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ABSTRACT

Adaptive athletes often augment existing products or create their own solutions to 
participate effectively and efficiently in sport. Designing relevant products for these 
athletes requires a human factors approach that balances individual needs with 
performance considerations. This paper aims to provide background on adaptive 
athlete needs, based on sport, rules and regulations, environment, support systems, 
and impairment classifications established by World Para Athletics, as well as on 
physiological, biomechanical, and psychological performance considerations, to 
develop a framework for designers. The framework serves as an adaptive athlete-
centered tool for 2D and 3D ideation to organize complex requirements for product 
design.
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INTRODUCTION

An adaptive athlete is any person with a disability who participates in 
modified sports at recreational, competitive, or elite levels, across all ages and 
environments (Office of the Provost, University of Michigan, n.d.). Globally, 
an estimated 1.3 billion people live with disabilities, approximately 16% of 
the world’s population, representing a substantial potential population of 
adaptive athletes (World Health Organization, 2022). Despite scale, most 
athletes lack access to products designed for their individual and performance 
needs. As a result, adaptive athletes often augment existing products or create 
their own solutions to participate efficiently and effectively. This could lead 
to unsafe conditions or put the athlete at a competitive disadvantage. 

This paper establishes a human factors framework to support ideation in 
the design of footwear, apparel, and equipment products for adaptive athletes. 
A systems thinking approach was employed to account for the wide range 
of factors that make up the adaptive athlete ecosystem which can influence 
how a product is designed. Sport, environment, rules and regulations, 
support systems, key impairment classifications set forth by World Para 
Athletics were reviewed, along with associated physiological, biomechanical, 
and psychological performance needs. Foundational knowledge was then 
synthesized into an adaptive athlete–centered design framework, enabling 
designers to systematically innovate successful products. 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.54941/ahfe1007756


168� Sokolowski

BACKGROUND

Core Influences on Adaptive Athlete Product Design

To develop a design framework that is adaptive athlete-centric, it is important 
to use a systems thinking approach to understand the elements that make up 
the athlete’s ecosystem and how they interact. Systems thinking focuses on the 
interconnection of factors (Arnold & Wade, 2015), rather than in isolation, 
to enable holistic decision making in product design. At a high-level, the 
core elements that influence the design process for adaptive athlete-specific 
products include the sport being played, rules and regulations, environment, 
and athlete support system. 

The sports adaptive athletes play can encompass a wide range of activities 
that are individual-based (e.g., track and field, swimming), and team-based 
(e.g., wheelchair basketball, sitting volleyball). Sport rules and regulations 
include ones that pertain to the specific sport played, competition-specific 
rules and ones related to the products worn. These rules are usually governed 
by international federations, national governing bodies, and specialized 
organizations that align with International Paralympic Committee standards 
(International Paralympic Committee, n.d.). 

The training and competition environment includes athlete level of play 
(e.g., recreation, competitive, elite), location of where the sport is being 
played (e.g., indoors, outdoor, aquatic), along with terrain (e.g. snow, 
mud, ice, asphalt), temperature, humidity, and elevation. Also at the core, 
is the support system that enables the athlete to be successful, including 
the organizing bodies that champion adaptive athletic events (e.g., Special 
Olympics, Paralympics), coaches, family members, medical and therapeutic 
experts (e.g., physicians, physical therapists, athletic trainers, nutritionists, 
psychologists), product specialists and outfitters, along with other athletes 
and teammates where relevant. These core influences set the stage for the 
product designer to understand the multifaced context in which adaptive 
athletes operate.

Impairment Classifications for Adaptive Athletes

Beyond the core influences, it is important to understand adaptive athlete-
specific impairments, so products can be designed to seamlessly integrate 
with individual needs. To enable competitive equity, World Para Athletics 
established an impairment classification system for adaptive athletes 
(World Para Athletics, n.d.). The system helps to functionally define how 
athletes are eligible to compete, and how they are grouped together for 
competition to minimize the impact of impairments on overall sport 
performance (World Para Athletics, n.d.). To be classified, the athlete must 
have an eligible impairment, meet the minimum impairment criteria for the 
sport they want to compete in (as each sport has different criteria), and be 
assigned a sports class (International Paralympic Committee, n.d.). There 
are 10 eligible impairment types. They are presented with their definitions 
in Table 1. 
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Table 1: Impairment classification definitions (World para athletics, n.d.).

