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1. Introduction

In recent decades, the software development process has 
undergone a profound evolution aimed at ensuring greater 
flexibility, adaptability, and speed in the creation of digital 
products. This transformation has led to the progressive 
abandonment of rigid and sequential models such as the 
so-called waterfall model, characterized by a clear division 
into successive and minimally interactive phases, in favor of 
agile approaches that are more iterative and focused on deli-
vering value to the end user (Dima and Maassen, 2018).

In this cultural and operational context lies test-driven de-
velopment (TDD), a programming practice that overturns the 
traditional development approach by inverting its phases, al-
most counterintuitively: Instead of writing the code first and 
then verifying its behavior, development begins by writing 
tests that define the expected behavior of the system, and 
only afterward is the minimal code necessary to satisfy them 
implemented (Munir et al., 2014).

It clearly emerges that, despite all the technical advanta-
ges it provides, such as improved internal and external sof-
tware quality (Beck, 2003), greater ease of code maintenance 
(Parsa et al., 2025), and a smoother evolution of the software 
over time (Siniaalto and Abrahamsson, 2007), TDD focuses 

primarily on code production, without systematically addres-
sing the role of the end user in the development process. 
This highlights a significant research gap concerning the in-
tegration of user-centered perspectives within TDD practices. 
In a contemporary context in which software is increasingly 
expected to meet complex, shifting, and highly context-de-
pendent needs, it becomes essential to shift attention toward 
the overall design of the experience and toward values. It is 
therefore fundamental to question how the user is involved 
in crucial development moments not only as a validator of 
functionalities but as a co-designer of meanings, needs, and 
priorities, evaluating, for example, the psychological impact 
of the software and its inclusiveness or proposing improve-
ments in its structure and organization.

In this perspective, the object of this research is the crea-
tion of a software architecture that enables the systematic 
implementation of human-centered methodologies within 
the TDD process.

Accordingly, the following research question guides this 
work: How can human-centered methodologies be integra-
ted into the process of a TDD-based software platform?

To address this research question coherently and thorou-
ghly, it is necessary to examine approaches that enable me-
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aningful and active user participation. A first central aspect 
concerns values: Users’ sensitivities and principles cannot be 
overlooked, as they represent a fundamental reference point 
for designing truly effective and shared solutions. In this sen-
se, value sensitive design (VSD) offers useful tools for identi-
fying and understanding user values, integrating them into 
the design process (Friedman et al., 2012).

A second element often neglected by TDD is creativity, 
understood as the user’s ability to contribute actively to sof-
tware development by proposing new functionalities or mo-
difying existing ones. This aspect is addressed through de-
sign thinking (DT), a methodology that fosters collaborative 
design and the generation of innovative solutions starting 
from users’ real needs (Serrat, 2017). More specifically, this 
study focuses on the integration of VSD and DT within the 
TDD process.

The two dimensions considered, values and creativity, 
significantly expand the possibilities for intervention beyond 
TDD, offering concrete ways to involve the user in the defi-
nition and evolution of software. However, the application 
of such methodologies to TDD is, so far, relatively rare. To 
bridge this gap, it is not enough to reflect on a theoretical 
level; it is also necessary to test these ideas in practice throu-
gh real, concrete implementations. To verify the possibility of 
bringing together the technical quality objectives of the code 
with user satisfaction and involvement, these concepts were 
applied to a real project: Open Test 2.0, which served as the 
operational context for experimenting with the integration of 
the two identified methodologies.

The project aims to develop an innovative framework for 
community testing of software solutions, placing at its cen-
ter the collaboration among local institutions, associations, 
and communities of super users. The development of this 
platform is part of a research project whose team, following 
a precise division of tasks and responsibilities, contributed 
its specific expertise. In particular, the work of the scientific 
group focused on a preliminary analysis of the state of the 
art of the methodologies under examination and on the de-
velopment of the platform’s architecture, defining its objects, 
tools, roles, and processes. This approach allows the platform 
to concretely embody the proposed integration between TDD 
and human-centered approaches. The framework goes be-
yond traditional testing, aiming to create a truly interactive 
and collaborative environment.

The main contribution of this study therefore lies in the 
development of this platform, which serves as a concrete 
example and good practice for the implementation of TDD 
enriched with human-centered methodologies.

The final objective is to generate a dynamic and participa-
tory environment in which cooperation between users and 
developers becomes a key factor for innovation and conti-
nuous improvement of the tested solutions.

To present this study comprehensively, the remainder of 
this article is organized as follows: Section 2 provides a review 
of the literature, focusing on TDD and the limitations related 

to user involvement, as well as introducing VSD and DT as 
complementary approaches. Section 3 describes the metho-
dological approach adopted, outlining the action research 
process and the development of the Open Test 2.0 platform 
as an experimental context. Section 4 presents the results, 
detailing the architecture of the framework and the imple-
mentation of VSD and DT within the platform through its tools 
and collaborative environments. Section 5 discusses the main 
findings, analyzing how the integration of human-centered 
methodologies within TDD contributes to a more participa-
tory, value-oriented and creative software development pro-
cess. Finally, Section 6 concludes the paper by summarizing 
the main contributions, highlighting the limitations of the 
study and outlining possible directions for future research.

