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ABSTRACT

The conception stage of the design project aims to help the comprehension of the pro-
blem to be worked on, seeking to provide the best possible experience for the users.
Prototyping stage is essential to make the ideas tangible for the validation of usability,
functionality, ergonomics, aesthetics, among others. However, this whole process can
take a lot of time and rework. This article presents a case study of the application of the
Design Thinking methodology for the redesign of an Assistive Technology - the bike
for Frame Running - with the objective of demonstrating the benefits of using a low-
fidelity model as a tool for generating insights and optimizing the time required for
digital testing in 3D software and design conception. The development of this project
sought to integrate theory and practice through a mixed non-interventionist and inte-
rventionist methodology with a qualitative basis, acting in a cyclical and non-linear
way, through bibliographic and documentary research, use of low-fidelity models,
case study, direct observation, structural simulation, ergonomic study and prototy-
ping. The results obtained, using alternative low-cost materials, favored the reduction
of the time of the design process, allowing the interaction and agile identification
of critical points of performance, ergonomics, aesthetics, functionality, strength and
analysis of the appropriate construction processes, contributing to the redesign of the
Frame Running bike, the dissemination of the sport, the quality of life and inclusion of
disabled people.
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INTRODUCTION

Assistive Technology (AT) is understood as resources, practices, methodolo-
gies, and strategies applied to reduce functional inabilities of disabled people,
in order to allow greater participation and inclusion in social contexts. Thus,
a study in this area is very important for the development of products that
meet the needs of people with disabilities and improve the quality of life by
ensuring accessibility, comfort, efficiency, functionality, and safety (Bersch,
2010).

Frame Running, formerly called Racerunning, emerged in 1989 in
Denmark as a modality of Paralympic athletics, aimed mainly at serving users
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with cerebral palsy. Since then, this modality has expanded and its inclusion
in the 2024 Paralympics in Paris is currently being analyzed.

The assistive technology used to practice Frame Running is similar to a bike
or tricycle with the difference that there are no pedals connected to the frame,
so the impulse is carried out by the user when the feet come in contact with
the ground. A trunk support sustains the user leaning forward and assists
in reaching the steering via handlebars. The arch-shaped tubular structure,
made of steel or aluminum, has an opening at the back for free movement of
the lower limbs (Calve et al. 2018). The design for the equipment must meet
the shape and dimensions of the category regulation and also balance stability
and reduced weight so that higher speeds can be safely reached (Dominguez,
2017).

The Frame Running bike improves the physical and emotional conditi-
oning of the practitioner. The equipment also allows more autonomy for
disabled people, favors inclusion and socialization, and provides a sense of
speed for those who cannot run functionally.

One of the main problems faced in Brazil is the difficulty of access to equi-
pment. Imported models are economically inaccessible to a large part of the
Latin American population (Dominguez et al. 2017), and it is essential that
the bike is designed according to the dimensions and characteristics of each
athlete for better performance (Hutzler, 2007).

Currently, the customized manufacture of Frame Running in Brazil has
been a reality. However, inadequate solutions are common and, therefore,
create a safety risk and compromise the athletes’ performance. Brazilian ath-
letes and coaches report constant breaks in the structure and instability of
the bike during races. As the appearance of cracks or the deflection of the
tubes is perceived, new reinforcements are subjectively added to the existing
structure.

In view of the problems presented, the Brazilian Paralympic Committee
(CPB) requested a bike project for Frame Running for the Brazilian Reference
Center on Technological Innovations for Paralympic Sports (CINTESP.Br)
and provided a reference bike for study, used in the sport initiation program.
CINTESP.Br is a research and extension center at the Federal University of
Uberlandia (UFU) focused on science, technology, and innovation in assistive
technology, composed of a multidisciplinary team of engineers, designers and
physical educators.

This article presents a case study of the Design Thinking methodology
(inspiration, ideation and implementation) applied in a non-linear way for
the redesign of an Assistive Technology - the bike for Frame Running. The
redesign process integrated the ideation and implementation stages through
prototyping with low-fidelity materials in order to optimize the project
development phases and costs.

THE DESIGN PROJECT CONCEPTION PROCESS

The field of design has mastered a set of knowledge and tools favorable to
the resolution of a wide spectrum of complex issues and challenges. Design,
in addition to creating new products, also develops new types of processes,
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services, interactions, among others, often involving social issues (Brown and
Katz, 2011).

