttons and the bottom tab bar, which allowed
them to access the features of the tool. In the Graph recommendation screen (c), the
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Figure 6.8: Heatmaps of the use of the tool’s prototypes
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participants were able to access the information of the technique shown in the graph, and
also they were able to access the filtering features. On the other hand, the heatmap of
the Techniques selection screen (b) shows that some users had some difficulty selecting a
technique to see its information since there are clicks over the technique’s name, but the
area on the screen for this purpose is the icon placed on the right side of the techniques’
name. Thus, this result indicates that its necessary to highlight the area to be clicked.

Thus, based on the results that we obtained in this study, we list some insights
as a set of initial takeaways about our recommendation tool proposal:

* The tool seeks to provide information on DT techniques, going beyond the exist-
ing user’s toolkit. The tool must allow the selection of other techniques through its
recommendation system that should take into account a set of items for the rec-
ommendation such as previous use of a certain technique, user feedback, product
context, and project characteristics;

* The tool should be valuable and able to assist both on-boarding novice users as well
as expert ones during their DT sessions in software development. Both profiles found
the tool idea useful;

* The tool should represent an innovative solution presenting a recommendation tool
associated with a community-building environment through feedback. Thus, indus-
try practitioners might collaborate with their community to foster the improvement
of DT in software development.

In this study, we collected with the validation study the need of exploring the
sense of community as a future direction of our tool, allowing the users to retro-feed the
recommendation system with their experiences on the use of DT techniques, fostering an
opportunity to learn with other professionals and to establish some shortcuts when select-
ing DT techniques. The results of the early tool evaluation and the requirements validation
activities also indicated that our DSR-based research presents a theoretical contribution
(Relevance element of the DSR).

We figured out that IT professionals select DT techniques based on the investi-
gation of the customer’s knowledge and feeling, on the learning with previous experience
on the application of DT tools, on the creation of their own set of DT techniques, or based
on the analysis of the DT working space and techniques related to it. We also discovered
that the lack of participant engagement, the lack of participant’s understanding of how
the technique works, or the professionals might change the selected techniques during a
DT session because of low meaningful results.

Next, in order to reinforce the contributions of our proposal when compared to
other tools to recommend DT techniques in software development, we conducted a com-
parison between Helius’ features and the similar tools that we found in our SLM.
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6.2.2 Feature Analysis using DESMET method

Before starting to implement Helius, we conducted a validation of the tool scope.
Our first step towards this validation-the focus of this section, aims to demonstrate that
the tool feature set indeed brings new contributions with regards to those tools already
available, i.e., it innovates3.

The related tools which we compared to our project were identified through a
Systematic Literature Mapping (Section 4.1) and through a Survey performed with IT pro-
fessionals (Section 4.2). Thus, aiming to compare Helius with other tools, we performed
feature analysis using DESMET [131]. In this study, we compared the other tools with
a prototyped version of Helius, previously validated by industry professionals (see Sec-
tion 5). The Helius’ features were intentionally defined as a baseline for the comparison,
following the procedures proposed in Kitchenham et al. (1996) [131].

DESMET is a method that provides an algorithm to compare tools when we intend
to identify the best alternative for a specific domain [131]. For instance, Marshall [165]
performed a study comparing tools for Systematic Literature Reviews (SLRs). Starting with
the definition of the features, sub-features, and their respective degrees of importance,
the authors conducted comparisons feature by feature, obtaining the most suitable tool
for conducting an SLR.

Using the qualitative analysis provided by DESMET, we compare Helius features
(Table 6.4) with two related tools: DTA4RE [245] and IDEO DT [115]. Next, we start pre-
senting an overview of similar tools, and we show the DESMET evaluation, extracting the
percentage of agreement for the defined features expected in the recommendation sys-
tem of DT Techniques.

DTA4RE is a tool that provides recommendations for DT techniques for software
development. Through a form-based algorithm, the tool presents the users with a set
of questions and, once they have answered, the tool exposes the applicable DT tech-
niques. DTA4RE focuses on DT techniques for requirements engineering, recommending
techniques according to three working spaces of DT: inspiration, ideation, and prototyping.

Although providing information about the techniques, such as how to use a tech-
nique, and when to use it, DTA4RE does not offer features related to DT techniques eval-
uations and also does not recommends techniques based on community feedback.

IDEO DT is a web-based tool that provides DT techniques suggestions according
to filters that the user has applied. Once in the IDEO DT system, it is possible to select
some needed characteristics, such as what working space the user is in, and the scenario
of use, among others. For each technique filtered, IDEO DT gives an overview, the steps
to be done, and the difficulty level for using it.

3This study was published as a paper in the Workshop on Requirements Engineering (WER 2021) [193]
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Table 6.4: Helius Features used in the DESMET evaluation

ID Feature set Sub- Sub-feature description Subfeature: Feature
feature level of impor- set Im-
ID tance portance
Weighting
F1-SFO1  To consider the combined use of techniques in Mandatory
g1 DT Techniques projects to recommend DT techniques 0.3
Recommendations F1-SFO2  To consider contextual information from the user’'s Mandatory

project to recommend DT techniques
F1-SFO3  To consider feedback from other users to recom- Mandatory
mend DT techniques

DT Techniques Filter- F2-SFO1  To consider techniques characteristics to filtering  Highly Desirable 0.2

ing similar DT techniques
F2-SF02  To consider project context information to filtering Highly Desirable
similar DT techniques

F2

F3-SFO1  To allow evaluation of a single technique by the Highly Desirable

DT Techniques
F3 d user 0.2

Evaluation ) ) ) ) )
F3-SF02  To allow evaluation of the techniques used in con- Highly Desirable
junction in a DT project by the user
DT Techniques F4-SFO1  To allow filtering feedback by technique Desirable 01
F4  Community Feed- F4-SF02 To show related feedback for projects and tech- Desirable :
back niques used in conjunction
E5 DT Techniques F5-SFO1  To show detailed information about each DT tech- Nice to have 0.1
Information nique )
F5-SF02  To show the related uses of a technique with other Desirable
techniques
DT Techniques and F6-SF01  To manage a project which uses DT techniques Nice to have 0.1
F6 Project Management ~ F6-5F02  To share project data with other team members Nice to have

Similarly to DTA4RE, IDEO DT does not provide runtime evaluations of the recom-
mended techniques nor consider the users’ feedback to calculate the recommendations.
Helius is a system that proposes to innovate using the users’ collaborations to recommend
suitable DT Techniques, including the previous experiences from the users (community
feedback-based) to support DT in software development projects.

DESMET Evaluation process

DESMET is an evaluation method that requires the designation of scores for the
features and sub-features, such as sub-features importance levels, features weights, and
judgment scales. Thus, following Marshall [165], each score was initially designated by
the first author, and after they were analyzed by the fourth and fifth authors.

Using the DESMET method initially is needed to define the importance level for
each sub-feature (Table 6.5) (SFIL). It designates a multiplier associated with each sub-
feature representing its importance in the solution.

Table 6.5: Sub-features Importance levels (SFIL)

Importance level Multiplier
Mandatory (M) *4
Highly Desirable (HD) *3
Desirable (D) *2

Nice to have (N) *1
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Next, we evaluated the set of sub-features in our proposal and attributed the
corresponding importance level (Table 6.4 — column Sub-feature level of importance). For
instance, we consider sub-feature F1-SFO1 “To consider the combined use of techniques
in projects to recommend DT techniques” as one of the most important sub-feature of
Helius. Therefore we defined it as a Mandatory (M) sub-feature. We marked it as M.

In the sequence, in DESMET are defined importance weights for each feature
set (FIW). It means the importance of each set of features for a tool. For our study, we
defined the importance weight, as shown in Table 6.6. For example, we defined F1 as
the most important feature set, with an importance weight of 0.3, which represents 30%
of importance in this context. All importance weights can be seen in Table 6.4 — column
Feature set importance weighting).

Next, we have to calculate the Max Feature Set Score (MFSS) for each macro-
feature. Equation 6.1 shows that MFSS is calculated by adding up the Sub-feature Impor-
tance Levels (SFIL) that belong to a macro-feature. Thus, SFIL; represents the importance
level of the subfeature / (see Table 6.5), and n represents the number of sub-features that
belong to a macro-feature. For instance, in Table 6.7 - column D), 12 is the MFSS of the
macro-feature F1, 6 is the MFSS of the macro-feature F2, and so on.

Table 6.6: Feature Set Importance Weight (FIW)

ID Feature Set FIW
F1 DT Techniques Recommendations 0.3
F2 DT Techniques Filtering 0.2
F3 DT Techniques Evaluation 0.2
F4 DT Techniques Community Feedback 0.1
F5 DT Techniques Information 0.1
F6 DT Techniques and Project Management 0.1

Table 6.7: Feature analysis results for three tools (Helius, DTA4RE, and IDEO DT)

Helius DTA4RE IDEO DT
A B C D E F G H 1 J K L M N o P
Feature Subfeatur Subfeatur Max JI Weigl Featur % n Weigl Featur % n Weigl Featur %
Set impor- Fea- score Score set Fea- score Score set Fea- score Score set Fea-
tance ture He- Score ture DTA4RI Score ture IDEO Score ture
level set lius ob- Set (Jis) ob- Set J1s) ob- Set
(M,HD,D,N Score (JIS) tained Score tained Score tained Score
F1-SFO1 4 1 4 1 4 0 0
F1 F1-SF02 4 12 1 4 12 100% 1 4 8 66.67% 0.5 2 2 16.67%
F1-SFO3 4 1 4 0 0 0 0
F2 F2-SFO1 3 6 1 3 6 100% 1 3 6 100% 1 3 3 50.0%
F2-SF02 3 1 3 1 3 0 0
F3 F3-SFO1 3 6 1 3 6 100% O 0 0 0.0% O 0 0 0.0%
F3-SF02 3 1 3 0 0 0 0
F4 F4 - SFO1 2 4 1 2 4 100% O 0 0 0.0% O 0 0 0.0%
F4-SF02 2 1 2 0 0 0 0
F5 F5 - SFO1 1 3 1 1 3 100% 1 1 1 33.3% 1 1 1 33.3%
F5-SF02 2 1 2 0 0 0 0
F6 F6-SFO1 1 2 1 1 2 100% O 0 0 0.0% O 0 0 0.0%
F6 - SF02 1 1 1 0 0 0 0

Overall score (OS) 100% Overall score (OS) 43.33% Overall score (0S) 20.83%
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n
MFSS = " SFIL; (6.1)

i=1
Another definition that needs to be done using DESMET is the Judgement scale
and its Interpretation (JI). J means to consider if each sub-feature is in the tool evaluated.
We defined ]I following Marshall [165]: Yes — score 1, if a sub-feature was fully identified
in the tool; Partly — score 0.5, if a sub-feature is not fully present or was implemented

differently, and; No - score 0, when the sub-feature can not be found in a tool.

Table 6.7 - columns E, |, and M show the JIs we attributed for each sub-feature of
Helius, DTA4RE, and IDEO DT tools, respectively. For example, we fully identify the sub-
feature F1-SFO1 in Helius (score 1 in column E); F1-SFO1 was also fully identified in DTA4RE
(score 1 in column); but F1-SFO1 was not identified in IDEO DT (score 0 on column M). It is
important to mention 2 points: (i) as described by Kitchenham [131] this JIs evaluation is
according to the evaluator’s perception, and; (ii) all sub-features have ]I with a score 1 for
Helius because we used the prototype-based version of the tool, considering all features
we intend to implement on it.

Consequently, based on the previous definitions, we performed the DESMET eval-
uation. Table 6.7 shows the complete data of this evaluation. Table 6.7-(D) shows the
maximum possible feature score for a feature set. It is the sum of the importance levels
of the sub-features from each feature set. For example, 12 represents the max feature set
score reachable in the feature set F1, 6 for F2, and so on.

Next, based on the Judgment scores and their Interpretations (JIs), shown in Ta-
ble 6.7 - columns E (Helius), | (DTA4RE), and M (IDEO DT), a weighted score for each fea-
ture of each tool is calculated (Table 6.7 - F (Helius), ) (DTA4RE), N (IDEO DT)). The weight
score is the multiplication of the JI with the respective sub-feature Importance level (Ta-
ble 6.7 - (C)) (Equation 6.2). For example, for F1-SF01, the weight score for Helius is 4
(Table 6.7 - (F)), obtained with Table 6.7 — (E)(JIS) * (C)(sub-feature importance level).

WS; = JIS; « SFIL; (6.2)

Next, is calculated a Feature Set Score Obtained (FSSO) (see Table 6.7 - (G (He-
lius), K (DTA4RE), O (IDEO DT))). This feature set score obtained is the sum of the weight
scores for a feature set, as shown in Equation 6.3. For example, in Table 6.7 - (K) we show
the feature score (FSSO) obtained for the F1 by DTA4RE, resulting in 8 (4+4+0).

FSSO =) WS (6.3)

i=1
In the sequence, it is calculated the percentage of the feature set score reached
(FSS) (Table 6.7 — (H (Helius), L (DTA4RE), P (IDEO DT))). The values are calculated by
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dividing the feature score obtained (FSSO) (Table 6.7 - (G (Helius), K (DTA4RE), O (IDEO
DT))) by the max possible feature score for each Feature set (MFSS) (Table 6.7 - (D)).
For instance, for F1 DTA4RE reached to 66.67% of the max possible feature set score
(Table 6.7 — (L)); DTA4RE reached, and IDEO DT reached to 16.67% (Table 6.7 - (P)).

Equation 6.4 shows how FSS is calculated.

FSS = FSSO/MFSS 100 (6.4)

Finally, the overall score (OS) for each tool is calculated (Equation 6.5). OS is
obtained with the sum of each % feature set score, considering the feature set importance
weight (Table 6.6). For example, Equation 6.6 shows how the overall score for DTA4RE was
obtained. Considering the importance weight of F1 as 0.3 (Table 6.7), the % feature set
score for F1 for DTA4RE (Table 6.7 — (L)) is 66,67% * 0,3 = 20%. For F2, the importance
weight is 0,2, then it is calculated using 100% * 0,2 = 20%, and so on. In the end, all these
values are summed and the overall score is obtained.

6
overall score (OS) = Z (FSS; x FIW,) (6.5)
i=1

DTA4RE OS = (66.67%0.3) + (1000.2) + (0%0.2) + (0%0.2) + (33.3+0.1)+(0%0.1) (6.6)

The overall score for DTA4ARE was 43.33% and for IDEO DT was 20.83%. These
results show Helius as an appropriate recommender system for the features we defined
(Table 6.1), aiming to support the use of DT techniques in software development.

Therefore, motivated by the results of our initial tool validation and of the feature
analysis activity using DESMET, we were able to complete the novelty element of the DSR.
Our research contributes to the knowledge base brought by this study are:

The recommendation tool itself, the support to IT professionals on the decision-making for

selecting DT techniques, and an improvement on the use of DT for RE activities.

6.3 Helius’ Initial Features Implementation

Since the results showed that Helius represent an innovative solution, we started
to implement it. We used Flutter* as the programming language, which provides support
to develop multi-platform solutions, including mobile applications for IOS and Android de-
vices, as well as for use directly on the web browser. Figure 6.9 shows Helius running on 3

4Available in: http://flutter.dev
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different platforms: (a) iPhone simulator — 10S>; (b) Android Simulator — Google Android®;
(c) Chrome Web Browser - Internet Browser’. These platforms represent the front-end
layer in Helius’ architecture (see Figure 6.10).

We developed Helius following the mobile-first approach [177] since we consid-
ered that DT practitioners could easily access DT techniques recommendations and DT
techniques information, as well as other professionals’ experience in using DT techniques
in software development. Therefore, we also developed a back-end layer composed of an
Application Programming Interface (API) in order to connect the front-end layer to the per-
sistence layer. We used Nest)S8, a NodeJs-based API, aided for the Firebase platform?® to
support features like authentication, portfolio management, and so on. We used MongoDB
as the database in Helius for storing the data. Figure 6.10 illustrates Helius’ architecture.

To recommend DT techniques, Helius provides a set of features, as we showed in
Table 6.1. We implemented the DT techniques recommendation module using Python lan-
guage. We used FastApi framework!® to support the development of the recommendation
module. However, before implementing the recommendation mechanisms in Helius, we
started by implementing the features F2 to F6!, as shown in Table 6.8.

Figure 6.9 shows the opening screen in Helius. The user might log in or create a
new account. Once the user is logged in, Helius shows the main screen (Figure 6.11-(a)).
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Umn sistema de recomendag3o de técnicas de Design Thinking

Design Thinking
& E-mail

E-mail
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Login
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Esqueceu asenha? - "
q Nao tem uma conta? Registre-se!

Néo tem uma conta? Registre-se!

(b) (c)

Figure 6.9: Helius’ multi-platform version

Shttps://apps.apple.com/br/app/helius-design-thinking/id1596960889

Shttps://play.google.com/store/apps/details?id=com.helius.helius_v21

"https://heliustool.github.io/helius-web/

8Available in: http://nestjs.com

%Available in: http://firebase.google.com

0Available in: https://fastapi.tiangolo.com/

11xsub-feature F6-SF02 was not implemented in this version of Helius. We decide to include it as future
work in the Helius’' implementation.


https://apps.apple.com/br/app/helius-design-thinking/id1596960889
https://play.google.com/store/apps/details?id=com.helius.helius_v21
https://heliustool.github.io/helius-web/
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Table 6.8: Helius’ initial features implemented in Iteration 2

ID Feature set Sub-feature ID Sub-feature description
F2-SF01 To consider techniques characteristics to filtering simi-
F2 DT Techniques Filtering lar DT techniques
F2-SF02 To consider project context information to filtering sim-
ilar DT techniques
F3 DT Techniques F3-SF01 To allow evaluati.on of a single tthnique by .the user
Evaluation F3-SF02 To allow evaluation of the techniques used in conjunc-
tion in a DT project by the user
F4 DT Techniques F4-SF01 To allow filtering feedback by technique
Community Feedback F4-SF02 To show related feedback for projects and techniques
used in conjunction
DT Techniques F5-SFO1 To show detailed information about each DT technique
F> Information F5-SF02 To show the related uses of a technique with other tech-
nigques
DT  Techniques and F6-5F01 To manage a project which uses DT techniques
F6 F6-SF02 To share project data with other team members*

Project Management

The main screen in Helius shows 3 categories of features: 1) Start features, 2) Recom-
mendations, and 3) Favorite Users.

Category 1) “Start Features” contains the following features:

(i) NEW DT techniques project (ask for recommendations) (feature F6): to create
projects (portfolios) of DT techniques to conduct DT workshops/projects. It allows one
to ask for DT techniques recommendations and add the techniques recommended
to a project;
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Figure 6.11: Helius’ home screen (a); Drawer menu (b)

(ii) Rate the techniques used (feature F3): to collaborate and retro-feed the recommen-
dation mechanisms. Helius is a collaborative recommendation system that uses DT
techniques reviews to calculate recommendations to the users;

(iii) Community feedback: (feature F4): to access experiences of other DT practitioners
on the use of DT techniques in software development;

(iv) Access the DT Techniques: (features F2 and F5): to gather information about DT
techniques such as name, when to use and how to use;

(v) My Projects: (feature F6): to quickly access the repository of DT techniques portfolios
(projects) the user has created in Helius;

(vi) Popular DT techniques area (feature F5): to quickly know what are the most used DT
techniques in Helius.

Category 2) “Recommendations”, includes a summary of the recommendations
to be provided in Helius and category 3) “Favorite Users’ includes a feature that allows to
access information about favorite users in Helius. These categories are further explored
in Section 7.2.2 and Section 7.1, respectively.

On the Main screen, the user might access a drawer menu (item 4 in Figure 6.11-
(a)). The drawer menu provides access to the following features (Figure 6.11-(b)):

i. Home: To access the Main screen;
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. DT graph: To access a DT techniques’ graph. The graph represents the use of tech-

niques in combination (techniques used together in a project). It allows the user to
identify what techniques are being used in software development;

Access to DT techniques: To access the DT techniques information;
Profile: To access the user’s profile information (name, e-mail, etc.);

Language: To set up the Helius’ language. Helius provides support to English and
Portuguese (default language);

Help Center: To access a set of screens that provide support on the use of Helius.

Exit: To logging out of Helius.

(i) NEW DT project (ask for recommendations)

In Helius, a DT practitioner can create a Portfolio of DT techniques (project for

simplification). This feature represents feature F6 (DT Techniques and Project Manage-

ment). Figure 6.12 shows the user journey in Helius for creating a DT project. It can be

started through the Main Screen (i), by clicking on the “New DT project” button.

By creating a project, the DT practitioner might keep the historical data about her

projects using Helius. A DT project in Helius includes a nhame, a description, the project do-

main (e.g., Embedded Systems, E-healthy systems, Software for startups, etc), the project

context (e.g., contact with the customer/user: [No, Yes], the place to perform the tech-

nique: [organization, client], number of participants: [individual (1), small group (2 to

-l < & \‘ 22:02 - \
New Project < Design Thinking techniques
o

Please, select that techniques you want to use an

Q Fiters

NEW DT project
(ask for recommendatior Aday in the life

the domain of the project? Um diana vida « iii

5W2H

What is the context of the project? 5W2H

AEIOU
What is the purpose of the project? AEIOU

My projects ccess the Deslgn Thinking Affinity Diagram
- Whois in this project? Diagrama de Afinidade

Popular DT techniques. Behaviour Archaeology

16/11/2022 M Arqueologia comportamental
AEIOU
liques to

Behaviour Map
: men

Usage 9
. . Mapa Comportamental
* ) *
N ) . Recommend techni
>3 Add Techniques me Blueprint
% Blueprint

Brainstorming
Tempestade de ideias
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Figure 6.12: User journey for DT techniques portfolio creation in Helius
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5), large group (+ 5)], among others), the project purpose (e.g., discussing and simulat-
ing various ideas based on the information collected, making associations between the
ideas generated, experimenting other solutions to gather new ideas, among others), the
participants and the creation date.

The DT techniques portfolio feature allows the Helius user to ask for DT tech-
niques recommendations or add the DT techniques on her own (Figure 6.12-(ii)). Once the
user has decided to add techniques that she already knows or has already used before by
clicking on the “Add Techniques” button, Helius shows a list of DT techniques, including
the technique’s name (in English and in Portuguese) and the average rating attributed
by other DT practitioners to the techniques. For instance, Figure 6.12-(iii) shows that the
technique “A day in the life” was rated by Helius’ users as 3.33 on average. On the other
hand, if the user wants to ask for recommendation (Figure 6.12-(ii)), Helius opens a screen
containing different mechanisms of DT techniques recommendations (see Section 7.3).

(ii) Review of DT techniques

Helius uses the reviews for techniques made by its users as a feed to recommend
DT techniques to DT practitioners. The reviews that DT practitioners provide to techniques
are also used as experiences of using DT explored in the Community feature (see Section
7.1). Therefore, once the user has created a DT techniques portfolio (project) containing
DT techniques (added on her own or by asking for recommendations), she is able to eval-
uate the techniques that she has used, retro-feeding the recommendation mechanisms.
This feature represents feature F3 (DT techniques evaluation).

Figure 6.13 shows the user journey to review DT techniques in Helius. To do a
review for a DT technique, the user needs to click on the “Rate the techniques used” button
on the Main Screen (Figure 6.13-(i)). Then, Helius shows the user’s projects containing
pending reviews (e.g., projects containing techniques that she has not evaluated yet). For
instance, Figure 6.13—(ii) shows the project “Projeto Web"” containing 4 techniques to be
reviewed by the user. Figure 6.13-(iii) presents the Helius’ screen where the user can see
the techniques to be reviewed. The screen also shows that the technique “Try it yourself”
has already been evaluated.

If the user decides to review a technique that she has used by clicking on the
“Review” button, Helius presents the technique Review page (Figure 6.13—(iv)). Once on
the Review page, the user might rate the technique (a quantitative evaluation from 0 to 5
in a star-like range), inserting a description about the experience she has using such tech-
nique, the participants present when the technique was conducted, if other and which
techniques were used in combination and an evaluation in terms of costs (also presented
as a star-like range). In terms of costs, Helius presents to the user a list of suggestions
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about how to evaluate the cost of a technique, including workshop length (hours), the

number of employee participants per workshop, hours of scoping, scheduling, and logis-

tics to plan workshops, internal costs for design thinking workshops [116].

(iii) Community Feedback

Community feedback represents the feature F4 (DT Techniques Community Feed-

back) in Helius. It aims to provide access to the professionals’ experiences in using DT

techniques in software development. The Community feedback feature uses the reviews

for techniques to support the decision-making of DT techniques. The feature is explored

in detail in Section 7.1.
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Figure 6.13: User journey for DT techniques review in Helius
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(iv) Technigues information

Helius also provides a feature that presents DT techniques information (feature
F5 in Table 6.8). Helius provides information about 57 DT techniques that we identified
through our literature mapping study presented in Section 4.1'2.

The user can access the DT techniques information screen by clicking on the “Ac-
cess the Design Thinking Techniques” button on the Main screen (Figure 6.14—(i)). Helius
shows the list of DT techniques (Figure 6.14—(ii)), allowing the user to filter the DT tech-
niques by clicking on the filter button (Figure 6.14-(iii)). The filters of DT techniques in
Helius include “General” working spaces (problem space and solution space)!3, “Brown”

22:23

s

|

< Filters

s Techniques

Favortes

Objectives

Figure 6.14: User journey for DT techniques info visualization in Helius

2we randomly selected 57 techniques from the SLM to start the implementation of Helius.
13We have classified all techniques we found in literature through the literature mapping study in solution
space or problem space. To see details about this classification, see Section 4.1 — Table 4.10.
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DT model, which includes 3 working spaces (Inspiration, Ideation and Implementation)4,
and Objectives, which includes a set of techniques’ goals (e.g., knowing more about users
(with interaction, user’s workplace), knowing more about users (with interaction, every-
where), discovering the users, discovering problem details or information, understating
the users-organization relationship, among others)®.

(v) My projects

In Helius, the user can also view information about her projects. This feature
represents feature F6 (DT Techniques and Project Management). Figure 6.15 shows the
user journey to see the projects and their details.