2. Literature Review

2.1 The Importance of the Testing Phase and 
Test-Driven Development

The increasing complexity of software systems entails 
greater responsibility in ensuring their reliability and security 
(Wang et al., 2024). Software malfunctions can in fact lead to 
serious consequences, ranging from economic loss to risks 
for human safety and even human life (Ahsan and Anwer, 
2024). In this scenario, the discipline of software engineering 
plays a crucial role, covering the entire software life cycle 
from design to maintenance with the objective of optimizing 
each phase and minimizing risks (Wohlin et al., 2012).

One of the most relevant phases of the software life cycle 
is software testing (ST), which is concerned with verifying and 
validating the quality, reliability, and safety of the product be-
fore its release. Through testing, it becomes possible to iden-
tify defects, errors, and vulnerabilities that could compromise 
the functioning of the software in real environments (Young, 
2008).

The strategic use of testing during software design and 
development offers multiple advantages: On the one hand, 
it enables the development team to work more efficiently 
(Augusto, 2020), reducing time and costs; on the other, it im-
proves the end-user experience by delivering a higher-qua-
lity product thereby increasing user satisfaction and loyalty 
(Büyükyumukoǧlu et al., 2017).

However, there is no single ideal way to approach testing: 
every project has its own specific characteristics and therefo-
re requires the adoption of the methodology best suited to 
the objectives to be achieved. Among these methodologies 
is Extreme Programming (XP) (Beck and Fowler, 2000), cha-
racterized by an agile approach that integrates testing into 
the development process through short iterations and conti-
nuous feedback. Every section of code is tested and validated 
before being considered complete, ensuring responsiveness 
to change and high software quality. XP is particularly suita-
ble for contexts in which user requirements are subject to fre-
quent updates and modifications (Drobka et al., 2004).
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Among the 12 practices of extreme programming is TDD, 
which is based on two principles:

•	 Test-first programming

•	 Continuous refactoring

The principle of “test-first” is based on the idea that tests 
should be written before production code, while refacto-
ring refers to the continuous improvement of the code. This 
approach is considered one of the core practices of agile de-
velopment and guides the process through a cyclical sequen-
ce known as red–green–refactor:

•	 Red phase: Development of a new feature begins by wri-
ting an automated test that defines its expected beha-
vior, requiring creative effort from the programmer sin-
ce the functionality does not yet exist. The test must be 
executable and must fail, demonstrating that the logic 
has not been implemented. The red phase ends when 
the new test compiles, executes correctly, and fails as 
expected, marking the starting point for the subsequent 
phases (Beck, 2022).

•	 Green phase: In this phase, the developer writes only the 
minimal amount of code needed to make the failing test 
pass, without worrying about final code quality. Once the 
solution is implemented, the developer executes the en-
tire test suite to ensure that no regressions have been 
introduced. The green phase concludes when all tests 
pass (Beck, 2022).

•	 Refactoring: After all tests have passed, the developer 
begins refactoring to improve the internal structure of 
the code without modifying its behavior. Through small 
interventions, such as removing redundancies, simplif-
ying complex parts, and reorganizing classes, the quality 
of the software increases. After each modification, the 
full test suite is run again to ensure that no regressions 
have been introduced (Beck, 2022).

A further set of essential characteristics of the TDD pro-
cess concerns granularity, uniformity, and refactoring effort 
(Fucci et al., 2017):

•	 Granularity refers to the duration of individual develop-
ment cycles, emphasizing the importance of short and 
frequent steps.

•	 Uniformity describes the consistency in the duration of 
these cycles over time, reflecting a systematic and regu-
lar approach.

•	 Refactoring effort represents the amount of restructu-
ring performed by the developer, highlighting the crucial 
role of this practice in maintaining internal software qua-
lity.

From this initial description of TDD, it is clear that none 
of its phases focuses on aspects beyond code quality/func-
tionality, thus highlighting both strengths and weaknesses 

of the method. Many authors consider TDD highly effective 
for obtaining clean and functioning code, emphasizing how 
it makes expected behaviors explicit, guides interface design, 
and supports iterative and incremental development (Beck 
and Fowler, 2000).

The literature frequently associates TDD with various sig-
nificant benefits, such as:

•	 Improved internal and external software quality (Beck, 
2003).

•	 Increased test coverage.

•	 Greater ease of code maintenance.

•	 Effective support for continuous refactoring (Parsa et al., 
2025).

In industrial contexts, several developers report fewer 
production bugs, faster development cycles, and a noticeable 
increase in productivity especially when dealing with consoli-
dated codebases or well-defined functionalities. TDD can also 
reduce the fear of regressions when adding new features, 
thereby improving perceived development safety and facilita-
ting a smoother evolution of the software over time (Siniaalto 
and Abrahamsson, 2007).

Despite the numerous theoretical and practical advan-
tages, the effectiveness of TDD remains a subject of debate 
within the scientific community (Aniche and Gerosa, 2015); 
multiple empirical studies have analyzed its impact on quality 
and productivity (Tosun et al., 2017), but the results are often 
conflicting and strongly dependent on the context, project 
complexity, and developers’ experience.

