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Abstract. This work presents an experience report using the technique
of Designer Thinking applied in the modernization of two real systems.
We used software development in this modernization. In addition, it
describes a the participation of a Designer throughout the development
process and what the perceptions of project participants are in relation
to the benefits of this professional’s involvement in the whole develop-
ment process cycle. The evaluation of the perception of those involved
was carried out through a survey in the form of a questionnaire to analyze
the results. The Project has 29 participants and of these 24 responded
to the questionnaire. 75% of the participants stated that the prototypes
proposed by the Designer were important for carrying out their activities
in the project and 92% consider the experience of using prototypes to
support the system development functionalities positive.
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1 Introduction

The recent literature in the field of Human-Computer Interaction (HCI) and
Software Engineering clearly shows that there is a growing research interest on
integration of Design Thinking (DT) design and agile software development.

Often these studies begin with time-consuming up-front activities such as
contextual enquiries, interviews, definition of requirements and usability goals,
among other activities, resulting in extensive documentation. On the other hand,
Agile Software Development is light-weight, customer-oriented and a highly col-
laborative approach that follows a continual exploration of the business need as
the basis to gather and refine software requirements to develop quality software.

Requirements engineering is the step of system development that treats about
discovering, defining, documenting and maintaining it requirements. It produces
a set of system requirements which is the most complete, consistent and relevant
it can be to mirror what customer wants and actually solve his problems [1].
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In some models, requirements engineering consists of the first phase of the
development process and ends with the guideline delivered to the team of devel-
opers, who proceed alone from that point [2].

In this article, we will deal with a development model where the requirements
engineering permeates all its stages, being responsible for organizing new require-
ments that arise during the development and keeping the previous requests met
or replaced by the best possible solutions.

Designers are involved from the outset and are responsible for defining and
monitoring the solutions. Along with developers, they conduct all requirements
survey steps by merging design field methodologies with software engineering
practices. It results in a iterative methodology [3]. The steps are:

– Requirements elicitation: designers, developers, and stakeholders meet to
discuss the issues that must be resolved with the implementation of new
software.

– Requirements analysis and discussion: requirements are identified and
there is consensus among stakeholders. Use cases and graphical representa-
tions are used to represent the solutions found. As the design team is present
from the beginning, at that moment prototyping is already under way. As an
iterative process, the approval of the requirements with the client permeates
the entire project and is done with the presentation of prototypes.

– System modeling: as the requirements arose, prototypes equivalent to the
definitions were made, becoming a new instrument of validation and survey
of new requirements. Because the agile method was used, this action was
repeated several times concomitant to the development, but the prototype
was released to the developers only after a certain level of maturity, when it
was considered very close to the state expected for the software.

– Requirements specification and validation: it results in a formal arti-
fact called Requirements Specification (RS). At this point, The documented
requirements and models had to be checked if they are consistent and fit the
needs of the stakeholder.

– Requirements management: as the system was developed, the require-
ments team supervisioned all the activities since elicitation until to put into
use.

These steps are not in sequence. In practice there is considerable interleaving
of these activities as doubts and new definitions are considered to find the best
solution that combines development and customer needs.

The principal perceived problems observed in general in requirement engi-
neering are incomplete requirements, moving targets, and time boxing,
with lesser problems being communications flaws, lack of traceability,
terminological problems, and unclear responsibilities. We will observe
the contribution of the design methodologies for this phase of the project, its
positive and negative additions to the progress and consequent result.

Design means changing situations [4]. To do this, it molds and deploys arti-
facts transforming realities and solving problems by delivering the means for
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that to happen. Its focus is on seeing possible future solutions and broadening
the spectrum of results. Analytical and critical studies focus on what already
exists, but the design team is concerned about what can be created from what
is presented as a need. Because of its exploratory nature, it is often necessary to
spend a little more time in the initial stages, involving users as well as developers
and stakeholders to constantly evaluate the possibilities found.

These possibilities are the result of research and evaluation of what is already
practiced, of the positive and negative scenario for innovation and the best com-
binations with the available technology.

Exploring possible future solutions implies problems changing. Since with
each new sketch is presented, situations mentioned above become irrelevant or
invalid and are replaced by new ones. For the practice of contemporary inter-
action design, this has implications such as reconsidering notions of exhaustive
specifications before building in favor of final approaches.

A consequence of this characteristic is that the traditional systems devel-
opment and engineering processes, where the goal is to finalize the descriptive
analysis for a requirements specification before the entry of the designer, end up
not exploring the potential of continuous and joint construction of requirements
to the quality of the final solution.

