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ABSTRACT

Changes occurring in the business and socio-economic global environments increase the complexity of working
systems. The global workforce is becoming more diverse where people from different social, cultural, geographical
and  technical  backgrounds  work  together  in  spite  of  their  existing  differences.  Existence  of  varying  human
responses  caused  due  to  variations  in  individual’s  physical,  physiological,  psychological,  social  and  cognitive
responses to the organizational design becomes a real challenge for designers. Moreover, increase in the number of
older workers, also requires the attention of designers, as they are different in many ways. These issues increase the
complexity  of  organizational  systems and  have  serious  implications for  human factors  and  ergonomics  as  this
complexity challenges the way conventional organizational systems are designed and implemented. There is a great
need  to  develop  new  strategies  where  human  variations  are  rightly  understood  and  then  emphasized  during
organizational design process.  A proposed Sociotechnical Inclusive System Design approach has been discussed for
addressing  social  and  technical  issues  of  organizational  design  by  integrating  socio-technical  principles  with
inclusive thinking so that  these challenges might be addressed at  the organizational  and individual levels.  This
article briefly describes global workforce challenges like increase in diversity, ageing, and impact of individual level
variations on workplace safety and task performance. Finally, it highlights the need to design organizational systems
based on diversity and differences where social and technical inclusivity should be an integral part of any design
decision so that organizations can effectively utilize their human capital. The suggested design approach can draw
multiple benefits including employee satisfaction, workplace safety and well-being, high productivity and quality
and retention of a skilled workforce for a longer time. All these benefits ultimately support the attainment of long
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term organizational sustainability.
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INTRODUCTION

Workforce diversity management is becoming a key area of focus due to the changes occurring in business and
socio-economic global environments. Organizations wish to retain skilful and experienced workers for a longer time
so that they can draw optimal benefit from them. However,  efficient  use of human capital is possible only if a
healthy,  safe  and  productive  working  environment  is  provided  where  workers  feel  themselves  valued  and
empowered.  This  article  demonstrates  the  need  to  reframe  socio-technical  design  methodology  by  integrating
inclusive design thinking as a necessary part of the organizational design so that differences in working attitudes,
behaviors,  and  capabilities  can  be  addressed  properly.  To  meet  the  challenges  caused  by  variations  in  human
attitudes, behaviors and capabilities, there is a need to adopt a ‘socio-technical-inclusive’ system design approach,
which  aims  to  consider  technical,  social  and  inclusive  concepts  of  organizational  design  simultaneously.  This
approach aims to substantially increase the accommodation level of organizational design factors, whilst providing a
working environment that is acceptable for all in spite of existing differences. The socio-technical-inclusive design
approach is more sophisticated in its nature as it  aims to highlight and address work organization issues at the
individual level.  It  also provides an opportunity to take a realistic view of the organizations design issues in a
detailed way and how organizations can adopt a change.

FUTURE WORKFORCE CHALLENGES

Workforce  demographics  are  changing  and  organizations  are  witnessing  an  increase  in  workforce  diversity.
Workforce diversity management is becoming a business case as 21st century organizations want to retain the very
best available employees. Workforce diversity covers a wide range of dimensions such as age, gender, race, skill,
cultural  background,  marital  status etc.  (Williams and O'Reilly, 1998).  Because of this,  workers share different
attitudes,  working  behaviors,  desires,  needs  and  values;  along  with  variations  in  physical,  physiological  and
cognitive capabilities, that directly or indirectly affect work performance at individual and organizational levels. It
comes with a number of potential benefits but also brings challenges as it increases variations in work performance
caused  due  to  human  variability.  Effective  diversity  management  can  provide  an  opportunity  of  better  work
performance  by  utilizing  more  diverse  ideas  in  decision-making,  increasing  creativity,  competitiveness  and
innovation along with a greater  variety of perspectives  and a broad range of task-related knowledge and skills
(Roberge and Van Dick, 2010; Childs, 2005; Bassett-Jones, 2005;  Richard, 2000; De Dreu). On the other side,
failure to manage a diverse workforce may lead to an environment of conflicts, frustration and a sense of insecurity
that can promote absenteeism, high turnover, job dissatisfaction and lower work commitment (Shore et al., 2009;
Richard, 2000). In the light of this, it becomes important to understand human differences and promote strategies
that can minimize effects of these.