For example, a longitudinal study conducted on 30 junior 
developers showed that, although TDD did not significantly 
improve software quality or productivity in the short term, 
it led to the creation of a greater number of tests with high 
defect-detection capability. Furthermore, the practice was 
retained over time, suggesting that TDD may exert a posi-
tive influence on development culture and quality-oriented 
attitudes (Baldassarre et al., 2021). Another experiment, con-
ducted with 24 developers in an industrial setting, found that 
TDD improves productivity for simple tasks but tends to slow 
down teams when working with complex tasks (Tosun et al., 
2017). Again, no significant differences emerged in software 
quality compared with the test-last approach, highlighting 
how task complexity strongly affects the effectiveness of TDD.

One of the most frequent criticisms concerns the cost 
and difficulty of writing valid and meaningful tests before 
the code, especially in scientific or highly complex projects. 
In such contexts, it is often difficult to anticipate all test sce-
narios in advance, and the lack of adequate tools or specific 
expertise can become an obstacle to the effective adoption of 
TDD (Fucci et al., 2015). Furthermore, TDD shows limitations 
in terms of user involvement, neglecting aspects related to 
values (Sharma et al., 2023) and creativity as a co-design tool 
(Díaz and Aedo, 2020). The focus is strongly placed on tech-
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Freedom from bias

Avoiding systematic differential treatment 
among individuals or groups, including 
pre-existing social biases, technical biases, 
and emerging social biases

Ownership
The right to own an object (or information), 
use it, manage it, derive income from it, and 
transfer it as inheritance

Privacy
An individual’s claim or right to determine 
which personal information about themsel-
ves can be shared and used by others

Trust

Expectations that interactions between 
people occur in good faith or imply goodwill 
and do not aim to exploit vulnerabilities or 
dependencies

Accountability

Ensuring that the actions of a person, a 
group, or an institution can be traced back 
to them, both causally and in terms of res-
ponsibility attribution

Autonomy

The ability of individuals to decide, plan, and 
act in ways they believe will help them achie-
ve their goals, as well as the ability to choose 
their own goals

Informed consent
Gathering people’s consent, including crite-
ria of disclosure, understanding, voluntari-
ness, and competence

Identity
The understanding individuals have of 
themselves over time and their capacity to 
represent themselves that way to others

Environmental 
sustainability

Maintaining the integrity and stability of eco-
logical systems, processes, and components 
to meet present needs without compromi-
sing the ability to meet future ones

Source: Friedman and Hendry, 2019.

These values are not proposed as absolute, since depen-
ding on the reference context, new ones may be added, or 
some of those listed above may become less central. The in-
tention is to provide guidelines for the application of the VSD 
method. To incorporate human values into the design and 
development of a new technology, VSD suggests a triparti-
te, integrative, and iterative methodology (Friedman et al., 
2006); this method is based on continuous questioning of the 
ethical issues related to a given technology (Manders-Huits, 
2011), generating partial solutions that can later be revisited 
and modified as the results of the process provide further in-
sights and information. The three investigations of the me-
thodology are conceptual (value-focused), empirical, and te-
chnical (Manders-Huits, 2011).

A conceptual, or value-focused, investigation aims to 
analyze the information that emerges from the empirical 
investigation and identify all the ethical and value-related 
issues that may be relevant to the development of the new 
technology (Davis and Nathan, 2015). These issues are then 
summarized and translated into practice during the technical 
investigation.

VSD is characterized by its flexibility and iterative nature 
within the design process. Although each of the three inves-
tigations focuses on a specific aspect, shared features emer-
ge that connect them. Among these, the constant analysis of 
ethical issues and the attention to the objectives defined in 

nology as the starting point of the design process: Develop-
ment is guided by technical possibilities rather than by the 
needs, experiences, or values of the people involved. This 
orientation can lead to technically high-performing solutions 
that, however, are poorly aligned with users’ values or are in-
sufficiently meaningful to them. This is particularly relevant 
given that the creation of user-centered approaches in deve-
lopment processes is one of today’s major challenges (Szabó 
and Hercegfi, 2022). Participatory creativity, meaning co-de-
sign moments and collective exploration of ideas, also tends 
to be marginalized, reducing the potential to generate more 
inclusive, sustainable, and socially grounded solutions. This 
highlights a research gap concerning the systematic integra-
tion of participatory and value-oriented approaches within 
technically driven development practices.

In light of these considerations, two methodologies have 
been identified that place specific emphasis on ethical-value 
aspects and the creative dimension of the design process, 
VSD and DT, with the aim of assessing their compatibility with 
TDD.

2.2 Value Sensitive Design

VSD is an approach aimed at placing human values and 
ethics at the center of the design process of a new technology 
(Gerdes and Frandsen, 2023).

