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ABSTRACT

This paper demonstrates Helius, a collaborative Design Thinking
(DT) techniques recommendation system. We proposed Helius to
support DT practitioners in selecting DT techniques for use in
software development, as literature has shown that selecting a set
of DT techniques can be a complex decision-making problem. To
develop Helius, we followed a Design Science Research framework,
starting with a deep understanding of the problem and followed
by three iterations of design and validation activities. In total, 40
professionals participated in the validation activities for Helius. The
results show that Helius effectively supports the selection of DT
techniques and is considered by DT practitioners to be a useful and
easy-to-use recommendation system.

Helius Tool’s video: https://doi.org/10.5281/zenodo0.11398135
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1 INTRODUCTION

Software companies have been using Design Thinking as a User-
Centered Design approach, bringing the user to the center of the
development process. DT aids software teams to collect the user’s
real needs and to propose viable, feasible and desirable solutions[8].

Literature has shown that given the dynamic nature of DT and
the need to efficiently explore the creativity and collaboration of
multidisciplinary teams to discover, frame and propose solutions
that meet the users’ needs, selecting the DT techniques to use
becomes a complex decision-making endeavor [13, 14]. In two pre-
vious exploratory studies, a Systematic Literature Mapping [12]
and a Survey [15], we identified more than 80 DT techniques used
in software development. We also figured out that the professionals
who use DT have to deal with some challenges when selecting
the appropriate DT techniques to use including, for instance, the
need of defining contextual factors such as time, the challenge to
be solved, etc; time pressure, and lack of participant commitment.

In this context, aiming to support IT professionals to use DT
in software development, we designed, implemented and empiri-
cally validated Helius. Helius is a collaborative recommendation
system that provides 20 recommendation mechanisms classified
into personalized and non-personalized recommendations. It uses
the ratings provided by users to DT techniques to retro-feed the
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recommendation algorithms. It also provides access to a community
of practices on the experiences of IT professionals on the use of DT
in software development.

Thus, this paper demonstrates Helius. It is the result of a long-
term research agenda, in which we followed the Design Science
Research (DSR) method to identify and define a research problem
(the lack of support on the selection of DT techniques) and to
iterate in the design and validation approaches to propose a suitable
solution to the defined research problem.

This paper is structured as follows: Section 2 details Helius,
including its functionality, the collaborative design and validation
process with DT practitioners and researchers, its features, and a
series of screenshots illustrating its usage. Section 3 describes a
validation study conducted for Helius, while Section 4 compares
it with similar tools. Finally, Section 5 concludes the paper and
outlines future research directions.

2 HELIUS: DT TECHNIQUES
RECOMMENDATION SYSTEM

Helius is an outcome of a research agenda following the Design
Science Research method. We followed the DSR framework for
Software Engineering proposed by Runeson et al. (2020) [16]. The
framework suggests starting with a deep understanding of the prob-
lem to be solved, followed by iterations of design and validation of
the proposed solutions. In addition, the framework also fosters the
researchers to constantly evaluate the rigor, relevance and novelty
of the artifacts generated.
Figure 1 shows a simplified version of our research design.

2.1 Problem Definition

We began our research by conducting two exploratory studies: a
Systematic Mapping Study [12] and an Exploratory Survey [15]
on the use of DT in software development. These studies were
conducted to identify gaps in both the state of practice and the state
of the art regarding DT in software development. Then, aiming
to better understand the problem and propose a suitable solution,
we conducted a meta-DT session'. The meta-DT session followed
the double diamond DT model [5]. For the problem understanding
activity, we explored the first half of the model (problem space).

'We named the DT session a meta-DT session since it focused on finding solutions
for a DT problem.
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Figure 1: Research Design based on the DSR-framework

Table 1: Iterations and activities

It Design Validation

# Participants Main artifact(s) generated

1 Requirements elicitation: Brainwriting, Insight Cards,
Affinity Diagrams, Personas, Service Blueprints, User
Journey and Low-level fidelity prototypes

2 Requirements refining: transcription of the 19 low-level
fidelity prototypes into 62 high-level prototypes and
refined the blueprints and user journeys

data analysis

Interview-based study; Qualitative

Perceived Usefulness and Ease of Use
through the Technology Acceptance
Model (TAM); Feature analysis

List of requirements; 19 low-level fidelity
prototypes

5 experts in DT from
industry

Refined list of requirements; 62 high-level
prototypes

7 moderators using DT in
the software development

comparison using DESMET method

3 Decision-making modeling & Helius implementation:
interview-based study based on Grounded Theory to
identify the decision-making elements behind the selection
of DT techniques; implementation of 20 recommendation
mechanisms of DT techniques in Helius (personalized and
non-personalized recommendations)

