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ABSTRACT 

This work presents the proposal of a reference model for research projects for the development of assistive 
technology (AT) product concepts for the air transport sector based on a design thinking approach. The proposed 
model is a result of the evaluation of a set of research projects conducted by teams of researchers and 
undergraduate students. Based on information acquired from a literature review and the analysis of these 
projects, a set of specific characteristics and requirements were determined with the further objective of creating a 
reference model for the development of assistive technology product concepts based on a design thinking 
approach. The model could be used by other research groups and other universities, and could later be expanded 
to the industry. 

INTRODUCTION 

The ongoing population growth and population aging will demand new assistive technology solutions in the near 
future. At the same time, the worldwide growth of the air transport sector presents specific challenges for the 
development of assistive technologies (AT) as accessibility needs to increase in the air transport sector [1]. 

In an attempt to address these issues, the two projects analyzed in this paper focused on the development of AT 
solutions for people with disabilities and passengers with reduced mobility to improve passenger’s mobility during 
the air travel experience. The projects were conducted according to a design thinking approach, and the results 
are compiled together with literature findings to provide input for the creation of a reference model for the 
development of conceptual assistive technology products based on design thinking approach. 

Design thinking (DT) has been popular in the last decade due to successful cases of application in big companies 
[2]. DT has been applied as a response to the increasing complexity of businesses and recent technologies in an 
attempt to allow interactions of people with technologies and services to be simple, intuitive and pleasurable. One 
of the main aspects of DT, together with prototyping iterations and multidisciplinary teams, is its user-centered 
design, which translates into building empathy with users and focusing on their experiences. Using this approach 
helps the team to better understand what users want and need [3]. DT also allows the team for a rapid immersion 
into the problem, facilitates the generation of new concepts and enables them to come up with unconventional 
solutions and contributes to the creation of solutions with better market fit [3,4]. 

The design thinking approach proposed at Stanford University has been extensively explored and tested in 
several research projects at the Stanford ME310 course, which is held yearly and involves groups of local 
students and students from foreign universities working together on a design challenge proposed by a partner 
company [5]. One of the DT proposals considers six project phases which starts with a need finding and a 
benchmarking for the immersion into the problem space. Next, a sequence of five ideation-prototyping-testing 
cycles starts. The scope of the problem is narrowed, the solution is improved through the prototyping cycles and a 
final prototype is built in the last phase [5]. 

Coming up with a successful product is not easy, but replicating the success in other projects is even harder [6]. 
Considering that, processes used in projects of product development can be modeled and become a reference for 
best practices, and can also shorten innovation lead-times and reduce costs [7,8]. Models such as the Stage-
Gate®, created by Robert Cooper in the 1980’s, have been successfully applied in several industries in the last 
decades [9]. So, it seems reasonable to establish a specific model to use the design thinking approach in other 
projects. Regarding the product development process (PDP), there are several industry-specific process 
reference models [10]. These models cover the pre-development, the development and the post-development 
phases of the process. The pre-development corresponds to the initial ideas and planning of the project. The 
development phase consists of informational project and conceptual project, followed by the detailed design and 
production process until the launch to market. The last phase includes the stages of production maintenance and 
product discontinuity [7]. For this study, the scope of the model is restricted to a part of the entire PDP, strictly 
from the project planning until the conceptual project, since the projects of the case studies were only research 
projects and their results had not reached the production stage neither the market yet. 
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During the literature review, no reference model based on design thinking was found for the development of AT 
for the aeronautics industry, but some research related the development of AT products was found. The Need to 
Knowledge (NtK) Model proposed by the Center of Assistive Technology of the University of Buffalo in NY 
focuses on the transition of outcomes of a research project into the market [11]. Cook and Hussey’s HAAT model 
(Human Activity Assistive Technology) considers the characteristics of an AT solution from three aspects: human, 
technological and contexts (social, cultural) [12]. 

The aim of this present work is the proposal of a reference model for the development of AT product concepts 
based on a DT approach for the aeronautics industry. To determine specific characteristics and requirements, 
authors used a literature review and analyzed a set of projects conducted for the development of AT which 
focused on solutions for assisting passengers with disabilities or reduced mobility in the air transport sector. 

METHODS 

The method applied in this study consists of two case studies, which are analyzed and have the results compiled 
with information from a literature review. After the compilation, a set of main characteristics is established to 
support the creation of a reference model for the development of AT product concepts specific for the air 
transportation to be used in research projects.  

