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Summary  
 

This paper presents a research and design project dealing with work in behind-the-
counter (BhC) workspaces. The project studied work requirements of intended users; 
determined how workspace designs affect safety, usability and performance; identified 
problems due to lack of environmental fit between workspaces and users; investigated 
commonalities and differences in work technologies to develop an inclusive perspective 
in workspace design; and designed modular workstations that offer universal access 
and allow customisations so that the individual and collective needs of users are met. 
The paper describes an evidence based design method termed Environmental Study 
that was used to determine the challenges of BhC work in secretarial, library checkout, 
hotel reception and airline check-in counters. Work diagrams and environmental 
diagrams were conducted to understand human-environment-technology interactions at 
work and design inclusive BhC workspaces that create the highest level of 
environmental fit between user capabilities and the work environment. 
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Purpose  

Demographic trends suggest that by 2030, a fourth of the US working population will 
comprise of older adults, 55 years and above [Mitra, 2002]. Globally, labour force 
participation rates for older adults have increased and forecasts show that this trend will 
continue into the coming decades [ILO, 2006]. A rise in the worlds’ ageing workforce in 
the near future poses the crucial challenge of retaining this group in the labour force. 
Consequently, there is need for research to understand challenges for work; and 
identify barriers to employment for older adults and people-with-disabilities. 

Conventionally, behind-the-counter (BhC) workspaces are made up of off-the-shelf 
office workstation systems, which allow a worker to interact with customer(s) and 
provide customer service. Examples of BhC include office reception, post-office 
counters, library front desk and airline ticketing. The Americans with Disabilities Act 
Accessibility Guidelines [ADAAG, 2002] have led to the design of accessible counters 
for workers with disabilities as a means of including them into the workforce. While 



these designs offer a minimum level of accessibility required by the law, they are a long 
way off from being truly inclusive to a wide range of intended users.  
 
Universal Design of behind-the-counter (BhC) workspaces is a research-design project 
that identified challenges of BhC work for all workers inclusive of older adults and 
people-with- disabilities and developed inclusive BhC workspaces that provided a new 
design of work environment offering equitable work opportunities for everyone. 
Universal design implies ‘the design of products and environments to be usable by all 
people, to the greatest extent possible, without the need for adaptation or specialized 
design’ [Story et al, 1998). According to Mullick and Steinfeld (1990), universal design is 
a socially focused design process grounded in democratic values of non-discrimination, 
equal opportunity and personal empowerment. In case of workspace design, it implies 
low work challenges and equitable work environment for everyone.   
 
There are many pressing reasons to study work in BhC workspaces, especially from the 
point of safety of and usability for all workers, including older employees and people-
with-disabilities: (a) Work in retail spaces is hazardous and it is among the top five 
professions that result in injuries and days-away-from-work [BLS, 2009]. (b) The 
proportion of older adults in the workforce is rising steadily and it is projected to 
increase to 25% by 2030 [Mitra, 2002]. (c) The incidence of work related injuries is 
known to increase with age and 15.4% of employees within the age of 55–64 are 
vulnerable to injuries during work [Stoddard et al, 1998].  
 
While BhC workspace project is a large research and design project consisting of many 
research methods, this paper focuses on only one method called Environmental Study 
(ES). This method examined the challenges of BhC work from an user and 
environmental perspective and developed an inclusive work environment for all users 
[Kar & Mullick, 2012]. People focused research method uncovered the needs and 
preferences of BhC workers and it helped map problems from different work 
perspectives, identified user needs and work preferences, created guidelines to inform 
design, and developed universally designed BhC workspaces.  

 

Approach  

The Environmental Study studied a range of BhC workspaces to understand the 
commonalities and differences in work layouts, body postures, technologies and spatial 
design concepts. The study identified environmental and usability needs of all users 
inclusive of older adults and people-with-disabilities, and outlined design guidelines for 
development of universally designed BhC workspaces.  
 
2.1 Research Questions 
 
A range of BhC workplaces - secretarial, library checkout, hotel reception and airline 
check-in work - was studied to focus on important research questions and focus on 
workspace design, worker diversity and the interconnections between them. Because 



current designs of workspace are primarily designed for able-bodied people, research 
studied BhC workplaces across workers and work types to learn about usability, 
accessibility, and work performance; so environmental challenges could be understood 
and inclusive BhC workspaces developed. For example, who are the workers and how 
are they affected by the existing designs of workspaces? Are there different work 
related needs by worker types and how do they vary across older and younger workers, 
and what are the consequences of unmet needs? What environmental barriers 
challenge all workers especially the older workers and how do the challenges affect 
their safety, productivity and wellbeing? Are the environmental needs of older workers 
different from their younger colleagues and do they have different coping strategies? Do 
accessible workspaces improve functional performance of workers and does the level of 
access have to vary for younger and older workers?  
 