Once the user clicks on the “My projects” button in the Main screen (Figure 6.15-
(i)), Helius opens a screen showing the user’s project list (Figure 6.15-(ii)). By clicking
on a project, the user can see the project’s details, including the DT techniques used and
its reviews (reviews made by the own user), the description, domain, purpose, context,
participants and creation date. If the user clicks on the “See Review” button, Helius shows
the review the user made to the technique on that project (Figure 6.15—(iii)).

(vi) DT graph

Helius also provides a graph of DT techniques. This feature refers to Feature F5 -
DT techniques information (see Table 6.1). We designed and implemented a Graph of DT
techniques that represents how the DT techniques have been used in combination. Ver-
tices represent the techniques and the edges represent the techniques’ combined usage.
The larger the size of a technique, the more it has been used.

Figure 6.16 shows the user journey for accessing the DT techniques graph in
Helius. The user might access the graph through the Drawer menu on the Home screen
(Figure 6.16-(a)). Once she has clicked on the Graph Button, Helius opens the screen given
by Figure 6.16-(b), building a graph that contains the five most used techniques and the
combinations between them. The combination indicates the projects that the techniques
were used together. To see those projects, the user can click on item (ii)-(Figure 6.16-
(b)). If the user clicks on the relationship between two techniques (over the edge), Helius
shows the projects that use such techniques, as shown in screen given by Figure 6.16-

l4We classified the DT techniques into Inspiration, Ideation or Implementation following the work of Souza
et al. (2020) [245] and considering the Brown’s model was the most cited DT model in literature.

>we extracted the DT techniques goals by consulting the work of Souza et al. (2020) [245], Ignécio and
Benitti (2020)[116], and Lewrick, Link and Leifer (2020) [149].
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Figure 6.15: User journey for DT techniques portfolio visualization in Helius

(c)). For instance, screen (c) shows the projects using the techniques “Feedback grid” and
“Brainstorming”.

Back in Figure 6.16-(b), once the user clicks on a technique name (item (iv)),
Helius shows the technique’s details. The user also might see the list of DT techniques in
the graph by clicking on item (iii)-screen (b). Then, Helius shows screen given by Figure
6.16-(d)), listing the DT techniques in the graph. The user might see the technique’s
details by clicking over its name (item vi).

However, since our long-term research is to support the decision-making of
the Design Thinking techniques selection through the development and evaluation of a
DT techniques recommendation system for software development, Helius needs to in-
clude features capable of supporting such decision-making in the selection of DT tech-
nigues. Therefore, the next section shows Iteration 3 that we performed on the DSR-based
methodology. Our goal is to explore in depth the features of Community feedback (F4) and
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DT techniques recommendations (F1), which turn Helius into a recommendation system
(Table 6.1). In addition, we conducted an empirical study in the validation approach activ-
ity on the DSR-based method to validate Helius with industry professionals.
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7. ITERATION 3: SOLUTION EVOLUTION AND VALIDATION

This chapter presents Iteration 3 in our DSR-based research method. Here our
goal is to explore in depth how Helius works to support IT professionals in the decision-
making of the DT techniques selection in software development. Therefore, we structured
this chapter as follows:

* Section 7.1 presents a community of DT techniques practices as a way to implement
feature F4 - DT techniqgues community feedback (See Table 6.1), highlighting the
collaborative aspect of Helius;

* Section 7.2 shows a decision-making model that we grounded by interviewing DT
facilitators. The goal is to identify and implement the recommendation mechanisms
capable of recommending DT techniques (feature F1 in Table 6.1);

* Section 7.3 shows the implementation of the recommendation mechanisms and the
empirical study that we conducted to validate Helius with DT practitioners.

7.1 Community of DT techniques experiences

Considering the initial features that we implemented in Helius and the results that
we obtained during Iterations 1 and 2 in the DSR method, we realized that Helius lacked
a collaborative feature where professionals could share their experiences by using DT
techniques, aiding others on the decision of which techniques to use (feature suggested
by the participants in the Early Tool Evaluation activity - Iteration 1, Section 5.3).

Therefore, to propose a new feature in Helius, we posed the following research
question: “How to promote collaboration among IT professionals who use DT techniques
in software development, to foster the creation of a community of practice and assist in
deciding which DT techniques to use?”. Here we refine the collaboration features proposed
for Helius by creating a community of practices of DT techniques?.

Communities represent groups of individuals who share similar interests in real
or virtual environments [175]. Cho and Wash (2021) [49] define virtual communities as
“groups of people who interact with each other, mediated by technology such as comput-
ers and the Internet”. The authors point out that a virtual community contains 3 elements:
1) the technology which provides a communication channel between members, 2) a group
of individuals that participates in the community (members), and 3) the content shared in
the community and is available to members.

1This study was published in the Brazilian Symposium on Collaborative Systems (SBSC 2022).
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Prilla, Blunk and Chounta (2020) [212] argue that community-based systems pro-
vide mechanisms for professionals to share experiences, learn from them and make de-
cisions. Fuks et al. (2008) [86] introduced the 3C model for instantiating collaboration
in the software development context. The model abstracts links between 3 elements:
Communication, Cooperation and Coordination. The authors assume that “computational
support for collaboration may be realized through the interplay between communication,
coordination, and cooperation tools”.

Kniberg and lvarsson (2012) [135] proposed the Spotify model for a community
of practice (Figure 7.1), aiming to increase productivity and innovation in Agile teams. The
model gives attention to the team’s autonomy and communication, fostering the develop-
ment of products with high quality [135]. The Spotify model defines development teams
in Squads. Squads are cross-functional and self-organized teams consisting of 4 to 12 pro-
fessionals [241]. Squads contain Tribes, which can be formed by up to 200 people. Each
Tribe has a clear set of goals and the responsibility of developing a specific feature. Each
Tribe contains Chapters, which are groups of experts who focus on the social and profes-
sional development of the team’s members. Lastly, the model introduces Guilds, which
represent groups of team members with similar interests and who share their experiences
to foster collective knowledge.

Therefore, we inspired the community feature on the concept of Guilds. We in-
tended to include in Helius a resource capable of allowing DT practitioners to share their
experiences of using DT techniques, fostering the creation of a community of DT practi-
tioners and collaborating with the decision-making of the selection of DT techniques for
software development. We argue that experiences of other practitioners’ use of DT tech-
niques can aid the decision-making of which DT techniques to use.

In this context, we consider communities as groups formed by individuals who
collaborate from similar interests [175], and that they are composed of 3 components
[49]: 1) technology, 2) participating members and interactions, and 3) shared content
(Figure 7.2). Technology is the recommendation system for DT techniques. Members are
the IT professionals that use DT techniques for software development and interactions

Figure 7.1: The Spotify model for Scaling Agile — Kniberg and lvarsson (2012) [135]
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are Guilds, a set of professionals with similar interests, or even that can interact with each
other (interaction arrows). Content is given by the experiences of using techniques and by
the recommendations provided by the system to the professionals, allowing the collection
of information for decision-making about which techniques to use. Thus, we aim to support
professionals from different organizations, even if not structured by the Spotify model, to
access other professionals’ experiences of using DT techniques.

Figure 7.3 details the DT techniques community of practice. In Helius, after using
DT techniques that have been recommended to her (by the other features of the rec-
ommendation system), the user will be able to evaluate her experience of using each
technique. By rating a technique (1 to 5 stars), including a description of experience,
the purpose of use and the context of the application of the technique, the user collabo-
rates with the community of practice. In addition to the evaluation data, Helius collects
information about the user’s profile. The evaluation of a technique plus the user’s profile
information composes a deposit of experience in the recommendation system’s database.

Once the DT practitioners have deposited their experiences using DT techniques,
Helius stores a database of DT techniques experiences. Thus, other Helius users might
collect the DT practitioners’ experiences. By collecting experiences, the user completes a
cycle in the Helius community of practice. Therefore, she can request other experiences,
make decisions based on such experiences, and then use the techniques and evaluate
them to retro-feed the experiences’ database in Helius.

In addition, the community of practice in Helius allows the users to follow other
users. Thus, a user can create a subset of professionals that she wants to follow and
see the experiences of using DT techniques, composing an environment similar to Guilds,
used as a reference in this proposal. Thus, when following other professionals, the user
might collect the experiences of using DT techniques from other professionals. Helius also
presents the experiences of users considered similar to the active user (the user logged
in). Helius uses the KNN algorithm to calculate similar users (see Section 7.3.1).
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Table 7.1 shows the features of the DT techniques community of practice. These
features were implemented into Helius. We classified the features taking into account the
community elements: members, interactions and content. The component technology is
the recommendation system itself.

Therefore, Helius offers 2 alternatives to the user filtering DT techniques experi-
ences: (1) by a user (similar or favorite) and (2) by technique. Figure 7.4 shows the user
journey in Helius to access the community of practices of DT techniques experiences by
choosing filter (1). In the Main Screen, once the user has clicked on the Community Feed-
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Table 7.1: Community elements in Helius DT techniques recommendation system

Feature

Description

To search for similar professionals and
their evaluations for DT techniques

To allow the creation of a connection
with other DT practitioners

To register DT techniques experi-
ences as evaluation of techniques

To search for professionals who have similar in-
terests in terms of DT techniques (similar con-
texts, similar evaluations for DT techniques)

To allow the user to follow other DT practitioners
for knowing their experiences on using DT tech-
niques

To allow the DT practitioner to evaluate DT tech-
niques and depositing her experience, creating
a community of DT techniques experiences

Community level
element
Mempers DT  practi-
and inter- .

. tioners
actions
Content DT Techniques

To allow the evaluation of DT tech-
niques

To show DT techniques evaluated by
similar professionals

To show DT techniques evaluated by
favorite professionals

To allow users to evaluate DT techniques, regis-
tering the experiences of using DT

To visualize the experience in using DT tech-
nigues by similar professionals

To visualize the experience in using DT tech-
niques by favorite professionals
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back button (i), Helius opens a screen with the filtering options (ii) and (iii). By clicking
on the “Experiences per user” button (ii), Helius shows a new screen presenting 2 lists of
users (iv): Favorite users and Similar Users. Favorite users include the DT practitioners
that the current user follows. Similar users include the users that have similar evaluations
to DT techniques. Helius computes similar users using the KNN algorithm.

For instance, if the user selects the “Favorite Users” button, Helius shows the list
of DT practitioners the user logged in follows. Once the user has selected one or more
users on the favorite users’ list and clicked on the “Next” button, Helius shows the DT
techniques the selected users have used (v) and their experiences using DT techniques
(vi). In the experience’s screen, Helius shows the DT practitioner’'s name, the evaluation
date, the technique’s rating, the experience by itself, the area to follow/unfollow the DT
practitioner who has evaluated the technique, as well as a “+info” button, which shows
detailed information about the project the technique was part of.

Figure 7.4—(vii) shows the button to filter the experiences deposited for a specific
technique. Figure 7.5 presents the filters for the experiences. Helius allows filtering DT
practitioners’ experiences of using DT techniques by rating — a star-like bar rating (i), and
sorts the experiences by more recent (date when the technique was evaluated) or best
rating (how the technique was rated by DT practitioners) (ii).

Filters

Rating

Please, select arating value to filter the

Please, select the evaluation order to see the

@  Morerecent

O  Bestrating

Figure 7.5: Filters for DT techniques experiences collection in Helius
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7.2 Decision-making and techniques recommendation mechanisms

In Iterations 1 and 2 of the DSR method, we showed the activities that we per-
formed to propose and start the implementation of Helius. However, since the core feature
of Helius is the DT techniques recommendation feature itself, this section details the DT
techniques recommendation in Helius.

To implement the recommendation mechanisms in Helius, we first looked for how
DT practitioners make decisions for selecting DT techniques in their routine working on
software development. However, the literature lacks studies focusing on how DT facilita-
tors make decisions for selecting DT techniques for use in software development. There
is no reference to what decision-making elements, strategies and criteria DT facilitators
use to select DT techniques [195]. As we mentioned in Chapter 2, decision-making is the
process of selecting an option from a set of available options based on alternatives or ac-
tions, considering a set of criteria or strategies [267]. Decisions can be based on a simple
criterion or on a complex set of strategies and criteria.

Therefore, we conducted an interview-based study with DT facilitators to collect
how they select DT techniques. We based our interview study on Ground Theory (GT).
As a result, we proposed a descriptive DT techniques decision-making model. The model
served as subside to the generation of the recommendation mechanisms implemented in
Helius to recommend DT techniques (see Section 7.2).

We posed the following research question: “How do DT facilitators make deci-
sions for selecting DT techniques in software development?”. We performed an interview-
based study, aiming to investigate i. how professionals make decisions for selecting DT
techniques and ii. which are the decision strategies and criteria the professionals use for
selecting DT techniques.

7.2.1 Interview-based study for data collection

Literature reporting on the use of DT in software development indicates that since
DT is a thought-provoking approach, teams need to deal with the lack of problem under-
standing [251], the preconceiving of problems, and the preconceiving of solutions (out-
dated ideas) [64]. There are authors who point out that the selection of DT techniques is
a key success activity in the use of DT in software development. For instance, Chasanidou
et al. (2015) [48] argue that the deployment of appropriate methods is a success factor of
DT, while Carlgren et al. (2016) [43] mention that the use of the right techniques allows
collecting the right solution’s requirement.
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In this context, professionals who facilitate DT workshops (DT facilitators for sim-
plification)? - responsible for planning and conducting DT activities- play an important role
in achieving the success and to reach higher effectiveness on the use of DT in software
development. DT facilitators are responsible for selecting appropriate techniques of DT to
be applied in software development. But, since there are more than 80 DT techniques, as
identified in [195], this selection might involve a span of contextual elements, turning it
into a complex decision-making problem.

Study Design

We used Grounded Theory as a research method to model the DT facilitators’
decision-making for selecting DT techniques in software development. GT supports re-
searchers to investigate topics lacking theory [112], what is the scenario of DM involved
in selecting DT techniques in software development, which still needs to be explored.

GT is a research method implemented in SE to formulate theories taking into
account the human and the social aspects of software development [247, 112]. Glaser and
Strauss proposed GT in 1967 [248, 93]. Despite having different GT approaches (Classic,
Straussian, Constructivist), GT supports the generation of theory by fostering iterative
data collection and constant data comparison in incremental levels of abstraction [47].

In this study, we followed the guidelines for using GT proposed by Stol et al.
(2016) [247]. The guideline contains 10 key elements to be considered when using GT as
a research method: limit exposure to literature, treat everything as data, immediate and
continuous data analysis, theoretical sampling, theoretical sensitivity, coding procedures,
memoing, memo sorting, cohesive theory and theoretical saturation. We used the Straus-
sian GT version in this study since we set up an upfront research question (RQ): “How do
DT facilitators make decisions for selecting DT techniques in software development?”. We
derived the RQ from a literature mapping we conducted [195].

Figure 7.6 illustrates the design of our study. We performed 3 activities: (A) De-
sign and Planning, (B) Interview Conduction and Data Analysis, and (C) Theory Building.

A) Design and Planning
A.1) Interview Design
We conducted semi-structured interviews with DT facilitators. We started by

preparing a script with questions that we generated based on the results of previous ex-
ploratory studies [195, 211]. The questionnaire contained 14 questions (13 open and

2There is no single definition for who organizes and moderates DT sessions. The professionals define
themselves as DT coaches, DT moderators, DT facilitators and so on. In [211] the authors show that DT fa-
cilitators are the most used term for identifying those professionals who select DT techniques for conducting
DT workshops/activities.
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Figure 7.6: Interview study design

1 closed questions), followed by demographic questions3. A senior researcher in SE re-
viewed both the questionnaire and the design of this study.

We planned a slot of 30 minutes for each interview. We prepared a presenta-
tion with the research purpose, aiming to perform a warm-up activity and to provide the
interviewee with a comfortable space to answer the questions.

A.2) Pilot study

Before kicking off the interviews, we conducted a pilot study. We interviewed
a Ph.D. candidate in Computer Science who has more than 7 years of experience in the
software development industry. She has been working as a DT facilitator for over 5 years.
As a result of the pilot study, we adjusted the questions and increased the timebox which
we allocated for each interview to 45 minutes. We also updated our interview script and
dropped the pilot study out of the interview set.

B) Interview Conduction and Data Analysis

By using GT, we followed the concept of Theoretical Sampling (TS) [92, 247]. TS
is defined as “process of data collection for generating theory whereby the analyst jointly
collects, codes, and analyzes his data and decides what data to collect next and where to
find them, in order to develop his theory as it emerges” [247]. We considered the con-
cept of Theoretical Saturation, which indicates that new data collected will not contribute
with new elements to the theory being grounded. To achieve Theoretical Saturation, we
collected data iteratively, performing collection and analysis activities in different cycles.
After we consider that we had reached out to Theoretical Saturation (lteration 3), we con-
ducted a new iteration interviewing professionals from other contexts to verify our results.

B.1) Participants recruitment

Before recruiting participants, we submitted our project to the Ethics Commit-
tee Board. Once approved, we defined the target audience as being professionals who
manage, conduct, moderate, or facilitate DT workshops or projects.

3The questionnaire is available in https://encurtador.com.br/cwCKW
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Next to the definition of the target audience, we searched for participants in our
networking and on LinkedIn®. LinkedIn is a social network that brings together profes-
sionals from different fields, including software development. We sent an invitation by
e-mail to 25 professionals from 20 software companies. Sixteen professionals voluntarily
accepted to participate in the interviews (participants for simplification).

Table 7.2 shows the participants’ profiles. The profile information includes each
Participant’s Identification (“ID”), Role, Experience in the IT industry in years (“Exp in IT’),
Formation in DT courses (“Formation in DT”), Experience in DT in Years (“Experience in
DT”), Years working at the current company (“Years in Company”), Number of employees
of the company (“Number of Employees”) and Company Site (“Company”). We identify
the participants as P, followed by an ordinary number to keep their anonymity. Each par-
ticipant agreed to the Informed Consent Form, which guarantees not only the possibility
to withdraw from the interview at any time, but also the confidentiality and anonymity of
data. We used Authentique tool® to sign the consent form digitally.

B.2) Data Collection

Figure 7.7 shows how we conducted our interview study and analyzed the data
using GT. We performed 4 iterations between data collection and data analysis. In Itera-
tion 1, we conducted 5 interviews, in Iteration 2 we conducted 4 interviews, in Iteration
3 we conducted 3 interviews, and lastly, in Iteration 4 we conducted 4 interviews. We
interviewed DT facilitators working in Brazil (Iterations 1 to 3) and from Germany and the

Table 7.2: Participants’ Demographic Data

ID Role Exp Background in DT Exp. Years Company Number
in IT in DT in Type of Em-
(yrs) Com- ployees
pany
P1 Facilitator/Moderator 30 School of DT 12 5 National 51-100
P2 Agile Coach 19 DT open courses 7 7 Multinational >1000
Iter. 1 P3 Agile Coach 5 In-company Training 2.5 2.5 Multinational >1000
P4  Facilitator 5 School of DT 2.3 1 National 51-100
P5 Facilitator/Design Thinker 23 School of DT 4 4 National 1-10
P6 Business Designer 3 School of DT 2.5 2.5 National 11-50
lter. 2 P7 Product Owner 6 School of Design 7 2 Multinational 11-50
P8 Support Analyst 8 In-company Training 5 8 Multinational >1000
P9 Solution Specialist 2 School of DT 4 1 Multinational 51-100
P10 IT Analyst/DT coach 6 In-company Training 6 6 Multinational >1000
Iter. 3 P11 Digital Product Manager 5 School of DT 10 3 Multinational >1000
P12 DT Analyst 5 School of DT 5 5 National 301-1000
P13 Director of Customer Expe- 25 In-company Training 25 25 Multinational >1000
lter. 4 rience
€% p1g Designer 12 In-company Training 12 11 Multinational >1000
P15 User eXperience Designer 8 Design (graduation) 10 5 Multinational >1000
P16 DT Coach 23 In-company Training 23 4 Multinational >1000

4Available at: http://www.linkedin.com
5Available at: https://www.authentique.com.br
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Figure 7.7: Interview study conduction and data analysis

USA (Iteration 4)®. All interviews were conducted via Zoom platform’ in 2022 and 2023.
We recorded audio and video, which was allowed by the participants. The interviews took
38 minutes on average.

Once conducting the interviews, we initially asked the participants if they were
responsible for the selection of DT techniques to use for software development (e.g., con-
ducting DT workshops). Next, we asked how they make decisions on which techniques to
use, the decision strategies and what resources they use for collecting data about tech-
niques to decide which to use. We also asked follow-up questions not initially included in
the interview script in order to explore points the participants included in their answers.
Finally, we asked them demographic questions®.

B.3) Data Analysis

We started the data analysis activity right after each interview ended up. For
each interview, we created a debriefing document to register the key points we perceived
during the interviews. Debriefing documents help to record the nuances and the insights
of the researcher during a data collection procedure °. We based our interviews’ debrief-
ings on Pereira et al. (2018) [202]. Next, we transcribed the interview’s audio into text,
starting the coding process. Since we followed the Straussian version of GT, we coded
data in 3 steps: 1) Open Coding, 2) Axial Coding, and 3) Selective Coding.

1. Open Coding: the process of generating codes that represent text excerpts, which
contain key points in the transcripts referring to the defined topic [112, 247].

6Even though we did not add new codes in Iteration 3, we performed a new iteration with professionals
from other contexts to verify the results we obtained in the previous three iterations.

7Available at: http://zoom.us

8Additional data was collected during the Doctoral exchanging program at the Hasso-Plattner Institute at
the Potsdam University, Potsdam, Germany.

9Example of a debriefing document: https://encurtador.com.br/KOX12
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started the Open Coding right at the end of each interview (a GT procedure). We
analyzed each interview transcript, line by line and sentence by sentence. We used
Atlas.ti (academic web version)° to assign codes to the transcripts.

During the data analysis, we practiced the constant comparison method [92]. We
compared the codes assigned to the interview being analyzed with the codes that
we assighed to other interviews previously analyzed. We also analyzed the codes by
looking at the interviews’ debriefings. As a result, in Iteration 1 we generated 147
codes and in Iteration 2 more 23 codes. In Iterations 3 and 4 we did not add any new
code during the Open Coding step!! (see Figure 7.7).

2. Axial Coding: based on the codes generated in the Open Coding activity, we started
to perform Axial Coding. Axial Coding is the next level of code abstraction in Straus-
sian GT. Stol et al. (2016) [247] points out that Axial Coding is the data analysis
activity that focuses on identifying the relationship of the categories given by the
codes obtained in Open Coding. It aims to link categories and converge data in the-
ory.

We followed the example of Kroeger, Davidson and Cook (2013) [138] to look for
relationships among the codes to generate categories. The authors created an affin-
ity diagram to relate codes generated in the Open Coding activity and obtain the
categories by clustering similar codes. In Iteration 1, we generated 7 categories of
codes. Then, we started to write memos for each of the categories we identified.
Each memo contains snippets to help us to generate a descriptive decision-making
model which represents the selection of Design Thinking techniques. This process is
called memoing [112]. In iteration 2, we refined the 7 categories and the content of
each memo?'?,

3. Selective Coding: after concluding the Axial Coding for the 9 interviews (lteration
1 plus lteration 2), we searched for the core category obtained by Axial Coding.
This activity refers to Selective Coding, which refers to the identification of a core
category to which the other categories are related to. In Iteration 3 we re-analyzed
the core category based on the new data collected, while in iteration 4, we verified
if the new data changed the categories.

C) Theory Building

Finally, we analyzed the memos that we generated in the Axial Coding and per-
formed a memo sorting activity to obtain the conceptual relationship between them and
to generate a theory. Based on the core category and by analyzing the memos that we

0available at: http://my.atlasti.com
1The codes generated in Open Coding step can be found at: https://www.encurtador.com.br/vzBNW
12\We created a network of the codes generated in this step. Available at https://encurtador.com.br/eRU57
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generated in each category, we created relationships between the categories and wrote
snippets that represent each relationship. One of the categories emerged as the core
category since it was related to the others. Thus, we draw a descriptive decision-making
model of the DT technique selection in software development.

Study Results

This section presents the results of this study. We clustered them into 5 groups:
1) Elements of the decision-making, 2) Influence of the DT techniques evaluation over
the decision-making, 3) Influence of the facilitator’s experience in DT over the decision-
making, 4) Difficulty for selecting DT techniques, and 5) Sources and resources used for
collecting information to support the decision-making of DT techniques.

Group 1: Elements and strategies of DM for selecting Design Thinking techniques

Table 7.3 shows the DM elements that DT facilitators use for selecting DT tech-
niques in software development.

P1, P2, P4, P7, P8, P9, P10, P11, P12, P13, P14, P15 and P16 mentioned they
consider the goal that they want to achieve for selecting a DT technique related to the
phase that they are in the process. P2, P3, P8, P10, P12, P14 and P16 mentioned that
they analyze the time available to apply/use a technique as a DM element for selecting DT

techniques. P1, P4, P6, P8, P13 and P16 assume that the challenge to be solved is a key
element to decide which DT technique to use. P1, P4, P7, P11, P13, P14 and P16 consider
that the moderator’s knowledge (DT expertise) impacts over the decision of the DT tech-
niques. P1, P3, P6, P7, P11, P12, P14, P15 and P16 advocate that the selection of DT tech-
niques relies on the organization’s maturity in DT or the stakeholder’s experience in DT.

For instance, P1 indicates that teams where the members already know each other col-
laborate with the moderator’s role in a DT session and if the team has experience in using
DT techniques, change the way the moderator selects the techniques.

We also asked the participants about the decision-making strategies for selecting
DT techniques. Decision-making strategies involve the criteria the individual uses to de-
cide [267]. The authors proposed a DM strategies taxonomy. We followed such taxonomy

Table 7.3: DM elements for selecting DT techniques

Codes P#

Technique selection by goal and phase P1, P2, P4, P7, P8, P9, P10, P11,
P12, P13, P14, P15, P16

Technique selection based on time available P2, P3, P8, P10, P12, P14, P16

Technique selection by challenge P1, P4, P6, P8, P13, P16

Technique selection based on the moderator’s knowledge P1, P4, P7, P11, P13, P14, P16

Technique selection by the knowledge of stakeholders and the P1, P3, P6, P7, P11, P12, P14,
organization’s maturity level P15, P16
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and adapted it to the context of DT technique selection. Thus, in our interview study, the
participants should indicate on a 5-point Likert Scale (Never, Rarely, Sometimes, Often,
Always) the frequency they use to select DT techniques based on the DM strategies. We
used a Likert scale based on an instrument for collecting DM proposed by Scott and Bruce
[233]. Table 7.4 shows the statements we inserted into the interview script about the DM

strategies for selecting DT techniques.