A challenging fact is the ageing population. Over the last few decades, the proportion of older people is increasing in
almost all parts of the world. According to United Nations Organization statistics (U.N.O., 2009), the average age of
the population is increasing, so that approximately, one in ten persons are now 60 years or above and by 2050, one
in five will be 60 years or older. The UK population is also ageing and there has been an increase of 1.7 million
people aged 65 and over in last 25 years,  but the UK is ageing less rapidly than other European countries like
Germany  and  Italy  (O.N.S.,  2010).  The  United  States  Bureau  of  Labor  Statistics  (B.L.S)  identified  that  the
proportion of the workforce over 55 years of age is rapidly increasing whereas that of younger workers aged 16-19
years old is decreasing (B.L.S, 2010). The higher the number of older people available for work means higher the
number of older people at work; however, accommodation and retention of older workers at work demands several
critical factors to be addressed as older workers are different in many ways because of changes that occur with age.
These changes, like decrease in muscular strength, flexibility, joint mobility, aerobic capacity and vision, directly
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affect task performing capabilities of workers and are linked with the level of risk of exposure to injuries, illnesses
and  mistakes  (Sturnieks  et  al.,  2008;  Wanger  et  al.,  1994;  Chung and  Wang,  2009;  Chiacchiero  et  al.,  2010;
Falkenstein et al., 2006; Hultsch et al., 2002; Der and Deary, 2006; Sue, 2008; Boyce, 2008). Contrary to the above,
older workers have many advantages that include sagacity, prudence, strategy, wisdom, decision making, logical
reasoning and critical thinking, experience, loyalty and more quality consciousness (Posthuma and Campion, 2009;
Dychtwald et al., 2004; Tillsely and Taylor, 2001). Strategies for coping with or benefitting from an older workforce
should therefore concentrate on utilizing and enhancing these positive characteristics whilst providing support and
assistance (for example through workplace design) to ameliorate the physical aspects of ageing. 

As  mentioned  earlier,  individual  level  variations  increase  as  diversity  increases.  As  far  as  human  factors  or
ergonomics is concerned, individual factors like demographics, age, work, anthropometry, psychological, life style,
comorbidity,  past  history  and  social  factors  are  thought  to  affect  the  individual’s  response  to  workplace  risk
exposure (Cole and Rivilis, 2004; Kerr, 2000;  Wahlström, 2005). In relation to workplace safety and ergonomic
interventions, the following sections explain the effect of individual differences on work safety.

In many studies it has been concluded that women are more likely to be exposed to work related musculoskeletal
disorders as they are more exposed to physical and psychological work conditions at work (Punnett and Herbert,
2000, Treaster and Burr, 2004, Wahlström, 2005, Karlqvist et al., 2002, Aittomäki et al., 2005). However, a few
studies  such  as  Hooftman et  al.  (2009) found no gender  differences  regarding  the prevalence  of  WMSDs and
concluded that  men and women are equally vulnerable  to risk factors  at  work.  Like gender,  again age  has  an
association with injuries at  work,  as older  workers  often suffer  from more serious but less frequent  workplace
illnesses and injuries than younger workers. Moreover, promotion of age-friendly workplaces and environments may
lead to higher productivity, competitiveness and sustainable business practices (Ilmarinen, 2002, Welch at al., 2008,
Silverstein,  2008).  Different people like to perform their work in different  ways, especially when they have an
option. Moreover, variations in working strategies are also linked with the risk at work (Keyserling et al., 2010;
Dahlberg et al., 2004; Palmeud et al., 2012; Lindegård et al. 2003; Guo et al., 2004)

In recent years, more attention has been paid on exploring the relationship between psychological factors and work
related musculoskeletal disorders. It has been found that factors like high job stress, job dissatisfaction, lack of job
control, inadequate work support, high job demands and perception of insufficient safety climate are contributing
factors (Smith et al., 2004, Sobeih et al., 2006, Hofmann and Mark, 2006, Hollman et al., 2001, Stone et al., 2007,
Simon et al., 2008, Lacey et al., 2007).