2.2 Environmental Study 
 
Environmental Study (ES) is a research method grounded in investigation, fact-finding 
and evidence. It evaluated worker activities and work environments to diagram design 
information, evaluate worker-environment interaction, and determine the level of 
‘environmental-fit’ or design compatibility between worker and the workspace (Steinfeld 
& Danford, 1997). Part-1 of the ES consisted of work diagrams that mapped out worker 
activities such the work, movement, and people-interaction. This resulted from careful 
observation of work and work related activities that took place throughout the work 
period. The work diagrams show the worker in the surrounding from above as well as 
the movement and interaction through the workspace over time. Part-2 is made up of 
environmental diagram of the workspace and it documented furniture, work surface, 
storage, work technologies and tools that allow performing work. This information was 
developed from conducting an environmental audit that carefully examined the physical 
environment, noted the components of workplace and developed a visual model of the 
work environment. The environmental diagram annotates the workspace to offer a 
spatial understanding and presents critical information about the space, tools and 
technologies available to the worker to perform work.  
 
The environmental study revealed the influence of work environment design and 
movement on work performance. It employed observation to study environmental 
behaviour, a method that helps to systematically watch people use the environment and 
highlight interaction. The method provided an understanding people’s relationship with 
their spatial environments, especially how physical environment supports or interferes 
with the work and behaviours taking place. Observations generated data about people’s 
activities and the relationships needed to sustain them; about regularities of behaviour; 
expected uses, new uses and misuses of the work environment; and behavioural 
opportunities and constraints that environments present [Zeisel, 2006].  
 
2.3 Method 
 
Five specific BhC workspaces were studied—library circulation counter, hotel check-in 
counter, airport check-in counter, office reception counter, and registration counter. 



Worker consent was obtained in writing prior to the study and confidentiality of research 
data respected. Each work environment was observed for two separate days during a 
normal workweek and for at least two hours/day: (a) an hour during the peak work 
period and (b) another hour during the lean work period. This schedule of observations 
provided an accurate representation of the range of work and activity variations over a 
typical work period. The researcher assumed a low vantage point (not invisible) during 
the study to observe work, work performance and worker-customer interaction without 
distracting the activity being conducted. Contextual interviews with workers were 
conducted after observing work, and helped answering work and work environment 
related questions and validate what was observed during the research. Also, the 
researcher took notes and made annotated diagrams to help understand people’s 
relation to the workspace, the travel envelope, worker-customer interaction and the 
influence of space on work performance. Digital photographs of the workspace, work 
issues and environmental design were taken for posterity. Due to privacy concerns, 
customers across the counter were not photographed; they were left out of the pictures. 
The work environment was measured up using a measuring tape to record basic spatial 
dimensions and construct drawings of the workspace.  
 
2.4 Subjects 
 
The number of subjects studied varied according to the nature of work and scale of the 
facility. For example, four employees who worked at the library counter at peak hours 
participated in the study; two employees who worked at the hotel reception took part; 
two airline workers members, each with a separate check-in counter were studied; two 
receptionists in an university, each with a separate reception desk were observed; and 
four workers members at the conference registration desk participated in the study. All 
workers helped conduct spatial audit of their work environment and the information was 
used to map horizontal surfaces (desks and floor area), wall spaces, storage areas, 
seating arrangements, and work technologies and create environmental diagrams.  
 
For the work diagrams, the workers helped understand the interaction with customers 
across the counter, the need for tools and technologies and movement triggered by the 
design of the environment. They explained the influence of identified environmental 
variables like noise, lighting and locations of heating/cooling vents of the air conditioning 
system and their influence on performing work.  
 

2.5 Hotel Counter: An Example from Environmental Study 

The hotel reception counter at a midsize hotel with 250 odd rooms located in the 
midtown Atlanta area was studied. The reception desk is a linear arrangement of four 
checkout counters. The counters function 24/7, though most check-in and check-outs 
occur between 9:00 am to 1:00pm during the day. The workers operate in eight-hour 
shifts and they perform reception duties like check-in and checkout of guests, answer 
guest questions and work with hotel workers. Counter occupancy depends on workload, 
and during peak hours all four counters are active. Study of the work needs and 
movement for customers and workers helped understand work issues and develop the 



work diagram. The work diagrams – photograph and plan view (Figure 1) show activity 
at the hotel reception counter during non-peak period of work.  
 