Empirical validation of Helius with
professionals from industry through
interviews and using the System
Usability Scale method

12 (interview) + 16 Helius: DT techniques recommendation
(validation) DT moderators  system
in software development

A Requirements Analyst with more than 7 years of experience
in DT conducted the meta-DT session. Ten professionals from
academia and industry participated in the session. The moderator
presented the results of our exploratory studies to the participants.
The presentation served as a seed to support the problem identi-
fication and definition. After 1 hour of discussing the topic, the
participants identified that DT practitioners consider the selection
of DT techniques as a decision-making problem and proposed the
following problem instance:

Literature offers a plethora of DT tools and methods (or tech-
niques for simplification) that form the toolkit to perform DT
activities. 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.

2.2 Iterative Design and Validation Approach

Once the research problem was defined, we performed 3 iterations
in the DSR-based method to design and validate Helius. In each
iteration, we designed and validated a set of artifacts. A range of DT
practitioners participated in both design and validation activities,
providing us with insights and feedback to develop our solution.

Table 1 summarizes each iteration, describing the design and
validation activities that we performed, the number of participants
involved and the artifacts generated.

2.2.1 lteration 1 — Solution Proposal and Early Evaluation. We
started Iteration 1 during the second half of the Meta-DT session,
by exploring the second diamond of the Double Diamond DT model
which focuses on a solution proposal to an identified problem [9-
11]. The participants proposed a computational resource to support

DT practitioners in the selection of DT techniques in software devel-
opment. The resource should be able to recommend DT techniques
based on the experience of the use of DT techniques by a com-
munity of DT practitioners, i.e., a collaborative recommendation
system. Next, as a design activity, we performed a requirements
elicitation process. To validate the requirements, we interviewed
experts in DT.

2.2.2  lteration 2 — Solution Refining and Initial Validation. In Itera-
tion 2, we used the feedback that we collected in Iteration 1 as a
starting seed to refine our proposed solution. Thus, in the design
activity we transcribed the low-level fidelity prototypes into high-
level prototypes based on the user journeys and service blueprints.
To validate the refined version of Helius, we first conducted a study
using the Technology Acceptance Model (TAM) [6]. We collected
the Perceived usefulness and the perceived ease of use from 7 profes-
sionals from industry who used Helius (prototyped version). Next,
we compared Helius to similar tools using DESMET [7]. DESMET is
a feature analysis method that allows the comparison of alternative
solutions. We find out that Helius innovates in comparison to other
similar tools, as we show in [9].

2.2.3 lteration 3 - Solution Evolution and Validation. In Iteration 3
we aimed to improve Helius by designing the mechanisms respon-
sible for recommending DT techniques based on the experiences
of DT practitioners (the collaborative feature of Helius). In the De-
sign activity, we used Grounded Theory as a research method to
interview professionals and collected the decision-making behind
the selection of DT techniques [17]. Our goal was to understand
how professionals decide which techniques to use and implement
recommendation mechanisms based on that decisions. To validate
the recommendation mechanisms, we conducted an empirical study
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with 16 professionals from the software industry. We interviewed
them and also collected data using the System Usability Scale (SUS)
method [3]. The results showed that Helius contributes to the se-
lection of DT techniques by recommending techniques based on
the experience of other professionals.

2.3 Helius’ features in a nutshell

As a result of the 3 iterations, we developed Helius as a collabo-
rative DT techniques recommendation system that considers the
users’ ratings to DT techniques to retro-feed the recommendation
algorithms. Aiming to support both novices and experts on the use
of DT techniques in software development, Helius provides the
following features:

o Creation of DT techniques projects, allowing the user to require
DT techniques recommendations: the user may create a DT
techniques portfolio (project for simplification) including a
title, description, participants, context, domain, date, and the
DT techniques that she wants to use. The addition of DT
techniques might be done in two different ways: (i) adding
DT techniques that the user already knows or has used before
or (ii) asking Helius for recommendations of DT techniques;

o Review of the DT techniques used in software development:
the user can rate the techniques she has used, including a
description of the experience of using the technique, the
participants of the DT activity when using the technique,
other techniques that were used in combination, the cost of
using a DT technique and the time spent to use it;

o Access to a community of practice on the use of DT techniques:
the user may access a space to collect the experiences of other
users by using DT techniques;

e Access to a DT techniques combination graph: the user may
access a graph that draws vertices and edges between tech-
niques, showing how the user has been using the DT tech-
niques in combination. For instance, the graph aims to com-
plete the statement: “Users who are using XyZ techniques
are also using ABC techniques”;

o Access to a catalog of DT techniques: The user can get detailed
information on DT techniques from Helius. The information
includes: name, how to use, when to use, materials needed,
features and references;

o Follow other professionals who used DT techniques to discover
their experiences with DT techniques: the user can follow
other users and see how they have used DT techniques for
software development.