Table 7.4: Decision-making strategies adapted to the selection of DT techniques

Category Strategy Criteria DT techniques context
Arbitrary Based on the most easy or fa- | select DT techniques by considering those that will
Intuitive miliar choice give me the least effort to decide or those that | have
previously selected
Preference Based on propensity, hobby, | select DT techniques based on trends in techniques
tendency, expectation that have been used or on expectations from tech-
niques that | know of
Common Based on axioms and judgment | select DT techniques based on other users’ evalua-
sense tions of techniques that are good alternatives to use
Trial and er- Based on exhaustive trial | select DT techniques based on several attempts to
ror use techniques in search of the best alternative, and
Empirical in some of these attempts | may not have been suc-
cessful, which led me to look for other techniques
Experiment Based on experiment results | select DT techniques based on the use of techniques,
considering those that were successful
Experience Based on existing knowledge | select DT techniques based on experience | have
gained using the techniques and/or on experience of
others who have also used such techniques
Consultant Based on professional consulta- | select DT techniques by consulting with other more
tion experienced professionals (directly or indirectly) who
use DT in software development
Estimation Based on rough evaluation | select DT techniques from a rough evaluation of the
result, even if | have not used them previously
Principles Based on scientific theories | select DT techniques based on scientific theories that
reference the techniques
Heuristic Ethics Based on philosophical judg- | select DT techniques based on philosophical judg-
ment and belief ments and beliefs that | have
Representative Based on common rules of | select DT techniques from the characteristics that
thumb represent those techniques
Availability Based on limited information or | select DT techniques based on those that most
local maximum quickly come to mind
Anchoring Based on presumption or bias | select DT techniques based on a threshold analysis
and their justification for what | need, and adapt as decision needs present
themselves
Minimum Based on minimizing energy, |select DT techniques that show the lowest cost of re-
Cost time, money sources, time, people, among others (without looking
Rational at the benefit)
Maximum Based on maximing gain us- | select DT techniques that are shown to generate a
cost ability, functionality, reliability, greater benefit (quality, meeting needs, usability, in-
quality, dependability tegration of participants)
Maximum Based on cost-benefit ratio | select DT techniques analyzing the techniques that
utility show a good cost-benefit
Interactive Based on automata | select DT techniques considering the events that can
events occur from this decision and following a line of thought
Games Based on conflict | select DT techniques based on the theory of games,
that is, from the analysis of gains and losses with the
decisions that | will take, or by resolving conflicts (dis-
agreements) with others
Decision- Based on a series of choices in | select DT techniques by making filters based on the
grids a decision grid alternatives they have, like, "If | select X, then | can

selecty, ..."
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Figure 7.8 shows the DM strategies for selecting DT techniques. The 3 most cited
DM strategies for selecting DT techniques in software development are Decision-grids (Ra-
tional), and Experience and Experiment (both Empirical). Decision grids refer to decisions
that are “based on a series of choices in a decision grid” [267]. Experiment and Experi-
ence refer to decisions “based on experiment results” and decisions “based on existing
knowledge”, respectively [267]. It is also important to mention that the criteria Minimum
cost was indicated was the less considered criterion for DT facilitators when they select
DT techniques.

Group 2: Influence of the DT techniques evaluation over the DM for selecting DT techniques

We asked the participants if they evaluated the DT techniques after using them
and if the evaluation influences their decision-making (see Table 7.5). P8 and P14 indi-
cated that they do not evaluate DT techniques after using them. On the other hand, all
the other DT facilitators indicated that they somehow evaluate the techniques and con-
sider such evaluation as an element that supports the decision-making of what techniques
to use in future DT sessions/workshops.
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Table 7.5: DT techniques evaluation

Codes Sub-codes P#
Explicit feedback collection Questionnaire/Satisfaction form P1, P2, P3, P13, P15
with participants
Experience to the participants P1, P10, P13, P14, P15, P16
Moderator analysis of Pgrticipant’s understanding on using tech- P1, P3, P6, P7, P10
the participants’ perception nlqu.e.s
Participant’s engagement P1, P4, P5, P11, P12, P15
DT techniques results Application time P2, P14
comparison Technique effectiveness (reaching the goal) P1, P2, P7, P9, P13, P14, P15

Thus, we asked the participants what instruments they use to evaluate DT tech-
niques and when they perform that evaluation. The participants indicated both evalua-
tions per technique or per DT session/workshop (see Table 7.5).

P1, P2, P3, P13, and P15 mentioned they collect explicit feedback with the partic-
ipants of the DT session using a questionnaire or a satisfaction form.

The interviewees also mentioned that they analyze the participant’s perception

on using DT techniques as an evaluation instrument. In that cases, they do not collect
explicit data, but they use metrics such as the experience of the participants on using a
technique (P1, P10, P10, P13, P14, P15, P16); the participants’ understanding of using a
technique (P1, P3, P6, P7, P10); the participants’ engagement (P1, P4, P5, P11, P12, P15).

P1, P2, P7, P9, P13, P14, P15 cited that they compare the results obtained by
applying DT techniques as an evaluation instrument, including the time spent to apply

each technique (P2 and P11) and the technique effectiveness, which means if the pre-
defined goal was reached (P1, P2, P7, P9, P13, P15).

Group 3: Experience in Design Thinking over the DM for selecting Design Thinking techniques

Table 7.6 presents the participants’ experience in DT and the impact on the DM
of selecting DT techniques.

P1, P2, P3, P4, P5, P6, P7, P8, P10, P11, P13, P14, P15, P16 mentioned that the
experience in using Design Thinking is relevant to decrease the difficulty for selecting DT

Table 7.6: Experiences in DT and decision-making

Code Group Codes P#
Decreasing the difficulty in technique selection P1, P2, P4, P5, P6,
P7, P8, P10, P11, P13,
P14, P15, P16
Making decisions together with other professionals P8, P10, P11, P14
Allocating time to understand the technique P7, P13, P16
Knowing the participants’ profile P1, P2, P3, P4, P5, P8,
Facilitator’s P9, P10, P12, P16
experiences in Knowing the availability of the participants as a selec- P2, P9, P10
conducting sessions tion criterion
Understanding the maturity of the team/organization  P1, P3, P6
Participants Know what will be done as a DT activity P1, P6, P16

experience in DT
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techniques. P8, P10, P11 and P14 mentioned that experience in DT also opens rooms for
making decisions about the selection of DT with other DT facilitators. P14 highlights that

“the more experience you have and the more methods you know because | think a good
and experienced Design Thinking Coach is highly connected with the amount of methods
you know. .. and how secure you are”. P7, P13 and P16 mentioned that after they gained
experience in DT, they started to allocate time to better understand/ to experiment a

technique before applying it.

Knowing the participants’ profile (P1, P2, P3, P4, P8, P9, P10, P12 and P16) and
their availability (P2, P9 and P10) for participating in a DT session before starting the

session were elements mentioned by the interviewees. P1, P3 and P6 indicated that they
consider the maturity of the team as an element of DM. P1, P6 and P16 mentioned that is

relevant to consider the experience of the participants (i.e., what they know about the DT
techniques).

Group 4: DT facilitator’s difficulty for selecting DT techniques ‘

We asked the participants to indicate on a scale of 1 (easier) to 10 (harder) what
is the perceived difficulty of selecting DT techniques. Table 7.7 shows the participants’
experience in DT (in years), their current difficulty level for selecting DT techniques and
their status after having to experience in DT.

Table 7.7: Participant’s difficulty for selecting DT techniques

P# Experience in DT (years) Difficulty level Status getting experi-
(scale 1 - 10) ence in DT
P1 12 5 &
P2 7 8 »
P3 2,5 9 »
P4 2,3 3 &
P5 7 3 &
P6 2,5 7 »
P7 7 4 &
P8 5 7 L
P9 4 5 &
P10 3 7 »
P11 10 2 »
P12 5 7 »
P13 25 2 »
P14 12 easy* »
P15 8 7 L
P16 23 easy* »
:Difﬁculty decreased after getting experience in DT.

Difficulty kept similar even after getting experience in DT.

e Difficulty decreased after getting experience in DT
*The participant did not indicate a numeric level of difficult
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P1, P2, P4, P6, P7, P9, P10, P12 and P15 pointed 5 or higher as a perceived level
of difficulty in selecting DT techniques. P1, P4, P7, and P9 mentioned that before having
experience, the level of difficulty was higher. To the others, the level of difficulty did not
change. P4 appears as the most decreasing value (8 to 3). P10, P13, P16 mentioned
that they consider the difficulty in selecting the DT techniques as low since they consider
themselves very experienced DT facilitators.

Table 7.8 shows the reasons that the participants indicated that turn the selection

of DT techniques into a challenge.

P2, P7, P9, P10, P11, P13 indicated the time they have available for using
the techniques or according to the context of the workshop modify the difficulty level
of using a technique. On the other hand, P1, P8, P11, P12, P13 and P15 pointed
out that the higher level of difficulty for selecting DT techniques comes from the

lack of participants’ knowledge in using DT techniques (including they as moderators).

For instance, P13 indicated that when she started using DT it was harder to decide which
techniques to use because they didn't know which methods or approaches were a bet-
ter fit based on the stage they were in their design process and they didn’'t know what
activities were good for a particular outcome and goal of the workshop.

P1, P2, P3, P5 and P12 associated difficulty in selecting DT techniques to the
required changes to a virtual environment due to the COVID-19 restrictions. On the other
hand, P16 mentioned that virtual mode does not make it harder or easier to decide what
techniques to use, it's just a different way of working and it depends on the audience.

P2 pointed out that she considers it harder to select DT techniques when she
has to work on a new product than when she has to work on a product improvement (i.e.,

when she already knows the current solution). For P14, it is more difficult for selecting DT
techniques when it is out of her comfort zone. P8 mentioned that she started to conduct
more complex workshops as she gained more experience and, therefore, as more complex

the DT session is, the more difficult is to select the DT techniques. P4 indicates that
in her case the difficulty in selecting DT techniques comes from the lack of exchange
of experiences with fellow facilitators. On the other side, P14 indicated that when she
started conducting design thinking workshops, it was easier for her to select DT techniques
because she was not the expert and she could ask for help, but now it’s different because

she is considered the expert and she has to back up other people.

Table 7.8: Difficulty reasons when selecting DT techniques

Codes P#

Time and workshop context P2, P7, P9, P10, P11, P13
Participants’ misunderstanding or lack of knowledge (including facilitators) P1, P8, P12, P13, P15
Virtual format P1, P2, P3, P5, P12
Solution type (product improvement is easier than creating new products) P2, P8, P14

DT session complexity P8

Lack of exchange of experiences of fellow facilitators P4
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Next, we show the sources and resources professionals use to look for information
about DT techniques.

Group 5: Resources used by facilitators to support the selection of DT techniques

We also asked the participants what sources they use to collect data about DT
techniques. Table 7.9 summarizes the sources of DT techniques’ information.

Most professionals who we interviewed mentioned it was common for them to
gather DT techniques information from books related to DT (P14, P16), especially before
having experience in DT (P1, P3, P4, P7, P9 P11). P4 and P7 also highlighted they search
for DT techniques in books from other subjects, such as Agile and Lean, in order to expand
their toolbox. P6, P9, P11, P12, P13, P14 and P15 mentioned DT toolkits (compilation of
DT techniques) as sources of DT techniques. P9 highlights that the company where she

works created its own DT toolkit and she uses it as the main DT techniques information
source. P13 mentioned they have templates built out for both in-person activities and we
have templates and resources and those same resources built out for virtual.

On the other hand, P2 and P8 mentioned that they collect DT techniques in
DT training activities. P8 also mentioned that her company offers a specialized DT forma-
tion to their employees. P2, P3, P5, P6, P10, P14 and P16 consider digital media such as
online groups, Linkedln profiles and groups, and forums as sources of DT techniques. P1,
P2, P4, P6, P8, P11, P12, P13, P14, P15, P16 mentioned DT models (set of working spaces)
as sources of DT techniques. Double Diamond and Human-Centered Innovation Approach
were the DT models cited by the interviewees. In addition, P1, P4, P6, P7, P8, P10, P12,
P14, P15, and P16 also mentioned they consider the experience of other DT practitioners

to gather information about how to use other DT techniques.

Then, we made follow-up questions to identify if they ask fellow DT practition-
ers about the experiences they had in using DT techniques. The participants mentioned
they consult other participants, creating communities of practice around DT in software
development. P1, P4, P5 and P10 agreed that communities of DT techniques experiences
are necessary resources to support DT practitioners in selecting DT techniques. P5 and
P12 mentioned that these communities serve as sources of DT techniques. P1, P7, P9 and
P10 confirmed the communities are composed of DT practitioners. Lastly, P1, P5, P6, P9,

Table 7.9: Source of DT techniques

Codes P#

Books of DT when less experienced P1, P3, P4, P7, P9, P11, P14, P16

Book of other topics (Agile, Lean) P4, P7

DT toolkit/templates P6, P9, P11, P12, P13, P14, P15

DT training P2, P8

Digital media (LinkedIn, Groups) P2, P3, P5, P6, P10, P14, P16

DT model (working spaces processes) P1, P2, P4, P6, P8, P11, P12, P13, P14, P15, P16

DT practitioners P1, P4, P6, P7, P8, P10, P12, P14, P15, P16
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P10 and P12 mentioned that communities are important since they allow to exchange of
experiences among the members. On the other hand, P16 mentioned that since she is an
expert in DT, she does not collect information from outside of her company.

Discussion

Investigating how DT facilitators select DT techniques might boost the integration
of DT into software development activities. Having subsides to know how to select DT
techniques gives support to newcomers in DT and to companies that are starting to use
that approach for generating innovative software solutions. It also might aid experienced
DT practitioners to integrate DT into their daily SE activities by indicating how they might
select DT techniques and infuse them into their work routine. Next, we discuss our findings
about the decision-making behind the selection of DT techniques in software development
and lastly, we present a decision-making model of the selection of DT techniques.

In this context, we present our findings about decision-making for selecting DT
techniques in software development.

The decision-making of DT techniques is composed of decision-making elements, and it is
context-driven.

Decision-making connects a creative design mindset to traditional business think-
ing based on rational problem-solving [258]. When selecting DT techniques in software de-
velopment, DT facilitators consider 5 contextual elements: time, goal, challenge, phase in
the process and session format (virtual or in-person) (see Figure 7.9). The facilitators use
to collect those elements before starting a DT workshop, registering them in documents
called “briefings”.

- Goal to be reached

- Available time for using the technique
Contextual

r elements

- Challenge to be solved

ol The phase in the process (following a model)

[ Decision-making Elements

I - Session format (virtual or on-site)
supported by

- Moderator's previous experience

Y

it can demand - Team's maturity and knowledge about the technique

A pre-work activity

'
- Adapt according to the audience
Adjustments as needed ’
- Technique that didn't work well

Figure 7.9: DT techniques decision-making elements
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Facilitating DT sessions, workshops or projects is an activity that requires the
facilitators to be able to work against the clock. Parizi et al. (2022) [195] also highlighted
time pressure as an attention point when using DT in software development. De Paula,
Amancio and Flores (2020) [64] also mention time as an element to pay attention to when
selecting DT techniques. Souza et al. (2020) [245] cite the goal to be reached as a strategy
to select the techniques to be used and Kasper et al. (2019) [104] indicates that the
selection of DT techniques is based on the challenge to be solved.

The facilitator’s knowledge of DT helps to work on the definition of the rational
elements for selecting DT techniques. The team’s maturity in DT also aids the selection
of DT techniques. Therefore, the DT facilitator needs to profile the team and select DT
techniques that attend such profile, adjusting the techniques wherever necessary (e.g., to
increase the participants’ engagement).

Experiment, experience and decision grids are the most used decision-making
strategies for selecting DT techniques. Therefore, DT facilitators use to exercise the DT
mindset that is open to experimentation and fails often and early [35]. Moreover, they
consider their experiences by using technigues as subside to select the techniques for the
next workshop, as also indicated in Literature [167, 64, 136]. In addition, the selection
of DT techniques is supported by decision-grids, where the decisions are made based
on a series of choices [267]. Decision grids are associated with DT models. DT models
allow associating techniques to the working spaces (steps for simplification) and aid the
selection of DT techniques since they encapsulate the goal to be achieved [195].

[ The decision-making of DT techniques is supported by techniques evaluation. ]

Tello (2019) defines the evaluation of alternatives as part of the decision-making
process [254]. In the software development context, DT facilitators evaluate DT tech-
niques by collecting feedback from the participants. The feedback might be collected
after the technique is used or after the workshop is completed (see Figure 7.10). In ad-
dition, the DT facilitator’'s perception of the participants’ experience, understanding, and
engagement are implicit feedback of each technique that supports the selection of that
technique in future workshops. A technique is seen as good if the goal was reached or
if the time required was feasible. A workshop was effective if it supported building the
product backlog. Dobrigkeit and De Paula (2019) [68] also advocate that sharing results
from DT activities and ensuring an effect on the final product is fundamental.

The decision-making of Design Thinking techniques relies on DT practitioners and partici-
pants’ experiences.

Experience in using DT supports the decrease in the difficulty of DT practitioners
in selecting DT techniques (Figure 7.11). DT facilitators make decisions by allocating time
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to understanding a technique and profiling the participants. DT facilitators are aware that

DT techniques are time-dependent and that the techniques also require a pre-work activity
to well-establish the set of techniques to be used. Thus, before selecting DT techniques,
it is necessary to investigate the stakeholders in detail, take the time to know their needs,
and choose the appropriate innovation techniques for ensuring the production of solutions

meeting the user’s expectations [64].

Dobrigkeit and De Paula (2019) [68] argue that the professionals’ experience in
DT impacts how they understand the benefits of DT in software development. Less experi-

enced professionals in DT use to see the perspective of DT as a technique for a particular

goal, while the more experienced ones understand that DT can change the whole organi-

zation’s mindset.
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[ Less experienced DT facilitators perceive the DM of DT techniques as a hard task. ]

The literature points out that lack of employee commitment, collaboration and
knowledge make the decision of what techniques to use in an endeavor [195]. Figure 7.12
shows elements that DT facilitators consider difficult to select DT techniques.

DT facilitators associate the product type as a factor that impacts the difficulty
of selecting DT techniques. Using DT for proposing new products is considered harder
than working on improving a known solution. This definition takes into account that when
improving an already known product, the user’s needs are already known too. The session
format also collaborates with the DT techniques decision-making endeavor. DT facilitators
indicated that the transition from in-person to remote (virtual) DT sessions increased the
difficulty of selecting what DT techniques to use and also how to use them.

DT facilitators consider the availability of time (time destined to run a workshop
and the techniques the facilitator has chosen), the participants’ knowledge of DT (and
about the techniques), and the accessibility required to provide the participants’ experi-
ence when running a DT workshop as decision factors. Therefore, the facilitator has to
know what techniques to use to cope with some participants’ disabilities if it is the case.

Combining different techniques also makes it hard to select DT techniques. DT
facilitators pointed out that combining techniques is challenging since they do not know
how the participants will attend to that combination. This challenge fosters DT facilitators
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Figure 7.12: Difficulty for selecting DT techniques
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to explore alternative resources that provide information about DT techniques, including
other professionals’ experiences, ideas, and trial and error. Online social media and digital
DT toolkits are tools that provide mechanisms to find DT experiences.

In this context, Souza et al. (2020) [245] presented DTA4RE, a tool for recom-
mending DT techniques to support RE. Through a form-based algorithm, the tool asks the
users about the scenario they have and exposes the applicable DT techniques. DTA4RE
is a web-based tool recommending techniques according to three working spaces of DT:
inspiration, ideation, and prototyping.

The decision-making of DT techniques is based on different sources of techniques and pow-
ered by a community of DT practitioners

DT facilitators aim to be not behind the time. They often look for new techniques
and work against the clock to get more information about applying DT techniques. Such
information can be gathered by practicing DT or by consulting other DT facilitators. Books,
DT toolkits, and training are also sources of information about DT techniques (Figure 7.13).
However, given the dynamic nature of DT, DT facilitators also use books from other sub-
jects, such as Agile and Lean Inception. It means that DT in software development is seen
as an approach that can be infused into SE activities [64].

DT facilitators search for data about DT techniques in their social networks or
consult DT experts. Establishing a community of DT facilitators is a way of sharing ex-
periences and collaborating to build collective knowledge (Figure 7.14). Community of
practice (CoPs) is also applied in other SE subjects. For instance, Kniberg and Ivasson
(2012) [135] proposed the Spotify model as a CoP for scaling management and collabora-
tion in self-organized teams using Agile. In the context of DT, a CoP support experience
exchange among similar professionals reduces the difficulty of selecting DT techniques.

Box 7.1 presents a Decision-making statement, which defines a theory behind the
selection of DT techniques in the context of software development. Therefore, taking into
account the decision-making elements, strategies, topics and discussions we presented

(- Books about DT when less experienced

- Books of other topics (Agile, Lean)

- DT toolkits

DT Techniques

Sources - DT trainings

- Online social media/websites

- DT models

- DT experts

Figure 7.13: Source of DT techniques
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similar professionals
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Y

- Trainning

Community Instruments] - Social Networking

- Company's internal networking

Figure 7.14: Community as a resource for selecting DT techniques

Box 7.1: Decision-making theory statement

Decision-making statement

The DT facilitators’ decision-making for selecting Design Thinking techniques in software develop-
ment is context-driven.

The selection of DT techniques

¢ is composed of decision-making elements
* is aided by techniques evaluation

¢ relies on participants’ experiences

¢ is perceived as a difficult task

* is based on different sources of techniques

* is powered by a community of DT practitioners

in this study, we can define that the decision-making of DT techniques by DT facilitators
in software development is context-driven. Figure 7.15 compiles a descriptive model of
decision-making of the DT techniques selection in software development.

Study limitations

Our interview-based study for modeling the decision-making behind the selection
of DT techniques contains the following threats to validity:

* Interview sample: We interviewed 16 DT facilitators in total and the information that
they provided only represents their point of view and not necessarily the organiza-
tion’s point of view. Therefore, our results can not be generalized (External Validity).
To mitigate this threat, we interviewed professionals from 10 different software de-
velopment companies to get a more comprehensive view of decision-making.
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* Data Analysis: As we based our study on Grounded Theory, coding activities (open
coding, axial coding, and selective coding) represent our interpretation of the data
we collected through the interviews. To mitigate an interpretation bias, we analyzed
the codes in meetings to discuss the results. We also practiced the constant compar-
ison method proposed in GT to do multiple analyses of the codes in each method’s
iteration;

* Interview script: We created a script for conducting our semi-structured interviews.
We might consider that we should include other questions in our script. To mitigate
this threat (Internal Validity), a senior researcher in qualitative research evaluated
and approved the interview script. We also conducted a pilot study to ensure the
consistency of the script. In addition, the interviews were audio and video recorded,
allowing us to double-check the data transcripts.

Study conclusions

We conducted an interview-based study to investigate the decision-making of DT
technique selection in software development. We interviewed DT facilitators to identify
how they decide what techniques to use in software development and to generate a the-
ory through a descriptive decision-making model, abstracting the decision-making of DT
techniques in software development.

By interviewing 16 DT facilitators, from small to large companies, with different
backgrounds and years of experience in DT, our findings indicate that the time to conduct
a technique, the challenge to be solved and the goal to be reached drive the DT techniques
decision-making of DT facilitators in software development. We also presented the strate-
gies they use for selecting DT techniques, the evaluation of DT techniques and their role
in the decision, what happens when DT facilitators got experienced in DT, the difficulty of
selecting DT techniques and what resources they use for supporting the decision-making
on the selection of DT techniques.

7.2.2 Recommendation Mechanisms based on the decision-making model

Taking into account the decision-making model of the selection of DT techniques
in software development, we started to design a set of DT techniques recommendation
mechanisms to be implemented in Helius, corresponding to the Feature FO1 - DT tech-
niques recommendations (see Table 6.1 in Section 6.1).

Our goal of proposing and using a decision-making model as a starting point to
generate the recommendation mechanisms was to approximate the recommendations
provided by Helius to the way the DT facilitators select DT techniques in their work rou-



150

tines. We kept in mind the following decision-making elements that we collected with DT
facilitators in our interview-based study (Section 7.2.1):

* The decision-making behind the selection of Design Thinking techniques is context-
driven, and it involves the following decision-making elements (DMEs):

DME;: Context definition as a pre-work activity;
DME,: Experience exchange between professionals;
DME;: Facilitator’s previous experience in using DT;
DME,: Goal to be achieve and challenge to be solved;

DMEs: Availability of resources and restrictions (e.g., time to execute a technique, par-
ticipant’s knowledge, etc.).

Therefore, the remainder of this section describes the mechanisms that make
Helius a collaborative filtering-based recommendation system, taking into account the ex-
perience of IT professionals with DT techniques usage expressed in the form of technique
ratings. Here, the terms user and active user refer to IT professionals who require DT
technigues recommendations for use in software development.

A recommendation mechanism (RM) is a feature provided by Helius that recom-
mends DT techniques based on certain criteria. The set of recommendation mechanisms
composes a recommendation module, which is capable of providing intelligence to Helius
recommending DT techniques. The results of our previous exploratory studies indicate
that the recommendation module by itself makes Helius an innovative solution if com-
pared to the other DT techniques and decision-support tools.

The proposed recommendation module and Helius by itself aim to further the
state-of-practice on the collaboration with IT professionals in the decision-making of DT
techniques’ selection. By being collaborative, Helius uses the experiences of its users on
using DT techniques to recommend techniques to other users.

In Helius, the DT technique recommendations work as follows: once the user has
used DT techniques, she will be able to evaluate the techniques that she used, providing
a rating from her experience on the use of that technique. The set of evaluations made by
users creates a techniques’ rating dataset, feeding the recommendation system.