Another important contribution of the designer’s participation is the use
of graphical resources to represent micro scenarios, which generate important
insights and complements to the conclusions, becoming smaller parts of a larger
construction and allowing problems to be solved gradually [5]. This feature opti-
mizes the arrival to the most accurate and coherent conclusions with the reality,
since it goes beyond the memory or previous experience of the stakeholders for
the verbal presentation of the situations. Therefore, it makes sense the progress of
the project need to be followed in all its instances, since the technical decisions
influence the aesthetic qualities of the resulting interaction, the instrumental
choices on the resources to offer have ethical repercussions, and so on. Every
steps are linked.

The goal of this work is to describe an experience in the design thinking
usage applied in the development process of two real projects. Thus, the main
contributions of the paper are:

– A experience report using the design thinking in the agile software develop-
ment;

– Report of the importance of the Designer participation in the development
process;

– A survey applied together with project developers and stakeholders on what
are the teams perceptions involved in the project with the adoption of the
adopted approach.

The remainder of this paper is organized as follows. Section 2 presents the
background. Section 3 presents a brief overview of Design Thinking, Design
Thinking Process Models and Tools contexts in Design Thinking. Section 4
presents the characterization of the case study. Section 5 presents an analysis of
the results obtained with the survey application. Section 6 has the final remarks
and paths for future work.
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2 Background

The main objective of the agile software development is to deliver quality soft-
ware products in a cost and time effective manner through a series of short
iterative and incremental development cycles. Each iteration of the agile soft-
ware development produces a version of working software that emphasizes a
business value to the customer ensuring that all agreed requirements have been
met.

Software requirements are customer needs expressed in sentences and con-
dition the software quality, describing which services, constraints and charac-
teristics a system must provide, obey and possess, and specify the knowledge
needed to develop it. Its obtaining is done through a systematic process that
involves several tasks, such as elicitation, analysis and negotiation, besides doc-
umentation, validation and requirements management, this process is known as
Requirements Engineering [6].

One of the problems that Requirements Engineering has tried to solve, is
how to turn a problem into possible solutions with a methodological orientation
[7]. The lack or the little involvement of users/stakeholders during the software
development process may be one of the causes of this problem. According to
[8], the involvement of users/stakeholders throughout software development is
one of the criteria that contribute to the project success. Understanding the
users/stakeholders is essential to designing software that meets your needs and
expectations [9].

One way to keep the focus on the users/stakeholders during agile software
development is to use the Design Thinking (DT) methodology [10]. The integra-
tion of Design Thinking (DT) into agile software development has been widely
discussed in the literature.

Design Thinking can be defined as a methodology used by designers when
approaching problems and can be applied in all areas of knowledge, with the
goal of achieving innovation [11]. According to [12], Design Thinking presents an
alternative to traditional approaches to solving organizational problems, which
consist of several steps, which include: Problem definition and Generation
and testing of solutions.

In the context of Requirements engineering, Design Thinking provides a
methodology for eliciting user needs and produces a series of prototypes that
normally converge to innovative solutions [7].

There are techniques and tools that support the methodology of Design
Thinking (DT). These techniques and tools facilitate the Design Thinking inno-
vation process and the selection of the correct methods is important, especially
in the early stages of software development. Knowing what these methods are
and how they are applied in Software Engineering makes possible the knowledge
of new alternatives for the development process and can involve the user and
the stakeholders more effectively in the stages of software development [13].
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3 Design Thinking

Design Thinking (DT) is how designers think and apply their mental processes to
design objects, services, or systems. DT combines approaches and method solvers
used by Designers with insights and practices of technology and business [14].

Design Thinking practices help organizations solve complex problems,
encourage innovation, and support the creative process [14]. Therefore, DT is
presented as an appropriate methodology to encourage innovation and economic
growth [14]. The innovation results from the elaboration of a creative solution
that is desirable for the user/stakeholder and economically and technologically
viable [11].

3.1 Design Thinking Models and Its Phases

We analyze some designs thinking models reported in the literature to highlight
the similarities between these models and how they relate to problem solving
leading to creativity and innovation in agile software development projects. The
Thinking Design models analyzed adopt phases for their execution. For example,
the model presented by [15] has seven phases. This model is adapted for real-time
applications and presents as phases: define, explore, idealize, prototype, choose,
implement and revise. Figure 1 presents DT models and their respective phases.

There are models that use Design Thinking associated with other technolo-
gies or development processes, such as Agile methodology and Lean Startup.
The work [16] presents the Nordstrom model. This model initially used Design
Thinking only at the beginning of the model and then added the phases of the
Agile Development and Lean Startup. After some modifications they proposed
a new Nordstrom model, which expanded Design Thinking to the entire devel-
opment process.