 
Two workers are on duty at the counter – one answering phone calls and the other 
interacting with a customer checking in. There are three other customers in queue. The 

Figure 1: Work Diagrams



work diagrams reveal multiple layers of information beyond the transactional activity that 
is usually evident across the counter. For example, there is no seating for workers, 
which necessitates them to stand and work through the eight-hour work period. There is 
a small ledge on the customer side of the work desk for the customer to place personal 
belongings during the transaction and service. While the ledge is useful for most users 
like the woman in the photograph (Figure 1) may place her purse and a patron put their 
book bag, it is mandated as an accessible counter for wheelchair users as per the 
ADAAG norms. Workers attend to guests and process paperwork for check-in and 
check-out. Frequent movements involve traveling between the counters, accessing 
printer, reaching for documents, and bending down to access storage units below the 
counters.     
 
The movement patterns provide new insights about hotel reception work and highlight 
how poor design of the work environment translates to unnecessary movement. It also 
highlights the difficult working conditions due to excessive movement, no sitting and bad 
body postures from prolonged standing, excessive bending and stooping; all 
contributing to the lack of environmental fit between user abilities and workspace 
design.  
 

 
 
 
Photographs of work from both sides of the counter in combination with annotated 
sketches and basic measurements of counter dimensions helped create the 
environmental diagram (Figure 2) of the hotel reception design. The reception has two 
work heights, a higher work surface (elbow height) at the customer side and lower work 
surface (waist height) at the worker side. However, counter height on the worker side 
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Figure 2 : Environmental Diagram



needs to be variable to allow for optimized work height in standing or seated postures, 
as well as to account for individual preferences. Many customers use the lower level 
work surface on the customer side (the ADAAG mandated accessible counter 
mentioned earlier) to serve as an additional surface to place personal items like a bag 
or purse during transactions. The fixed height of counters, lack of flexibility in positioning 
devices and lack of seating for workers have been highlighted in the environmental 
diagram.   
 
 

Findings:  

Key findings of the environmental study are:  
 
Environment: The environmental audit revealed commonalities across workspaces.  
(a) Airport counters, hotels and registration counters have two work heights, a higher 
work surface at the customer side and lower work surface at the worker side; library and 
office receptions single level work surface for customer and worker. (b) Barring hotel 
receptions and airport check-in counters, all counters provided seating for workers. 
There are no seating for hotel staff and airport agents. (c) Storage zones for all BhC 
workspaces were located below the counters. In office receptions and library counters, 
stand-alone units away from the work surface are used.  
 
Movements: BhC work involves a great deal of movement on both sides of the counter.  
(a) The work activities are spread over and beyond the counter requiring frequent and 
excessive movements to adjoining spaces for storage and retrieval. (b) Workers at 
airport check in and hotels, work standing. Airport agents make frequent movements 
between the counter and the luggage conveyor belt. The library workers shuttle 
between the counter and the shelves behind for storage and retrieval. (c) Workers 
managing library counters and registration counters sit and stand when working, and 
their work involves moving frequently between adjoining counters. (d) Work at office 
reception is mostly sedentary with occasional movements between adjoining filing 
cabinets for storage and retrieval of documents.  
 
Viewpoints: Contextual interviews informed worker preferences and dislikes. 
(a) Airport agents experience pain in the lower back and arms, potentially due to lifting 
luggage from the weigh scale and placing them on the conveyor belt. (b) Library 
workers have problems while scanning bar codes and desensitising books; they need to 
easily access storage zones. (c) Hotel workers are fatigued from standing for long time 
and they experience leg pains and aches. (d) Office receptionists want to divide the 
workspace into discreet ‘zones’ to for easy storage and distribute activities.  
 
Environmental Factors: All workers are affected by environmental factors such as 
ambient noise levels, HVAC (heating, ventilation, and air conditioning), glare, task 
lighting, and visual privacy. (a) Airport workers have difficulty focusing on work in an 
environment that has high levels of ambient noise and on-screen glare. (b) Hotel and 
library workers have problems with indoor air quality and lack of task lighting. 



(c) Office reception workers are uncomfortable from lack of visual privacy, on-screen 
glare, and inability to regulate HVAC systems. It will help to integrate environmental 
factors into the workspaces and give workers the ability to control and customize their 
environment.  
 
Work Technologies: There is a permeation of information technology across all BhC 
workspaces. (a) Monitors, keyboards, mouse; CPU and printers are ubiquitous across 
all workspaces. (b) Devices such as bar code scanner and credit card reader are used 
in the airport, library, and hotel receptions, with exception to the library desk, which also 
uses a book demagnetiser for check-in and check-out purposes. (c) There is mismatch 
between technological devices and their location in workspaces which interferes with 
work flow, extends work time and contributes to unnecessary movement throughout the 
workspace.  It will help to better integrate work technologies into the work surface and 
create better workflow.  

