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Abstract. The theory and practice of Universal Design have evolved over the 
last twenty years. Based on a review of relevant publications in design, 
ergonomics and Human-Computer Interaction, the author summaries the 
evolution in terms of two shifting paradigms: one is from the separation of the 
‘Assistive Technology Approach’ (top-down) and the ‘Idealistic Universal 
Design Approach’ (bottom-up) to the integration of the two approaches; the 
other is from adopting discipline-specific research approaches to collaboration 
in multidisciplinary research teams. Because of the close relationship between 
Universal Design and Human Factors and Ergonomics, the challenges of future 
development of Universal Design are also discussed with regard to the 
revolution and shifting paradigms in Human Factors and Ergonomics.      
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1   Introduction  

Universal Design has a close relationship with Human Factors and Ergonomics 
(HFE). As a process, they both attempts to consider the abilities and limitations of 
users when developing a product or building an environment [2]. However, the basic 
user model used in the two fields differs: in HFE, the typical user model is a bell-
shaped curve (Figure 1) [17]; while in Universal Design, the typical model is a User 
Pyramid (Figure 2) where the lower portion are the able-bodied or fully capable users 
together with elderly people who have minor disabilities such as reduced strength or 
impaired hearing or sight. In the middle of the pyramid are people with reduced 
strength and mobility caused by disease and more severe, age-related impairments. 
This group contains many older people. At the top of the pyramid are those severely 
disabled people who need help with many daily activities: people in wheelchairs and 
people with very limited strength and mobility in their hands and arms [3].    

Conventional HFE is often applied to design for the vast majority of a target 
population (95%, excluding the 5% or the 95% ‘tail’ in the curve) rather than 
everyone. Such an approach leaves some reliant on assistive devices to perform at 
acceptable levels and completely excludes other, for instance those with the greatest 
physical or cognitive limitations. In contrast, Universal Design places greater 
attention to designing mass-produced products or environments that can be used 
effectively without assistance by individuals with functional limitations [2]. In 
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Fig. 1. Typical bell-shaped population model in Human Factors and Ergonomics 

 

Fig. 2. User pyramid for universal design 

reality, Universal Design has been an iterative process to improve accessibility by 
widening the target user population each time the design of a product or service is  
re-visited [14,P227]. Over the last twenty years, the theory and practice of Universal 
Design have evolved. The revolution in Information Technology has spawned a series 
of transformation revolutions in the nature and practice of Human Factors and 
Ergonomics [4]. Similarly, it also causes shifting paradigms in Universal Design. The 
rapidly evolving technologies might even cause a rethinking of the definitions of 
Disability, Assistive Technology, and Universal Design [18, P32]. Based on a review 
of relevant publications in design, Human Factors and Ergonomics and Human-
Computer Interaction, the author summaries the evolution of Universal Design in 
terms of two shifting paradigms.  

2   Shifting Paradigms 1 

There has been a shift from designing special aids and equipments for disabled people 
(an Assistive Technology Approach) to designing mainstream products for as many 
people as possible (a Universal Design Approach), and the boundary of the two 
approaches are increasingly becoming blurred when the rapidly evolving technologies 
bring new opportunities which challenges the conventional understanding of Assistive 
Technology and Universal Design.  
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2.1   An Assistive Technology Approach −  ‘Top-Down’  

There are many definitions for ‘Assistive Technology.’ Some definitions focus on 
products that are purpose-built for people with disabilities. Other definitions refer to 
any technologies, including mainstream technologies that are used by a person with a 
disability to help offset the disability [18, P33]. So the focus of Assistive Technology 
is people with (severe) disabilities, those represented by the top of the user pyramid. 
Hence, an ‘Assistive Technology Approach’ is also referred to as a ‘top-down’ 
approach [7]. Conventionally, “special aids and equipment for disabled people are 
devised top-down rather than bottom-up” [9]. The problem with this approach is that 
“the special needs of disabled people are not, however, by any means always best 
accommodated by targeting them specifically” [10]. Traditionally, Assistive 
Technology is often associated with ‘high price’, ‘special-needs’, and ‘gadget-
looking’ devices.  