Initially conceived for applications in the field of informa-
tion systems, VSD is now adopted across a wide range of sec-
tors. In the specific case relevant to this study, we analyze how 
VSD can be applied to software development, with particular 
attention to the software testing phase. This method, which 
aims to support designers in considering ethical values, does 
not present itself as a rigid system prescribing what is right 
or wrong; rather, it proposes an approach that encourages 
reflection on sensitive issues, generating outcomes that may 
vary depending on the situation and specific context.

Table 1 delineates a set of fundamental values that have 
been identified as critical considerations in the development 
of emerging technologies (Friedman and Hendry, 2019).

Table 1. Set of values.

Value Definition

Human rights Inalienable and fundamental rights to which 
all people are entitled

Social justice
Includes both procedural justice (the process 
is fair) and distributive justice (the outcomes 
are fair)

Human well-being The physical, material, and psychological 
well-being of individuals

Accessibility Enabling all users to participate in the suc-
cess of the technology

Respect Treating people with consideration and 
valuing their perspective

Calmness Fostering a peaceful and composed psycho-
logical state
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product not only meets user expectations but also addres-
ses the challenges that emerged during the process (Serrat, 
2017). In summary, it helps build practical and innovative so-
lutions, always centered on the user’s experience and needs, 
through an iterative and reflective approach.

Three mechanisms interact with each other in the applica-
tion of design thinking (Serrat, 2017):

•	 Deep understanding of the user: The first step is the abi-
lity to shift one’s perspective by putting oneself in the 
shoes of the user and other stakeholders. This is neces-
sary to achieve a 360° view of the issue under discussion 
and to identify the needs, expectations, and motivations 
of those involved in the process.

•	 Concept visualization: Creativity plays a central role in 
this phase, becoming essential for the development of 
new solutions. There are no constraints, only opportuni-
ties.

•	 Strategic business design: The final mechanism is res-
ponsible for making the previously collected information 
concrete and transforming all the ideas that emerged 
during brainstorming or process investigation into feasi-
ble and optimal solutions.

3. Methodology

This article aims to investigate the design and develop-
ment of a software architecture that enables the systematic 
integration of human-centered methodologies within the 
TDD process. Particular attention is given to the interaction 
between VSD and DT, analyzing how these approaches can 
be incorporated into TDD practices. The main objectives are 
to assess the compatibility of these methodologies with tes-
ting activities, to explore how they can be effectively embed-
ded within a structured software development process, and 
to evaluate whether their combined application can produce 
tangible benefits in terms of efficiency, effectiveness, and 
overall software quality.

To analyze these aspects empirically rather than only 
theoretically, it was decided to actively participate in the 
real project Open Test 2.0, contributing directly to its deve-
lopment. The study adopts an action research approach, in 
which researchers are directly involved in the design and 
implementation process, enabling a continuous interaction 
between theory and practice. This made it possible to closely 
observe design dynamics, concretely apply the methodolo-
gies under study, and collect data useful for critically asses-
sing their effects on the entire development cycle. Through 
this direct experience, it was possible to evaluate both the 
strengths and potential weaknesses of integrating traditional 
and innovative approaches, thereby offering practical insi-
ghts for their adoption in future design contexts.

Open Test 2.0 is an innovative platform designed to impro-
ve the way software testing activities are conducted, through 
an approach based on the active participation of multiple 

the initial phase are particularly significant. The three investi-
gations should be carried out the following theoretical order: 
empirical, conceptual, and technical. However, this flow is not 
always followed, as shown by an analysis of 17 projects: 16 be-
gin with a conceptual investigation, followed by 9 beginning 
with an empirical analysis, 7 proceeding to technical analysis 
after the conceptual one and concluding by empirically vali-
dating the values, and only 4 projects performing an iterati-
ve investigation across all three methodologies (Winkler and 
Spiekermann, 2021).

There are practices which, depending on the reference 
context, can help designers identify crucial aspects within 
ethical issues and analyze the perspectives of all stakehol-
ders. Among these are value scenarios and value cards (Fried-
man et al., 2012). Other analogue tools also exist (Peters et 
al., 2020) and are designed to support collaborative and value 
sensitive design. They promote cooperation and, above all, 
allow complex problems to be visualized in a tangible way, 
bypassing the limitations of certain digital tools. These inclu-
de board games, posters, wearable simulation devices, cons-
truction materials, and others.

2.2. Design Thinking

The current market forces anyone involved in the develop-
ment of new technologies to focus on innovation (Dabić et al., 
2023), understood as the ability to generate something new 
for which someone is willing to pay, something capable of 
creating interest, or the reorganization of an existing product 
or service by presenting it in a different form. Today, the abi-
lity to innovate represents perhaps the greatest competitive 
advantage for those who are able to cultivate it: the ability to 
keep pace with change and identify users’ needs (Arsawan et 
al., 2022). Design is typically viewed as a downstream phase 
of a process, but nowadays, already during the design phase, 
it is crucial to begin considering design aspects to improve 
the user experience.

DT therefore places people at the center, and to do so, it 
is necessary to be highly empathetic and capable of interpre-
ting consumers’ desires (Serrat, 2017).