The paper [17] presents the DrivingBoard, which is a component of Design
Thinking that makes up a framework called Speedplay. In addition to Design
Thinking, this framework uses Participatory Design and Agile Development. The
DrivingBoard is a DT model that comprises the following phases: approach,
develop, present and provoke, explore, reflect and escape.

The model proposed by [11] identified as Converge model, combines Design
Thinking, Lean Startup and Agile Development. The Design Thinking used in
the Convergent model is from Stanford University’s D-School. Figure 1 presents
the design thinking models analyzed in this paper, as well as their respective
phases.

The prototyping phase is present in almost all models found in the literature.
This work uses the Adobe Illustrator tool (available at: http://www.adobe.com/
products/illustrator.html) to build prototypes during the requirements elicita-
tion phase. In addition, the model proposed by [15] was used during the software
development process.

http://www.adobe.com/products/illustrator.html
http://www.adobe.com/products/illustrator.html
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Fig. 1. Design thinking process models and its stages [15,16,18–22].

4 Case Study

This work presents an experience report using the technique of Design Thinking
during the process of modernization of two legacy systems in the Brazilian army.
A legacy system is software written over a period of time using obsolete tech-
niques, but it still performs important work within an organization [23]. The
same is difficult to maintain, evolve and/or modified and has a high need for
modernization.

Modernization takes place when maintenance is not enough to keep the sys-
tem up to date and aligned with the business goals. According to [23,24] mod-
ernization entails more significant changes, such as implementing a novel and
relevant functional requirement, a modification on the software architecture, or
a system migration to a new software platform. Therefore, as pointed in [23],
modernization is more pervasive than maintenance, and this is one of the main
aspects in their difference. The work for modernization should preserve the data
and the functionalities of a system, as it would otherwise be characterized as a
replacement [24].

The Brazilian Army (BA) has a Systems Development Center (CDS) through
which various software systems are developed, maintained and modernized.

This work applied Design Thinking in the process of modernization of
two current systems of BA, namely: System of Endowment of Military Jobs
(Sect. 4.1) and System of Bulletins (Sect. 4.2).
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4.1 System of Military Supplies

The Military Labor Supply System (SISDOT) is responsible for maintaining all
materials used by the Brazilian Army (BA), such as Canteen, rifle, machine
gun, fuel, vehicles, etc. These materials are most often of individual or collective
use, and in some cases essential for the exercise of the activities of a Military
Organization (MO).

In addition to maintaining the type, class and family of materials, SISDOT
is responsible for generating a list of all military employment materials that
will be distributed in the Military Organizations of the Brazilian Army. This
list is called the “Caller”. The Caller is used so that the Material Endowment
Framework (MEF) can be made. The MEF in turn is used for the generation
of the Expected Material Endowment Framework (EMEF). The MEF is of fun-
damental importance for the activities of the BA since it determines the Norms
of Endowment (NE) of the materials of military employment, i.e., a standard of
endowment classifies the position of the military and the material that it needs
for perform their work, be it material for individual use or collective use.

NEs are rules that guide the establishment of appropriations for various mate-
rials (called Generic Items - GI) by positions and fractions. When it is standard-
ized, that is, it has a generalized reach for a Cargo and or a Fraction, an NE
should describe that property/intention. For example, GI (10201009 - Complete
Individual Use Equipment) - NE = 1 per soldier in an Operational Type MO. In
this case, it is verified that the reach of the NE that operates in all military of
the Operational MOs.

The modernization of SISDOT comprises new functionalities, as well as
improvements in functionalities existing in the current system.

The main functionalities of SISDOT are:

– Register Type of Material; Register Material Class; Register Material Fam-
ily; Register for Military Jobs; Generate Caller – Edit, Clone, and Delete;
Generate MEF – Edit, Clone, Validate, Revoke, or Delete; Generate EMEF
– Edit, Clone, Validate, Revoke, or Delete; Register Provisional Allocation
Standard; Generate Allocation Standard from the Caller; Register Observa-
tion; Register Note; Register Synthesis; Generate Reports – Materials, Caller,
Distribution Standard, MEF and EMEF.

4.2 Bulletin System

The Bulletin System (SISBOL) developed during this work aims to replace its
legacy version, which is currently used by all Military Organizations belonging
to the Brazilian Army. In this way, the modernization of SISBOL is based on
the scope of the legacy version, adding some improvements.