2.4 Helius’ Architecture

Figure 2 shows the architecture of Helius, a multi-platform rec-
ommendation system designed to facilitate the selection of DT
techniques. The architecture includes the front end, back end, and
a recommendation module.

We developed Helius’ front-end using Flutter?, a versatile pro-
gramming language that supports deployment on the Web, Mobile
devices (including iOS and Android), and Desktops. The front-end
interacts with the users, allowing them to request DT technique

Zhttps://flutter.dev/
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Figure 2: Helius architecture

recommendations and receive responses. It communicates with the
back end via HTTP/JSON.

The Helius database is a MongoDB? instance, chosen for its
flexibility, scalability, and efficiency. MongoDB’s flexible document
schemas allow for easy adaptation to changing requirements, while
its powerful querying and analytics capabilities support the complex
data operations required by Helius.

The back end comprises multiple components, including the Web
API and the Database reader. The Web API, implemented using
FastAPI4, handles incoming requests from the front end, processes
them, and interacts with the database and recommendation module.
FastAPI was chosen for its high performance and ease of integration
with Python-based components.

The Recommendation module is the core of Helius, consisting
of specialized recommenders implemented in Python. It uses the
K-Nearest Neighbors (KNN) algorithm and the Surprise library
to generate recommendations. This module includes 20 different
recommendation mechanisms, classified into personalized and non-
personalized. Personalized recommendations take into account the
user’s profile, leveraging the Pearson Correlation Coefficient to
identify similar users and suggest techniques based on their pref-
erences. Non-personalized recommendations provide the Top-N
DT techniques, such as the most used or best-rated techniques,
applicable to all users.

2.5 Helius’ Screenshots & Usage

Figure 3 shows a subset of screenshots of Helius. To use Helius, the
user might execute the following tasks:

(1) Access Helius by clicking on: https://heliustool.github.io/
helius-web/.

(2) Create an user account. After, log in in Helius by using
your user account data (Figure 3a);

(3) Once logged in, Helius shows the Home screen (Figure 3b).
Then, the user might access a list of DT techniques by
clicking on the Techniques button. Helius will open a list of
DT techniques (Figure 3c);

Shttps://www.mongodb.com/
“https://fastapi.tiangolo.com/
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Figure 3: A sample of Helius screenshots

(4) Through the Home Screen (Figure 3b) the user can access
a graph of DT techniques (combinations of techniques) by
clicking on a drawer menu (top left menu). Then, Helius
draws the graph of DT techniques (Figure 3d);

(5) The Home Screen also provides access to the creation of
a DT techniques project, a portfolio of DT techniques
(Figure 3e) where the user might require for recommenda-
tions (Figure 3f). Helius provides 20 recommendation mech-
anisms of DT techniques, classified into personalized and
non-personalized mechanisms;

3 VALIDATION STUDY

This section describes an empirical study designed to validate He-
lius, aiming to assess its effectiveness in aiding DT practitioners
in selecting suitable DT techniques for software projects. We fol-
lowed to empirical research guidelines proposed by Wohlin et al.
(2012) [19] and Travassos (2002) [18]. Our study covered phases
such as scoping and planning, execution, data analysis and results
presentation, as illustrated in Figure 4.

3.1 Scoping and Planning

To define the scope of our study, we employed the Goal-Question-
Measure (GQM) template to outline the context, goal, research ques-
tions, and measures [2]. Specifically, the study targeted practitioners
involved in DT sessions or projects within the software develop-
ment industry (Table 2). The central research question posed was:
“How did DT practitioners perceive Helius’s recommendations?” We
focused on practitioners’ perceptions of Helius’s recommendations
and their influence on decision-making processes.

Next, we planned our study by addressing ethical considerations,
including preparing a participant consent form®. Our study focused

Scoping 1 Planning Execution ;;:LA;;'::‘:‘;TS"
Definition of: + Participants + Partiipants + Data coding
definition invitation
« Context . Resources » Presentation of the
« Goals, questions preparation Helius usage
and measure procedures
= Hypothesis « Data collection

Figure 4: Activities of the empirical evaluation of Helius

5This project was submitted to and approved by the Ethics Committee, ensuring
compliance with ethical research standards.