The projects were conducted by teams of researchers, graduate students, and undergraduate students within an 
assistive technology research group in a university. The first project was concluded in 2013 and 2014 by a group 
of seven students as part of Stanford’s ME310 course. Sponsored by an aircraft manufacturer, the group included 
four students from Stanford University and four from a foreign university, from design, mechanical, computer and 
production engineering courses. The initial problem was redesigning the flying experience for passengers with 
reduced mobility. The final result was a solution for safer transportation of the passenger’s wheelchair and a new 
wheelchair for an easier embarking and transfer to the passenger’s seat inside the aircraft [5]. The analysis of the 
project was based on project documentation and interviews with the team members. 

The second project, financed by a governmental grant and concluded in 2016, also included a team of 
undergraduate students and researchers. It focused on the development of an improved model of wheelchair that 
facilitates the embarking and disembarking of passengers with disabilities or reduced mobility. The persona 
chosen for the project was a passenger with paraplegia or reduced mobility in the lower limbs. The result was a 
concept for a more comfortable wheelchair that included some features to facilitate the passenger’s transit and a 
lateral seat movement for the transfer to the aircraft seat [13]. The authors participated as project managers. 
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RESULTS 

  
Figure 1. Translat ion of characterist ics related to AT products into model features 

As a result, a list of characteristics related to the development of AT products is compiled with information 
acquired from the literature review combined with the analyses of the two projects. These characteristics are 
translated into features that led to the proposal of the reference model (Figure 1). Among these features are 
multidisciplinary teams, involvement of users in activities throughout the project, universal design considerations, 
user-centric design, and prototyping cycles. 

The proposed model illustrated in Figure 2 consists of three project phases. The first is dedicated to the 
understanding of the users’ needs and requirements and is divided into three stages. The second phase is 
dedicated to the development of the product concepts. It starts with the Critical Function Protototype (CFP), which 
explores the basic functionalities desired for the solutions. After that, the Dark Horse stage is meant to explore 
alternative and innovative ideas assumed to have lower chances of success. After the solutions are chosen, the 
following two stages are dedicated to exploring and detailing the functionalities that should be part of the final 
solution. In the Funktional stage, the team should explore how the functionality should be constructed, and then 
use the Functional stage to experiment and improve the chosen functionalities. In all these stages the team 
should work on prototyping cycles, which includes an ideation or brainstorming section, then prototyping and 
testing. The third phase is meant for the construction of the final prototype. 

CHARACTERISTICS RELATED TO AT PRODUCTS ORIGIN MODEL FEATURES
Diversity of conditions and individual characteristics for each 
disability and for each patient

Literature / 
Projects

Multidisciplinary team, Involvement of Health professionals,
User-centered design (Design Thinking), Universal design

Variations of conditions among people with the same 
disabilities

Literature / 
Projects

Multidisciplinary team, Involvement of Health professionals,
User-centered design (Design Thinking), Universal design

Low production scale Literature Rapid prototyping

Signs of applicability of DT to the development of AT 
products

Literature / 
Projects Design Thinking approach

Need of a thorough understanding of users' needs and 
requirements

Literature / 
Projects User-centered design (Design Thinking)

User participation during the initial stages of the project
Literature / 
Projects

User-centered design (Design Thinking),
Contact with users in the beginning of the project

User participation during tests and evaluations
Literature / 
Projects

User-centered design (Design Thinking),
Involvement of users during tests and evaluations

Empathy of the team for the users and the solution Projects User-centered design (Design Thinking)

Multidisciplinary teams Projects
Design Thinking approach,

Multidisciplinary teams
Series of prototyping cycles allows for fast failure and 
improved final solutions

Literature / 
Projects

Design Thinking approach,
Various cyles of prototyping

Rapid prototyping provides agility and makes customization 
easier for AT products

Literature / 
Projects Rapid prototyping

Norms ans regulations dependency
Literature / 
Projects Consideration of norms and regulations

Air transport sector dependency on international norms and 
regulations, Governmental agencies and aviation entities

Literature / 
Projects Consideration of norms and regulations
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Figure 2. Reference model phases and activi t ies with prototyping cycles and other features   

Specific characteristics are also distributed across the phases and their stages. The participation of the end-user 
should be present since the first stages of the project, as part of the user-centric approach of the design thinking. 
The involvement of health professionals, especially those who have direct contact with the user, should also be 
taken into consideration, as they can add valuable information about both their and the user’s needs and 
requirements, as well as some specificities of their regular routines. Moreover, the design of the solution must 
take into account specific norms and regulations for the product sector. 

DISCUSSION 

In order to explore the applications and possibilities of design thinking, the two projects adopted a DT approach to 
develop AT solutions for people with disabilities. The projects were conducted by teams of researchers and 
undergraduate students and resulted in the development of new concepts for a wheelchair. Considering that the 
initial problem included an open scope with the specific solution being developed along the project, the DT 
approach showed good results with innovative ideas to solve known issues [4,5,14].  