The scope of the new SISBOL involves 30 functionalities, which were divided
into Legacy Features (23) and New Features (07). Legacy features are:

1. Maintain Military Qualification; 2. Maintain MO Binding; 3. Maintain Mil-
itary Organization; 4. Maintain Post/Graduate; 5. Keep Bulletin Parts; 6.
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Keep Bulletin Sections; 7. Maintain Function; 8. Maintain Category; 9. Main-
tain Document Type; 10. Maintain Section; 11. Maintain General Subject;
12. Maintain Subject Specific; 13. Maintain Military; 14. Maintain Bulletin
Types; 15. Maintain Note; 16. Maintain Bulletin; 17. Generate Note PDF;
18. Generate Bulletin PDF; 19. Maintain Notes in the Bulletin; 20. Maintain
Service Time; 21. Approve Changes; 22. Generate Changes and 23. Generate
Identification Card.

The new features are:

1. Maintain Workflow Processing; 2. Trafficking Entity in Workflow; 3. Track
Quotes; 4. Maintain Note History; 5. Maintain Bulletin History; 6. Search
Information in the Bulletin; 7. Present Pendencies (Inbox).

4.3 Development Team

The two systems are being developed in parallel. The development team consists
of:

– 03 professors from University de Braśılia – (UnB);
– 03 software architect;
– 01 Designer and 01 trainee of the course of Industrial Designer of UnB;
– 04 master’s students;
– 01 project manager and;
– 16 trainees who are students of the courses of Computer Science, Mechatronics

and Software Engineering of UnB.

4.4 Integrated Design Thinking Framework for Agile Software
Development

During the conduction of the works, we initially defined the user stories with
the purpose of reflecting the need expected by the user/stakeholder. From the
user stories we have completed the Define phase of the model and we were able
to explore the functionality of the respective systems, SISDOT and SISBOL, on
a more detailed level.

An accurate understanding of the problem enables the development of more
accurate solutions. In this phase we use interview techniques and the 5 whys.

The Explore phase gathers information about what will be worked on, such
as identifying potential users and their needs, besides observation of previous
solutions related to the same problem. This stage gave the team very important
information for the future generation of ideas, as it helped ensure that the ideas
are oriented toward the needs of the project.

During the stage Ideate, is important to identify the things that are relevant
to the people involved in the activity and to generate as many ideas as possible
for meeting those needs. Brainstorming is the core of this stage, but it is also
important to consider other ways of getting insights for the future design. In this
work, it is used a Brainstorming technique to conduct the work during this phase.
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The ideas generated in the Ideate phase were transformed into prototypes.
Design Thinking promotes prototyping from the beginning stages of the design
process. Furthermore, early prototyping of software design is recommended in
order to help users/stakeholders identify their needs in order to make them part
of the process, among other reasons. According to the Design Thinking method-
ology, the prototypes do not usually need to be detailed or working prototypes
in the early stages of the process. The tool selected for this stage was: Adobe
Illustrator (Available in: http://www.adobe.com/products/illustrator.html).

All user stories were prototyped and presented initially to users/stakeholders,
in order to validate the system needs. With prototyping it was possible to bet-
ter understand the users’ needs and identify various improvements in system
requirements. All improvements identified and suggested were again with pro-
totyped and homologated with the users/stakeholders. A number of user stories
required a number of discussions and approvals to ensure that there was no doubt
about the correct functioning of the functionality. After the acceptance by the
users/stakeholders, the prototypes were delivered to the development team for
implementation.

Select and Implement are merged since the tool that is most suitable for both
stages is the same, and its application is based on the analysis of the reality that
is being developed. When this information becomes available, the development
of the software can begin, using both the results of the activity analysis and the
requirements from the briefing. In the Select and Implement phase, we reviewed
all proposed solutions and implemented those that were in accordance with the
project objective.

The prototypes developed for each functionality comprised all the instruc-
tions necessary for the development team to implement them, from the detailed
detailing of the business rules of the features to the types and sizes of fonts,
buttons and messages that should be used, among other details.

Once the project was finished, Review phase, the design team had to keep
track of how the product was introduced to the users whether it really fits the
purposes it was conceived for, and identified possible areas of improvement and
collected information from the people that benefit from the application.

5 Result

In order to evaluate the perception of project participants regarding the impor-
tance of the participation of the Designer and the use of the Thinking Design
Technique (Prototyping), we conducted a survey in a questionnaire format, which
contains 13 questions.

A survey is not just the instrument (the questionnaire or checklist) for gather-
ing information. It is a comprehensive research method for collecting information
to describe, compare or explain knowledge, attitudes and behavior. The purpose
of a survey is to produce statistics, that is, quantitative or numerical descriptions
of some aspects of the study population. The main way of collecting informa-
tion is by asking questions; their answers constitute the data to be analyzed.

http://www.adobe.com/products/illustrator.html
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Generally information is to be collected from only a fraction of the population,
that is a sample, rather than from every member of the population [25].