Impairment Definition

​Ataxia​ Athletes have uncoordinated movements due to damage to the 
central nervous system.​ 

Athetosis​ Athletes have continual slow involuntary movements.​

Hypertonia​ Athletes have an increase in muscle tension and a reduced ability of 
their muscles to stretch, caused by damage to the central nervous 
system.  

Impaired Muscle 
Power​

Athletes have a condition that either reduces or eliminates their 
ability to voluntarily contract muscles to move or to generate force.  ​

Impaired Passive 
Range of Movement ​

Athletes have restriction or lack of passive movement in one or 
more of their joints.​ 

Intellectual 
Impairment ​

Athletes have restriction in intellectual functioning and adaptive 
behavior in which affects conceptual, social and practical skills 
required for everyday life. ​

​Leg Length 
Difference ​

Athletes have a difference in the length of their legs as a ​result of a 
disturbance of limb growth, or trauma. ​

Limb Deficiency ​Athletes have total or partial absence of bones or joints ​because 
of trauma (e.g., amputation), illness (e.g., bone cancer) or congenital 
limb deficiency (e.g., dysmelia).​

Short Stature​ Athletes have a reduced length in the bones of the upper​ limbs, 
lower limbs and/or trunk. 

Vision Impairment ​ Athletes have reduced, or lack of vision caused by damage to the eye 
structure, optical nerves, optical pathways, or visual cortex of the 
brain.  ​

Product Performance Influences for Adaptive Athletes

The products worn and used by adaptative athletes can both accommodate 
human impairment-related needs and enhance performance, provided they 
are permitted under rules established by relevant governing bodies. For this 
paper, the physiological, biomechanical and psychological performance 
factors that can be influenced by product design are examined. 

Physiology is the integrated study of the body’s responses to sport that 
underpin athletic performance and health, including cardiorespiratory, 
muscular, metabolic, and neuromuscular systems (Wilmore et al., 2004). 
For athletes, footwear, apparel, and equipment can be designed to assist 
human physiology by managing their thermoregulation, recovery processes, 
cardiovascular strain, and metabolic demands (Di Domenico et al., 
2022; Oral et al., 2021; Dupuy et al., 2018; De Sousa et al., 2014; Steele 
et al., 2025). 

Biomechanics is the application of mechanical engineering principles to 
the human musculoskeletal system to study the anatomical and functional 
relationships between structure, position/posture, and movement of body 
segments during sport activities (Bartlett, 2014). For athletes products can 
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be designed to foster their biomechanics by providing support, stability, form 
and range of motion (Williams et al., 2024; Dami et al., 2024; Zamporri & 
Aguinaldo, 2018; Gascon et al., 2018). 

Lastly, psychology is the scientific study of the factors associated with 
participation and performance in sport (Weinberg and Gould, 2023). For 
athletes, products can be designed to influence psychological performance 
through motivation, confidence, and team dynamics (Zunker et al., 2014; Cross, 
2011; Bhowmik, 2019). By understanding adaptive athlete impairments and 
the ways in which products can support human performance, designers are 
better equipped to ideate meaningful solutions for adaptive athletes, forming 
the foundation of the human factors framework. 

Products Worn and Utilized by Adaptive Athletes

Like abled-bodied athletes, adaptive athletes wear and utilize footwear, 
apparel and equipment for sport training and competition (Sokolowski, 
2019). Apparel products typically cover the body’s core and may cover some 
or all the upper and lower extremities. They are usually made of soft and 
flexible materials (e.g., knits, wovens, thermoplastic films) and can include 
items like jerseys, pants, tanks, bras, base layers, vests, jackets, tights, and 
shorts. Footwear products cover the foot and sometimes the ankle, calf, knee 
and thigh. They are made of a combination of soft and hard materials (e.g., 
leathers, synthetic leathers, wovens, knits, foams, composite plates, rubber) 
and can include items like ski boots, slides, court shoes, cleats, racing flats, 
and spikes. Equipment products are the tools used by athletes that are sport 
or user specific. These products can also be made of hard and soft materials 
(e.g., rubber, foams, composites, metals, knits, wovens) and include items 
like gloves, grips, pads, guards, sleds, wheelchairs, balls, eyewear, and 
prosthetics. As forementioned, each sporting event organization (e.g., 
Paralympics, Special Olympics) will provide rules outlining what the athlete 
can legally wear and use, with detailed descriptions for assistive devices. 
Product dimensions, body coverage, branding, and materials are often 
the attributes that have specific design rules to insure appropriate athlete 
appearance, physical prowess, competitive fairness and safety (International 
Paralympic Committee, 2011). 