In conclusion to the above discussion, organizations are facing a challenge of diversity management where human
variability issues will  be more prominent  in future.  Furthermore,  individual differences  caused by variations in
physical, physiological, psychological, cognitive and social interactions have great relevance for ergonomics and
human factors, as principles of ergonomics are used in assuring workplace safety, human well-being, empowerment,
optimal work performance along with sustained productivity and quality. There is a need to deal with these issues by
developing and promoting new design approaches that have the ability to address the needs of individuals in any
organizational system. 

HUMAN FACTORS AND SOCIO-TECHNICAL SYSTEM  DESIGN

Socio-technical system design thinking firstly emerged at the UK Tavistock Institute, where relationships between
social and technical aspects of workplace design were explored and identified (Trist and Bamforth 1951; Trist et al.,
1963). Socio-technical system theory is based on the concept that performance of a system can be improved if social
and  technical  aspects  of  a  system are  treated  together  during the design process  (Clegg,  2000;  Cherns,  1976).
Organizations  comprise of  a  number  of interrelated  functions and multiple stakeholders,  and this  increases  the
complexity of organizational  systems. This increase is because of changes occurring in the business and socio-
economic  environment  (Hendrick,  1997).  Vicente  (1999)  listed  a  number  of  dimensions  of  the  complexity  of
working systems, like many people working together but having different organizational, cultural, educational and
geographical backgrounds and different age groups etc. In this respect, increase in work system complexity creates
some challenges, as designing a change in the system without considering the effects of this change on multiple
stakeholders might influence overall work performance badly and limits system effectiveness.
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As mentioned previously, workforce diversity is increasing where the effective utilization of a diverse workforce is
simply related to how organizations can address working needs of different people in the same system. In relation to
workforce diversity management, design, implementation and maintenance of socio-technical systems becomes a
challenge for human factors and ergonomics researchers and professionals. The main focus of socio-technical design
thinking  has  been  on  the  design  and  implementation  of  new  technologies.  However,  it  was  broadened  from
advanced manufacturing technologies to office work and service design (Clegg, 2000; White et al., 2010; Rice,
1958; Trist and Bamforth, 1951; Mumford, 1983). Moreover, a clear focus on socio-technical system design can be
visualized  in  addressing  the  challenges  of  information and  communication technologies.  In  this  respect,  socio-
technical practitioners and researchers have provided a critical insight and useful advice on some of the large scale
IT projects like the National Programme for Information Technology (NPfIT) in the National Health Service (NHS)
and later on providing a new IT system for delivering social care to the people in an appropriate, effective and useful
way (Clegg, 2000; Clegg and Shepherd, 2007; Eason, 2007; White 2010).

Additionally, socio-technical systems thinking has significant impact on addressing social aspects of organizational
design. For example, organization of work and job design are the key areas where effective contribution of socio-
technical design approach has been recognized (Grant et al., 2011; Wall et al., 1980). More precisely, designing
organizational working systems on the basis of fundamental principles highlighted by socio-technical theory, helped
in achieving a system where employees were motivated, satisfied and more productive in terms of work output. All
these factors influence organizational work performance positively (Grant et al., 2011; Birdi et al., 2008).