Helius’ recommendation mechanisms are associated with recommendation
strategies. As mentioned in Section 2, there are 2 types of recommendation strategies:
personalized and non-personalized, as follows:

* Non-personalized DT techniques recommendation mechanisms: recommendation
mechanisms which provide non-personalized recommendations offering similar rec-
ommendations for all users [25]. In general, non-personalized RS use statistical
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methods such as Mean Score to generate recommendations, showing the Top-N
items with better-resulting scores;

* Personalized DT techniques recommendation mechanisms: a collaborative recom-
mendation mechanism provides the recommendation of items to the active user (the
user who requires the recommendation) based on the behavior of similar users. In
this context, behavior can be understood as the feedback provided by a user for an
item in form of ratings (based on a 5-stars scale). These ratings are utilized as data
input to provide recommendations for new items.

Figure 7.16 shows the recommendations mechanisms that we designed to im-
plement in Helius. We proposed a total of 20 different mechanisms to recommend DT
techniques. We developed independent mechanisms capable of being linked to the RS.
Helius uses information about its users (techniques usage and evaluations (or ratings)) in
order to process and compute the DT techniques recommendations. Therefore, there are
3 methods that are sources of information to recommend DT techniques: i) Helius users:
all users registered in Helius, ii) Active user: user logged in and who is asking for a recom-
mendation in Helius, and iii) Similar users: users that are considered similar to the active
user. Helius determines a similarity measure using the KNN algorithm (see Section 7).

Figure 7.17 illustrates the links between the decision-making mechanisms that
we designed for Helius recommending DT techniques and the decision-making elements
that we collected with DT facilitators.

¢ Personalized recommendations mechanisms:

RM; Techniques used in projects with a similar context: it recommends DT tech-
niques that were used by other professionals in projects that have one or
more similar contextual items. Table 7.10 presents the contextual values.
We collected the contextual variable through the Systematic Mapping Study
[116, 245, 64, 71, 48, 104, 68] (see Section 4.1) and through our interview-
based study (see Section 7.2.1). This mechanism is part of the Context defini-
tion (DME;) decision-making element;

RM,: Techniques included to projects for a similar context: it recommends DT tech-
niques that belong to projects that have one or more similar contextual items.
This mechanism is different from the RM; since the recommended techniques
could not be used yet. This mechanism is part of the Context definition (DME;)
decision-making element;

RMs: Techniques used in projects with a similar domain: it recommends DT tech-
niques that were used by other professionals in projects for a similar domain.
In Helius, the user might indicate a domain the project is proposed to find for
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Recommendation mechanisms

Mechanism Description Method

GMD> Techniques used in projects with similar contexts Helius users

RM2> Techniques included to projects for a similar context Helius users

6M9> Techniques used in projects with a similar domain Helius users

GMD> Techniques used in combination with other techniques of the current project Helius users

6M9> Techniques that the user have already used Active user

Techniques that the user have already used and well-rated Active user

GMD> Techniques that you well-rated for a specific goal Active user

6M9> Techniques well-rated by similar users Similar users
6M9> All techniques rated by similar users Similar users

All techniques used by similar users for a goal Similar users

Personalized
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@@ All techniques

@ Best rated techniques for a goal

Best rated techniques by the most experienced users in DT
Techniques with neutral evaluation
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Figure 7.16: Recommendation mechanisms designed to be implemented in Helius
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Table 7.10: Context options available in Helius

Description

Options

Contact with customer/user

Place to perform the technique

Number of participants

Participants already know each other
Participants are familiar with DT

Availability of materials

Availability of space to conduct the workshop
Higher management participation

Days available for conducting the workshop
Clarity of objectives

Clarity of problem

Facilitator’s expertise (years)

No, Yes
Organization, Client,
Individual (1) , group (2to 5), > 5
No, Yes

Low , Medium, High
Low, Medium, High
No, Yes

No, Yes
1to3,3to5, >5
Low, Medium, High
Low, medium, High,
<2,2to5,>5

a solution. Examples of domains are Game development, embedded systems,

cloud systems, and e-health systems. This mechanism is part of the Context

definition (DME;) decision-making element;

Techniques used in combination with other techniques of the current project:

it recommends techniques that were used in combination with the techniques

present in the current project. RM, represents the following statement: “Who

used technique X also used techniques Y and Z”. This mechanism is part of the

Experience exchange between professionals (DME,) decision-making element;

Techniques that the user has already used: it recommends all the techniques

that the active user has already used in Helius. This mechanism is part of the

Facilitator’s previous experience in using DT (DME;) decision-making element;



RMGZ

RM7!

RMgZ

RMgZ

RMm!

e Non-

RM11Z

RM122

RM~|3!

154

Techniques that the user has already used and well-rated: it recommends all
the techniques that the active user has already used in Helius, sorted by the
rating she has attributed to the used techniques. This mechanism is part of the
Facilitator’s previous experience in using DT (DME;) decision-making element;

Techniques that you well-rated for a specific goal: it recommends all the tech-
niques that the active user has already used in Helius, filtered for a specific goal
and sorted by the rating she has attributed to the used techniques. In this mech-
anism, the user can indicate a goal to filter the techniques. This mechanism
is part of the goal to be achieved or challenge to be solved (DME,) decision-
making element;

Techniques well-rated by similar users: it recommends all the techniques that
similar users to the active user have used in Helius, sorted by the rating they at-
tributed to the used techniques. Similar users are computed by a neighborhood
algorithm based on the techniques of evaluation and rating. This mechanism
is part of the Experience exchange between professionals (DME,) decision-
making element;

All techniques rated by similar users: it recommends all the techniques rated by
similar users to the active user have used in Helius. Similar users are computed
by a neighborhood algorithm based on the techniques rating. This mechanism
is part of the Experience exchange between professionals (DME,) decision-
making element;

All techniques used by similar users for a goal: it recommends all the tech-
niques that similar users have used for a goal to the active user have used in
Helius. Similar users are computed by a neighborhood algorithm based on the
techniques’ ratings. In this mechanism, the active user can filter the techniques
by a goal. This mechanism is part of the Experience exchange between pro-
fessionals (DME,) and goal to be achieved or challenge to be solved (DME,)
decision-making elements.

personalized recommendations mechanisms:

Most used techniques: it recommends the most used DT techniques, sorted by
use. This mechanism is part of the Experience exchange between professionals
(DME,) decision-making element;

Best rated techniques: it recommends the best rated DT techniques in Helius,
sorted by rating. This mechanism is part of the Experience exchange between
professionals (DME,) decision-making element;

All techniques: it recommends all the techniques used by the users in Helius,
sorted by name. This mechanism is part of the resources availability and re-
strictions (DMEs) decision-making element;
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Best rated techniques for a goal: it recommends the techniques for a specific
goal, informed by the user and sorted by use. This mechanism is part of the
goal to be achieved or challenge to be solved (DME,) decision-making element;

Best rated techniques by the most experienced users in DT: it recommends
the best rated DT techniques for those users that have the higher experience in
using DT. Most experienced users in DT means to sort the users by experience in
DT (information given when creating the user account — “Start DT in” field). This
mechanism is part of the Experience exchange between professionals (DME>)
decision-making element;

Techniques with neutral ratings: it recommends the techniques that have re-
ceived a mean rating value as 3 (from 1 to 5). This mechanism is part of the
Experience exchange between professionals (DME,) decision-making element;

Best rated techniques by working spaces: it recommends the best rated DT
techniques according to the working spaces selected by the user. Working
spaces represent the DT as a model, as we stated in Section 2. This mechanism
is part of the goal to be achieved or challenge to be solved (DME,) decision-
making element;

Best rated techniques by the most experienced DT professionals for a goal: it
recommends the techniques that the most experienced users have used and
rated for a specific goal. The user must be able to indicate a goal to be reached.
This mechanism is part of the goal to be achieved or challenge to be solved
(DME,) decision-making element;

Low-cost techniques: it recommends the techniques the users evaluated and
indicated as low-cost. Low-cost is also represented as a 5-star range (1 low and
5 high) and involves workshop time required (duration), number of participants
involved, time to prepare and execute the techniques, and resources required
to use a technique. This mechanism is part of the resources availability and
restrictions (DMEs) decision-making element;

Best cost-benefit techniques: it recommends the techniques which have the
best cost-benefit ratio. The benefit is the mean rating the users have attributed
to a technique, while the cost is the mean cost attributed by the users to a
technique. This mechanism is part of the resources availability and restrictions
(DMEs;) decision-making element.
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7.3 Helius Evolution and Empirical Evaluation

This section describes Iteration 3 in the DSR-based research method. Our goal
was to improve Helius by implementing the recommendation mechanisms on it to make
Helius a DT techniques recommendation system (Section 7.3.1). We also present in this
section the empirical evaluation of Helius through a case study with DT practitioners in
the software industry (Section 7.3.2).

7.3.1 Implementation of the DT techniques recommendation mechanisms in Helius

After designing the recommendation mechanisms to provide DT techniques rec-
ommendations and starting Iteration 3 in the Design Approach in the DSR framework,
we implemented the recommendation mechanisms and integrated them into Helius. As
we mentioned in Section 7.2, we proposed 20 mechanisms to recommend DT techniques
considering both non-personalized and personalized recommendations approaches.

Figure 7.18 abstracts how Helius works to recommend DT techniques. For in-
stance, let’s consider the following recommendation mechanisms i) best-rated DT tech-
niques (non-personalized approach) and ii) best-rated DT techniques for similar users (per-
sonalized approach). We show below how these mechanisms work in Helius.

* Non-personalized DT techniques recommendation mechanism: Best evaluated DT
techniques - Helius collects data from users based on explicit feedback (the user
rating of the DT techniques she has used in software development). Helius queries a
rating database for recommending DT techniques. During the Preprocessing phase,
Helius computes the Mean Score of each technique using the ratings provided by the
users. A user-techniques-rating matrix is created. In the Recommendation phase,
Helius obtain the Top-N best-evaluated techniques by applying a sorting algorithm
on the user-techniques-rating matrix (mean score attribute) and it recommends the
Top-N best-evaluated techniques.

* Personalized DT techniques recommendation mechanism - Best rated DT techniques
by similar users: By being a collaborative recommendation system, Helius provides
recommendations of items to the active user (a user who requires the recommen-
dation) based on the taste of similar users. In this context, taste represents the
feedback provided by a user for an item in the form of ratings (based on a 5-stars
scale). These ratings are utilized as data input to provide recommendations for new
items. In the Data collection phase, Helius collects explicit feedback from users
through the ratings of DT techniques they have used in software development. In
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this phase, Helius queries the users, techniques, and rating database. Next, during
the Pre-processing phase, Helius computes the user-item matrix, a matrix nxm where
nrepresents the users and m represents the items (DT techniques). The value in the
matrix represents the rating from the user u to the technique /.

Helius recommends techniques based on the ratings of similar users from the ac-
tive user. Helius uses a neighborhood method (KNN) to look for similar users to the
active user. It computes the neighbor users (the most similar) to the active user
and uses the neighbors’ ratings for providing recommendations [163]. Once similar
users (neighbors) have been found, Helius moves on and looks for the techniques
best rated by the neighbors to the active user. The mean score rating for the tech-
nigues is calculated through the user-item matrix. Then, using a sorting algorithm,
Helius recommended DT techniques to the active user.

To implement the recommendation mechanisms in Helius, we developed a rec-
ommendation module as an API. We used the framework FastAPI, which is based on Python
(see Figure 6.10)*3. For instance, Figure 7.19 shows the non-personalized recommendation
mechanism “Most used”, which recommends to the users the most used DT techniques.
The recommendation module API returns a list of JSON objects, each one representing a
technique. The techniques are sorted by use. Appendix B shows the JSON that represents
a DT technique returned as a recommendation in Helius and the list of DT techniques we
initially registered in the Helius database.

On the other hand, aiming to provide personalized recommendations, Helius take
into account the user profile to recommend DT techniques through personalized recom-
mendation mechanisms. Figure 7.20 shows examples of Helius’ recommendation mech-
anisms that return a personalized recommendation based on the user’s profile. Helius
looks for similar users and then provides recommendations based on their tastes. Similar
users are the users that made similar evaluations of DT techniques, which means other
users who evaluate DT techniques with similar ratings. To do so, Helius’ recommendation
module uses the K-nearest neighbor (KNN) algorithm.

We used KNN as the algorithm for the personalized recommendation mechanisms
since it is the most cited machine learning algorithm for collaborative recommendation
systems, as we figured out through a Tertiary Literature Review that we conducted to
identify the appropriate algorithm for our recommendation system (see Appendix D).

Next, we show the user’s journey in Helius to access the recommendations mech-
anisms that recommend the DT techniques to support IT professionals in using DT in soft-
ware development.

13The full documentation of the DT techniques recommendation mechanism is available in https://
helius-dt-recommendation-api.herokuapp.com/docs#/.
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Figure 7.18: Abstract representation of the recommendation mechanisms in Helius

A) Accessing a summary of the DT techniques recommendations

Figure 7.21 represents the user journey to access a summary of the DT tech-
niques recommendations. Item (i) represents the home screen in Helius where the
user can access the summary of the recommendations by clicking on the “Recommen-
dations” button. Once the user has clicked on the “Recommendations” button, Helius
shows the screen of the recommendations summary. Items (ii) and (iii) show examples of
non-personalized and personalized recommendation mechanisms, respectively. Iltem (iv)
shows the button for the user to access the 20 mechanisms we implemented in Helius (as

we show in Figure 7.22). In item (v) the user can access a history of the recommendations
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Figure 7.19: “Most used” recommendation mechanism implementation in Helius
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the user has received in Helius. Item (vi) shows the list of techniques and their associated
ratings attributed by the users.

Figure 7.22 shows the DT techniques recommendation mechanisms, organized
in Non-personalized (i) and Personalized (ii). Once the user selects one recommendation
mechanism, Helius shows Figure 7.22-(iii). For instance, in Figure 7.22, the user has se-
lected the mechanism “Most used techniques” (i) and 12 techniques were recommended
(iii). In item (iv), the user might apply filters to the list of DT techniques that Helius recom-
mended. The filters include the suggested working spaces, among others.

B) Requiring DT techniques when creating a project

Figure 7.23 represents the user journey to require DT techniques recommenda-
tion in Helius. This user journey considers feature F1 — DT techniques recommendations
(see Table 6.1). It allows the user to ask Helius for DT techniques recommendations and to
add the recommended techniques to a project. In Helius’ main screen (a), the user must
click on Create a DT techniques portfolio (i). Then, Helius shows the “New Project” screen
(b). Among other fields, after the user has indicated the project domain in the project
creation screen (ii), the project context (iii), and added DT techniques to the project on
her own (iv) if she clicks on the “Recommend techniques to me” button, Helius shows the
screen of DT recommendation techniques (Figure 7.23-(c))*. In Figure 7.23-(c), since the
user has indicated the domain, context and added techniques on her own, Helius shows 4
recommendation mechanisms (from vii to x). These mechanisms refer to the mechanisms
RM; to RM, that we introduced in Section 7.2.2, respectively.

( 15:519

< Design Thinking techniques

Figure 7.22: All recommendation mechanisms provided in Helius

4These fields are required to create a project in Helius. However, since the recommendations aim to
support the professionals in discovering DT techniques using different recommendation mechanisms, the
user is able to require DT techniques recommendations before concluding the project’s creation. In addi-
tion, Helius just show the recommendation mechanisms according to the fields the user has selected. For
instance, if the user has not indicated the project context and asks for a recommendation, Helius will not
show the mechanisms of DT techniques recommendations related to the context.
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Figure 7.23-(d) shows an example of DT techniques recommendation considering
the user has clicked on mechanism “Techniques used combined to a technique” (item ix)
in Figure Figure 7.23-(c). The screen is composed by the following items:

Xi - The technique’s name in which techniques used in combination were found in Helius;

xii - The list of techniques that were combined with the analyzed technique. For instance,
Ideas Menu, Insight Cards and so on were already combined to A Day in the life in
projects. Helius sorts the list of techniques by amount of combined usage;

Xiii

Represents a button where the user might use the list of techniques that were used
in combination with a specific technique;

xiv - Shows the number of combination a technique was used with other technique. For
instance, in projects where users have used A day in the life, Ideas menu was also
used 6 times;

15:259 w
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Figure 7.23: User journey for asking for DT techniques recommendation in Helius
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xv - Represents a button where the user might visualize the reviews the users have at-
tributed to the technique;

xvi - Represents the mean rating the techniques has received by Helius users.

Next we detail an empirical study that we conducted to evaluate Helius, its rec-
ommendations and its contributions to the decision-making involved on the selection of
DT techniques for software development.

7.3.2 Empirical study for evaluating Helius

This section presents an empirical study that we conducted to validate Helius.
Our goal is to evaluate if Helius supports DT practitioners to select DT techniques to use
DT in software development projects.

In summary, we initially introduced Helius to DT practitioners and asked them to
use the recommendation system. So, we collected data from the participants to evaluate
how Helius worked on the DT techniques recommendation and decision-making of which
techniques to use.

This study follows the guidelines for empirical studies proposed by Wohlin et al.
(2012) [271] and Travassos (2002) [257]. Figure 7.24 shows the study’s steps, including
(1) Scoping, (2) Planning, (3) Execution, (4) Data analysis, and Results presentation.

Scoping

To define the scope of our study, we characterized the study’s context, goal,
research questions, and measures using the Goal-Question-Measure (GQM) template [19].
Table 7.11 shows the GQM template.

Scopng  (—1—{  Pianning > Execuion > st presentation
Definition of: » Participants + Participants + Data coding
definition invitation
» Context ) +« Resources » Presentation of the
» Goals, questions preparation Helius usage
and measure procedures
« Hypothesis » Data collection

Figure 7.24: Activities of the empirical evaluation of Helius
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Table 7.11: GQM template for evaluating Helius

Item Description
To analyze the use of Helius, the DT techniques recommendation system
with the purpose of supporting the decision-making for selecting DT techniques,
with respect to select the DT techniques through the collaboration of DT practitioners
under the perspective of DT practitioners using DT in software development
in the context of software development

Study’s context

* Participants and scenario - DT practitioners who conduct DT sessions, workshops, or
projects, or use DT techniques in a software development context;

* Goal - Investigating how Helius supports the decision-making of DT practitioners on
the selection of DT techniques;

e Research Questions:

- RQ1 - How do the DT practitioners perceive the DT techniques recommenda-
tions provided by Helius?

- RQ2 - How has Helius impacted the decision-making behind the selection of DT
techniques?

e Measure

- Ability to use Helius:

* Ability to create a portfolio of DT techniques;
* Ability to use DT techniques recommended by Helius in real projects;

* Ability to collect DT techniques experiences through the use of the DT tech-
niques community of practice;

- Ability to make decisions for selecting DT techniques based on recommenda-
tions provided by Helius.

We also used the System Usability Scale (SUS) method [34] to assess the usability
scale of Helius (described next).

Planning

As a second activity, we prepared the materials and resources to conduct the
study. In addition, we defined the participants’ selection strategy. We outlined the study’s
procedures, including the presentation of the Ethics Committee Approval document, the
Participant’s Consent Form and the set of steps to be executed by each participantin order
to participate in the study properly.



164

Participants’ definition

For defining the participants, we followed the framework proposed by Rainer and
Wohlin (2022) [220], referring to the selection of credible participants for studies in the
Software Engineering field. The authors introduce the concept of Key Informants as “the
principal of a key informant is that the informant can provide more reliable, valid and
relevant information than a sample of participants. In other words, a key informant can
be a more credible participant than a sample”.

Table 7.12 shows the 5 characteristics that define a participant as a Key Infor-
mant, including Role in the community, knowledge, willingness, communicability, and im-
partiality. Table 7.13 presents a classification of practitioners, including Performers, Ob-
servers and Advisors. Rainer and Wohlin (2022) [220] argue that the difference between
these roles reflects the different degrees of credibility of the information collected.

In our study, we consider as Key informants those professionals who conduct
DT sessions in software development or aim to use DT techniques in their activities for
software development or who use DT techniques in their software development activities.

Resources preparation

* Ethics Committee Approval and Consent form submission: before conducting our
study, we submitted it to the Ethical Committee board. As part of the Ethics Commit-

Table 7.12: Characteristics of Key Informants

# | Description

C1 | Role in community. Their professional role in their peer community should expose them to the
kind of information being sought by the researcher.

C2 | Knowledge. In addition to having access to the information desired, the informant should have
absorbed the information meaningfully.

C3 | Willingness. The informant should be willing to communicate their knowledge to the interviewer
and to cooperate as fully as possible.

C4 | Communicability. They should be able to communicate their knowledge in a manner that is intel-
ligible to the interviewer.

C5 | Impartiality. The key informant should be objective and unbiased. Any relevant biases should be
known by the interviewer, e.g., the key informant declares a bias or the interviewer can determine
this from other sources.

Table 7.13: Classification of Key Informants

Classification | Description

Performer who is experiencing the situation (e.g., a DT practitioner conducting DT sessions in
software development scenario)
Observer is an observer but not a performer and is located in the situation (e.g., a programmer

who observes the DT practitioner making decisions of the DT techniques for conducting
a DT session)

Advisor has experience in a wide range of situations. Consultant, for example, may have ex-
perience but is not in the situation (not an observer) and is not the one who executes
the situation (performer)
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tee analysis, we generated a Consent Form to guarantee the voluntary participation
and the correct data collection and manipulation?®>.

* Instructions for using Helius: to support the participants in using Helius and subside
their activities in the study, we generated a set of instructions (tutorial). The tutorial
gives directions on how to use Helius for supporting the selection of DT techniques®®.

Execution

In the third activity, we present details about the execution of our empirical study.
We show how we invited and selected the participants (Key Informants), a Helius presen-
tation and the procedures for collecting and analyzing data. We conducted this activity in
2 steps (see Figure 7.25).

Step 1 - Interview-based study

In the first step of our empirical study, we evaluated Helius using interviews as
the data collection instrument. Our goal was to initially present Helius to DT practitioners,
stimulating them to use the DT techniques recommendation tool in their activities, asking
for recommendations and collaborating with the DT techniques community of practices in
Helius. Then, after a period of time when they could use Helius, we interviewed them back
to collect data about their experiences in using our recommendation system.

A A . Data analysis and
Scoping —» Planning —» Execution .
results presentation
[ Step 1 - Interviews ] [ Step 2 — Questionnaires ]

Participants’ invitation | Via LinkedIn Participants’ invitation | Via LinkedIn
Helius’ presentation Agreement to participate in online study

Reading material with research objectives

Reading and signing of the consent form Reading material on the use of Helius

Presentation of the research objectives Helius” Presentation of research procedures

Presentation of Helius usage

{ Presentation of the research procedures Tasks: Participantinstall the mobile version of
Time: Helius to:

Helius’ Tasks: Participantaccess the web according - Creating a project and ask for

usage version of Helius to: to each recommendations
- Creating a project and ask for participant - Rating DT techniques

Time: 15 recommendations - Accessing the community of experiences

days - Rating DT techniques - Accessingthe DT techniques combination

- Accessing the community of L ) graph

experiences
- Accessingthe DT techniques
combination graph

Data Collection Data Collection

Semi-structured interviews Questionnaire including a SUS-based
SUS-questionnaire data collection questionnaire

Figure 7.25: Steps for executing the evaluation of Helius

15Both documents are available in the following repository https://github.com/rafaelparizi/PHD_repository
16The tutorial is available in our research repository and can be accessed at https://github.com/
rafaelparizi/PHD_repository
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* Participants’ invitation: In Step 1, we invited Design Thinking practitioners from dif-
ferent software companies to use Helius as a tool for selecting DT techniques for
moderating DT workshops in projects in the context of software development. We
sent invitations based on the LinkedIn platform. The selection of these participants
was not randomly since we consider these participants as key informants, classified
as Performers in the context of this study according to the participants’ selection
proposed by Rainer et al. (2022)[220].

We invited 8 participants to participate in Step 1. Four participants agreed to par-
ticipate. Figure 7.26 shows the participants of Step 1 and their profiling. After each
interview, we applied some suggestions provided by the participants (indicated by
the gear icon in Figure 7.26.

* Helius’ presentation: After each participant has accepted to participate in our eval-
uation study, we scheduled a kick-off meeting to introduce Helius and our study. We
used the Zoom platform to host the kick-off meetings, which took 25 minutes long in
average. We conducted the kick-off meetings as follows:

1. In each meeting, we presented the Consent Form, previously submitted and
approved by the Ethical Committee. We showed the participants the study’s
ethical aspects, allowing them to withdraw if they wanted to.

2. Once the participant had agreed to the consent form and signed it up, we
quickly presented our research goals and the methodology to provide the par-
ticipant with an overview of the study that she would participate.

3. Next, we presented Helius. We showed up the Helius features and user flows to
perform the tasks that we wanted to evaluate.

4. Finally, before concluding the kick-off meeting, we presented the study’s proce-
dures, including the tasks the participant should perform when using Helius. We
also scheduled a follow-up meeting to collect data in terms of the experience of
using Helius for deciding which DT techniques to use.

P1 P2 P3 P4
Role: Scrum Master Role: Agile Coach/Design Thinker Role: Designer Role: Designer UX/Design Thinker
Experience in DT: 2 years Experience in DT: 7 years Experience in DT: 4 years Experience in DT: 3 years
Experience in soft. dev.: 4 years Experience in soft. dev.: 20 years Experience in soft. dev.: 4 years Experience in soft. dev.: 5 years

Company site: national - pool of
companies - Innovation park
Projects domain: multi-domain

Company site: national Company site: national
Projects domain: logistics Projects domain: consultant

Company site: national
Projects domain: software ERP

Figure 7.26: Empirical study — Participants of the Step 1
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Appendix E presents the detailed procedures that we prepared for the partic-
ipants using Helius during the study (in Portuguese). We also prepared a 24
minutes long video presentation about how to use Helius?’.