It develops through three main phases: inspiration, idea-
tion, and implementation (Fraser, 2009). These phases are 
characterized by an iterative cycle that allows the design 
team to continuously review proposed solutions. Throughout 
the process, questions are asked, and new ideas are genera-
ted, fueling creativity and the search for increasingly accurate 
solutions. This approach enables the organization of the flow 
of ideas in a more structured way, facilitating the understan-
ding of problems and opportunities. DT is not merely a pro-
blem-solving process but a continuous exchange between 
theory and practice that stimulates innovation.

More specifically, it is a prototyping process during which 
all necessary elements are added step by step to arrive at a 
final product that meets the initial requirements as closely 
as possible. In the specific context of software development, 
design thinking guides the team through phases of design, 
testing, and successive improvements, ensuring that the final 
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Test 2.0 did not follow a siloed approach, but rather a colla-
borative and cross-functional one, grounded in continuous 
dialogue among stakeholders with different professional 
backgrounds. This process facilitated the emergence of sha-
red needs and the collective construction of a unified project 
vision, contributing to the development of a platform that is 
more coherent with collective expectations and better alig-
ned with the real needs of end users.

Active contribution to the Open Test 2.0 project was not 
limited only to the literature review phase but also extended 
to the definition of the framework architecture. Once the pro-
ject objectives had been clarified and the corresponding te-
chnical and functional constraints identified, work proceeded 
with the complete mapping of the platform’s components, 
analyzing in detail their characteristics, functionalities, and 
interrelationships. This work made it possible to build a struc-
tured and systemic vision of the framework, which in turn 
guided the subsequent stages of development.

The outcome of this phase was formalized in a deliverable, 
created with the aim of providing the development team with 
a clear and shared design reference. This document served 
as a fundamental operational support for the technical im-
plementation of the platform, ensuring coherence between 
the conceptual vision and the engineering decisions adopted 
during the development phases.

To evaluate the results of the study, data were collected 
through a structured questionnaire distributed among the 
participants involved in the Open Test 2.0 project. The ques-
tionnaire was designed to capture perceptions regarding the 
effectiveness of integrating TDD with VSD and DT, as well as 
to assess aspects related to usability, collaboration, and ove-
rall satisfaction with the development process. The collected 
data provided an initial empirical basis for evaluating the im-
pact of the proposed approach and for identifying both its 
strengths and potential areas for improvement. However, as 
the platform is currently still in a prototyping phase, it has 
not yet been possible to gather feedback from external users, 
testers, and participating organizations. This represents a li-
mitation of the study, as the evaluation is primarily based on 
the perspectives of actors directly involved in the project, ra-
ther than on evidence derived from real-world implementa-
tion and broader user engagement.

4. Results

The architecture of the Open Test 2.0 platform was deve-
loped by considering four fundamental elements: objects, 
tools, roles, and integrated processes. Their interaction made 
it possible to create a virtual ecosystem that meets the needs 
and objectives defined during the design phase.

Thanks to the schematic breakdown presented in Fig. 1, 
it is possible to understand the overall organization of the 
platform, thus providing an overview of the project under 
analysis.

stakeholders. Open Test 2.0 proposes a community testing 
model, meaning a system in which the testing of digital so-
lutions is not limited to developers or internal teams, but ex-
tends to a network of users made up of local institutions, as-
sociations, companies, and other organizations. These actors 
are involved not only as simple executors of tests, but as true 
co-protagonists in the evaluation process through defining 
requirements, identifying critical issues and participating in 
the co-design of solutions. The framework is based on a set 
of methodological principles that include VSD and DT, with 
the aim of promoting shared, value-oriented, and strongly 
collaborative innovation. The adoption of VSD makes it pos-
sible to integrate not only technical functionalities but also 
the values, needs, and expectations of the users involved into 
the development process, while DT encourages collaborative 
design among all platform users. This hybrid approach repre-
sents a significant evolution compared with traditional tes-
ting models, as it increases stakeholder involvement across 
all phases of the software life cycle. Another distinctive ele-
ment is its flexible and collaborative organizational structure: 
within the framework, each participant can operate autono-
mously (within their own organization) or join collaborative 
communities, open groups formed around specific areas of 
expertise or testing projects. These communities create ope-
rational synergies, facilitating the sharing of resources, tech-
niques, and existing knowledge among members.

Participation in Open Test 2.0 provided a concrete oppor-
tunity to test the methodologies examined in this study and 
made it possible to observe the interaction between theore-
tical approaches and design practice, offering an empirical 
basis for evaluating the compatibility and effectiveness of in-
tegrating TDD, VSD, and DT in a real context. The experience 
offered valuable data and insights for understanding how the 
combination of these tools can positively influence software 
project quality and support the adoption of participatory mo-
dels in technological innovation.

To actively contribute to the development of the research 
project, extensive preliminary literature analysis was conduc-
ted, focusing on the main topics under investigation: VSD, DT, 
and TDD. The review was carried out using the Google Scholar 
search engine, selecting the most relevant scientific articles 
on the basis of content and thematic alignment. Particular 
attention was given to publications in high-impact scientific 
journals, including those of Elsevier, Taylor & Francis, Wiley, 
Emerald, Springer, and other internationally recognized sour-
ces known for their reliability and rigor.