Table 2: 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 practi-
tioners

under the perspective of DT practitioners using DT in software development

in the context of software development

on professionals directly involved in conducting DT sessions within
software development settings.

3.2 Execution

The execution phase of our empirical study involved inviting and
selecting participants, introducing Helius, and detailing data col-
lection and analysis procedures. We carried out the study in two
main steps: (1) an interview study and (2) a questionnaire-based
feedback collection. This approach supported us to guarantee the
reliability of the data and the validity of our findings.

3.2.1 Step 1 - Interview-based Study. Step 1 of our empirical study
introduced DT practitioners to Helius, encouraging its use in their
professional activities. We invited 8 practitioners working in soft-
ware companies; 4 agreed to participate - P1-P4 (Figure 5). We con-
ducted an initial presentation about Helius on the Zoom platform®,
where participants familiarized themselves with Helius’ features.
After using Helius for approximately 15 days (see Table 3), we
collected feedback in follow-up meetings.

3.2.2  Step 2 — Questionnaire-based Study. In Step 2 of our vali-
dation study, we launched the refined Helius tool based on the
feedback from Step 1. Using LinkedIn’, we invited DT practitioners
to join our study; 12 professionals actively using DT in software
development responded (see Table 4). We sent details of Helius’
features and the study’s objectives to the participants. They then
used Helius to create projects, add and rate DT techniques, and
interact with the community feature. We gathered data through
an online questionnaire. To assess Helius’ usability, we utilized
the System Usability Scale (SUS) [4], which includes 10 statements
rated on a 5-point Likert scale to measure user satisfaction.

Ohttps://zoom.us
"https://www.linkedin.com
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P1 P2

Role: Agile Coach/Design Thinker
Experience in DT: 7 years
Experience in soft. dev.: 20 years

Role: Scrum Master
Experience in DT: 2 years
Experience in soft. dev.: 4 years

Company site: national
Projects domain: logistics

Company site: national
Projects domain: consultant
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P3 P4

Role: Designer UX/Design Thinker
Experience in DT: 3 years
Experience in soft. dev.: 5 years

Role: Designer
Experience in DT: 4 years
Experience in soft. dev.: 4 years

Company site: national - pool of
companies - Innovation park
Projects domain: multi-domain

Company site: national
Projects domain: software ERP

Figure 5: Empirical study — Participants of the Step 1

Table 3: Helius usage by the study’s participants

Features
P# Project created Project’s domain Techniques’ rating Users’ experiences
(Community of practice)
P1 1 Hotel management system 9 (Affinity diagram, Brainstorming, Card Sorting, Empathy map, Feedback yes
Grid, Insight Cards, Interview, Personas, Paper prototyping)
P2 1 ERP to control devices in hospitals | 3 (A day in the life, Ideas Menu, Insight Cards) yes
and schools
P3 1 Mobile Application for testing 5 (Interview, Affinity Diagram, Try it yourself, Brainstorming, Empathy map) yes
Helius
P4 2 Simulating system 8 (Observation, Stakeholder Map, 5w2H, Exploratory research, Card Sorting, yes
Testing project Empathy map, A day in the life, I like I wish)
5 (Personas, Interview, Empathy Map, Insight Cards, Feedback Grid)
Table 4: Participant’s demographic data (Questionnaire)
P# Background Current role Experience in DT Experience in Company domain Company site
(Yrs) Software
Development (Yrs)
P5 Computer Science Lead Design Thinking / Cloud 4-5 4-5 Software house Multinational
Support Specialist

P6 Design UX Designer/Design Thinker 223 4-5 Personal loan solution National
P7 Computer Science Developer/Lecturer 2-3 4-5 Software for education Multinational
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 253 4-5 Health systems National
P13 Computer Science Product Manager +7 +7 Tech & innovation Multinational
P14 Computer Science Data scientist/UX analist 4-5 +7 Data Dashboards National
P15 Design UX designer 2-3 2-3 B2B solutions National
P16 Design Team Leader 2-3 4-5 Bank systems Multinational

3.3 Data Analysis and Results Presentation

We began data analysis immediately after each interview and ques-
tionnaire response, enabling ongoing refinement of Helius. The
insights gathered from both steps were synthesized to evaluate
Helius’ effectiveness and utility in supporting DT practitioners in
selecting appropriate DT techniques. This comprehensive study
not only informed further development of Helius but also validated
its application in real-world DT contexts.