Innovations in assistive technology tend to occur incrementally, that is,
improvements are gradual in relation to existing technology with specific enh-
ancements in mechanisms and interfaces, to adapt to the user’s capabilities.
The development of a technology that raises the performance and mobility
of disabled people to the same level of their non-disabled peers is rarely seen
(Briggemann et al. 2008; Kram et al. 2009).

According to Brown and Katz (2011) incremental innovation is stimulated
by user-centered design, also known as Design Thinking, as it allows trans-
lating customer needs into insights that will improve products, processes, or
services, promoting a significant difference.

Design thinking has as its purpose the search for solutions focused on
empathy, improving the comprehension of processes and products (Vianna
et al. 2012). Brown (2008) understands that design thinking is a discipline
that uses human sensibility and design methods to match people’s needs with
what is technologically feasible.

The application of ergonomics must be part of this process, focusing on
the creation of products adapted coherently to the behaviors and positions
of individuals in the interaction with machines in their work or living space.
In this way, ergonomics helps to solve the latent needs of those who have
unusual characteristics (Rosa and Moraes, 2012). Karwowski, Soares and
Stanton (2011) state that the application of ergonomics is essential to faci-
litate use and learning, increase efficiency, comfort, safety, adaptability, and
user satisfaction.

Given the above, it can be said that the essence of the approach of
Design Thinking, ergonomics and assistive technology meet the principles
of user-centered design. Therefore, they become suitable for the develo-
pment or improvement of existing technologies, aiming at innovation, better
interaction, and empathy with users.

METHODOLOGY APPLIED FOR THE FRAME RUNNING
BIKE REDESIGN

Design Thinking is characterized by an iterative investigation cycle involving
three fundamental stages: inspiration, ideation, and implementation (Brown,
2008; Brown and Wyatt, 2010). During these stages, which can occur non-
linearly, problems are questioned in an attempt to generate new ideas and
verify feasibility. The implementation stage involves prototyping. However,
when prototyping is applied only in the final stage of the design process,
that is, after the inspiration and ideation stages, the design process tends to
demand more time, rework and higher costs. In view of the above, this article
presents a case study of the application of the Design Thinking methodology
for the redesign of an Assistive Technology - the bike for Frame Running.
The objective is to demonstrate the benefits obtained through prototyping
with low-fidelity materials still in the ideation stage. Therefore, the stages
and methodological procedures used for the development of the project are
presented below.
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Inspiration

The inspiration stage requires empathic comprehension of the problem
through a combination of several research methods on the issue to be solved.
For this comprehension, a mixed non-interventionist and interventionist
methodology of qualitative and quantitative basis was applied. Bibliogra-
phic research, documentary analysis (search for national and international
patents) and similar products analysis were essential for understanding the
Frame Running sport and existing technologies. From this, interviews with
users and meetings with the team of designers and engineers allowed to trace
the needs of users - Paralympic athletes and disabled people who practice
Frame Running - who helped in the process of problem comprehension.
Direct observation, with mechanical support, was also carried out. For
Brown (2008) observation allows capturing unexpected insights into what
users really want or need, generating innovation.

From the research, interviews and observations, ergonomic problems were
identified caused by the absence of an anthropometric study that considered
the percentile of Brazilians and appropriate postures as a parameter for pro-
duction. In this sense, postural problems were identified due to the inadequate
position of the trunk support and due to the body instability generated during
the running movements. It can be considered that these issues are aggravating
in view of the users’ need to feel stable, safe, and comfortable.

The research was completed through the structural evaluation of the refe-
rence bike using the ANSYS® finite element analysis software that simulates
the efforts on a three-dimensional model with the appropriate boundary con-
ditions. With this study, the material strength calculations were carried out
to identify the critical points of higher tension and deflection. For equipment
design approval, the results of this stage must satisfy the required strength
and deformation limits of the project.

The analysis identified critical points in the structure above the strength
limit of the tubes. These points coincided with the most common areas of
breakage pointed out by the athletes. As a result, extra locks were incorpo-
rated by users into the structure to support the applied weight and force,
increasing the cost of production. It was observed that the breaks are mainly
due to the inadequate position in which the tubes were welded, reducing the
distribution of tension along the structure (Santos et al. 2021).

Ideation and Implementation

After data collection, a mental map was applied as a strategy for visualization,
data analysis and ideation. The map systematized the various elements that
make up the problem, with their ramifications and relationships, and gene-
rated the first insights. Sketches, technical drawings, and 3D modeling of the
old version (reference model) were made to, from there, propose alternatives
for redesign.