During the active working period of the project, periodic 
meetings were organized on a monthly basis and, during 
more intensive phases, even biweekly. All actors involved 
in the development of the platform participated in these 
meetings. These moments of discussion were fundamental 
for ensuring continuous alignment of the team regarding 
the state of progress of the project, allowing integrated and 
cross-functional discussion of the different areas involved—
including scientific research, software development, and or-
ganizational and administrative aspects. The design of Open 
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Table 2 provides a detailed presentation of all the ele-
ments that interact within the Open Test 2.0 platform.

Table 2. Overview of the Open Test 2.0 elements

Elements Type Definition

Objects

Organization
Project
Community
Super user

The objects represent the 
basic elements of the pla-
tform. They are the virtual 
“places” within which users 
interact in their various 
forms.

Roles

Legal representative
Operational represen-
tative
Project manager
Tester
Platform manager

Roles define the tasks that 
each user can and must ca-
rry out within the platform.

Tools

Questionnaire
Technical module
Value module
Evolutionary module

The tool used to carry out 
the tests is a questionnai-
re, which, when needed, is 
supplemented with one or 
more modules among those 
available.

Integrated 
process

Nonfunctional testing
Value testing (VSD)
Evolutionary testing 
(DT)

An integrated process is the 
set of activities carried out 
by the actors involved, star-
ting from the creation of an 
organization and continuing 
through the implementation 
of the necessary changes 
identified during the testing 
phase.

Source: Authors’ own creation.

Fig. 1. Platform framework of Open Test 2.0. Source: Authors’ own 
creation.

The structure is designed to intuitively distinguish all ele-
ments of the platform through the use of colors, enabling 
easy identification. Furthermore, to support clear recogni-
tion and contextualization, the elements are represented 
three-dimensionally.

On the lowest level, all the objects present in Open Test 
2.0 are depicted, namely the virtual spaces where all activi-
ties take place. On each of these objects, thin parallelepipeds 
have been placed to highlight the actors operating within 
that specific object. The “questionnaire” block is represented 
in a two-dimensional format and colored green to emphasize 
that it is the tool used within the platform for testing opera-
tions.

For greater descriptive clarity, the details related to a sin-
gle organization (object) and the n projects (objects) associa-
ted with it have been schematized. Already in this first part of 
the architecture, it is possible to identify all four roles present 
on the platform: legal representative, operational contact 
person, project manager, and tester. The questionnaire, as 
previously noted, is the tool used on the platform to carry 
out testing activities; for this reason, it has been represented 
on the “project” object and in direct contact with the actors 
involved.

On the right side of the framework are the communities 
(objects), which are the virtual spaces where all users on the 
platform can exchange information and opinions with the 
aim of creating new design proposals. This is where DT is im-
plemented. Finally, external to the macrostructure described 
so far, there is the last object of Open Test 2.0, namely the su-
per user: a legal entity to which a number n of testers belong.
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The three types of tests identified in the previous para-
graph are implemented through three modules, one for each 
type, which may exist individually or in combination within 
each questionnaire (a questionnaire may contain only one 
module, two of them, or all three).

The three modules are:

•	 Technical module

•	 Value module

•	 Evolutionary module

They are modular and can therefore be simplified or made 
more complex depending on the experience of the testers to 
whom they will be administered. For the testers’ evaluations, 
a four-point Likert scale is used; the absence of a neutral mi-
dpoint encourages testers to take a position in one direction 
or the other. The available options are “not at all,” “a little,” 
“fairly,” and “very.”

The main characteristics of each testing module are pre-
sented in Table 3.

Table 3. Testing module characteristics

Module Main features

Technical
Oriented toward the resolution of technical issues 
such as bugs or malfunctions in the software un-
der analysis. Testers focus on functionality.

Value-oriented

Aimed at analyzing values and has the objective of 
identifying those not considered during the initial 
development phase. Testers focus on the ethical/
emotional dimension. It implements VSD.

Evolutionary
Is the only module that includes open-ended 
questions, with the aim of stimulating new ideas 
and proposals about the software under analysis. 
It implements DT.

Source: Authors’ own creation.

4.1.2 Objects

Objects may be concrete or conceptual elements that de-
fine the structure and functioning of the system, represen-
ting the pillars on which collaboration and testing processes 
are based. They constitute the fundamental building blocks 
through which the user experience is structured and sha-
red value is created. Understanding how these objects work 
means having a clear view of the participatory logics and ena-
bling mechanisms that characterize Open Test 2.0.

They shape the operational dynamics within the platform, 
supporting the sharing of resources, knowledge, and objec-
tives among the various actors involved. Thanks to their in-
terconnected nature, the objects make it possible to organi-
ze work in a structured manner, promoting an iterative and 
adaptive approach that facilitates continuous innovation. 
Moreover, they support the management of relationships be-

4.1 Implementation of Value Sensitive Design 
and Design Thinking

The two methodologies, VSD and DT, were introduced wi-
thin the platform in two elements: the tools (tests) and the 
“community” object. The analysis of the architecture will the-
refore focus on these aspects.