2.2   An Idealistic Universal Design Approach – ‘Bottom-Up’ 

As a “new paradigm” [9], Universal Design was proposed as an approach to the 
design of mainstream products and services that are “accessible to and usable by as 
many people as reasonably possible, without the need for adaptation or specialist 
design” [5]. The focus of Universal Design is the mass market, those represented by 
the lower proportion of the user pyramid, so this approach is also known as a ‘bottom-
up’ approach. The essence of this approach is to ‘include’, i.e. expanding the market 
to address the needs of less able people or disabled people. The ideal situation for 
Universal Design would be creating products that could be used by the whole 
population. However, this is difficult (if not impossible) to achieve.  What is more, 
“many ideas that are supposed to be good for everybody aren’t good for anybody” 
[12]. The author’s survey of designers’ attitudes towards Universal Design suggests 
that there is a fear that Universal Design will result in “banal products” or “clumsy” 
products.  

2.3   An Integrated Universal Design Approach – ‘Diversity-Focussed’ 

Assistive Technology and Universal Design have been evolving in parallel and the 
boundary between the two is becoming blurred. Universal Design in the context of 
Information Society Technologies is “not to be conceived as an effort to advance a 
single solution for everybody, but as a user-centred approach to providing products 
that can automatically address the possible range of human abilities, skills, 
requirements and preferences.” [1, P181]. 

The (idealistic) Universal Design Approach and the Assistive Technology 
Approach can be considered as complementary and converging towards the creation 
of a more accessible information society through the continuous redefinition of 
problems in accordance with the developments in both fields [1, P182]. So the 
paradigm is shifting to the integration of the ‘bottom-up’ approach and the ‘top-down’ 
approach − an Integrated Universal Design Approach. Central to this approach is the 
acknowledgement of diversity, and consequently the design response is to address 
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diversity using a ‘portfolio approach’. In the context of Information Society 
Technologies, the outcome of Universal Design is not intended to be a ‘singular’ 
design, but a design space populated with appropriate alternatives together with the 
rationale underlying each alternative, and critical property of interactive artifacts 
becomes their capability for intelligent adaptation and personalization [1, P182].  

2.4   Summary and Comparison  

Fast advancing technologies have brought new opportunities: there are better 
(cheaper, more effective) assistive technologies and new types of assistive 
technologies; and there are more accessible mainstream products which are simpler 
and more adaptable [18].  When an assistive technology becomes so cheap that 
everybody can afford it, it will become ‘universal’ and mass-produced; and the 
mainstream aesthetics of Universal Design will make ‘adaptation’ as easy and 
desirable as ‘personalization’. This explains why the latest definition of ‘Universal 
Design’− the process of creating products that are usable by as wide a range of people 
as is commercially possible [18, P33] − tends to put emphasis on ‘commercial 
viability’ rather than ‘no need for adaptation or specialist design.’  ‘Adaptation’  
could be a desirable feature offered by mainstream products.   

The shifting paradigm is well illustrated by a Dutch design model (Figure 3) [19]:  

   

Fig. 3. The Dutch design model: designing for ergonomics diversity 

The first image in Figure 3 shows the model of traditional implicit design, in 
which the circle represents the total sum of human needs, and the square represents a 
design that is implicitly based on a uniform presumption of human abilities. The gap 
is the space between the circle and the square.  

The second image in Figure 3 shows the model of designing for the disabled, in 
which one can see that focussing on the specific needs of categories (squares) beyond 
the implicit presumed uniform needs, hardly covers the total sum of human needs 
(circle), and in fact, is stigmatizing and isolating the issue – this is comparable to the 
traditional ‘Assistive Technology Approach.’ 

The third image in Figure 3 shows the model of an integral approach. As we can 
see, the square has grown, covering parts of the special needs, but not covering the 
whole circle. There is still a gap, which is logical: An inner square will never cover a 
circle – this is comparable to the Idealistic Universal Design Approach.    