METHODOLOGY

Purpose and Process

Designing products for adaptive athletes is a complex process because 
requirements are often multifaceted. To establish an adaptive, athlete-centric 
design framework, existing knowledge on sport, environment, rules and 
regulations, support systems, and key impairment classifications set forth by 
World Para Athletics, together with associated physiological, biomechanical, 
and psychological performance needs, was synthesized to create an ideation 
tool for designers. Through this exercise, the intent is to provide a process 
that enables designers to generate ideas that are functional and appropriate 
for the adaptive athlete being designed for. 
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Core Influences 

The first component of the framework involves the core influences 
surrounding the adaptive athlete regarding the product being designed.  
As outlined in the background, these include knowledge on the sport being 
played, sport environment, rules and regulations, and athlete support systems. 
They form the foundation of the design work, which designers can research 
from literature, along with athlete and/or expert interviews and surveys. 

Impairments, Performance, and Product Design Needs Synthesized

The 10 impairments outlined by World Para Athletics can be synthesized 
into four high-level themes aligned with human performance and functional 
product design needs. These themes include neuromotor control impairments, 
musculoskeletal force and joint impairments, structural impairments in limb 
and body proportions, and sensory and cognitive processing impairments. 
Organizing information in this way enables more specific knowledge to be 
sourced directly from athletes, specialists, coaches, and scientific literature to 
identify adaptive, athlete–centered product design needs. Because adaptive 
athletes have diverse individual requirements, product design must balance 
core ecosystem influences with personalized solutions to optimize safety and 
performance. 

Neuromotor control impairments include ataxia, athetosis, and hypertonia. 
These conditions affect muscle tone and movement due to nervous system 
damage, resulting in uncoordinated, involuntary, weak, or stiff movements 
(World Para Athletics, n.d.). Physiologically, products can prevent overheating 
from extra exertion due to these impairments (Griggs et al., 2020) by using 
ventilated, stretchy, and moisture-wicking materials. Materials can also be 
selected for their weight characteristics to reduce overall metabolic costs. 
Often, athletes with neuromotor control impairments use a wheelchair, 
and pressure ulcer design considerations (Schofield et al., 2013) should be 
incorporated by creating products with soft materials, in working positions 
(Watkins & Dunne, 2015), and with reduced seams, trims, pockets, tags, and 
hard edges. Fit and the ability to adjust product interfaces are important too, 
given body shape variability. Biomechanically, products can be designed to 
provide stability, support, and range of motion control (Rum & Kons, 2025), 
without restricting motion; psychologically, products can be designed for 
accurate fit, odor management, ease of donning, doffing, and use, enabling 
independence and confidence (Jefferies et al., 2012). 

Musculoskeletal force and joint impairments involve limited muscle power 
and reduced passive range of motion (World Para Athletics, n.d.), which 
reduce the athlete’s ability to generate force or full joint range of motion, 
affecting stability, propulsion, and posture. Physiologically, products can be 
designed to support athletes with these impairments by reducing metabolic 
strain, improving thermoregulation, and recovery through materials that 
stretch and breathe, form, compression and fit (Fletcher et al., 2021; Griggs 
et al., 2020). Biomechanically, products can help guide joint motion, dexterity, 
posture and propulsion (Miyashita et al., 2021), through form, fit, materials, 
trims, donning and doffing solutions, while psychologically products can 
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reduce fear of falling and enhance confidence due their contribution of 
stability, propulsion and posture, which ultimately demonstrates the impact 
of positive psychological capital on athletic performance (Kim, 2025).

Structural limb and body proportion impairments include limb-length 
differences, limb deficiencies, and short stature (World Para Athletics, 
n.d.). Performance-wise, these impairments can affect balance, leverage, 
and reach. Physiologically, as discussed previously, products need to be 
designed to prevent unnecessary exertion and help manage overheating. 
Biomechanically, they should be designed to support balance despite 
structural asymmetries (Vogt et al., 2020) and, where relevant, use frictionless 
materials internally to better interface with prosthetics and remain durable 
over time. Psychologically, custom-fit products or ones with adjustability 
to accommodate length variabilities can foster positive body image and 
confidence (Bragaru et al., 2011). 