In the light of above discussion, we may say that socio-technical systems thinking has been applied to a number of
key areas, notably focusing on the design of new technologies and workplaces by improving job design and work
organization  related  issues  and  its  effectiveness  has  been  noted.  It  has  been  further  noted  that  socio-technical
thinking has a potential to address work related issues by addressing job needs of workers in more logical and
systematic ways. However, the theory still needs to be shifted from theoretical frameworks to practices, so that real
benefits can be achieved. Furthermore, socio-technical system theory has been debated in a way where social and
technical  issues  have  been  discussed,  however,  little  has  been  highlighted  about  individual  factors  and  their
implications for socio-technical system design approach. No doubt, socio-technical thinking in itself is an approach
that focuses on considering social and technical aspects of design at the same time but still there is a need to further
deepen our consideration of this so that the issues like individual differences based on ageing, culture, educational
background and gender might be addressed.

INCLUSIVE DESIGN METHOD

"Design is the process of converting an idea or market need into the detailed information from which a product or
system can  be  made"  (Royal  Academy  of  Engineering,  2012).  The  British  Standards  Institute  (2005)  defines
inclusive design as "The design of mainstream products and/or services that are accessible to, and usable by, as
many people as reasonably possible ... without the need for special adaptation or specialized design”. Later on, the
inclusive  design  term has also  been  related  to  providing quality  of  life  and  independent  living  for  the  ageing
population (Waller and Clarkson, 2009). Other terms like Universal Design, Design for All, Barrier-free Design and
Accessible Design have been used in different parts of the world. For example, the term Universal Design was first
used in the United States by Ronald L. Mace in 1985. Universal Design was referred to as a design approach that
can  be used  to  design products,  services  and environments  that  could be used  by a wide range of  users.  The
Universal Design term has also been used in Japan; whereas Inclusive Design and Design for All are popular terms
in the United Kingdom and most parts of northern and central Europe (Ostroff, 2011).

Previously, the United Kingdom has been an innovative place for providing new design solutions for the ageing
population, as in for example the Design Age Programme at the Royal College of Art in London (Coleman, 2011). It
has  been  concluded  that  Inclusive  Design  is  a  successful  business  strategy  by  Clarkson  et  al.  (2003).  Much
legislation like the Disability Discrimination Act in the UK (1995) and the Americans with Disability Act (1990) at
US  have  played  a  significant  role  in  promoting  the  level  of  awareness  and  importance  of  inclusive  design
requirements.  So,  these  days,  Inclusive  Design  practice  brings  financial  as  well  as  legislative  incentives  for
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individuals and organizations.

As discussed in the previous section, variations in human capabilities influence task performing capabilities and are
directly  linked  with  workplace  safety,  as  it  is  known  that  work  organization  is  the  way  work  is  structured,
distributed,  processed  and  supervised.  At  The  National  Institute  of  Occupational  Safety  and  Health,  work
organization  deals  with  job  design,  scheduling,  interpersonal  issues,  career  concerns,  management  style  and
organizational  characteristics  (Carayon  and  Smith,  2000).  In  the  light  of  this,  we can  see  the  importance  and
relationship  between  individual’s  characteristics  and  work  performance.  For  example,  the  job  design  process
considers a variety of aspects such as task complexity, level  of skill  and effort  required and degree of control.
Furthermore, human variability has a direct link with all these aspects because variations in the level of skill, task
complexity etc. cause changes in the working strategies adopted by different workers. Or, conversely, an imposed
change  in  working  strategy  raises  human  variability  issues.  In  a  similar  fashion,  all  other  domains  of  work
organization are directly linked with human variability and create many challenges for designers, engineers and
ergonomists. As mentioned, the Inclusive Design method aims to address the design needs of a broad range of the
population where  the  design  process  is  carried  out  by understanding  and  examining  the differences  in  human
capabilities and then providing such design solutions where the gap between capabilities and task requirements are
at a minimum. Although 100 percent design inclusion is not possible, the inclusive design methodology successfully
tries  to  improve  the  level  of  acceptability  of  a  single  design  solution  among  the  variety  of  users.  Moreover,
availability of human capabilities data and design assessment tools has been a great challenge for practitioners. A
digital human modelling based tool HADRIAN has been developed at Loughborough University which is integrated
with a task analysis system that provides an opportunity to use individual’s capabilities data to get an assessment of
the inclusivity of any design scenario as it has capabilities data of a broad range of the population, including older
people and people with disabilities (Marshall et al., 2010; Case et al., 2001). Similarly, for encouraging the design
community, the Inclusive Design research group at the Cambridge Engineering Design Centre, has developed some
inclusive design tools, materials and methods; these include an Inclusive Design Toolkit; Impairment Simulation;
Exclusion Audit  and a Database  for  User Methods (Cardoso and Clarkson,  2006; Waller  and Clarkson.,  2009;
Waller et al., 2008; Goodman et al., 2008; and Clarkson et al., 2007)