4.1.1 Tools

Within the architecture of the innovative framework de-
veloped for the Open Test 2.0 project, tools essential for ena-
bling the actors involved to provide feedback on the projects 
under examination are included. There are several types of 
software testing, each with its own specific characteristics. In 
the Open Test 2.0 platform, an approach based on the tester’s 
experience is adopted, requiring testers to identify any ano-
malies or misalignments between the desired result and the 
one actually achieved.

This type of test is particularly effective in contexts requi-
ring subjective evaluations or in uncertain scenarios. Despite 
the flexibility of this approach, the use of these tools requires 
time and resources, with a greater likelihood of errors caused 
by distraction or superficiality during the analysis phase.

The tests proposed in the development of this framework 
fall within the following categories:

•	 Nonfunctional testing

•	 Value testing (VSD)

•	 Evolutionary testing (DT)

In the first case, testers are asked to verify the general 
characteristics of a software application. This type of testing 
focuses on how the software performs rather than what it 
does. The main categories of nonfunctional testing include 
security testing, performance testing, usability testing, and 
compatibility testing.

The VSD and DT tests aim to make the software under 
analysis more sensitive and aligned to users’ values, and to 
involve testers in the design process, not only during the co-
rrection phase but also during creation.

All three types of tests are delivered to testers through a 
single tool: the questionnaire.

The questionnaires consist of a number (n) of questions to 
which testers respond on the basis of their experience accu-
mulated during the inspection of the software under analy-
sis. Within the Open Test 2.0 platform, there is a question da-
tabase that can be used when needed. This allows those who 
create the questionnaire not only to propose questions in a 
standardized, high-quality form but also to save time during 
the design phase. Should it be necessary to insert questions 
that are not present in the database, it is always possible to 
create new ones from scratch.
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testing process. The objective is not only to identify bugs or 
functional anomalies but also to understand how the softwa-
re is actually perceived, used, and valued in everyday usage 
contexts. For this to be possible, however, technical tools are 
not enough; a paradigm shift is needed, a design approach 
that places people, their needs, and their values at the center.

It is precisely from this need that the limits of TDD emer-
ge, which, despite representing one of the fundamental prac-
tices of agile development and guaranteeing a high consis-
tency between code and functional requirements (Beck and 
Fowler, 2000), focuses almost exclusively on the technical 
dimension of the software. Tests, in fact, are written before 
the actual code but remain confined to verifying the expected 
behavior in computational terms. The end user, in this sce-
nario, has no active role either in defining the functionalities 
or in reflecting on what has value. TDD, therefore, is strongly 
dependent on the context and the experience of developers 
(Tosun et al. 2017) and on the degree of complexity of the 
task to be performed (Fucci et al., 2015); it does not allow for 
true user involvement in the design phase, does not contem-
plate the ethical dimension nor the reflection on values, and 
neglects the creative potential of those who will use or test 
the software. In other words, it is limited to answering the 
following question: “Does it work as expected?”

In the context of Open Test 2.0, it was therefore decided 
to experiment with the integration of two complementary 
approaches (VSD and DT), which could broaden the design 
horizon by including the human, creative, and motivational 
dimension in the software development process, responding 
to current challenges (Szabó and Hercegfi, 2022) and building 
on the positive influence of TDD toward a quality-oriented 
attitude (Baldassarre et al., 2021). From a practical perspec-
tive, this integration responds to the need for development 
teams to incorporate lightweight, user-centered tools within 
existing workflows, without disrupting established agile prac-
tices. The introduction of the two approaches into the pro-
ject’s innovative framework proved to be concretely feasible 
and, in many cases, extremely useful. Although each of them 
responds to different objectives, their integration has proved 
effective in promoting a richer, more reflective, and more 
participatory design process. VSD was integrated from the 
earliest stages of the project, through stakeholder mapping 
and discussions on specific topics, such as the voluntary work 
carried out by testers within the platform. The most signifi-
cant application of this approach materialized in the innovati-
ve framework. In particular, within the tools (questionnaires), 
a checklist of questions dedicated to values was included, 
allowing testers to express an evaluation of the ethical aspect 
of the different software analyzed; additionally, within the fra-
mework, a space (community) was created to encourage and 
facilitate ongoing discussion between testers and platform 
users on ethical and value-related topics. DT was implemen-
ted both within the questionnaires, with the inclusion of a set 
of questions that allow for open-ended answers, fostering 
collaborative design and the possibility of seeing testers’ pro-
posals realized should the development team consider them 
interesting, and within the communities.

tween users, the definition of responsibilities, and the tracea-
bility of activities, contributing to making the system more 
efficient and responsive to the needs of the context in which 
it is applied.

Within the platform under analysis, four objects have 
been identified:

•	 Organizations

•	 Projects

•	 Communities

•	 The super user

In particular, communities represent collaborative spaces 
in which groups of users can interact, share experiences, and 
explore topics of common interest. They are less structured 
and thematic environments created to host discussions, te-
chnical questions, reports, or suggestions but above all to 
support the development of new design proposals. They are 
transparent digital spaces where every contribution is visible 
and accessible to all platform users. The strength of commu-
nities lies in their ability to concentrate collective intelligence 
around specific problems, promoting shared, traceable, and 
applicable solutions. Communities therefore become funda-
mental support tools that enable the implementation of DT 
within the Open Test 2.0 platform.