In summary, each participant should:
a
b
C
d

Access the Web version of Helius;
Create a user account;

(a)

(b)

(c) Create a project including DT techniques;

(d) Add DT techniques to a project by asking for the DT techniques; recommen-

dations through the recommendation mechanisms provided by Helius;

(e) Rate some of the DT techniques that she used in her project;

(f) Consult the DT techniques community of experiences to see what other
professionals were saying about the DT techniques;

(g) Access the DT techniques combination graph to understand what DT tech-

niques were used at that time.

* Helius’ usage: After participating in the kick-off meeting and indicating how much
time it would be necessary to use Helius, each participant could use the recommen-
dation system to execute the tasks that we have proposed to them. On average, the
participants required 15 days to use Helius in their working space and come back
with relevant information for our empirical study.

» Data collection: During the follow-up meetings, we collected data about the use of
Helius. The meetings occurred from October to November 2022. We prepared in
advance a script for conducting semi-structured interviews!®. It is worth mentioning
that the Data Analysis activity (we show next in this section) was started just after we
finish each interview and its results served as a source to implement improvements
in Helius as they were pointed out by the participants.

After we finished collecting data from 4 Key Informants from the software industry
about the use of Helius, we decided to conduct the second step in our empirical study for
evaluating Helius. Next, we show the details of how we conduct Step 2.

Step 2 - Questionnaire-based study

In step 2, we submitted and published an improved version of Helius on Google
Play'® and Apple Store?°. Therefore, by publishing Helius in mobile application stores we
could easily invite other professionals to participate in our study.

The video presentation is available at https://www.youtube.com/watch?v=0Ad5rqcrsHs&t=925s and
https://youtu.be/M6Ziwx3uTwQ

8The script of the interviews for evaluating Helius might be found at https://github.com/rafaelparizi/PHD_
repository/wiki#step-1--interview-based-study

Ohttp://www.play.google.com

2Ohttps://www.apple.com/app-store/


https://www.youtube.com/watch?v=oAd5rqcrsHs&t=925s
https://youtu.be/M6Ziwx3uTwQ
https://github.com/rafaelparizi/PHD_repository/wiki#step-1--interview-based-study
https://github.com/rafaelparizi/PHD_repository/wiki#step-1--interview-based-study
http://www.play.google.com
https://www.apple.com/app-store/
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* Participants’ invitation: We sent invitations to DT practitioners who have the charac-
teristics of a key informant for our study’s context. We used LinkedIn social media
for identifying the participants. Then, we sent them an e-mail introducing our re-
search, Helius itself and the procedures for participating in the study. We filtered
professionals who indicate to be Design Thinker/DT facilitators and work in software
companies.

* Helius’ usage: In step 2, the participants should perform the following tasks:

Read a document presenting Helius’ features and our research goals;
Read the tasks to be done when using Helius;

Read the participants’ agreement document to participate in the study;

W N

Download and install Helius from one of the mobile application stores (Google
Play or Apple Store).

o

Create a user account;
6. Create a project including DT techniques;

7. Add DT techniques to a project by asking for the DT techniques; recommenda-
tions through the recommendation mechanisms provided by Helius;

8. Rate some of the DT techniques that she used in her project;

9. Consult the DT techniques community of experiences to see what other profes-
sionals were saying about the DT techniques

* Data collection: In this step we collected data using an online questionnaire. Af-
ter using Helius, the participants should answer questions regarding the experience
they had by using the DT techniques recommendation system. The questionnaire
contained the same questions that we prepared as our interview script in Step 1%*.

Next, we present the data analysis and the results for both steps 1 and 2 that we
conducted in this empirical study.

Data Analysis and Results Presentation

Step 1 - Interviews

After concluding each interview, we transcribed the audio into text. We used
Atlas.ti to conduct the data analysis, proceeding with open coding analysis [247]. Table
7.14 shows the participants and their use of Helius during the empirical study, while Figure
7.27 shows an example of a project created in Helius by P2. For instance, P2 used the
technigues Observation and Stakeholder Map.

21The questionnaire is available at https://encurtador.com.br/mujW1


https://encurtador.com.br/muJW1

Table 7.14: Helius usage by the study’s participants
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Features
Users’
Project ., . . , . experiences
P# created Project’s domain Techniques’ rating (Community of
practice)
9 (Affinity diagram, Brainstorming, Card
Hotel management Sorting, Empathy map, Feedback Grid,
P1 1 . . yes
system Insight Cards, Interview, Personas, Paper
prototyping)
E.RP t? contrgl 3 (A day in the life, Ideas Menu, Insight
P2 1 devices in hospitals yes
Cards)
and schools
Mobile Application 5 (Interview, Affinity Diagram, Try it yourself,
P3 1 . . ; . yes
for testing Helius Brainstorming, Empathy map)
8 (Observation, Stakeholder Map, 5w2H,
Simulating system Exploratory .resear.ch, Cgrd Sor.tlng, Empathy
P4 2 Testing project map, A day in the life, | like | wish) yes
9 proj 5 (Personas, Interview, Empathy Map, Insight
Cards, Feedback Grid)
helius.projects
STORAGE SIZE: 76KB  LOGICAL DATASIZE: 84.65KB  TOTALDOCUMENTS: 62  INDEXES TOTAL SIZE: 36KB
Find °
{user: "636a90e028400000160db7c1"} » OPTIONS

VoV

~

_id: ObjectId('636cl179c4da4e80016fc2673')
participants: Array

domain: Array

purpose: Array

"636290e028420000160db7c1"

"Novo portal de simulagao "

user:
name:
description: "Sistema que estd desenvolvido para clientes"
context: Array
date: "09/11/2022"
techniques: Array
v 0: Object
> nameT: Array
_dd: ObjectId('636clcld4da4e80016fc2807')
name: "Observation"
isEvaluated: false
v 1: Object
> nameT: Array
_dd: ObjectId('636clcld4da4e80016fc2808')
name: "Stakeholder Map"
isEvaluated: true

Figure 7.27: Example of project creation in Helius

Next, we show the results of our empirical study grouped according to the 2 main

research questions that we defined using the GQM template.
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RQ1- How the DT practitioners perceived the recommendations provided by Helius?

We initially asked the participants to indicate in a 5-item Likert scale [7] how
relevant they considered the recommendations that Helius provided to them (Table 7.15).
The scale varies from Not at all important (1) to Important (5).

P1 indicated that Helius recommended techniques differently from those she had
already used, making her to considering the recommendations as partially relevant. She
mentioned that she expected to receive recommendations for techniques that she has
already used before. She said: -“I created a project based on the experience that | have
already had. So | expected Helius to recommend the [techniques] that | had already used
and it did not recommend the ones that | we had used... so | found it relevant because |
got to know some that | didn’t know, because we used a scope x about 10 techniques at
most, so as he has many more techniques it increases the range of possibilities and even
of knowledge, so | found it quite relevant.” - P1;

P2 argued that -“I think the tool is very useful, the idea is extremely good, it will
help a lot from beginners to advanced and the Feature Ideas are also very good...your
system is simple, the idea is excellent, [the features] are great.” - P2,

P2 complemented that -“if I had a very difficult project with ideation to extract
from people their needs and create the solution... we already had the idea of the solution
there and we needed to get solutions and understand all the ideas for the solution. If |
had done these 10 ideation activities and had your application and there was someone
recommending a tool that | have not used yet or that suddenly the person would say oh |
recommend... ah | used it, but | used it differently... | used it this way and it worked! Yes,
the recommendations are super important.” - P2;

P3 mentioned that the recommendations were relevant. She indicated that she
selected recommendations for a specific goal: -“I selected them to know the user... to
know who the user is, it is not some specific term.” - P3;

P3 also argued that Helius can be used both for companies and for professionals
who are starting out, such as students: -“I found that it is very focused on just consult-

Table 7.15: Participant’s perceptions of Helius’ recommendations

Participants | Likert-item | Recommendations’ importance
P1 (4] Somewhat important
P2 Important
P3 Important
P4 (4] Somewhat important
B :) - Not at all important
- Somewhat unimportant
@ - Neutral

0 o - somewhat important
- Important
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ing a technique. For example, | am in a certain phase and it is very good, not only for
professionals | can imagine even in universities, for example, where you need to develop
a project and you don’t know how to direct yourself... you don’t know which direction to
take... and then you open Helius, see the tools, see in which phase they are used, and this
makes it much easier to develop... even in small projects or large projects.” - P3;

P4 indicated that the recommendations were partially relevant since she consid-
ers that it depends on the project: -“I think it depends on the project, but it is with | think
that based on the objectives there that | put makes sense, but | don’t know if | would use
all the techniques.” - P4;

We also asked the participants if they would use in new projects the techniques
which Helius recommended to them. All the participants informed that they would use the
techniques which Helius recommends.

P1 pointed out that although she might not know the recommended techniques,
Helius is able to support her in gathering information about how to use the techniques: -/
believe so, but | would have to learn these techniques in this case, but as it says there [in
Helius], it already explains, | would try to use the techniques...” - P1;

Then we made a follow-up question to P1 based on the answer about the use of
the recommended techniques: -“Would Helius be able to help you learn about these new
techniques?” - Researcher; She answered -“yes, yes... as much as | don’t know it, it would
help me to use different things, right, to test different things in projects.” - P1;

P3 mentioned that she used the techniques that Helius recommended to her: -“I
used what it [Helius] recommended. | used Persona, Scenarios and Empathy Mapping.” -
P3; She also mentioned that the information provided by Helius for each technique helped
her to find the details to use the techniques. -“There were some techniques that | think
that just by reading what | did I didn’t understand very well that’s why I didn’t use all
the techniques you recommended, but then | saw that there were references and then
| opened the references | saw that | didn’t stop for others but | saw that there was an
explanation. | think the references helped to see | even think that the application is not
the same, some gave an example anyway and it helped a lot.” - P3;

P4 suggested to Helius to allow the user to access the information of the tech-
nique as a technique is recommended. -“I have a suggestion because why does it recom-
mend techniques [...] when | go to select | can’t see the description of the technique.. so |
think that’s the description that | would like to have what I’'m going to need to do that tech-
nique... I’'m going to need paper. I’'m going to need to be in a room with people, so even to
help with that choice, | think it would be interesting to show at that moment.” - P4; After
interviewing P4, we implemented her suggestions in Helius. We included a button where
the user might open the techniques’ details, as Helius recommended the technique.
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Next, we asked the participants which techniques recommended by Helius they
already knew to evaluate if Helius supported them in knowing new Design Thinking tech-
niques. P1l, P2 and P3 considered that Helius supported them in knowing new DT tech-
niques. Pl indicated that -“Many [techniques] | didn’t know... some I didn’t know at all...
I didn’t even know them by name. | didn’t read all [techniques] but reading a little bit of
some that | opened, | found it interesting how they work. P1 also indicated that Helius
aided in increasing her DT techniques portfolio.” - P1;

P3 also suggested that when accessing a DT technique, Helius could show the
projects that the techniques were used, to help to understand how to use the technique.
=“I think maybe if when you make recommendations for techniques you show the projects
that | have used if some of these techniques would make it easier for me to understand
how it was used, you know... in which project, what type of project it is used that has some
I’'m like: I think this AEIOU that | don’t understand or was it “a day in the life” it was one of
those 2 that | looked at | didn’t understand how | could use it, you know only after | | went
to look at these references and then | don’t know, | don’t know if when you go to research
a technique to make a technique recommendation, show if it’s people who use techniques
from that recommendation.” - P3;

P4 mentioned that she did not know all the techniques that Helius recommended
to her. She reinforced that Helius could provide more information about a technique when
itis recommended: -“I think | didn’t know all of them because some have names that were
not familiar to me. There were some techniques | already knew. Maybe in the description,
| could have seen there that it was actually another technique.” - P4,

On the other hand, P2 mentioned that she already knew all the techniques rec-
ommended by Helius. She has more than 7 years of experience in using Design Thinking.
She mentioned that her experience in using DT supports her to use the techniques, but
also indicated that the techniques’ evaluation provided in Helius is essential to see if some
details might be added in how to use a DT technique: -“when you realize it is a very used
tool one of the most used tools you go there and take a look and sometimes you’ve been
doing it for so long that maybe sometimes you forget a little detail that can help in a next
DT session that sometimes you say wow it’s the true look that’s just the general rule, |
already did it differently from here and during the time you already changed it and then
it’s nice to have these evaluations and also the tools to be able to consult, right?” - P4,

RQ2 - How has Helius impacted the decision-making behind selecting DT techniques?

We asked the participants if Helius supported them in making decisions about
which DT techniques to use. All participants understood that Helius contributes to the
decision-making of the selection of DT techniques.

For example, P1 mentioned that she knew few techniques and that Helius helped
her to know new techniques and to make decisions: —“Let me say that | only knew about
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20% of what was there, so there’s a lot, It has a lot of interesting material. P1 also argued
that: | believe so [it helped in making the decision] because Helius is based on recommen-
dations, so sometimes we may be using things that are no longer used so much or that for
my particular context other techniques are more appropriate than no... | don’t know yet,
but if applied, it might work better than the ones | already know, so yes [it supports my
decision-making]!” - P1;

P2 argued that even though she has a large experience in DT, Helius would col-
laborate with her decision-making: -“Yes, I think that in software development that is our
focus here... yes, definitely [it would help decision-making]” - P2;

P3 mentioned that Helius contributes to overcoming the barrier of using tech-
niques with professionals unaware of how to use them. This is a known challenge in the
literature, as we reported in [195]. P3 indicated: -“Definitely using... it's researching
techniques on Helius and then finding one that | think fits in a certain phase that I'm in
a project and... it’s applying, right, applying by calling people; I’'ll explain in more detail
details how it works and how to apply it...” - P3;

P3 added up the following about the use of DT techniques: -“For example, in my
experience, it is usually the designer who brings this type of tool, not some programmer.
The designer who does this action, like setting up a meeting with everyone, explaining
how he uses it and making people use it, you know? so that’s what | did. They did not
know any technique despite already knowing the term design thinking. | showed them
and explained what these techniques are and that many of them can sometimes seem
a little abstract, especially these techniques that are to get to know the user. It's not
that you have to think about the scenario, but these are things that we use to sometimes
know how to communicate with the user... So, if our user is a 20-year-old person, we
can use a language younger is not.... all this because we identified it in the techniques...
through the techniques, we identified that a person in this age group speaks that way,
right? OP has a very good empathy map, | know: what he wants to see, what he [user]
hears... this helps in the development of systems in these criteria, you know, to increase
the user experience.... that’s why in this more abstract view programmers sometimes
have a barrier that you have to break down little by little, educating and talking and then
when they see that it works, especially when it works, they start to use it.” - P3;.

We then asked about which elements of the recommendation system helped the
participants in their decision-making for selecting DT techniques.

P1 cited the following about the decision-making supported by Helius: -“There
is a sequence of parameters that you place according to what you want to achieve. For
example, there is [create project], what is your team like, what is your objective, and also
what do you hope to achieve with that project, if you want to know more about require-
ments and you want to know more about problems which are some that we tag there. So |
believe that there influences a lot on the type of recommendation. So it’s this functionality
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link where we have to say what we expect and the platform gives us some suggestions
related to that.” - P1;

P2 considers that it is important for the technique evaluation form to contain
structured fields, which helps the user to fill in relevant information about the use of tech-
niques: -“The form is very good. No, for example, only you liked it, did you use it exactly
as it is here, did you make any changes? If you made any modifications, what was it and
what result did you have... because then those who read it correctly, then with more in-
formation, get richer, right? the system... begins to place a form that the person has to fill
out.” - P2;

P3 indicated as decision-making elements the projects’ information of other users
and the access to the information of the experiences of other users: -“What | think that
adds value to know the project that was used... it gave a bad experience... so look what it
was the project that had this bad experience, you know? project of the user who used this
tool... then I could maybe have a better idea of how it was used...” - P3;

P4 pointed out the following about Helius’ support for decision-making: —-“You
might see the techniques he used [another user]... you will see which projects he created
and the recommendations then... Helius allows you to do several things: create a project
and ask for a recommendation of techniques it allows evaluating the techniques and thus
feeding the recommendation algorithms. It allows you to search for a community of expe-
riences; you don’t want to see the comments of others and thus analyze the techniques
to decide which ones to use.” - P4;

Next, we present the results of Step 2 of our empirical study. We collected data
from DT practitioners of Helius’ usage through an online questionnaire.

Step 2 - Questionnaire

In this step of the empirical study, 12 professionals who use DT in their activi-
ties related to software development answered the questionnaire (P5 to P16). Table 7.16
shows the demographic data of the participants, including the participants’ background,
current roles, experience in years using DT and in software development, the company
domain and the company site. To keep the participants’ anonymity, we identify the par-
ticipants using the letter P followed by an ordinary number sequentially to Step 1.

Regarding the recommendations of DT techniques provided by Helius, the partic-
ipants answered the following:

RQ1- How the DT practitioners perceived the recommendations provided by Helius?

Table 7.17 shows the participants’ perceptions about the recommendations pro-
vided by Helius. Half of them considered the recommendations partially relevant while
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Table 7.16: Participant’s demographic data (Questionnaire)

Experience
Experience in Software Company .
P# Background Current role in DT (Yrs) Develop- domain Company site
ment (Yrs)
Lead Design Thinking
P5 Computer Science / Cloud Support 4-5 4-5 Software house Multinational
Specialist
. . Personal loan
P6 Design Lhe De5|g.ner/DeS|gn 2-3 4-5 solution National
Thinker
development
P7 Computer Science Developer/Lecturer 2-3 4-5 Softwarg for Multinational
education
P8 Design UX Designer 0-1 0-1 Software house National
P9 Management Product Designer 2-3 2-3 Software house National
P10 Management Agile Manager 4-5 +7 Software house Multinational
P11 Design Head of Design +7 4-5 Software house National
P12 Computer Science Software Engineer 2-3 4-5 Health systems National
P13 Computer Science Product Manager +7 +7 . Tech & Multinational
innovation
P14 Computer Science Data SC'er.]t'St/UX 4-5 +7 Data National
analist Dashboards
P15 Design UX designer 2-3 2-3 B2B solutions National
P16 Design Team Leader 2-3 4-5 Bank systems Multinational

Table 7.17: Participant’s perceptions of the Helius’ recommendations

Participants | Likert-item | Recommendations’ importance
P5 0o Somewhat important
P6 (4] Somewhat important
P7 (4] Somewhat important
P8 Important
P9 Important
P10 Important
P11 ® Neutral
P12 (4] Somewhat important
P13 Somewhat unimportant
P14 (4] Somewhat important
P15 (4] Somewhat important
P16 (4] Somewhat important
[+ - Not at all important
- Somewhat unimportant
@ - Neutral
0o - somewhat important

- Important

the other half considered them relevant. For instance, P5 indicated that Helius is capable

of recommending DT techniques:

—"“The system is capable of making good suggestions for techniques and can help

less experienced professionals choose the most appropriate tools for each case.” - P5;

P7 mentioned that the recommendations were useful to the context of her project

and that she could learn more techniques after receiving recommendations of techniques

by Helius: -“I enjoyed receiving techniques targeted to my application context, and |

enjoyed learning more about each of the techniques.” - P7;
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P10 confirmed that since there are a lot of DT techniques, having recommenda-
tions of which ones to use might support their activities: —-“We have a lot of techniques
and a lot of diversity in the teams, products and it is always good to learn and know more
about the applicability of the techniques in the scenarios we are in.” - P10;

P9 mentioned the recommendations support making decisions: -“Based on the
recommendations we were able to make more assertive and faster decisions on what to
apply at that moment in the project” - P9;. P14 also mentioned that she would use the
techniques suggested by Helius: -“The techniques that Helius recommended to me when
were techniques | didn’t know all about. | would use the techniques.” - P14;

P6 also considered the recommendations of techniques as relevant. However,
she mentioned that she would like to be able to access more information about the rec-
ommended techniques: —“The recommendations were useful for my project. But Helius
could bring the technical information, so | know how to select.” - P6;

The participants also answered if they already knew the DT techniques recom-
mended by Helius. They mentioned that they had some experience in using some DT
techniques but indicated that Helius supported them in learning new techniques.

P6 mentioned that although she knows some techniques, she could learn new
techniques based on the information provided in Helius: -“There are techniques that |
knew under another name, but there is information about them.” - P6;

P7, P8 and P10, P14, informed they learned new techniques using Helius: -“I got
to know several new techniques.” - P7;

-"“I learned about some techniques that | had not studied before.” - P8;
-“It is recommending me new techniques.” - P10;

P9 mentioned that the recommendations gave to her elements to have new ideas
to apply the methods: —“With the descriptions already gave me ideas to apply some meth-
ods with the team.” - P9; P15 mentioned Helius supports the use of DT: -“I understand
that this application [Helius] shows the techniques that people are using, right! | thought
that the techniques could collaborate with my activities using DT.” - P15;

P16 mentioned that she would recommend Helius to her workmates to support
them in learning more about DT techniques: -“I found it very interesting mainly to direct
new people in this universe. For example, | already have more excellent knowledge on
the subject, but | thought of recommending it to the new Product Owners (POs) in my
organization that would help them a lot in the processes and many of them do not have
this broad knowledge of tools” - P16;

RQ2 - How has Helius impacted the decision-making behind selecting DT techniques?

Table 7.18 presents the participants’ perceptions in terms of the support of Helius
to the decision-making for selecting the DT techniques. We collected data considering the
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4 features that Helius provides in terms of supporting the selection of DT techniques to
use in software development, as we posed in Table 6.1 - Helius’ features.

Excepting for P10, the other participants (from P5 to P9) indicated that Helius’
features provided support to the selection of DT techniques. Looking at the demographic
data about the participants (Table 7.16), we figured out that P10 informed us to have
higher experience in software development (+7 years) and in Design Thinking (4 - 5
years). Therefore, based on her experience, she might have considered the Helius fea-
tures with low importance. Literature reports that professionals with higher experience in
DT already have their own Design Thinking toolbox [195].

Figure 7.28 shows the results of the participants’ perceptions about the decision-
making elements provided by Helius for selecting DT techniques clustered by each ele-
ment (Techniques information, Techniques recommendation, Community of practice, Rec-
ommendation graph). Thus, it is possible to observe that the participants mostly consid-
ered the features as important or very important, validating Helius as a resource capable
of supporting the selection of DT techniques in software development.

Next, we delve into the recommendation mechanisms provided by Helius. We
asked the participants to indicate which mechanisms they have accessed and how fre-
quently they would use each recommendation mechanism in their projects. It is impor-
tant to mention that the answers represent that the participant did not necessarily use
the recommendation mechanism, but she intended to use it in a new project.

Table 7.18: Helius’ recommendations importance to the decision-making

Q# '_I'echniqu.es’ Techniques’. Commurlity of Recommendation’
information recommendation practices graph
P5 0000 0000 0000 0000
P6 00000 00000 00000 'Y IOIY)
P7 0000 0000 00000 0000
P8 00000 0000 0000 00000
P9 0000 00000 0000 00000
P10 00Qo00 00Qoo00 00o00 00o00
P11 00000 00000 0000 'Y IOIY:
P12 0000 eo(®oo0 'Y IOL'Y) 00000
P13 00Qoo00 00000 0000 00000
P14 00000 00000 00000 00Qoo00
P15 0000 00000 00000 'Y IOI'Y:)
P16 0000 0000 0000 'Y IOIY:)

- ®o0000 -Notatall important
0000 -Lowimportant

00® 00 -Neutral
00000 - Important

- Very important
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Perceptions about the decision-making elements
0 1 2 3 4 5 6

Techniques recommendations

Community of practice

[y
[y

Recommendation Graph

m Not at all important m Low importance Neutral mImportant ®Veryimportant

Figure 7.28: Participants’ perception of the decision-making elements

Figure 7.29 clusters the data into each frequency scale of use (Never, Rarely, Oc-
casionally, Frequently, Very Frequently). The results show that most of the users have the
intention of using the recommendation mechanisms provided by Helius to select DT tech-
niques. Table E.2 in Appendix E shows the raw data of the recommendation mechanisms
indicated by the study participants.

The results also show that the recommendations mechanisms “Most used DT
techniques” and “Best rated DT techniques” were highlighted as the most frequently used.
Both mechanisms belong to the set of Non-personalized recommendation mechanisms,
which recommend the same techniques for all users but indicate a tendency of what DT
techniques are being used and best evaluated.

7.3.3 System Usability Scale of Helius

Martins et al. (2015) [166] argue that the SUS method has been largely used
once it provides a measure of customer satisfaction. To calculate the System Usability
Scale of Helius, we compiled the answers from all of the participants (from Step 1 to Step
2) to a SUS questionnaire. SUS is composed of 10 usability statements scored on a 5-point
Likert scale of the strength of agreement. Its final score range from 0 to 100, where higher
scores indicate better usability levels.