Sensory and cognitive processing impairments include vision and 
intellectual limitations (World Para Athletics, n.d.), which can affect visual 
input, perception, and decision-making. Through design, products can 
support human physiology by enabling efficiency through sensory feedback 
(Semjonova et al., 2022), biomechanics by enabling spatial awareness to 
promote a smooth range of motion and aligned posture, and psychology by 
motivating the athlete (Jefferies et al., 2012) through fit, color, texture, and 
aesthetic decisions to foster confidence. 

Through this synthesis of core influences, impairments, performance and 
design needs, a human factors framework for adaptive athlete–centered 
product design can be established.

RESULTS

The human factors framework for adaptive athlete–centered product design 
was established to organize information for designers as they progress from 
2D to 3D ideation. The framework enables information to be gathered 
sequentially, from relatively accessible to more complex, so cumulative 
learning occurs, and preparation for ideation becomes less daunting. As shown 
in Figure 1, the framework first guides the designer to collect information on 
the core influences for the athlete being designed for, including their sport, 
sport environment, rules and regulations, and their support systems; this 
information is typically available from published literature, sport governing 
bodies, athletes, and their support systems. 

Research queries related to core influences could include:

1.	 What is the history of sport being designed for?
2.	 How is the sport is played, and is it an individual or team sport?
3.	 Where the sport is being played (indoor, outdoors, aquatic)? 
4.	 What terrain is the sport being played on?
5.	 What are the size and characteristics of the sporting environment, 

including temperature and possible weather conditions?
6.	 What level is the athlete (e.g., recreational, competitive, elite)?
7.	 What are the rules and regulations related to the sport, including product 

and competition-specific rules that may influence product design? 
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8.	 Who is the athlete’s support system and what can they tell you about the 
athlete and their needs?

Figure 1: Adaptive athlete–centered product design framework.

The second phase of the framework focuses on understanding the athlete’s 
specific impairment(s), which can be informed by the athlete, coaches, 
specialists, and scientific literature. Example research queries related to 
impairments could include:

1.	 Which of the four impairment themes applies to the athlete? 
2.	 Does the athlete have more than one impairment theme?
3.	 How is the impairment(s) defined for the athlete?
4.	 Which body part(s) does the impairment(s) affect?
5.	 What is the severity of the impairment(s)?
6.	 How does the impairment(s) affect playing the sport in question?

The third, fourth, and fifth phases of the framework synthesize the resulting 
physiological, biomechanical, and psychological product needs derived from 
the core influences and impairments. Because athletes could have multiple 
impairments, this synthesis should be completed for each impairment type. 
These needs can be identified using information provided by athlete themself, 
coaches, specialists, and scientific literature. Sample research queries could 
include:

1.	 Based on the core influences and impairment(s), how is the athlete’s 
physiology affected?
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2.	 Given these physiological effects, how might products (footwear, apparel, 
equipment) be designed to better support this athlete?

3.	 Based on the core influences and impairment(s), how is the athlete’s 
biomechanics affected?

4.	 From the biomechanical effects, how might products (footwear, apparel, 
equipment be designed better to better support this athlete?

5.	 Based on the core influences and impairment(s), how is the athlete’s 
psychology affected?

6.	 From the psychological effects, how might products (footwear, apparel, 
equipment be designed to better support this athlete?

DISCUSSION

The framework serves as a navigation tool, to help designers gather information 
sequentially to inform their 2D and 3D ideation work. It has been used by the 
author as a teaching tool in design courses, with positive outcomes. By using 
the framework, designers can translate their findings into a SWOT analysis, 
design brief, mind map or other ideation tools at their use to support 2D and 
3D ideation. A key limitation is that the framework structures the knowledge-
gathering process, but it does not provide quantitative decision-making 
guidance, as each design project will have different hierarchal requirements 
based on the individual athlete’s needs. Opportunities for future research 
include inviting other designers to apply the framework and examine their 
successes and challenges in the knowledge-gathering process, to further refine 
the tool and enable stronger 2D and 3D ideation work.

CONCLUSION

Designing for adaptive athletes can be a complex and sometimes overwhelming 
experience for designers. Safety, comfort, accuracy, and performance rides on 
the success of the product developed, placing a high level of responsibility 
on the designer. The adaptive athlete–centered product design framework 
provides a sequential method of collecting information as designers work 
toward 2D and 3D ideation, helping to ensure critical information is gathered 
and organized effectively.
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