The final image in Figure 3 shows the model of design based on ergonomics 
diversity. It well illustrated how the gap between the environment and its use can be 
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bridged in due course, by dividing the circle of human needs into separated sectors for 
all aspects of functioning, and then searching for the proper criteria to cover the 
extremes in each of these aspects – this is comparable to the ‘Integrated Universal 
Design Approach’.  The ‘integration’ is not simply a combination of the ‘top-down’ 
approach and the ‘bottom-up’ approach. It is based on a deep understanding of diversity. 
In the context of Universal Access in the information society, the source of diversity 
comes from (i) the characteristics of the target use population (including people with 
disabilities); (ii) the scope and nature of tasks; and (iii) the different contexts of use and 
the effects of their proliferation into business and social endeavors [16].   

If we see each ‘piece of pie’ within the circle as a mini ‘user pyramid’, then it is 
easy to understand why addressing diversity requires an integration of the ‘top-down’ 
and ‘bottom-up’ approaches. It also explains why this is an optimal approach, it 
‘include’ the most; even if there is an ‘exclusion’,  the exclusion is ‘informed’ rather 
than random.  

3   Shifting Paradigms 2 

Researchers in the Universal Design community come from a variety of backgrounds, 
for example: engineering, art and design, ergonomics, computer science, 
psychology…each discipline has its typical approach to research, for example, 
systematic approaches are typical for researchers with an engineering background; 
inspirational approaches are typical for researchers with an art and design 
background; ‘user-modeling’ approaches are typical for researchers with a 
psychology or ergonomics background. However, nowadays the trend is towards 
multidisciplinary collaboration.   

3.1   Systematic Approaches  

Systematic approaches include design methodologies, processes, and evaluation 
frameworks or criteria that can be applied systematically in a range of situations to 
encourage Universal Design.  

A typical example is the ‘countering design exclusion’ approach [11]proposed by 
the Cambridge Engineering Design Centre. It defines and quantifies design exclusion; 
outlines a seven-level framework for design and evaluation; and proposes a method of 
evaluating products’ inclusivity based on a set of user capability data. This is a 
‘problem-solving’ approach and the basic assumption is that products exclude users 
because their attributes do not match user capabilities. Hence it is important to 
evaluate products and apply user capability data (physical, sensory, cognitive) to 
estimate the design exclusion and make an informed decision on product 
improvement.  

In the context of Universal Access in the Information Society, a good example of 
systematic approaches to Universal Design is the Unified User Interface Development 
Methodology [16] which provides a systematic approach towards coping with 
diversity in interface design.  



 Shifting Paradigms in Universal Design 71 

3.2   Inspirational Approaches  

In contrast to systematic approaches, inspirational approaches typically produce 
design case studies and examples which are limited in terms of generalizeability to 
other designs or tasks but nevertheless provide inspirations by challenging 
conventional design processes and methods.    

A good example of inspirational approaches is the DBA Inclusive Design Inclusive 
Design Challenges organized by the Helen Hamly Research Centre (HHRC) of the 
Royal College of Art and the Design Business Association in the UK. The emphasis 
of these challenges is the short-term collaboration (typically 2-3 months) between 
innovative design consultancies and users with serve disabilities through ‘critical user 
forums’ [8]. Since 2000, 36 design concepts have been created by over thirty design 
consultancies. Variations of the Challenges, such as the 24-hour Challenge, the 48-
hour Challenge, and Challenge workshops tailored to specific companies, have been 
created in recent years, forming an effective knowledge transfer model of inclusive 
design. More details about DBA projects are available from the HHRC’s website: 
http://www.hhrc.rca.ac.uk/events/DBAChallenge/index.html    

Another example of such inspirational approaches is the use of theatre and film in 
representing user requirements [6]. As part of the research aimed at improving the 
usability of ICT products and services for older people, a series of narrative-based 
videos were produced, using professional actors to portray the experiences of many 
older users of ICT. The video can be downloaded from http://www.computing. 
dundee.ac.uk/projects/UTOPIA/utopiavideo.asp 

3.3   User-Modeling Approaches  

Much research has been focused on modeling the user in order to better understand 
user diversity, for example, the development of the HADRIAN (Human 
Anthropometric Data Requirements Investigation and Analysis) tool to support 
inclusive design [13]. The prototype tool contains a database consisting physical and 
behavioral data on 100 individual covering a broad range of ages and abilities. The 
latest development of the tool is going to expand the database beyond the physical 
into cognitive, emotional and sensory data associated with travel. In the context of 
Universal Access in the Information Society, a model-based approach to Human-
Computer Interaction is descried by Stary [15].     