Table 7.19 shows the statements of the SUS method. To calculate the SUS scale,
Brooke (1996) [34] suggests the following equation (Equation 7.1):
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FREQUENCY OF USE OF EACH RECOMMENDATION MECHANISM

Best cost-benefit techniques . 3 3 3

Low-cost techniques . 1 3 5 _

Best rated techniques by the most experienced DT professionals for a goal 3 4

ES

Best rated techniques by working spaces

Techniques with neutral ratings

Best rated techniques by the most experienced users in DT
Best rated techniques for a goal

All techniques

H-H--
-
w

Best rated techniques

Most used techniques

All techniques used by similar users for a goal

All techniques rated by similar users

Techniques well-rated by similar users

Techniques that you well-rated for a specific goal
Techniques that the user have already used and well-rated
Techniques that the user have already used

Techniques used in combination with other techniques of the current project

Techniques used in projects with a similar domain:

Techniques included to projects for a similar context

-
~

Techniques used in projects with a similar context

W Never Rarely Ocasionaly Frequently m Very Frequently

Figure 7.29: Participants’ frequency of use of each recommendation mechanism

Table 7.19: SUS statements to evaluate Helius’ Usability

Item | Statement
ql | think that | would like to use this system frequently
a2 | found the system unnecessarily complex
q3 | thought the system was easy to use
q4 | think that | would need the support of a technical person to be able to use this system
a5 | found the various functions in this system were well integrated
g6 | thought there was too much inconsistency in this system
q7 | would imagine that most people would learn to use this system very quickly
q8 | found the system very cumbersome/awkward to use
q9 | felt very confident using the system
ql0 | I needed to learn a lot of things before | could get going with this system

X = Sum of the points for all odd-numbered questions - 5
Y = 25 - Sum of the points for all even-numbered questions (7.1)
SUS SCORE = (X + Y) %25

Table 7.20 shows the SUS scores and grades indicating the results obtained when
applying the method.
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Table 7.20: SUS Score and grades [34]

SUS Score | Grade | Adjective rating
> 80 A Excellent
68 - 80 B Good
68 C Okay
51-60 D Poor
<51 E Awful
120 System
100 =
L]
3 5
. —— EE’ "::E 100
g~ A é 3
o
. o 'ﬁ. g
. Excellent g 80
80 5 o u
™ L=
Good B 2
. 0 60
s s E
-Ii C 5 8
" @ OK a 40
60 = E'
“ . D - 6 8 10 12 14
Number of participants
Question 1 F% 44%, 44%
40 Question 2 | 19% 44% 31% 6%
Poor
Question 3 12% T5% 12%
E‘ Question 4 | 18% 44%, 12% | 25%
S Question 5 | 25% 25% 38% 12%
ol -
20 ~ s Question & | 19% 56% 19% .
§ = Question 7 6%6% 69% 19%
Eﬁ Question 8 [42%  31% 50% 6%
Z Question 9 6%6% 62% 25%
Question 10 44% 44% 6%6%
L . Strongly Disagree Neutral Agree Strongly
System Usability Scale Study Score disagree agree

Figure 7.30: SUS score of Helius calculated using the tool [23]

Blattgerste et al. (2022) [24] proposed a web-based analysis toolkit for the Sys-

tem Usability Scale. The tool [23] helps to calculate the SUS score, the median value,

the distribution of answers, etc. Figure 7.30 shows the SUS scale for Helius. The overall

SUS score was 71.75, which is considered “Good”. In addition, the results show that our

study reached 100% of the conclusiveness percentage by collecting data from more than

14 participants (top-right graph).

Blattgerste et al. (2022) [24] argues that the conclusiveness graph “determines

which sample sizes are needed for different usability questionnaires to be conclusive, [...]

arguing that with a sample size of 8, a SUS study is already 75%, with 10 80% and with 12

or more 100% conclusive.”
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However, although the users had a good experience using Helius, they also
pointed out improvements to the system’s usability. Examples of suggestions to improve
Helius indicated by the participants include:

» —“Helius could improve the user interface and interaction. | suggest improving the
interface flows.” - P6;

» —“Make available the techniques and the methods in PDF format so that we can
download them and ask to confirm the registration via email.” - P9;

» —“Provide different user levels, from beginner to intermediate and advanced, so that
the tool could already have some different ways of showing the selection of tech-
niques.” - P6;

Finally, looking back at the measurement variables that we defined using the
GQM model, we assume that the users were able to achieve what we defined as goals
when using Helius (Table 7.21). Thus, as a final result, we assume that Helius supports
professionals in selecting DT techniques for use in software development.

7.4 Research Solution Outcomes: Framing the Solution’s Constructs

In this chapter, we presented and discussed the activities that we conducted to
propose and validate a Design Thinking techniques recommendation tool. As we posed in
Chapter 3, our main goal is to support IT professionals who wish to decide and select DT
techniques for use in software development activities. We conducted studies followed by
activities based on the DSR research methodology.

Figure 7.31 shows our DSR-based methodology, highlighting that we attended to
the Rigor, Relevance and Novelty cycles, as well as the Technological Rule proposed. After
understanding and defining a research problem (Problem understanding approach), we
performed 3 iterations in the DSR framework to propose a solution (Design approach) and
to conduct empirical evaluations (Validation approach).

Throughout this Doctoral research, we could contribute not only to the practice by
developing Helius as a technological artifact but also to theory by modeling the decision-
making of professionals who conduct DT sessions, as well as by characterizing both the

Table 7.21: Analysis of the Measure variables from the GQM model

Measure variable Evaluation
Ability to create a portfolio of DT techniques Ok
Ability to use DT techniques recommended by Helius in real projects Ok

Ability to collect DT techniques experiences through the use of the DT
techniques community of practice

Ability to make decisions for selecting DT techniques based on
recommendations provided by Helius

Ok

Ok
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Technological Rule: To achieve effect/change

To support IT professionals’ decision

techniques based on the collaboration of the DT-experienced professionals

by recommending DT

Problem understanding:
Studies to support conceptual
understanding of the problem

instance

« Systematic Literature Mapping

« Exploratory survey with IT
professionals

« Meta-DT sessionT

( Problem instance \

Concrete case of the problem
described in the Technological Rule

[ Solution \

)

v

in terms of real data and/or
stakeholder's needs

Literature offers a plethora of DT
tools and methods (or techniques
for simplification) that form the

&

Validation approach:
Studies to validate the effect of the
solution on the problem instance

toolkit to perform DT activities
themselves. Nevertheless, there
is a lack of strategies to support
the decision process of which
techniques to use and detailing
which contextual factors (e.g.,
previous knowledge about the
problem to be solved, customer
engagement, etc.) affect such
decision

.

« Requirements
validation using TAM
Tool's features
comparison using
DESMET

o Empirical evaluation
of Helius

Concrete implementation of the
solution described in the
Technological Rule

Helius: a DT techniques
recommendation System

1st iteration

» Relevance: characteristics of the context that are likely to impact applicability and potential value of the proposed solution.

yuawdojanap snijeH

Solution design
approach:
Studies or theoretical
foundation supporting
core design choices

Meta-DT Session®
Requirements elicitation

Decision-making modeling
using an interview study
Proposal of a DT techniques
community of practice
Implementation of
Recommendation mechanisms
in Helius

]
° IT professionals who use DT in software development wishing to decide on what DT techniques to use for software development. A problem observed in studies such as a
literature mapping that points to several DT techniques and the lack of resources to help decide which techniques to select, and a survey with IT professionals who select
techniques in different ways without using computational resources.

Technological Rule

Rigor: characteristics of the three knowledge creating activities (problem understanding, solution design and in context evaluation) that adds to the strength of the empirical support of the

Interview with IT professionals to evaluate the initial solution proposal. Validation with IT professionals through a questionnaire-based data collection using TAM Acceptance
Model for collecting the perceived Ease of Use and the Perceived Usefulness of the recommendation tool proposed. Interview with DT facilitators to model the decision-making
for selecting DT techniques and an empirical evaluation of Helius.

¥

Novelty: Positioning of the Technological Rule in terms of previous knowledge.

Recommendation Tool, support to IT professionals' decision-making of selecting DT techniques, improvement on the use of DT for requirement engineering activities

Figure 7.31: DSR method followed in this thesis (Runeson et al., 2020) [228]

state-of-the-art and the state-of-the-practice in terms of DT use in software development

(systematic literature mapping and survey, respectively).

This doctoral thesis sheds light on the importance of Design Thinking for software
development. It also shows the potential of computational resources to help professionals
use DT techniques to understand user needs and develop desirable and feasible solutions.
As a result, we updated our Technological Rule to the following:

professionals.

To support IT professionals’ decision-making to select which DT techniques to use in a specific de-
velopment scenario by recommending DT techniqgues based on the experience of DT-experienced




183

Thus, considering the outcomes that we obtained from the studies that we carried out, we
can frame the following solutions’ constructs:

¢ Theoretical:

— DT practitioners use a span of DT models and techniques in software development;

— Although the use of DT brings benefits, DT practitioners face challenges in using such a
problem-solving approach. Then, DT is not a silver bullet;

— The decision of which techniques to use is a difficult task. It is made based on the context
of the project to be developed.

— The personalized and non-personalized recommendation mechanisms provide support to
the selection of DT techniques

e Practical:

Helius is a resource that supports the decision-making in the selection of Design Thinking
techniques for use in software development.
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8. FINAL CONSIDERATIONS

8.1 Thesis Overview

This thesis presents empirical and qualitative research in the field of Software
Engineering. We followed the Design Science Research method, based on the template
proposed by Runeson et al. (2020) [228]. We performed the following activities:

* Exploratory studies to identify the status quo and collect a research problem:

- A systematic mapping of the literature to find out DT models, DT techniques, in-
tegration approaches with requirements engineering, and what challenges they
face regarding the use of DT in the context of software development;

- An exploratory survey with software development professionals to empirically
identify which DT techniques they use, and the challenges and difficulties they
face when using DT techniques in the context of software development.

* Problem definition and solution proposition:

- Taking into consideration the scientific rigor stimulated by the use of DSR and
seeking to achieve novelty and relevance to the research, we performed a DT
meta-session. We used DT itself to solve a problem of using DT in software
development. Through the collaboration of professionals from industry and
academia, a recommendation system was proposed to contribute to the se-
lection of DT techniques;

- Next, we iterated over the DSR framework, conducting activities of solution de-
sign and constant validation. We evaluated the different stages and versions of
the proposed technigue recommendation system.

* Characterization of Helius decision-making, implementation and validation of the DT
techniques recommendation system:

- Next, we perceived that it was needed to conduct a study for understanding the
DT moderators’ decision-making behind the selection of DT techniques to sub-
sidize the implementation of different DT technique recommendation mecha-
nisms in Helius. As a result, we implemented personalized and non-personalized
recommendation mechanisms. We also implemented a community of practice
in Helius following the Spotify model of scalability for agile teams. This feature
allows the users to know experiences from other professionals, turning Helius
into a collaborative recommendation system;
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- Finally, we validated the proposed recommendation system with professionals
from the software development industry, where we found that Helius provides
resources that support the selection of DT techniques for use in software devel-
opment.

8.2 Contributions: implications for research and practice

This thesis brings the following contributions to research and practice in the Soft-
ware Engineering field:

* Characterization of the state-of-the-art on the use o DT in software development,
showing the cited DT models, how DT has been integrated into software develop-
ment, what the DT techniques used and in what DT working spaces they are used,
the attention points to be aware when using DT, the challenges and benefits of its
use in software development, and the strategies that the professionals use to select
the DT techniques taking into account the eyes of the literature (see Section 4.1);

* Characterization of the state-of-the-practice on the use of DT techniques in software
development, showing what DT models and techniques the Brazilian DT practitioners
use, how difficult they consider using DT and what the challenges to using DT in
software development (see Section 4.2);

* Modeling of the DT facilitators’ decision-making for selecting DT techniques to con-
duct DT workshops, exploring the collaborative environment of DT, and fostering the
creative mindset of the stakeholders (see Section 7.2.1);

* Proposition, specification and implementation of 20 recommendation mechanisms to
support the selection of DT techniques in software development (see Section 7.2.2);

* Proposition, implementation, and validation of a DT techniques recommendation sys-
tem, composed of a specialized recommendation module capable of recommending
DT techniques for both newcomers and expert DT practitioners who want to select
DT techniques to use in the context of software development (see Section 7.2.2).

The solution developed in this thesis assists the decision-making of the selec-
tion of DT techniques in the following way: it helps practitioners search for information
on available Design Thinking (DT) techniques for use in software development, provides
access to a community of practice of DT techniques experiences and a representation of
the combination of DT techniques used in real projects. Thus, taking into account the
decision-making process, Helius helps to know the decision alternatives, the analysis of



186

the use of techniques represented by the experiences of use and the evaluation of the
decision via evaluation of the techniques.

Additionally, this thesis provides a set of 20 specialized recommendation mech-
anisms that can be used to evaluate other sources of information on the techniques to
select. These mechanisms take into account various factors, such as the workshop ob-
jectives, participant profiles, and problem characteristics being addressed, to help profes-
sionals identify the possible decision alternatives and choose the appropriate technique
for each situation.

In summary, the tool developed in this thesis helps professionals search for infor-
mation on available DT techniques, identify possible decision alternatives, and evaluate
other sources of information to select the most appropriate technique for each situation.
This can significantly improve the decision-making process in software development and
increase the effectiveness of using DT in software projects.

In addition, we consider that this thesis has the following implications:

* Forresearchers, we believe that our work contributes by synthesizing and advancing
what is known about the use of DT in software development through a reproducible
research process. Furthermore, our results show that there is room for further re-
search on the topic, indicating that it is still possible to explore unaddressed ques-
tions such as the impact of the recommendations in projects which use DT or the
challenges faced by newcomers in using the techniques. The challenges represent
open opportunities for new research on the use of DT in software development.

* For practitioners, our research provides information on the strategies that can be
used to integrate DT into software development, helping them to guide the DT pro-
cess through different DT models and working spaces, and also supporting teams to
know what DT techniques are available, what criteria are considered for the selection
of techniques, and what are the challenges that could be faced when applying DT in
software development. Our work also delivers a collaborative recommendation sys-
tem that supports both novice and experts DT practitioners to use of DT techniques
in software development. Therefore, we believe that our research contributes to the
state of the practice by assisting DT practitioners in software development activities.

8.3 Limitations

This section clarifies the threats inherent to our studies that are qualitative by
nature, and it also shows our actions aiming to mitigate them.

* Problem understanding and solution definition using DT: the use of DT as an ap-
proach to understanding the problem and defining a solution is an activity that ex-
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plores the diversity of ideas and creativity. The solutions proposed in a DT session
consider the participants’ worldview. Although we have invited professionals who
have used DT in software development, the proposed solution represents the ideas
of those who participated in the session. Therefore, the proposed solution could not
represent the needs of all DT practitioners. To mitigate this threat, we based our
research on the DSR method and through 3 iterations, we empirically evaluated the
proposed solution. In total, 209 professionals participated in different activities of
our research.

Defined RE Artifacts: The DT session’s moderator introduced only 2 Personas (Joano
and Sindi) to represent stereotypes of potential users. However, each persona aims
to group users who face the challenge of selecting DT techniques from different per-
spectives. Literature has shown that Personas serve to connect users with similar
profiles. We also generated other RE artifacts with the elicitation and refining of re-
quirements (Blueprint, User Journeys, and Prototypes). They do not represent the
complete set of existing artifacts that we could use for requirements elicitation and
specification (e.g., scenarios, storyboards, etc.). However, we were able to collect
and specify the requirements, moving forward in proposing a DT techniques recom-
mendation system.

Feedback from professionals: We collected data from different professionals on 3
different activities. The feedback given by professionals represents the individual
point of view for our proposal and might not be generalized. To mitigate this, we
interviewed 5 professionals in the early evaluation step, and we sent the invitation
to 80 professionals for the tool’s requirement validation step. Seven professionals
accepted to participate in the requirements validation. Thus, although a more sig-
nificant number of participants allows a more expressive capture of professionals’
needs, our sample also represents professionals with different needs. Another threat
to validity regarding the professionals’ feedback is the introduction of our research
goals and the tool’'s features in the Tool’'s requirements validation step. Although
we have sent a pre-recorded video to introduce the goals and features, which may
have biased the feedback given by the participants, we mitigated this threat by not
showing the participants how they should use the features proposed by the tool.

Results: The results represent our interpretation from the feedback collected in the
Validation activity (early tool evaluation in Iteration 1, tool requirements validation in
Iteration 2, and Helius empirical evaluation in Iteration 3). To mitigate the interpre-
tation bias, we held meetings among the authors to discuss the artifacts produced
and to analyze the feedback captured by professionals. In addition, we invited and
collected data from different professionals in each iteration, spreading the target
audience of our empirical studies.
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8.4 Future Work

Although we have reached results throughout this thesis that contribute the the-
ory and practice in the SE field, we still consider that there are open opportunities to be
performed as future work:

* A confirmatory survey to verify with DT practitioners the decision-making elements
for selecting DT techniques that we collected through the interview-based study (See
Section 7.2);

* Alongitudinal case study to observe the use of DT techniques recommendation sys-
tem with IT teams developing software;

* New iterations in the DSR-based method (design space and validation approach
space) to refine the recommendation mechanisms based on the results collected
to our empirical evaluation study (See Section 7.3.2).

Next, we detail the three suggested studies as future work.

8.4.1 Survey on the decision-making of the selection of DT techniques

Linaker et al. (2015) [153] defines surveys as studies-in-the-large that support
the researcher to discover insights into an area that is to some degree unknown. Thus,
we suggest the conduction of a survey to assess with a large spam of DT practitioners the
decision-making for selecting DT techniques that we pointed out in the thesis.

Next, we suggest some examples of questions to be part of the survey:

* Considering the decision-making elements for selecting DT techniques, which of
them do you use?

* What frequency do you usually use the decision-making element that you mentioned
before for selecting DT techniques?

* Is there any other decision-making element that you consider as relevant when se-
lecting DT techniques?

To conduct the suggested survey, the guidelines provided by Kitchenham and
Pfleeger’s (2008) [132] can be used since they support the conduction of personal opinion
surveys in software engineering research.
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8.4.2 A longitudinal confirmatory case study on the use of Helius

Another study that we suggest as future work is a longitudinal confirmatory case
study [77]. Easterbrook (2008) argues that confirmatory case studies are used to test
existing theories, observing a phenomenon empirically in its real-life context [272]. The
goal of this case study would be to observe DT practitioners after using Helius as a rec-
ommendation system for a long period of time (more than 5 months) to evaluate if the
professionals’ way of choosing DT techniques was affected by Helius.

In order to conduct the study, we suggest using interviews and ethnography as
data collection instruments [77]. The results of this study might provide subsidies to the
next suggestion that we make as future work, as we show in Section 8.4.3.

8.4.3 New iterations in the DSR-based method for refining Helius

We also suggest as future work the conduction of new iterations in the DSR-based
research design to refine Helius, and its recommendation mechanisms and also to validate
it with a larger number of professionals. For instance, we describe below some elements
to be considered to refine Helius:

1. Discovering and framing new recommendation mechanisms in Helius. Since He-
lius is a recommendation system, new recommendation mechanisms might support
even more DT practitioners in selecting DT techniques in software development. For
instance, it could be added mechanisms recommending techniques based on the
time needed to execute a technique, or even in regards to the DT session partici-
pants’ profile (not covered by the current version of Helius). In addition, Helius could
implement trust elements for recommending DT techniques based on Trust-aware
Recommender Systems [58];

2. Evaluating the Helius’ recommendation using recommendations’ evaluation metrics
such as Recall and Precision [79]. Recall indicates the number of relevant items that
the RSs recommended from all possible items, while Precision means how relevant
the recommended items were to the user. In addition, metrics such as Mean Abso-
lute Error (MAE) and Root Mean Squared Error (RMSE) indicate the RSs’ capability of
recommending the relevant items in the future [174];

3. Evaluating and applying alternative measures of items’ similarity, such as Cosine
Coefficient [79, 173]. We did choose the Pearson Correlation Coefficient to compute
the users’ similarity in Helius. However, it would be nice to use other similarity
measures to compare the results and to be able to choose the most appropriate one.
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4. Implementing new features taking into account the suggestions presented by the
participants during the empirical study to evaluate Helius, such as:
* To allow the user to add new DT techniques;
* To add new filters to the graph of techniques combination;
* To export the DT techniques to PDF files;

* To update the techniques based on new concepts;

To notify the users about updates in the techniques ratings and experiences.

5. Proposing new versions of Helius for integrating it into different platforms, such as
bots for forums-based systems.
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APPENDIX A - DESIGN THINKING IN SOFTWARE DEVELOPMENT:
QUESTIONNAIRE

This appendix shows the questionnaire used for collecting data from DT practi-
tioners in the Survey study (Section 4.2).
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Sse Contexto e em quais Situagoes.

& um profissional da ir

ria

usa Design Thinking

vimento de softwar

Jostariamos de

saber a sua

pinicio sobre o assunto. Deve levar de 5 @ 10 minutos

C& expressar a sua opinido para s,

onvite publicamente,entao pode ser peld recomendagio Oq Modelo BROWN )

que temos. Estamos divuigando

que nosso convite chegue até

1

Inspiration

£ importante que voce saiba que os resultados seréo anonimizados, ou seja. NGO temos nenhum identificador que

revele a sua identidade. Também ndo usarem

s resultados de forma individualizada, Nos interessa a visto

solidada e

porticipa s interesse comercial nos resultados.

Inplementation Ideation

ver a visao consolidada uma vez \_/v
que encerrarmos a coleta O (

Se durante a resposta do q

Enviaremos os resultados para voc

0cé expresse o intere:

Modelo Divergente e Convergente

n@o quiser mais DIVERGE . CONVERGE
simplesmente encerrar a pagina ou abandond-la e seus dados ndo serdo considerados. / \
Create Choices Make Choices

2 j& agradecemos muito a s rtic s encaminhe para cole jam o
perfil se assim achar adequado.
Ser inde valia a sua ajuda H

O ( Modelo Diving Drive ) O Modelo Meinel e Lefer - HPI
S et e roim
PN
, N
/ 4 \\
Tt e i nd Bnchmring
- frovinert-iloparesen.
B .
1
| 1
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\ /
\
ot Sotorm
. /,
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O ( Modelo Nordstrom
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O Modelo Stanford D-School ]

pmww’

[ Neo sei informar.

O outro?

2) Diversas técnicas podem ser usadas para apoiar o uso de
Design Thinking. Quais técnicas vocé costuma utilizar?
Marque todas as opgdes que se aplicar.

O sw2n

Oa day in the life

[ sehaviour Archaeology

O Blueprint

O BodyStorming

O Brainstorming

O Brainwriting

[J Business Model Canvas (BMC)
O card sort

O character profiles

[ co-creation Workshops

O Cognitive and Behaviour Map
0O Conceptual mind maps

O costumer Journey Maps

[ pesk Research

O Empathy Maps

O error Analysis

[ extreme User interviews
O fishbowl

O Five whys?

3 Fly on the wall

O How-Might-We-Question
O 1ike 1 wish

O Insight cards

O interview

] Living Labs

O mind Mapping

3 Mockups

O Narration

O observation

O personal inventory

O personas

O Ppositioning Matrix

O Rapid Ethnography

] Role-Playing

[ scenarios Mapping

m] Shadowing

[ social Network Mapping
[ stakeholder Mapping
O Storyboard

m] Storytelling

O surveys Questionnaires
O Try it yourself

O reedback grid

O user story

0O world cafe

[ Neo utilizo esses técnicas

O outras?

3) Como vocé geralmente decide quais técnicas utilizar?
Marque todas as opgdes que se aplicar.

[ Baseado na minha experiéncia prévia
O por indicagéo de um colega
0O Recomendagdo pela minha empresa

[ escolho as técnicas de acordo com a espago/etapa do DT, onde cada
espago/etapa possui suas préprias técnicas

[ quando a técnica se enquadra na minha necessidade
[ Ja tenho o meu catélogo de técnicas que sempre utilizo
O Depende muito do contexto que vou utilizar

[ Geralmente preciso estudar as técnicas pois nunca sei qual & a melhor para
0 momento

[ outro motivo?

4) Em uma escala de 0 (Nenhuma dificuldade) a 10
(pificuldade extrema), qual o grau de dificuldade que vocé
sente em decidir quais técnicas utilizar em uma determinada
situagéo?

o
Grau de
Dificuldade :]

5) Vocé utiliza algum software (ou sistema computacional,
como preferir denominar) para apoiar o uso das técnicas de
Design Thinking?

Marque todas as opgdes que se aplicar.

O smaply (Personas)

O circle (stakeholder Map)

[ Touchpoint bashboard (Customer Journey)
O creately (service Blueprint)

[ strategyzer (Business Model Innovation)

O axure RP (Rapid Prototype)

0O outras?

Bloco 2

6) Para qual fim vocé usa Design Thinking no
desenvolvimento de software?
Marque todas as opgdes que se aplicar.

O canhar a empatia dos usudrios

[ para o desenvolvimento de jogos
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[ entender e especificar os requisitos

O Explorar e entender o problema

O para gerar ideias e solugoes

D Para gerenciar pI'OjE[OS

[ para criar ideias inovadoras

O Aproximar a equipe de desenvolvimento com o cliente
O Methorar a satisfagéo do cliente

O para reduzir as incertezas

[ Fécil relacionamento com os métodos ageis
O Validag&o do software

O outro?

7) Quais s@o os cendrios de uso comuns onde vocé usa o
Design Thinking?
Marque todas as opgdes que se aplicar.

O com equipes multidisciplinares
0O Criagéo de produtos/softwares inovadores

[ pentro de um processo desenvolvimento de software
diariamente/semanalmente, acompanhado por toda equipe (do cliente até o
desenvolvedor

0O Inovagdo como um todo, desde o processo de desenvolvimento até o
software

O criar cocriagéo entre os participantes do projeto
O Mudangas e melhorias no desenvolvimento de software

O utilizado em parceria com os métodos égeis (Lean, scrum)

O outro?

8) Na sua experiéncia de uso de Design Thinking no
desenvolvimento de software, o que vocé apontaria como
beneficios ou pontos positivos trazidos pela adogdo da
abordagem?

| %

9) E quais seriam as dificuldades ou os pontos negativos?

| %

Bloco 3

10) Qual a sua experiéncia, em anos, nos seguintes critérios?

Menos de 1 ano Acima de 8
deexperiencia  Dela3anos  De4da7oanos anos

No uso de Design

Tmm no o o o) o
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This appendix summarizes the DT techniques that we identified in Literature (see

Section 4.1) in 3 tables, as follows:

* Table B.1 shows the list of Design Thinking techniques stored in Helius’ database.

* Table B.2 shows the Design Thinking techniques classified according to the DT model

proposed by Brown (2018) [36]. The working spaces are Inspiration, Ideation and

Implementation.

* Table B.3 shows the Design Thinking techniques classified by goal.

Next, Figure B.1 shows a JSON object representing a DT technique, while Figure

B.2 represents a graphical version of the template of a DT technique in Helius?.