Specifically, it is the responsibility of the person who initia-
tes a given discussion to gather all the information, sugges-
tions, and design proposals received within the community 
and, with the support of the development team, complete the 
implementation phase on the software under analysis. Parti-
cipation is always voluntary but encouraged by the opportu-
nity to learn in a dynamic and open environment where users 
can collaborate freely, discuss working methodologies, and 
contribute to the collective growth of the platform ecosys-
tem. Each user may actively participate in discussions, share 
documents, and initiate targeted conversations through inte-
grated communication tools such as chat systems.

5. Discussion

At the core of the Open Test 2.0 project lies the aware-
ness that software testing constitutes a crucial phase in the 
development of digital solutions. In a landscape increasingly 
oriented toward rapid and iterative software production, co-
rrectly testing what is being developed is essential to ensure 
the quality, security, and reliability of applications. Traditional 
testing models, which are technical and carried out by teams 
internal to the project itself, however, struggle to capture the 
complexity of real-world use and to include in the evaluation 
aspects related to the user experience, social values, or co-
llaboration dynamics. It is in this context that the Open Test 
2.0 proposal emerges: a participatory platform based on a 
community testing model, which aims to actively involve real 
users, super-users, and institutional actors in the software 
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more inclusive, empathetic, and motivating.

The work also highlighted several significant limitations: 
First, the Open Test 2.0 platform is still “open,” and therefore, 
it was not possible to conduct an extensive performance eva-
luation; empirical data are currently lacking that would allow 
an assessment of the concrete effectiveness of the proposal 
in real and diverse contexts. The platform was also designed 
exclusively for web portals, a choice motivated by the need 
for focus, but which limits the scalability of the framework 
to other types of software. Looking ahead, it will be essen-
tial to conduct case studies, field experiments, and compa-
rative analyses with other community testing tools to better 
understand the potential and areas for improvement of the 
proposed model.

In conclusion, the work carried out demonstrates that 
TDD, DT, and VSD are not alternative approaches but poten-
tially synergistic ones and can be successfully integrated into 
a digital platform designed to enhance the active role of tes-
ters, including nonexperts, in the innovation process. Althou-
gh some uncertainties remain regarding the practical appli-
cability and scalability of the solution, this work represents a 
first step toward a broader and more participatory vision of 
software testing, one in which the value of code lies not only 
in its functional correctness but also in its ability to reflect the 
values, expectations, and desires of the people who will use 
it.
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By doing so, the entire development process is no lon-
ger at the exclusive discretion of developers, but the role of 
the user becomes central in defining the characteristics and 
functionalities of the software. The path taken is perfectly 
consistent with the principles of agile development (Dybå 
and Dingsøyr, 2008) and moves in a direction aligned with cu-
rrent human-centered development trends, overcoming the 
problems related to TDD as studied in the scientific literature 
and applied in case studies. In this sense, the Open Test 2.0 
model can be considered replicable in other development 
contexts, as it is based on modular elements such as parti-
cipatory tools, value-oriented evaluation mechanisms, and 
collaborative environments that can be adapted to different 
organizational settings and levels of complexity.

From a theoretical perspective, the study contributes to 
extending the scope of TDD beyond its traditional technical 
boundaries, demonstrating how it can be enriched through 
the integration of human-centered methodologies and offe-
ring an initial framework for combining VSD and DT within 
software engineering practices.

At the same time, some limitations must be acknowle-
dged: As the platform is still in a prototyping phase, it has 
not yet been tested by external users, testers, or organiza-
tions beyond the development team, limiting the possibility 
of validating the results in real-world contexts. Moreover, the 
action research approach, while enabling deep involvement 
in the project, may introduce potential biases, as researchers 
participated directly in both the development and evaluation 
phases; in particular, responses collected through the ques-
tionnaire may reflect subjective perspectives influenced by 
participants’ proximity to the project.

6. Conclusions

This work examined the design and development of a 
software architecture aimed at enhancing TDD, known for its 
high efficiency in producing quality code, through the inte-
gration of design approaches more oriented toward creativi-
ty and ethics, namely VSD and DT. The objective was to explo-
re how such methodologies can be systematically embedded 
within the TDD process to foster more active and meaningful 
user involvement, particularly during the testing phase. 

The Open Test 2.0 project served as a testing ground for 
this conceptual and methodological integration, redefining 
the role of the tester, from a simple technical validator to a 
creative actor and ethical guide within the co-design process. 
Through the use of collaborative objects and tools (communi-
ties and questionnaires), Open Test 2.0 aims to promote par-
ticipatory testing based on shared values. This approach ena-
bles not only the improvement of technical product quality 
but also the alignment of software with users’ deeper needs, 
promoting forms of social as well as technological innova-
tion. The study clearly shows that adopting methodologies 
such as DT and VSD can provide an effective framework for 
expanding the horizons of TDD, making the testing process 
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