Most questions have 5 alternative answers: I strongly disagree; I disagree;
Neutral; Strongly Agree and Agree. In addition, the questionnaire has a descrip-
tive question so that the participant can write some comment or suggestion
regarding the Participation of the Design Professional in the project.

5.1 Analysis of Results

The project has 29 participants and 24 respond to the questionnaire. Figure 2
shows the distribution of participants per project. 25% of participants work in
SISBOL, 42% in SISDOT and 33% are developing activities in both projects.

Fig. 2. Number of participants per project

In Fig. 3 it is presented the results obtained with the response of the par-
ticipants in relation to what activity they carry out within the project. 50% of
respondents participate in the software development phase, 13% participate in
software development and testing, 8% participate in requirements survey, 13%
are project managers, 8% are responsible for modeling data and systems devel-
opment, and 8% are responsible for the software architecture.

46% of the participants already worked on other projects where a Designer
was involved in the requirements survey phase and 48% of them had already
worked on the development of system functionalities from prototyping.

In the question related to the prototypes proposed by Designer were impor-
tant for the project activities to be carried out by the participants, 33% agreed
completely and 42% agreed that the prototypes were important. 25% of the
respondents were neutral in relation to the proposed prototypes, as shown in
Fig. 4.

Regarding the role of the Designer in an agile software development process,
83% of the participants fully agree that it is to propose an interface and 63%
affirm that it is to propose a functional interface, according to the version in
Fig. 5.
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Fig. 3. Activity exercised by the participant in the projects

Fig. 4. Importance of prototypes in the execution of the project participants activities

Fig. 5. Designer’s role
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Fig. 6. To propose an interface of easy memorization

67% of survey participants replied that they fully agree that it is Designer’s
role to propose an easy-to-memorize interface. 25% agree and 8% of the respon-
dents were neutral in relation to this responsibility by the Designer, as it can be
seen in Fig. 6.

54% of survey participants agree completely on the positive experience of
using prototypes to support the development of project features. 42% agreed
and 4% positioned themselves as neutral, as shown in Fig. 7.

Regarding the questioning if the participant considers the visualization of the
components, buttons and screens of the system positive, through prototypes in
relation to the efficiency of their deliveries in the project, 54% agree completely
and 38% agree that it is positive. 8% of the respondents were neutral in the
response, as shown in Fig. 8.

Fig. 7. Use of prototypes to support the development of system functionalities
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Fig. 8. Visualization of components, buttons and screens of the system through pro-
totypes

Fig. 9. Quality of the instructions contained in the prototypes delivered by the Project
Designer

Regarding the quality of the instructions contained in the prototypes deliv-
ered by the Project Designer, 33% of participants agree completely that it is of
quality, 46% agree and 21% were neutral in this response, as shown in Fig. 9.

Concerning the suggestions of the Designer participation in an agile software
development project, the discursive answers that have been received are:

1. I think Designer needs to be more present at meetings with developers to heal
doubts.

2. Most of the answers were neutral, since prototyping was not actually used
in the SISBOL system, only in SISDOT. So I did not have so much contact
with the technique.
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3. No good prototyping was proposed for the specific screens that the Brazilian
army needs for SISBOL. From my point of view, even without much experi-
ence, there was a bit more interaction between the Designer and the project
development teams.

4. The Designer should propose an interface using the html language, since this
would facilitate the development process. The proposal made by the Designer
in “pdf” format does not contribute to the development of the functionalities.

5. The Designer should hold a meeting every 15 days at least with the project
development team. In addition, providing an email or phone to contact for
questions and send suggestions would be important. The interaction with
Designer was difficult and complicated.

6 Conclusion

The use of the Thinking Design technique in the agile development process has
been widely used, according to the literature. Although there are not many
practical examples of the application of the technique, as well as the positive
and negative results of its use in real software systems.

This work validated the use of the design thinking technique applied to two
real projects, using prototyping and in addition, the participation of a Designer,
graduated in the Industrial Designer course of the University of Braśılia (UnB)
throughout the development life cycle software.

The results make us reflect on the importance of the role of the Designer, as
well as on the quality of the proposed prototypes.

As future work it would be important to replicate the use of the technique
and the participation of the Designer in large scale systems, evaluating through
a parameterized process the benefits of this participation with the members of
the project team and incorporating the improvements suggested by the survey
carried out in this work.
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