Table B.1: Design Thinking Techniques registered in Helius

Problem space

Solution space

A Day In The Life
AEIOU

Affinity Diagram

As-Is Scenario Map
Behaviour Archaeology
Behaviour Map
Blueprint
Bodystorming
Brainstorming
Business Model Canvas
Card Sorting
Conceptual Mind Mapping (Cognitive)
Customer Journey Map
Desk Research
Empathy Map
Ethnography
Exploratory Research
Fishbow! (Fishbone)
Five Human Factors
Five Why's

Fly On The Wall

Focus Group
Generative Sessions
How Might We Questions
Interview

Observation

Personas
Questionnaires
Shadowing

SIPOC Review

Social Network Mapping
Stakeholder Map
Survey

Trend Matrix

Acceptance Test
Bodystorming
Brainstorming
Brainwriting

Cost Benefit Matrix
Conceptual Mind Mapping (Cognitive)
Crazy Eight's

Dot Voting

Feedback Grid

Fishbowl! (Fishbone)
Ideas Menu

| Like | Wish

Insight Cards

Interview

Mind Mapping

How - Now - Wow Matrix
Observation

Pitch Presentation
Positioning Matrix
Paper Prototype
Questionnaires

Role Playing

Sailboat (Retrospective)
Service Walkthrough
Storyboarding
Storytelling

Survey

Try It Yourself

World Cafe

Yes, But/ Yes And Then... Game
5w2h

LWe used the tool https://jsoncrack.com/editor to generate the graph.


https://jsoncrack.com/editor
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Table B.2: DT techniques according to 3 working spaces by Brown

Techniques classification - Brown

Inspiration

A Day In The Life
AEIOU

Affinity Diagram
Behaviour Archaeology
Behaviour Map
Blueprint
Bodystorming
Brainstorming
Business Model Canvas
Card Sorting
Conceptual Mind Mapping (Cognitive)
Customer Journey Map
Desk Research

Ideation

Bodystorming
Brainstorming
Brainwriting

Crazy Eight's

Dot Voting

Ideas Menu

How - Now - Wow Matrix
Positioning Matrix

Role Playing

Try It Yourself

World Cafe

Yes, But/ Yes And Then... Game
Conceptual Mind Mapping

Empathy Map
Ethnography
Exploratory Research
Fishbow! (Fishbone)
Five Human Factors
Five Why's

Fly On The Wall
Focus Group
Generative Sessions
How Might We Questions
Mind Mapping
Observation
Personas
Questionnaires
Shadowing

SIPOC Review

Social Network Mapping
Stakeholder Map
Survey

Trend Matrix
Interview

As-Is Scenario Map
Blueprint

5w2h

Insight Cards

Implementation
Acceptance Test
Cost Benefit Matrix
Feedback Grid
Fishbow! (Fishbone)
| Like | Wish
Observation

Pitch Presentation
Paper Prototype
Questionnaires
Sailboat (Retrospective)
Service Walkthrough
Storyboarding
Storytelling

Survey

Interview

Table B.3: Design Thinking techniques classified by goal

Goals
Inspiration

Techniques

Discovering the project stakeholders
Knowing more about users (NO interaction, user’s workplace)

Knowing more about users (WITH interaction, user’s workplace)
Knowing more about users (WITH interaction, everywhere)
Discovering the users

Discovering problem details or information

Understanding the users-organization relationship

Organizing the stakeholders’ information

Representing the user’s Behavior graphically

Summarizing the user’s behavior (motivations, expectations, needs)

Comprehending the user’s interactions with similar solutions

Representing cognitive structures and patterns

Recording the data collected in a structured way to better understand the data
Organizing the data collected to communicate them to the team

Clustering the insights gathered with the data collected, making relations by affinity,
similarity, and priority

Modeling the service as it is offered by a company

Modeling the relationship between the business strategies and value to identify poten-
tial solutions

Observation

Behavior Archaeology, Fly on the wall, AEIOU, Five human
factors, Observation, Shadowing, Social network mapping
Interview, Ethnography, Questionnaire, A day in the life,
Five whys, How might we

Interview, Exploratory research, Questionnaire, Five whys,
Generative sessions, How might we

Exploratory research, Questionnaire, Social Network map-
ping

Desk research, Focus group, Observation

User Journey Map, 5W2H, Empathy Map

Motivation Map, Stakeholder map

Behavior Map

Personas, As-is scenario map

Contact point map

Cognitive mapping

Insight cards

Conceptual mapping

Affinity diagram, Card sorting, Trend matrix

Service Blueprint, SIPOC Review
Business model canvas

Ideation

Discussing and speaking various ideas based on the information collected
Discussing and writing various ideas based on the information collected
Discussing and drawing various ideas based on the information collected
Discussing and simulating various ideas based on the information collected
Making associations between the ideas generated

Experimenting other solutions to gather new ideas

Implementation

Brainstorming, Fishbowl, World cafe, Yes, but/ Yes, and
then..

Brainwriting

Group sketching (or sketching), Crazy eights
Bodystorming, Role playing

Mental mapping, Ideas menu, how-now-wow matrix, Con-
ceptual mind mapping

Try it yourself

Validating ideas

Presenting ideas in detail
Communicating the ideas to the users

Observation, Acceptance test, Feedback grid, Cost-benefit
matrix, Fishbowl, I Like, | wish, Questionnaire, Sailboat, Ser-
vice Walk-through, Interview

Storyboard, prototyping

Storytelling, Pitch Presentation




{} _modelo_json ) No Selection

{
2 "nameT": [
) W
3 1
L W
5 ]J
& "description": [
2 'y
8 wa
9 1,
10 "howToUse": [
" o
13 1,
"whenToUse": [
5 e
1,
18 "name": ",
19 "projects": [1,
20 "evaluate": [1,
21 "characteristics": {
22 "materials™: [
- ne
2 wa
25 1,
2 "duration": [
a7 ne
o8 wa
29 1,
30 "location": [
3 ne
2 wa
33 1,
"participants": [
- W
'
1,
38 "classification®: [
" W
o )
&0 ™
51 1,
42 "reference”: [
&3 wn ]
il t
45 "models”: [
46 {
47 "name": ["Brown", "Brown"],
&8 "etapas": ["", ""],
59 "label®: ["n, "r]
50 }I
5 {
52 "name": ["Geral", "General"],
53 "etapas": ["Espago do problema”],
54 "label": ["Problem space"]
55 }
56 1,
57 "rating": @,
58 "count": @,
59 "image": wu
60}

Figure B.1: Template of a DT technique

in the JSON format
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description

whenToUse

howToUse

projects

evaluate

R

participants

Figure B.2: A DT technique graphically represented
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APPENDIX C - DECISION-MAKING OF DESIGN THINKING
TECHNIQUES: PROTOCOL OF AN INTERVIEW-BASED STUDY

This appendix illustrates the questionnaire for collecting data from DT facilitators
in the interview-based study (in Portuguese)?.

Questdes uestbes sobre experiéncia com técnicas de DT e o processo de selecio das
R ? téenicas
Formato © Roteiro semiestruturado para entrevista presencial ou via videoconferéncia Experiéncia com técnicas
 Com duragio prevista de 30-60 minutos, incluindo a leitura do TCLE e 1. Qualfoi ¢) o seu papel durante a sesso (6es) de DT?
introdugdo do estudo que ests sendo realizado. ° : :"‘r“‘""’“""e ot
— o articipante
Objetivo « Identificar como os profissionais do desenvolvimento de software decidem o { )outro.aul
quanto a selegdo de técnicas de Design Thinking (DT), quais os critérios e
estratégias de decisdo utilizadas para a selegdo das técnicas de DT. 2. Vocé ja foi responsavel pela selego e organizagdo das técnicas a serem aplicadas
Participantes | » Critério de inclusdo: profissionais de Tecnologia da Informagao (TI) que em uma sessdo de DT?
participam de equipes de desenvolvimento de software e que sejam o ( )sim
responsaveis por atividades que envolvam o Design Thinking no o ( )nao
desenvolvimento de software.
o Critério de exclusio: menores de idade e/ou profissionais que ndo sejam 3. Quals técnicas voc costuma utiizar?
aveis selecionar técnicas de DT para d _
Elementos de tomada de decisdo:
Dados Perfil o participante o Qo clemontos vock coneid ; ecio de té "
uais elementos vocé considera ao realizar a selego de técnicas associadas a0
Demograficos  Nome (lembrar confidencialidade) ©
®  Formaglo académica (nivel e curso): 5. Vocé segue algum modelo de processo de DT? Se sim, o qudo importante este
o Cargoatual: modelo é para a selegdo das técnicas
© Anos de experiéncia na inddstria de tecnologia: 6. Quais as fontes de consulta voce utiliza para descobrir técnicas? Essas fontes
o Anos de trabalho nesta empres: auxiliam vocé a decidir sobre quas técnicas usar?
« Contexto dos projetos que voc costuma trabalhar: 7. Vocé avalia as técnicas apds utilizé-las? Como?
® Anos de experiéncia vocé tem com Design Thinking no desenvolvimento de 8. Essaavaliagdo colabora para a tomada de decisdo sobre as técnicas? De que.
2
software: forma?
. 3 30 sobre Design g parao . 5 )
desemohimento de software (por exemplor algum cure oferecido Estratégias e critérios de selegdo Decision-making taxonomy ~ Wang e Rue (2007)
internamente por sua empresa, cursos independentes ofertados em escolas 9 Wang e Ruhe (2007) estudaram o processo cogitivo de tomada de decisdo e
espechliadas de formataol: propuseram uma taxanomia de tomada de decisto, com categorias de decisdo,
estratégias e critérios. Portanto, tomando como base um questionario de coleta
perfil da empresa de tomada de decisdo proposto por Scott e Bruce (1995), adaptado para a
Perfil da empresa
o Nome da empresa (lembrar confidencialidade]: taxonomia mais recente, abaixo temos uma lista de estratégias e critérios de
+ Anode nico das atividades da empres: decisio. Usando a escala tipo-Likert de 5 elementos de frequéncia (Nunca,
o Namero de colaboradores da empresa raramente, as vezes, frequentemente, sempre), vocé pode informar como é a
 ( )110pessoas sua tomada de decisdo de técnicas frente a estas estratégias.
o ()11-50 pessoas
o (151100 poseans Giério Deserigio Uikert
o ( )101-300 pessoas Wbitario Seleciona técricas considerando aquelas que e | 1-Nunca
o { )301-1000 pessoas trar3o menor esforcopara decidirou ainda aquelas | 2-Raramente.
e vocéj tenha selecionado previamente? ~Asvezes
o () mais de 1000 pessoas a J P 3-h
i 4 Frequentemente
 Modelo de negécio da empresa/ramo de a 5 Semore
o Local dos clientes da empresa: Preferéncia | Seleciona técnicas com base em tendénciasd T-Nunca
o ( )dentrodoestado da sede ouapartir da expectativa de resutadogeradopela | 2 Raramente
o () mais de um estado brasileiro tecnica 37 s veses
> 4~ Frequentemente
o ()emmais de um pais
5- Sempre
Senso comum | Seleciona técnicas com base em conhecimento | 1-Nunca
geral de que tais técnicas s3o boas alternativas para | 2—Raramente
utilizar? 3-Asveres
- Frequentemente
5-Sempre
& i T-Nunca A= Frequentemente
seja,va testandotécnicas e verificando se 2-Raramente 5-sempre
funcionam ou néo; 3-Asveres WMésima Seleciona técnicas considerando arelagao custo- | 1-Nunca
4 Frequentemente utidade beneficio estimada apartir dautiizacio da técnica? | 2-Raramente
5- Sempre 3-Asveres
Experimento | Selecion técnicas a partir da experimentacio, | 1-Nunca 4~ Frequentemente
egistrando as que proporcionaram sucesso? 2-Raramente 5- sempre
3 As vezes Eventos Seleciona técnicas considerando os eventosque | 1-Nunca
4~ Frequentemente interativos | podem ocorrer a partirda utilzacao de tas 2-Raramente
5- Sempre técnicas? 3-Asveres
Experiéncia | Seleciona técnicas apartir da sua experiénciade | 1-Nunca 4~ Frequentemente
usoefou em experiéncia de outros profissionals | 2-Raramente. 5-sempre
que também usaram as tecnicas? 3-Asvezes Togo: Seleciona técricas fazendo andlise de ganhose | 1-Nunca
- Frequentemente perdas apartirda utlizagao de tas técnicas, ou pela | 2 Raramente
5-sempre necessidade de resolucio de conflitos 3- Aoveres
Consultoria | Seleciona técnicas consultando (direta ou T Nunca a
indiretamente) outros profissionais que usem DT? | 2.~ Raramente 5- Sempre
3-Asveres Wiatriz de Seleciona técricas de DT a partr da andlise da T-Nunca
4 Frequentemente decisio inter-relagio entre técnicas, como lgodotipo: ‘Se | 2 Raramente
5- Sempre euseleciono a técnica X, depois poderei 3-Asveres
Estimativa Seleciona técricas a parr & uma avaliagio T-Nunca selecionar a técnica, 4 Frequentemente
aproximada doresultado, mesmo o tendo 2-Raramente 5-sempre
utilizado-as previamente? 3- Asveres
4 Frequentemente . . .
5- Sempre 10.v e . or.
Principios Seleciona técricas apartir da consultaa teorias | 1-Nunca
cintificas que fagam referéncias s técnicas? 2-Raramente o sim()_Porque?
3-Asv
4~ Frequentemente o Nao()
| 5-sempre
fica Seleciona técnicas considerandojulgamentos T-Nunca
filosdficos e crencas aue voce tenha? 2-Raramente Dificuldade para tomada de decisio
3-Asveres 11, Emumaescalade 1a 10, sendo 1 facil e 10 dificil, como vocé classificaa dificuldade
4 Frequentemente decidir quais técnicas selecionar?
5-Sempre
T Nunea 12. Oq atribuir
ade representam tas técnicas? 2-Raramente
3= Asveres
4~ Frequentemente Recursos de apoio & tomada de deciss
5. Sempre 13, Vocé utiliza algum recurso computacional de apoio  tomada de decisdo para
ona té T-Nunca selegao de técnicas? Se sim, qual é o recurso?
rapidamente vém 3 sua mente? 2-Raramente
3-Asveres 14. E como este recurso colabora com a tomada de decisio?
4~ Frequentemente
5-Sempre Questoes de fechamento
ncora Seleciona técnicas a partir uma analise inicial do 1-Nunca Mais alguma observag3o sobre o tema, que gostaria de relatar?
que vocé precisa e adapta outras técnicas conforme | 2 - Raramente
necessidades surgem? 3-Asveres
4~ Frequentemente
| 5-Sempre
Custo minimo T-Nunca
Seleciona técricas apartir da estimativadecusto. | 2~ Raramente.
para utilizago da mesma,visando utilizarasde | 3 asvezes
menor custo? 4~ Frequentemente
5-se
Mésimo T-Nunca
beneficio Seleciona técnicas  partir da estimativa de 2-Raramente
beneficio que a técnica pode trazer, visando tiizar | 3 aq veges
a5 de maor beneficio?

1The full research protocol can be accessed online at: https://github.com/rafaelparizi/PHD_repository/
blob/main/README.md.


https://github.com/rafaelparizi/PHD_repository/blob/main/README.md
https://github.com/rafaelparizi/PHD_repository/blob/main/README.md
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APPENDIX D - HELIUS’ RECOMMENDATIONS ALGORITHM

This appendix describes a tertiary literature review that we conducted to identify
the algorithm to implement our DT techniques recommendation module, and the design
and implementation of the DT techniques recommendation module in Helius. The mod-
ule is responsible for recommending DT techniques according to different recommenda-
tion mechanisms. We used the K-nearest Neighbor (KNN) algorithm for identifying similar
users and for recommending DT techniques based on their tastes to a Helius user who is
requesting DT technigue recommendations.

The remaining of this appendix is structured as follows: Section D shows a ter-
tiary literature review on recommendation algorithms in order to identify the algorithms to
support the recommendation of DT techniques. Section D introduces the KNN algorithm.
Next, Section D shows how we designed a recommendation module capable of receiving
recommendation requisitions and of returning DT techniques that are recommended, and
how we implemented the recommendation module in Python in order to make it available
for recommending DT techniques in Helius.

Tertiary Literature Review on Recommendation Algorithms

Aiming to enhance our understanding of recommendation systems, what are the
recommendation approaches, and the algorithms being used, we conducted a tertiary
review of the literature. Our tertiary review followed the method proposed in [130].

Figure D.1 shows the research design and the respective steps we conducted in
this tertiary review.

Definitions Search and results
J e
f 0 f B
Research protocol definition Search execution Studies selection and results analysis
e o--->05 >0 ®
_ i Execution of automatic search in Selection of studies using the inclusion and
Definition of the research questions o . . o
digital libraries exclusion criteria

Definition of the search string Analysis of data

Definition of the inclusion/exclusion
criteria

Figure D.1: Tertiary study design
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Study Design

In this step, we worked on the definition of the research questions, the search
string for searching for publications in digital libraries and the definition of inclu-
sion/exclusion criteria to select relevant publications.

Definition of the research questions

Our goal is to identify what are the recommendation approaches cited in Litera-
ture and what algorithms support them in order to implement our DT techniques recom-
mendation module. Therefore, in this study we posed 2 Research Questions:

* RQ1: What are the existing recommendation approaches?

* RQ2: Which algorithms support the recommendation approaches?

Definition of the search string

In order to search for publications related to the topic, we used the following
digital libraries: ACM Digital Library, IEEE Xplore Digital Library and Scopus. We consider
that for a tertiary study these digital databases represent relevant sources of studies
related to Recommendation Systems.

Table D.1 shows the terms that we used for generating a search string. We fol-
lowed Gasparic et al. (2016) [90] to define terms with ID 1 and 2, and we followed Oliveira
et al. (2018) [187] to define the terms with ID 3 to 12. Then, we compiled the terms using
the Boolean operators OR and AND, resulting into the following search string:

("recommendation systems" OR "recommendation system" OR "recommender sys-
tems" OR "recommender system") AND ("literature review" OR "overview" OR "liter-
ature" OR "meta-analysis" OR "past studies" OR "in-depth survey" OR "subject matter
expert" OR "analysis of research" OR "empirical body of knowledge" OR "overview of

existing research" OR "body of published research")

Definition of the inclusion/exclusion criteria

Table D.2 presents the inclusion and exclusion criteria for studies that we de-
fined for this tertiary review. These criteria serve to select papers that make it possible
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Table D.1: Search string terms for the tertiary study

Id

term

recommendation systems, recommendation system
recommender systems, recommender system

OCoOoONOUL B~ WN -

literature review

literature

meta-analysis

past studies

in-depth survey

subject matter expert
analysis of research
empirical body of knowledge
overview of existing research
body of published research

{I10OR2}
{30R40R50R60R70R80R90OR1I00OR110R12}
{AAND B}

Table D.2: Inclusion and exclusion criteria for the tertiary study

Type ID Description
Inclusion IC1 SR-related articles that are literature reviews, or mappings, or algorithms
from the literature
EC1 Publications that are not RS-related or that report SR studies for specific
areas for computing
EC2 Publications that report on primary studies
Exclusion EC3 Publications that are duplicates
EC4 Publications not available for download
EC5 Publications not written in English
EC6 Publications not peer-reviewed
EC7 Secondary studies not illustrating primary studies reviewed

to answer the defined research questions. In this tertiary review, we sought to select sec-
ondary studies, surveys and maps of the literature related to SRs, comparative studies on

the algorithms used and assessment methods (Inclusion Criterion 1 - CI1).

In contrast, exclusion criteria were added to disregard unavailable or duplicate
studies (CE4, CE3), and studies presented in other languages, restricting to English only
(CE5). Primary studies were also disregarded (CE2), with the intention of only considering
secondary studies that consolidated the primary studies (CE7). In addition, studies that
were not peer-reviewed (CE6), and those that reported on SR for specific areas other than

computing, were not considered.
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Execution of the search

Next, we run the search string in the digital libraries. Table D.3 presents the
results of the searches. We discarded unavailable and duplicate studies resulting in a
total of 1,633 publications. Figure D.2 shows the process for selecting publications that
we performed in this study.

In this step, we performed the publication selection process in two iterations,
reading the title, abstract, and keywords of the publications returned by the digital li-
braries. Two researchers read the articles. We applied the inclusion and exclusion criteria.

In Iteration 1, we discarded 1,258 studies, which were not related to RSs, pre-
sented research on a specific area, or represented primary studies (CE1, CE2). In a second
iteration, we reanalyzed the remaining publications and discarded another 301 according
to the exclusion criteria.

Following the publication selection process, we performed a full read-through of
the 74 studies with a high potential of being relevant for answering the research ques-
tions. Of these, we discarded 44 as they did not represent literature mappings, literature
reviews, surveys, or even studies discussing Recommendation Systems or represented
primary studies (ClI1, CE7). As a result, we selected 30 studies, as presented in Table D.4.

Table D.3: Search execution results

Step IEEE ACM Scopus Total
Initial search 339 329 1561 2,229
Not available - - - 24

Duplicated - - - 572
Available 318 177 1138 1,633

" Title, abstract and Title, abstract and
Exclusion usin: s .
criteria EC2 to E%? keywords reading keywords reading Full reading (EC1)
(EC1) (EC1) .

30 accepted
publications

A

Total exclusion rate:
98.65%

an teraten

Scopus

Figure D.2: Selection process of secondary studies
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ID Title Authors Year Ref.
1 A systematic literature review of multicriteria recommender systems Monti, Diego and Rizzo, Giuseppe 2021 [174]
and Morisio, Maurizio
2 A Literature Review of Recommendation Systems Bhareti, Kushan and Perera, Shevon 2020 [21]
and Jamal, Shehan and Pallege,
Manul Hiyare and Akash, Vishma
and Wiieweera, Sihan
3 Recommendation systems: Algorithms, challenges, metrics, and busi- Fayyaz, Zeshan and Ebrahimian, 2020 [79]
ness opportunities Mahsa and Nawara, Dina and
Ibrahim, Ahmed and Kashef, Rasha
4 Recommendation system based on deep learning methods: a system- Da’u, Aminu and Salim, Naomie 2020 [58]
atic review and new directions
5 Recommendation system: A systematic overview on methods, issues Bhuvanya, R and Kavitha, M 2020 [22]
and solutions
6 Towards the use of clustering algorithms in recommender systems Miranda, Leandro and Viterbo, José 2020 [171]
and Bernardini, Flavia
7 Advanced Recommendation Systems Through Deep Learning Khoali, Mohamed and Tali, Abdelhak 2020 [128]
and Laaziz, Yassin
8 Machine Learning Algorithms for building Recommender Systems Sharma, Richa and Rani, Shalliand 2019 [239]
Tanwar, Sarvesh
9 Research Progress and Development Trend Evolution of Recommenda-  Zhiqin, Jia and Jian, Zhang 2019 [275]
tion System
10 A recommendation system: Trends and future Shefali Gupta, Meenu Dave 2019 [240]
11 Recommendation system: A literature survey Mohan Kubendrian, Nishal Pradhan 2019 [173]
12 A survey on data mining techniques in recommender systems Kumar, Niranjan and Sneha, YS and 2017 [139]
Mungara, Jitendranath and Prasad,
SG Raghavendra
13 Current trends in collaborative filtering recommendation systems Amin, Sana Abida and Philips, James 2019 [11]
and Tabrizi, Nasseh
14 Deep Learning Based-Recommendation System: An Overview on Mod- Ong, Kyle and Haw, Su-Cheng and 2019 [188]
els, Datasets, Evaluation Metrics, and Future Trends Ng, Kok-Why
15 A state-of-the-art Recommender Systems: An overview on Concepts, Jariha, Priyanka and Jain, Sanjay Ku- 2018 [118]
Methodology and Challenges mar
16 Recommender systems: An overview of different approaches to rec- Shah, Kunal and Salunke, Akshayku- 2017 [238]
ommendations mar and Dongare, Saurabh and An-
tala, Kisandas
17 A Survey on Data Mining Methods Available for Recommendation Sys- Liu, Chan and Li, Lun and Yao, Xiaolu 2019 [155]
tem and Tang, Lin
18 Collaborative filtering: Techniques and applications Mustafa, Najdt and Ibrahim, Ashraf 2017 [179]
Osman and Ahmed, Ali and Abdul-
lah, Afnizanfaizal
19 Collaborative filtering recommender system: Overview and challenges Al-Bashiri, Hael and Abdulgabber, 2017 [6]
Mansoor Abdullateef and Romli,
Awanis and Hujainah, Fadhl
20 Multi-View Data approaches in Recommender Systems: An Overview: Palomares, Ivan and Kovalchuk, 2017 [192]
(Invited Paper) Sergey V
21 Recommender solutions overview Tarnowska, Katarzyna A and Ras, 2017 [252]
Zbigniew W and Jastreboff, Pawel |
22 Towards an approach of trust-based recommendation system Gmach, Imen and Melek, Ghenima 2015 [95]
and Sidhom, Sahbi and Khrifish, Lofi
23 Recommender systems in light of big data Almohsen, Khadija A and Al-Jobori, 2015 [10]
Huda
24 Recent advances in recommender systems and future directions Ning, Xia and Karypis, George 2015 [186]
25 Knowledge-based recommendation systems:A survey Bouraga, Sarah and Jureta, Ivanand 2014 [29]
Faulkner, Stéphane and Herssens,
Caroline
26 Trust based recommendation systems Ozsoy, Makbule Gulcin and Polat, 2013 [190]
Faruk
27 Recent advances in recommendation systems for software engineer- Walker, Robert | 2013 [266]
ing
28 Recommender systems survey Bobadilla, Jesis and Ortega, Fer- 2013 [26]
nando and Hernando, Antonio and
Gutiérrez, Abraham
29 A literature review and classification of recommender systems re- Park, Deuk Hee and Kim, Hyea 2012 [196]
search Kyeong and Choi, Il Young and Kim,
Jae Kyeong
30 Looking for "good" recommendations: A comparative evaluation of Cremonesi, Paolo and Garzotto, 2011 [54]

recommender systems

Franca and Negro, Sara and Pa-
padopoulos, Alessandro Vittorio and
Turrin, Roberto
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Results analysis

Once we completed the selection of publications through the inclusion and exclu-
sion criteria, we conducted a full reading of the articles in order to identify answers to the
research questions. Next, we present the answers to the RQ that we posed to this study:

Q1: What are the existing recommendation approaches?

In question Q1, we aimed to identify the approaches pointed out in the literature
for the development of a Recommendation System. Our goal was to learn about which
recommendation approaches would be able to recommend DT techniques in Helius. Table
D.5 presents the approaches identified from the reviewed studies:

The 2 most cited approaches used in RSs are Collaborative Filtering and Content-
based recommendations. Next, we present details about both approaches.