From the above discussion, it can be concluded that the inclusive design approach aims to address the design needs
of a wide range of the population by focusing on understanding the differences in task performing capabilities and
task requirements at the individual level, and then minimizing the gap between requirements and capabilities. So, in
order to address the issue of workforce diversity management, that is to realistically understand human differences
caused by many factors, and then to promote such work practices that are equally acceptable for the majority of the
working population, the inclusive design approach should be the part of organizational design process.

SOCIO-TECHNICAL INCLUSIVE DESIGN APPROACH - A WAY 
FORWARD

As described previously, socio-technical theory was developed to address organizational work related social and
technical  issues  simultaneously.  However,  less emphasis has  been given on exploring relationships of different
organizational  design factors  at  the individual level.  Currently,  organizations are becoming more diverse where
individual variations and differences have implications for individuals and organizational work performance. Figure
1 shows a proposed a socio-technical-inclusive design approach for organizational design. As workforce diversity
brings many opportunities as well as challenges, excellence in effective diversity management is not possible until
individual differences caused due to diversity are properly understood and valued. The concept shows that there
should be three key considerations for an organizational design; these are:

 Technical System Design

 Social System Design

 Inclusive System Design
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Figure 1: Organizational Design: Components of Socio-Technical-Inclusive System Design Approach

Technical system design considerations focus on the optimized use of equipment, machinery, processes, procedures,
physical work settings and arrangements, types of production technology and flexibility etc. On the other side, social
design consideration includes worker’s attitudes, behavioral styles, organizational culture, degree of communication
openness, organizational power structure, reward system, and values etc. The third important area to focus on is to
achieve organizational design inclusivity by understanding, highlighting and promoting such design practices that
can  minimize  the  effects  of  individual  differences  and  variations,  caused  due  to  varying  levels  of  physical,
physiological,  and  cognitive  capabilities;  differences  in  the  level  of  skill,  experience,  cultural  background  and
attitude towards work. Unlike previous studies, in this approach a special consideration has been given to achieve
organizational design optimization by valuing individual level differences and proactively integrating these within
the system design process so that the adverse effects of diversity could be reduced to a minimum. Organizational
design inclusivity can be promoted by considering the acceptability of any design at the individual level by engaging
individuals in the design process. So a socio-technical-inclusive system design approach may achieve optimization
of organizational design by putting a parallel focus on technical, social and inclusive deigns thinking in a design
process. 

CONCLUSIONS

This article reveals the need to design organizational systems in the context of accommodating the needs and desires
at individual level as workforce demographics are changing globally. These days, organizations have to manage a
diverse workforce where their differences must be valued to attain higher level of organizational productivity. To
meet these upcoming challenges, a socio-technical-inclusive system design approach has been proposed. It has three
components  which are  interrelated  with each  other.  Parallel  focus  on technical,  social  and inclusive aspects  of
organizational design can potentially promote a working culture where individuals with their existing differences
can perform in a productive way. Moreover, older workers can be utilized in more efficient ways by addressing their
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concerns  related  to organizational  design. Future research  will  focus on validation of the proposed concept  by
conducting case studies and exploring the impact of human factors  and ergonomics interventions in relation to
socio-technical-inclusive design approach.
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