 

Discussion: 

Workspace design requires juggling many complex work, worker and work schedule 
issues. Though the issues are very different from one type of work to another, the 
designs of furniture and work environments currently in existence does not 
acknowledge the diversity between workers, work and work needs. The one-size-fits all 
design for work environment is responsible for the mismatch between workers needs 
and work demands, thus handicapping workers by poor design of the furniture, layout 
and work technologies. Often, the location of technologies and devices are not in sync 
with workflow and work needs. This compels workers to travel around unnecessarily 
between work technologies, thereby adding to work stress, time loss and work 
dissatisfaction. It is important to review the relationships between work and work 
technologies and develop workspace designs that minimize travel between work 
technologies and help perform work in a safe, comfortable and efficient manner.   

Most counters are not wheelchair accessible on the worker side that results in only 
hiring ambulatory workers. Simple redesign in work-counters, storage devices and work 
technologies will provide equitable access on both sides of the counters and open up 
employment opportunities for people with mobility impairments, increase tax base and 
bring about better worker diversity. Frequently, locations of storage zones are beyond 
optimum reach envelope causing workers to either over extend or develop aches and 
pains from over extending. It will help to research work envelopes based on different 
BhC work type and redesign workspaces for safe, accessible and equal opportunity 
workspaces. 

In most work environments, the over-the-counter computer screens are primarily 
directed to workers even though the screen information is of importance to both 
customers and workers. Some workspaces have swivel screen options, though not 
convenient as this option only allows screen viewing by either the customer or the 
worker. There is a need for new screen technology that will help viewing screens 



simultaneously by workers and customers so information by both can be seen and 
interactive work can take place.   

Fixed height of counters for all workers regardless of worker/customer stature and work 
posture are responsible occupational hazards like back pains and aches from frequent 
bending and stooping. Adjustable work surface heights and storage will allow workers to 
customize work environment, create ergonomic solutions and produce better 
environmental fit between workers and the work environment. It is quite common for 
work technologies to be carelessly spread throughout the workspace, thereby causing 
clutter and reducing work counter space. Cluttered work surfaces hide important 
documents and tools, thereby extending work activity and reducing work efficiency. It is 
important to identify work patterns by work types and people, and establish dedicated 
places through better design of workspaces for easy storage and retrieval.   

It is customary for work technologies to be permanently positioned on countertops, 
without the option to readjust and personalize the work environment. For example, a 
computer screen fixed on the right side with no option to move it based on individual 
needs or preferences of the worker. This seriously inconveniences many left-handed 
workers and decreases work efficiency. There is a need to incorporate flexibility in the 
work environments to allow moving around of work technologies so workers can 
customize the work environment, address their work habits and create better 
environmental-fit between workers and the work environment. Lack of seating in work 
environments is responsible for exhaustion, pack pain and work dissatisfaction. It is 
important to address the need for rest during work through seating options. Though 
there is no one seat design for all workers, the design needs to be reviewed against 
work type, worker types, work duration and work schedule. It is possible that some 
seats may offer minimum body support to facilitate frequent movement, while other 
seats present greater body support and allow working comfortably in seated position. 

Clearly, there is a need to reconceptualise the design of work environments to address 
the following: 

1. Acknowledge work, worker and work types, and offer work environments that 
respects human and work diversity. 

2. Offer new designs inclusive of non-traditional workers like older people and 
people with disabilities and expand the workforce, create new employment 
opportunities and increase the tax base. 

3. Develop flexible work environments that allow adjusting the environment and 
adapting to worker needs. This will build better worker-environment relationship, 
meet the needs of all workers and create highest level of environmental fit 
between user capabilities and the design of work environment.        

Conclusion:  

The Environmental Study offered an evidence-based-research method to learn about 
workers and the environment. The study elicited information about the use of 
workspaces and work practices, to better understand problems and opportunities 
inherent in workplace design. The study helped focus on ‘environmental fit’ [Steinfeld, 



1997] to achieve higher levels of usability, safety, accessibility and social inclusion in 
BhC workplaces. An important technique grounded in contextual inquiry, The ES helped 
conduct systematic observation, undertake methodological analysis of visual 
observation and develop design concepts for better user-environment interaction.  

This example of ES presents how observational research can be combined with user 
feedback to generate useful research findings and inform the design process. This 
method can be effective in learning about the user needs and how they are challenged 
by the poor design of the environment. The findings allowed conducting a 
comprehensive analysis of human-environment conflicts and provide a basis for 
developing guidelines and designing inclusive workspaces. 
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