* Collaborative Filtering: it recommends items taking into account the ratings given
by users for the items [21]. Collaborative filtering recommender systems calculate
similarities among users in the system, recommending items based on their similar
patterns [11]. In this way, the system then searches for users who have similar item
evaluation behavior to the active user, to explore which items to suggest.

Monti et al. (2021) [174] indicates that collaborative filtering is considered the most
popular recommendation technique, as described in the literature. Table D.5 shows
that the collaborative filtering approach is the most mentioned in the selected stud-
ies in this literature review. Collaborative recommendation systems are widely used
by online services such as Amazon and Netflix [6].

To recommend items, systems based on collaborative filtering follow a process that,
involves the following set of activities [111]:

Table D.5: Recommendation approaches cited in Literature

Approach Ref.
[174]1[21][791[581[22][171]1[1281[239][275][240]
Collaborative filtering [173][139][11][188][118][238][155][179][6]1[192]

[252][95][10][186][291[190][266]1[26][196][54]
[174][21][791[58][22][171][128][239][275][240][173][139][11][188]

ComEmHEEEE [118][238][1551[1791[61[192]1[252] [95][101[1861[29]1[1901[2661[26]1[196][54]

Knowledge-based [174][211[58]1[239]1[2401[179][192]1[252]1 [29] [190] [266]
Demographic-based [239][173][192]1[190] [26]

Ontology-based [21]

Community-based [174][239]

Utility-based [79]

[174][211[79]1[581[22][1711[128][239][275][240][173][139][11][188][118]

el ErpEraREn [238][1551[1791[61[192]1[252] [95][190][266][261[196]
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1. The system represents items and users as a two-dimensional matrix, where i
and j correspond to users and items, respectively. Each rating given by a user
to an item is the value Rjj. If an item has not been rated by a user, that item
has a value of 0.

2. This matrix R is then used to predict the rating of item j provided by user j in
order to recommend a list of N items that the user might like.

* Content-based approach: The content-based approach recommends items by con-
sidering the values of the item’s attributes. The recommendation engines of this
approach analyze the items that the user has previously viewed and use the charac-
teristics of these items to recommend new similar items [21].

In this approach, the users’ rate items and the system uses such rates for looking for
items with similar rates [6]. To calculate this similarity, correlation functions such as
cosine similarity measure, or Pearson correlation can be used. Once the similarities
between the items have been calculated, the system proceeds to use the relation-
ship between the items the user has ranked with others in the database to determine
which items are most suitable for the active user [173].

Content-based recommendation systems learn to recommend items similar to those
that the user has liked in the past. Thus, recommendations represent the feature
similarity between items (rather than the similarity between users as in the collabo-
rative approach) [252].

In addition to the collaborative filtering and content-based recommendation ap-
proaches, other cited approaches in the literature are:

* Knowledge-based approach: it uses domain knowledge in order to identify a user’s
preference [240]. Such an approach generates item recommendations from given
domain knowledge. The user specifies his or her needs to the system which further
compares these needs with its knowledge base and provides the most relevant sug-
gestions, i.e. the items that agree with this knowledge base [239]. For example,
recommendation systems for the medical domain use domain knowledge to recom-
mend items [174].

* Demographic-based approach: it uses user demographic profiling for item recom-
mendation [174], including user attributes such as age, gender, language, etc [79].
Sharma (2019) [239] states that e-commerce sites like Amazon, eBay, Flipkart, etc.
are examples of environments using this approach.

* Ontology-based approach: it uses the structure of an ontology to support, for exam-
ple, content-based systems for generating recommendations. An ontology has the
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capacity to store many data fields from different sources and takes on a database-
like format. Therefore, data from different sources can be processed to make the
recommendations [21].

« Community-based approach: it is a variation of collaborative filtering-based systems,
which search for similar users; In this case, only users that are part of networks of
the target user are searched to evaluate similarities [174, 239];

» Utility-based approach: it provides recommendations based on generating a utility
model of each item for the user. The recommendation system searches for user
utility functions and proceeds to recommend items that are of higher utility based
on user utility [79].

There is also a hybrid approach that mixes different recommendation ap-
proaches, e.g., it combines two or more approaches to recommend items to the active
user. Combining the approaches are employed to leverage the advantages and solve the
challenges of each approach if applied in particular [95].

Techniques for hybridizing a recommendation system are:

* Weighted Method - the score of independent techniques is combined to create a
single score;

* Switching - in case recommendation technique 1 fails, recommendation technique 2
is then used;

* Mixed - presentation of results of different recommendation techniques together,;
* Feature combination - combines features of different algorithms;

* Feature augmentation - this technique uses a logical order of Recommender Systems
in which targeted features from one system are used as input to the next recom-
mender system,;

* Cascade - the output of one recommender system is prioritized over another;

* Meta-level - first a recommender system is applied and its result is used as an input
for the other technique.

As a result, we identified that the collaborative approach matches with the pur-
pose of Helius in recommending DT techniques in software development.
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Q2: Which algorithms support the recommendation approaches?

Table D.6 presents a list of algorithms identified from the publications that we
selected. We identified 29 distinct algorithms for item recommendation. We ranked the
algorithms according to the recommendation approaches we identified in Question Q1.

The K-Nearest Neighbors (KNN) algorithm was the most cited out of a total of 18
studies for the collaborative filtering approach.

The KNN is exploited to find neighbors among users, to present users who have
similar preferences, or can exploit it among the items that are part of the base of the
Recommender System. When used in a Recommendation System with a collaborative
filtering approach, for example, KNN uses user ratings to determine neighboring users.

Table D.6: Recommendation algorithms cited in Literature

Algorithm Content- Collaborative Filtering Hybrid
based
KNN [252][275] [174][179][192][6][238][275][21][22]1[79] [174][179]
[139][173]1[186][26][196]
Bayesian classifier [61[252][79] [791[22][240] [173]1[139]1[11]1([238][179] [26][174][173]
[581[173]
Clustering [173] [22] [240] [173] [139] [11] [118] [238] [26]
[179]
Pearson correlation [192][79]1[11][179][26] [179]
SVD [179]
k-menoid [171][192]
Decision Trees [173] [139][10]
[252]
TF-IDF [240][173]
[252]
SvC [118]
SVD [238][10] [26]
SVM [238]
Fuzzy Logic [174][26]
Regression Analysis [174]
Matrix manipulation [275] [791[240][95]1[10] [174][26]
Neural Networks [58]1[173] [173]1[139][11] [174]1[21]1[173]
[26]
Genetic Algorithms [174]1[173] [26]
Deep Learning [21]
Random Forest [21]
Spearman Correlation [79]
Heuristic Functions [79]
Cosine Similarity [79] [173]1[179][186] [26]
k-Means [79]1[171][139]
Convolutional neural network [58]
Neural Attentive Item Similarity [22]
(NAIS)
Sparse Linear Methods [186]
Factorized Item Similarity Method [186]
Feature-based factorized Bilinear [186]
Similarity Model
User-specific Feature-based [186]

Similarity Models
Euclidean similarity [179]
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Studies in Literature point to KNN as the most widely used algorithm for imple-
menting Recommendation Systems based on collaborative filtering approach [21, 174,
26]. Then, we decided to use that KNN algorithm in Helius, since Helius is a collaborative
recommendation system. We present details about the KNN in Section D.

K-Nearest Neighbor KNN

KNN is a machine learning algorithm that can be used for classifying similar ele-
ments (nearest neighbors) in a set of elements [176]. K represents the number of clusters
of neighbors the algorithm creates. In order to compute similar elements, different similar-
ity measures can be used [173, 174, 239]. Pearson correlation coefficient and Euclidean
distance are the 2 most cited similarity measures in literature [11, 79, 192].

We implemented the KNN algorithm using Python. We choose Python as the
programming language to implement the Helius recommendation module since it is used
for contexts such as data science, artificial intelligence, data mining, and so on. In order
to implement KNN in Helius, we used the Surprise library [113]. Surprise is a library that
provides the necessary resources for implementing recommendation systems that use
explicit data ratings as the main data analysis variable?.

As the first step in the implementation of the KNN algorithm, we coded the official
sample available on the library website3. In the example, the KNN algorithm is used for
recommending movies based on the MovieLens dataset. MovielLens is a movie dataset
and it is the most cited dataset used for testing recommending systems [22, 58, 173, 174,
239]. Figure ?? shows the results of the movie recommendations using the surprise library
implementation based on the sample code.

Recommendation Module Implementation using KNN

Recommendation Module Architecture

Then, after concluding the implementation of a movie recommendation system,
we adapted the code to find similar users on the Helius database. In order to implement
the KNN in Helius, we designed a recommendation architecture based on modules, as

!Available at: http://surpriselib.com/

2The Surprise Library provides a tested KNN implementation at: https://surprise.readthedocs.io/en/
stable/similarities.html#surprise.similarities.pearson

3Available at: https://bit.ly/3x7NBz8



235

Estimating biases using als...
Computing the pearson_baseline similarity matrix...
Done computing similarity matrix.

The 10 nearest neighbors of Toy Story are:
Beauty and the Beast (1991)

Raiders of the Lost Ark (1981)

That Thing You Do! (1996)

Lion King, The (1994)

Craft, The (1996)

Liar Liar (1997)

Aladdin (1992)

Cool Hand Luke (1967)

winnie the Pooh and the Blustery Day (1968)
Indiana Jones and the Last Crusade (1989)

Figure D.3: Example of the KNN algorithm using Surprise library

Requests
recommendation
—_—> Helius front-end >
«-— Helius database
. Receives
Helius'user  ocommended
techniques
Request and Response .
to the API using HTTP/JSON Gets data from de Helius database
Y S
Web API Database reader
Component: FastAPI Component: Python/PyMongo
Calls the
recommendation Search for data
mechanism

Specialized recommender
Component: Python/KNN/Surprise

 Recommendation Module

Figure D.4: Recommendation module architecture

exposed in Figure D.4. Such architecture is composed of the following components: Web
API, Specialized Recommender and Database Reader®.

The components of the recommendation module can be defined as follows:

* Web API: component that works as a web interface responsible for receiving and
returning requisitions of DT techniques recommendations;

» Specialized recommender: component that implements the DT techniques recom-
mendation mechanisms;

4The Helius’ recommendation API is available at https://helius-dt-recommendation-api.herokuapp.com/
docs#/


https://helius-dt-recommendation-api.herokuapp.com/docs#/
https://helius-dt-recommendation-api.herokuapp.com/docs#/

236

* Database Reader: component that connects the recommendation module to the He-
lius’ database to read the data about DT techniques.

The Helius’ recommendation module architecture needs that the user makes a re-
quest for DT techniques recommendation using the Helius app (front-end). Once a request
has been done, the recommendation module makes a request to the Web APl component.
Then, the Web APl components make a request to the Specialized Recommender module,
calling the recommendation mechanism the user has selected in Helius. Thus, the Spe-
cialized Recommender module uses the Database reader for reading the data about DT
techniques usage (ratings x users) in the Helius database.

Recommendation Module Implementation

As we mentioned in Section 7.2.2, Helius provides personalized and non-
personalized DT techniques and recommendation mechanisms. The KNN algorithm is
used in the personalized recommendation mechanisms set. Those mechanisms require
the identification of similar users to recommend DT techniques based on their tastes (rat-
ings for techniques they have already used). Therefore, we used KNN to identify the
similarity between the Helius users.

In order to exemplify how a personalized recommendation works in Helius, Figure
D.5 shows the process in the recommendation module for recommending a set of DT
techniques based on the user profile (personalized). The Surprise library provides the
mechanisms to implement the KNN algorithm.

Once user X has requested a recommendation of DT techniques and the Special-
ized Recommender components has been called by the Web APl component, the Surprise
library starts to work. It is responsible for identifying similar users to the user that has
made the request. Surprise computes the similarity between users by creating a simi-
larity matrix nxn, composed by the relation users x users. For each cell user x users, a
similarity value is computed using the Pearson correlation coefficient. Equation D.1 shows
the formula to compute the Pearson Correlation Coefficient. R represents the correlation
coefficient and X and Y are two Helius users.

n _ DXy
Zi:‘] Xy ( n ) (Dl)

nox)2 m_y)2
\/(257:1 X2 _ (2,7; X) )(2:7=1 yz . (2,7; Y) )

Once all the similarities between Helius’ users have been computed (R), the al-

R =

gorithm shows the list of similar users (user Y). These procedures are abstracted in the
Surprise library. After finding similar users, the recommendation module filters the DT
techniques used by those similar users. The next step is to filter the techniques according
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Recommendation Module

Surprise library

Similarity matrix

'
'
i E Technique A Technique X Technique Y
; ]
4 5 4

\ 4
User X

UserX KNN H User Y
User who are requesting a | User registered in Helius
DT techniques t
recommendation 3 4 4 null
A -
A 4
Technique A
Technique A ( Technique X
Pearson correlation Technique Y
H computation between User X Similar users to the H
Techniques used and rated | and the other users registered user X 1 Techniques used and rated
by the user X H - in the Helius by the user Y

For instance:
User X and User Y

User Y

=

Techniques used by

o . similar user Y
Filtering of DT techniques

used by the similar user

Technique A
Technique X
Technique Y

—

Techniques rated by
similar user Y

S G B G

Filtering of DT techniques
rated by the similar user

Technique A
Technique X

Techniques recommended to the user X

Figure D.5: Example of a recommendation process in Helius using KNN

to the recommendation mechanism selected by the user who requested the recommen-
dation itself. For instance, in Figure D.5, considering the user has selected the mechanism
“Rated by similar users”, which returns all the techniques that similar users have rated,
the recommendation module returns just the techniques that were rated by similar users
(e.g., technique Y was not evaluated by the user Y and, therefore, it have not been recom-
mended to the user X).

Figure D.6 shows an example of the implementation of the “Rated for similar
users” mechanism. This mechanism recommends the techniques that similar users have
evaluated in Helius. The code is composed of 3 methods (starting with “def”):

* “fit_ knn”: the method loads the data set of techniques ratings to the Surprise library.
This method also uses a K value. K represents the number of near neighbors to be
evaluated®. We also set up the similarity measure (Pearson Correlation Coefficient)
and that the similarity must be computed between users (“user_based”).

* “find_similar_users”: the method looks for similar users. The method used the pro-
cedure get _neighbors for identifying the 5 most similar users (k = 5) according to

5We defined the K value as 5, since it is a value commonly used for K, as mentioned in literature.



238

def fit_knn(self, ratings_df):
reader = Reader(rating scale=(1.0, 5.0))
data = Dataset.load_from_df(ratings_df[['user_id', 'tech_name', 'rating'l]], reader)
trainset = data.build_full_trainset()
algo = KNNBaseline(k=5, sim_options={'name': 'pearson', 'user_based': True})
algo.fit(trainset)
return algo

of find_similar_users(self, algo, raw_user id):
if algo.trainset.knows_user(raw_user_id):
raise ValueError(f"User {raw_user id} is unknown")
user_inner_id = algo.trainset.to_inner_uid(raw user_id)
neighbors = algo.get_neighbors(user_inner_id, k=5)
neighbors_user_id = [algo.trainset.to_raw_uid(inner_id) for inner_id in neighbors]
return neighbors_user_id

>f get_rated_by_similar_users(self, user_id, numer_of_recommendations = None):
print(f'User that wants a recommendation id = [{user_id}]')
ratings_df = self.get_df_ratings()
algo = self.fit_knn(ratings_df)
neighbors_user_id = self.find_similar_users(algo, user_id)

recommendations = []
for user_id in neighbors_user_id:
print(f"Similar Users id = [{user_id}]")
ratings = ratings_df.loc[ratings_df['user_id'] = user_id]
if numer_of_recommendations is None:
list_tech_names = list(ratings['tech_name'])
recommendations.extend(list_tech_names)
else:
top_n = ratings.sort_values('rating', ascending=False).head(numer_of_recommendations)
list_tech_names = list(top_n['tech_name'])
recommendations.extend(list_tech_names)

recommendations = list(set(recommendations))

print(f"Techniques used by similar users = [{recommendations}]")
df_tech = self.get_df_techniques()

df_tech = df_tech.loc[df_tech['name'].isin(recommendations)]
print(f"Techniques recommended = [{list(df_tech['name'])}]1")
json_value = df_tech.to_json(orient="records", default_handler = str)
return json_value

Figure D.6: Example of a recommendation mechanism using Surprise library

the id of the user that required the recommendations. The method returns a list of
similar users (neighbors).

* “get rated by similar_users”: the method uses the aforementioned methods to get
all techniques rated by similar users. To do so, it starts by identifying similar users
and looks for the techniques the identified users have rated. The set of rated tech-
niques is returned to the user that has requested it. In addition, the method allows
the user to indicate how many techniques she wants to receive as recommenda-
tions (“number_of recommendation”). In the default implementation of Helius, we
defined 5 as the number of DT techniques that the module recommends to the user.
The method returns a JSON response that can be decoded in the Helius front-end.

In order to evaluate the implementation of the KNN algorithm, we performed
offline tests [225]. Offline testing performs the separation of the data set under analysis
into 2 groups. One of the groups is used to train the algorithm while the other group
is used for the test itself. In this sense, we use offline testing as a way to evaluate the
implementation we performed with the Surprise library.

We used the following procedure to perform offline testing:

1) We run the KNN algorithm by entering the id of a user present in the Helius database;
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User that wants a recommendation id = [6115a3db3397360015fb9fd8]
Estimating biases using als...

Computing the pearson similarity matrix ...

Done computing similarity matrix.

Similar Users id = [61250453ab505d0016d519ab]
Techniques used by similar users = [['World Café', 'Brainstorming', 'A day in the life', 'S5W2H']]
Techniques recommended = [['A day in the life', 'S5W2H', 'Brainstorming', 'World Café']]

Figure D.7: Example of a recommendation in Helius

Helius-prod cluster0-shard-00-01.kooo9.mongodb.net:27017 helius
db . getCollection('users').find({'_id' :0bjectId("6115a3db3397360015fb9fd8")})

users (L) 0.032sec.

ey Value

€3 (1) Objectld("6115a3db3397360015fb9fd8") {11 fields}
I _id Objectld("6115a3db33973600151b9fd8") |
v onBoard
“*/ name \
= email

" password User A
* function
»v startDT
" formation
" photo
3 yseTechniques [1element]
<3 [0] {3 fields }
_id Objectld("61845f424476e3001671f964")
" technique A day in the life
«_count 2
v 1

Figure D.8: User A rated technique “A day in the life”

2) We manually searched in the Helius database for other users who evaluated DT tech-
niques in a similar way (same ratings);

3) We compared the results returned by the algorithm with those that we obtained
using the manual search.

Figure D.7 shows the records used for the tests performed as part of procedure
1). We selected the user with id “6115a3db3397360015fb9fd8” in Helius, here named
as user A for identification purposes. The id was then passed as a parameter to the
method “get_rated_by_similar_users” in order to find similar users. Such similar users are
identified by the Surprise library. With the result of the method’s execution, the similar
user-id "61250453ab505d0016d519ab" was obtained, which for identification purposes is
assigned the identifier B.

Next, as part of procedure 2), we performed a manual search of the Helius
database for User A and User B. We observed that both users evaluated the same “A
day in the life” technique, as shown in Figures D.8 and D.9, respectively. Therefore, we
were able to confirm that both users are indeed similar (procedure 3).
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B
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the method

“get_rated_by_similar_users” method searches for the techniques used and evaluated by
user B. Through a search of the Helius database, the method returned that the techniques
used and evaluated by B are “World Cafe”, “5W2H”, among others, as shown in Figures
D.10 and D.11, respectively.
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Thus, like the “get rated by similar_users” recommendation mechanism, the
other mechanisms are made available by the recommendation module as endpoints in
the Web API and can be accessed by the Helius front-end. Figure D.12 shows the recom-
mendation mechanisms and their respective endpoints in the Web API.
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APPENDIX E - HELIUS’ EMPIRICAL EVALUATION: PROCEDURES AND
COLLECTED DATA

This chapter presents examples of the procedures that the participants should
perform for using Helius in the empirical study (Portuguese version). It also present the
raw data answered by the participants to a questionnaire the evaluate data (Table E.2)
and the SUS data informed by all participants (Table E.1).

° Sobre

Helius é um sistema de recomendagao de técnicas de Design Thinking (DT) para o
desenvolvimento de software

Helius esta sendo desenvolvido como parte de um projeto de pesquisa e tem como
objetivo auxiliar profissionais de Tina selegéo e uso de técnicas de DT

Helius

Sistema de recomendacdo de
Técnicas de Design Thinking

Funcionalidades:
« Acessoainformagdes sobre as técnicas de DT
. Crlacac de projetos (portfélios de técnicas)
a0 de técnicas de DT i i enao
. Avahacae das técnicas usadas pelo usuario para retro-alimentar os algoritmos de recomendagao
« Acesso as experiéncias de uso de técnicas de DT por outros profissionais (comunidade de pratica)
« Apresentagao do relacionamento entre técnicas de DT (grafo de técnicas)

HELIUS RECOMENDA AS TECNICAS E TE AJUDA A USAR DESIGN THINKING NO SEU PROJETO

>

Crie uma
contade
usuario

Parainiciar,

Instale Helius

Crie uma conta de usuario
em Helius para usar o
sistema de recomendagao

Acesse 0 QR-CODE e baixe Helius de

uma das lojas de aplicativos

Clgue em Avaliges para ver o que
temsido dito sobre atéenica
Tela inicial com login OK ==

Conhecgaas
técnicas

Conhega as técnicas de DT
cadastradas em Helius

1.Informe usuério e senha

Fagalogin :cieeniesn
em Helius

Acesse Helius e comece a
usar o sistema de
recomendacao de técnicas
de Design Thinking

Helius disponibiliza 57
técnicas de DT extraidas do

. contexto de desenvolvimento
Em caso de esquecimento de senha:

1.Clique em "Esqueceu da senha?" = ‘ -
2.Informe seu e-mail para recuperar a .
1o . Vocé poder fitrar as técnicas por
— I — nome ou por etapa de DT
Cllque natécnica desejada, e Hellus
abriratla d informacdes das
téenicas

> = >

mecanismos de recomendacao de

Passo 3 recomendadas pelo mecanismo

de software

Vocs pode adicionr técnicas que
. Escolha um mecanismo e vejaas
- ) Peca et e i
Veja um resumo - recomendagio =l
das técnicas — — P = ot de técnicas \é
RECOMENDADAS =4 (s ==2 o X ud
N Vocé podera pedir que Helius Ihe
paravoce D k| recomende técnicas de DT. Paraisso, L o} o
B - siga os passos ao lado.
Na aba Técnicas para voce, Helius ° [ o R ——
mostra um resumo das técnicas @ ] Importante: se vocé j4 definiu o contexto e Hhore Mot wanto o
recomendadas para vocé ® [ e dominio do seu projeto, Helius também A
et recomendard técnicas baseado nesses
7
e elementos.
Se vocé ja tem técnicas adicionadas ao
seu projeto, Helius recomendara técnicas
Clicando em Visualizar todas as recomendagées, com base nas técnicas usadas de forma - =
- N 5 Ao todo, Helius oferta 20 . R .
vocé podera ainda ter acesso a outros mecanismos ) combinada as técnicas ja selecionadas.

‘ mecanismos de recomendagao
de recomendacao — 41
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o

Ja adicionou
técnicas?

 0s dados do projeto e
nfirmar

Clique em criar!

Vocé pode criar projetos
pblicos/privados.

Pablico: outros usudrios podem ver
todas as informagaes.

Privado: outros usuarios terao
acesso somente ao contexto e as
técnicas usadas.

Vocé podera revisar as informagoes
antes de criar!

>>>

Projeto criado com sucesso!
Clique em Continuar!

©

Visualize seus
projetos

Na tela inicial, vocé podera visualizar
os teus projetos.

Natela de detalhes, vocé pode
editar e até remover um projeto.
Vejasualista de projetos

, clique nos
icones na barra appbar.

Clique no botao Meus Projetos

ver detalhes

Vocs: poder AVALIAR as técnicas

Responda
Nnosso
questionario

2

helius

Acesse o link abaixo ou leia 0 QR-CODE:

https://tinyurl.com/helius

Helius

Sistema de recomendacao de
técnicas de Design Thinking

Desenvolvimento

Apoio financeiro

fRcnprq

CAPES

Table E.1: SUS raw data collected with participants in the empirical study

SUS data collected with participants in Step 1

P1 00000 00000 00000 00000 00000 00300 00000 00000 00000 Qo000

P2 00000 00000 00000 00000 00000 ®0000 00000 0000 00000 00000

P3 00000 00000 00000 00000 00000 006300 00000 00200 00000 Booo0o

P4 00000 00000 00000 00000 00000 00000 00000 00300 00000 Booo0o
SUS data collected with participants in Step 2

P5 00000 ©0000 00000 00300 00000 P0000 00000 P0000 00000 o000

P6 00000 00300 00000 00000 00300 00000 00000 00>00 00000 00000

P7 00000 00000 00000 00000 00000 00000 00000 P0000 00000 Qo000

P8 00000 00000 00200 00000 00000 00000 00000 00300 00000 00000

P9 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000

P10 00000 00300 00000 00300 00000 00000 00300 00200 0606300 00(P00

P11 00000 00000 00000 00000 00200 00000 00000 00000 00000 00000

P12 00300 00200 00300 ©0000 00200 00000 00000 00200 00000 Boeooo

P13 Q0000 00300 00000 00000 00000 00000 00000 00000 00000 00000

P14 00000 00200 00000 00000 00000 00000 00000 00200 00000 00000

P15 00000 00000 00000 00000 002000 ©0000 00000 00000 00000 00000

P16 00000 00000 00000 ©0000 00000 006300 00000 00000 00000 Boooo

ql | think that | would like to use this system frequently

q2 | found the system unnecessarily complex

q3 | thought the system was easy to use

qd | think that | would need the support of a technical person to be able to use this system

a5 | found the various functions in this system were well integrated.

q6 | thought there was too much inconsistency in this system

q7 | would imagine that most people would learn to use this system very quickly

q8 | found the system very cumbersome to use

q9 | felt very confident using the system

| needed to learn a lot of things before | could get going with this system
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