The feedback for RQ used a 5-item Likert scale [1] (Table 5 for
interviews and Table 6 for questionnaires) and revealed varied
perceptions of the relevance of recommendations. Some practition-
ers appreciated being introduced to new techniques, while others
preferred recommendations that aligned more closely with their
previous experiences. This feedback prompted enhancements in
Helius, specifically allowing users to access comprehensive infor-
mation about techniques as they are recommended, thus improving
usability and aiding better decision-making in selecting appropriate
DT techniques.

Table 5: Participant’s perceptions of the Helius’ recommen-
dations - Interview Study

Participants | Likert-item | Recommendations’ importance
P1 00000 Somewhat important
P2 0000 Important
P3 0000 Important
P4 00000 Somewhat important

" ©®0000 -Notatall important
0 © 00 - Somewhat unimportant
00®00 -Neutral
000006 -Somewhat important

0000 - Important

In assessing the usability of Helius, we employed the System
Usability Scale, a reliable tool for measuring user satisfaction, which
consists of 10 statements rated on a 5-point Likert scale. The overall
SUS score for Helius was 71.75, categorizing it as “Good” according
to the scale proposed by Brooke (1996) [4].
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Table 6: Participant’s perceptions of the Helius’ recommen-
dations - Questionnaire Study

Participants | Likert-item | Recommendations’ importance
P5 00000 Somewhat important
P6 00000 Somewhat important
P7 00000 Somewhat important
P8 0000 Important
P9 0000 Important

P10 0000 Important

P11 o0loo Neutral

P12 00000 Somewhat important
P13 09Vo000 Somewhat unimportant
P14 00000 Somewhat important
P15 00000 Somewhat important
P16 00000 Somewhat important

" ©®0000 -Notatall important
© © © 00 - Somewhat unimportant
00® 006 -Neutral
00000 - Somewhat important
0000 - Important

Figure 6 illustrates these results and confirms the study’s conclu-
siveness with a significant participant number. Despite the positive
usability feedback, participants suggested several enhancements to
improve Helius’s interface and functionality, such as better inter-
face flows, availability of downloadable content, and tailored user
levels to cater to varying expertise levels in DT.

Potential risks to validity include our interpretation of the feed-
back collected in the validation activities (Iterations 1 to 3). To
mitigate bias, we held discussions among authors and collected
data from diverse professionals in each iteration.

4 SIMILAR TOOLS

This section presents a brief comparision of Helius to other related
tools for supporting the selection of DT techniques in software
development. We collected the similar tools through a systematic
mapping study in Literature [12] (see Table 7).
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Figure 6: SUS score of Helius calculated using the tool [3]
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Table 7: Tools comparison

Feature DTA4R IDEO DT@IT Helius
DT
Creation of DT techniques projects, allowing the
user to require DT techniques recommendations
Review of the DT techniques used in software de-
velopment
Access to a community of practice
Access to a DT techniques combination graph
Access to a catalog of DT techniques [ J [ J [ ]
Follow other professionals who used DT tech-
niques to discover their experiences with DT tech-
niques
@ —TFeature implemented
- Feature partially implemented
— Feature not implemented

DTA4RE? (Design Thinking Assistant for Requirements Engineer-
ing) is a DT technique selection assistant that provides a question-
naire related to project context and technique application needs,
listing appropriate DT techniques based on user responses. IDEO
DT’ is a web catalog of DT techniques where users can access
various techniques, learn about their details such as required time,
necessary materials, and participants, and filter them by workspace
usage. DT@IT'? offers a catalog with 12 DT techniques, providing
templates for their application.

Unlike these tools, Helius differentiates itself by leveraging col-
laborative user experiences as a feedback mechanism for DT tech-
nique recommendations. This means that recommendations, being
collaborative and personalized, can vary for each user or change
based on the evaluations of the experiences by other users.

5 FINAL REMARKS

This paper presented Helius, a recommendation system for DT tech-
niques in software development. Our objective is to assist DT practi-
tioners in selecting DT techniques by leveraging the experiences of
other professionals, addressing the complex decision-making chal-
lenge involved in choosing appropriate DT techniques. In future
research, we plan to conduct further evaluations of Helius to assess
its effectiveness in enhancing the use of DT as a user-centered
design approach within software development.

ARTIFACTS AVAILABILITY
Helius Tool source code: https://doi.org/10.5281/zenodo.12727205
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