The results of the application of design thinking tend to add more value to the final user as their needs and 
requirements are explored and considered into the design since the beginning of the project. Therefore, their 
needs and requirements can be considered into the development of the final solutions since the first stages. This 
information can be collected from the interaction with the users as well as with the health professionals who work 
directly with them. 

Including design thinking into the model encourages the development of innovative ideas, the generation of new 
concepts and unconventional solutions. Mainly due to its user-center characteristic, DT seems to be suitable for 
the development of AT solutions, and the prototyping cycles help to solve design issues earlier in the project. 

CONCLUSIONS 

Together with a literature review, two projects for the development of AT solutions for the air transport sector were 
analyzed. A compilation of characteristics was made considering those identified in the literature and also in the 
researched projects. Based on this list of characteristics, a set of specific characteristics for a reference model 
was inferred. Finally, considering the experience involved in the analyzed projects and the final set of 
characteristics, a reference model is proposed for the development of concepts of assistive technology products 
for the air transport sector using the design thinking approach in research projects. Initially, the proposal is 
intended for use in research projects only, since it does not cover the additional steps of the PDP model to 
production process development. 
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For future research, these results could be used by other research groups and institutions for gathering data from 
new case studies. The reference model can be used by other research groups and institutions for structuring their 
projects or to begin applying the design thinking approach for development of new AT solutions for the air 
transport sector. It could also be used for the development of regular AT solutions outside the specific air 
transport sector, and further expanded to the industry as a new approach for conceptual development in the early 
stages of their PDP. 

ACKNOWLEDGEMENTS  

The authors would like to thank the financial support from the National Council for Scientific and Technological 
Development (CNPq) and the Coordination for the Improvement of Higher Education Personnel (CAPES). 

REFERENCES 

[1] IATA. Annual Review 2015. Miami: International Air Transport Association; 2015. 

[2] Brown, T. Design Thinking. Harvard Business Review. 2008 06:84-92. 

[3] Kolko, J. Design Thinking Comes of Age. Harvard Business Review. 2015 09:66–71. 

[4] Osako L, Rocha A, Assi G, Fleury A, Zancul E, Mascia F. Design thinking on the development of an improved 
concept of toilet usage in airplanes for persons with reduced mobility. In Proceedings of the RESNA/NCART 
2016 Annual Conference. Arlington: RESNA Press; 2016. 

[5] Bargar C, Barrera M, Hoinville L, Kok G, Mota A, Durão L, Aquino R, Shear R, Karol R, Finley E. Embraccess: 
Redesigning the Flying Experience for Passengers with Limited Mobility. Stanford Digital Repository. 2014. 

[6] Clark KB, Fujimoto T. Product Development Performance: Strategy, Organization, and Management in the 
World Auto Industry. 1st ed. Boston: Harvard Business School Press; 1991. 

[7] Rozenfeld H, Forcellini FA, Amaral DC, Toledo JC, Silva SL, Alliprandini DH, Scalice RK. Gestão de 
desenvolvimento de produtos: uma referência para a melhoria do processo. São Paulo: Saraiva; 2006. 

[8] Schuh G, Rozenfeld H, Assmus D, Zancul E. Process oriented framework to support PLM implementation. 
Computers in Industry. 2008 59(2-3): 210-218. 

[9] Cooper RG. Perspective: The Stage-Gate ® Idea-to-Launch Process — Update, What’s New, and NexGen 
Systems. Journal of Product Innovation Management. 2008 25(3):213–232. 

[10] Moretti IC. Modelos de referência para desenvolvimento de produtos: análise da contribuição acadêmica. In 
Proceedings of the XXXII ENEGEP. Rio de Janeiro: ABEPRO; 2012. 

[11] Lane JP. The Need to Knowledge (Ntk) Model Variants: A Common Framework For Four Types Of 
Technology Project Outputs. In Proceedings of the RESNA/NCART 2016 Annual Conference. Arlington: 
RESNA Press; 2016. 

[12] Cook AM, Polgar JM. Cook and Hussey’s assistive technologies: principles and practice. 3rd. ed. St Louis, 
Missouri: Elsevier Inc., 2008. 

[13] Rocha AM, Zancul ES, Mascia FL, Fleury AL. Proposta de um método de análise de requisitos de grupos de 
usuários para o desenvolvimento de produtos de tecnologia assistiva. In: 10o CBGDP, Itajubá: IGDP; 2015. 

 