However, at this stage, the team found that experimenting with digi-
tally simulated ideas would require a lot of time and rework, since several
digital modeling tests should be carried out to identify and solve possi-
ble failures that would interfere with durability, usability, comfort, safety,
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Figure 1: Prototyping with low-fidelity material — polyethylene tubes (Authors).

and performance of product. This process would also require testing with
prototypes with each re-adaptation of the project, compromising delivery
time and increasing costs. Considering the issues raised, the team decided to
carry out the ideation stage together with the implementation stage through
prototyping with low-fidelity materials.

According to Brown and Wyatt (2010, p. 35) “(...) a vibrant design thin-
king culture will encourage prototyping - quick, cheap, and dirty - as part of
the creative process and not just as a way of validating finished ideas”. From
this perspective, flexible black polyethylene tubes were fixed with adhesive
tape on the bike provided by CPB with the aim of making the initial ideas tan-
gible. In addition, a new wheel was added to the front of the bike to simulate
the increase in the angle of the front suspension to provide more stability (see
Figure 1). The dimensions of the bike’s occupancy limit were also marked on
the floor with masking tape.

Tests carried out on the reference bike using the low-fidelity material were
photographed for analysis. For Martin (2012), prototyping is the ideation
in tangible form, for carrying out tests that guarantee a better development
and improvement of the idea. Its role in Design Thinking is to conduct real-
world experimentation in the service of learning to identify opportunities for
improvement and create new solutions (Liedtka, 2018).

From the selection of ideas, a new digital model was developed for the
Frame Running bike. Ergonomic 3D simulations were performed digitally
using the anthropometric profile of Brazilian users. New structural analyzes
with ANSYS® software were also carried out, which allowed the refine-
ment of the proposal. Conceptually, the redesign of the equipment sought
to convey, from an emotional and functional point of view, the sensation of
speed and the perception of high performance through more rounded and
aerodynamic shapes.

Parcial Results

The integration between the ideation and implementation stages, through
prototyping using low-fidelity materials (polyethylene tubes) fostered cre-
ative stimuli due to the continuous generation of insights. It was possible
to visualize, establish relationships and verify in advance possible implicati-
ons of the tested shapes to solve structural (such as critical points of contact
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Figure 2: Toolkit IDEO adapted for frame running redesign project with reduced
development time from 6 to 3 months (Authors).

between the parts), manufacturing (such as welding points and bending of
the tubes) and functionality issues for the users simultaneously, enabling the
test of design alternatives. The low-fidelity model allowed users to interact
with the prototype and, thus, enabled qualitative ergonomic analyses in a fast,
interactive, and real-time way. Therefore, the process applied for the redesign
of the bike generated the agile perception of integrated design solutions that
could not be identified before, reducing production costs arising from the ela-
boration of several prototypes and optimizing the project development time.
Figure 2, adapted from IDEO (2011), demonstrates that the initial prediction
of project development in a period of 6 months was reduced to 3 months after
the integration of the ideation and implementation/prototyping stages.

Through the graph presented, it is possible to verify the temporal result
of the experiments carried out with the integration of the ideation and pro-
totyping phases with the use of alternative materials. Therefore, the results
demonstrate the potential of this methodological strategy to reduce the pro-
ject development time. The methodology also has the potential to reduce
prototyping costs, thus favoring the rapid improvement of the product before
its final execution with high-fidelity materials.

CONCLUSION

The main issue demonstrated through the case study is that the ideation and
prototyping stages with the use of low-fidelity materials, when applied in
a non-linear and conjoint way, have the potential to: quickly test design
alternatives; generate a large number of insights; enable quick and efficient
interaction and identification of critical points of performance, ergonomics,
safety, aesthetics, functionality and resistance; favor the analysis of the appro-
priate constructive processes; reduce rework; meet user needs; reduce costs
with prototyping; and reduce the design process time.

In addition, the results obtained during the redesign of the bike for Frame
Running contribute to social design and highlight the need for improve-
ment, through user-centered design, of equipment for rehabilitation, daily
life, leisure or sport aimed at disabled people.
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The limitations of this research mainly referred to the difficulties in carr-
ying out tests with users in the laboratory due to the Covid 19 pandemic
period. Future paths for research should involve new tests with the elabora-
tion of a prototype with high-fidelity materials and tested by different types
of users and high performance athletes in real conditions of use.
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