3.4   Summary  

Although typical approaches to Universal Design adopted by different discipline may 
vary, an emerging phenomenon is interdisciplinary research through research 
consortia. For example, the large universal design research project funded by the 
UK’s Engineering and Physics Sciences Research Council (EPSRC), i~design, has 
been run by research consortia comprising experts from engineering, art and design 
backgrounds (i~design1, 2000-2003); engineering, art and design, psychology, 
computing science (i~design 2, 2004-2007); engineering, art and design, ergonomics, 
psychiatry (i~design 3, 2007-2009). Researchers within the consortia learn from each 
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other and benefit from multidisciplinary approaches to Universal Design.  Recently a 
five year multidisciplinary research initiative − the New Dynamics of Ageing − has 
been launched as a unique collaboration between five UK Research Councils: ESRC, 
EPSRC, BBSRC, MRC and AHRC; this is an even more ambitious interdisciplinary 
collaboration project. 

4   Challenges for Universal Design in the Context of HEF 
Evolution 

Universal design is closely linked to Human Factors and Ergonomics. In the 
‘Introduction’ section, the basic user models adopted by the two subjects were 
compared. In the ‘Shifting Paradigms 1’ section, the ‘Integrated Universal Design 
Approach’ was compared to the ‘Design for Ergonomics Diversity’ model – they are 
identical. In the ‘Shifting Paradigms 2’ section, it is obvious that Universal Design is 
influenced by ergonomics. Hence it is worthwhile to discuss the challenge for 
Universal Design in the context of evolving Human Factors and Ergonomics.   

The revolution in Information Technology has spawned a series of transformation 
revolutions in the nature and practice of Human Factors and Ergonomics (HFE). 
“Generation 1” HEF evolved with a focus on adapting equipment, workplace and 
tasks to human capabilities and limitations. Generation 2, focused on cognitive 
systems integration, arose in response to the need to manage automation and dynamic 
function allocation. Generation 3 is focused on symbiotic technologies that can 
amplify human physical and cognitive capabilities. Generation 4 is emerged and is 
focused on biological enhancement of physical or cognitive capabilities [4]. It is 
important to note that each successive generation of HEF coexists.   

Much research in Universal Design addresses issues relating to HEF Generations 1 
and 2. However, what differentiates HFE Generations 3 and 4 from Generations 1  
and 2 is a change in the fundamental role of the human as a variable in human 
systems integration. In generations 3 and 4, human cognitive and physical capabilities 
may be enhanced well outside the range of normal biological variation thereby 
altering traditional boundary constraints on the adaptability of human in complex 
system design [4]. Universal Design aims to ‘enable’ people, whether it should 
amplify human physical and cognitive capabilities is under debate. However, “human 
augmentation” has already been raised as a topic in the newly published report “Over 
the Horizon: Potential Impact of Emerging Trends in Information and 
Communication Technology on Disability Policy and Practice” (Available from 
http://www.ncd.gov/newsroom/publications/2006/publications.htm) where it argues 
that “combining technologies that mimic human abilities and provide enhanced super-
human function in a single implantable prosthesis raises new opportunities and 
potentials for restoring function that go beyond the ability to restore natural 
vision.”[18]. No doubt Universal Design will encounter challenges brought by the 
third and fourth Generations of Human Factors and Ergonomics; would this change 
our future understanding of Universal Design? Would ‘enhancing human capability’, 
in parallel with ‘improving product accessibility and usability’, be an object of 
Universal design in the future?   
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5   Conclusions  

To conclude, there have been two shifting paradigms in Universal Design: one is from 
the separation of the ‘Assistive Technology Approach’ and the ‘Idealistic Universal 
Design Approach’ to the integration of the two approaches; the other is from adopting 
discipline-specific research approaches to collaboration in multidisciplinary research 
teams. Although Human Factors and Ergonomics (HFE) and Universal Design adopt 
different basic user models, they are closely linked subjects and the revolution and 
shifting paradigm of HFE present challenges for Universal Design, especially in terms 
of cognitive ad physical enhancement.   
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