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Abstract: It is widely recognized that public hospitals are not only responsible for quality medical 
treatment, but that they should also be as inclusive as possible in providing access for all. Unfortunately, 
and for a variety of reasons, a quality service is not always provided. When measurement or evaluation 
of the service quality in healthcare organizations is carried out, it is mostly conducted in terms of 
medical service quality, whilst the physical layout, functionality and facilitating devices are not given as 
much scrutiny. Likewise, with Post Occupancy Evaluation, the majority of studies report on user 
perceived comfort, health and productivity and Universal Design is given little or no attention.  The 
objective of this study is to investigate in a comprehensive way how the physical features, functionality 
and facilitating devices affect accessibility to medical services in the public zones of Naresuan University 
Hospital in Phitsanulok Thailand, and to propose changes that could improve service efficacy. The 
research is based on an empirical study using a new comprehensive combination of techniques based on 
qualitative methods and includes; identification of the general problem within NU Hospital public zones, 
an experimental access audit by participants with physical limitations, an evaluation of the physical 
features, functions accessible design using the seven principles of Universal Design (UD7), a comparative 
study between international standards for hospital design and the as-built hospital, and a comparison 
between recommended space per person(referring to best practice flow capacities) and actual usage. 
Problems that were identified include a lack of or poorly located specific devices that provide aid to 
disabled users, obstructions to and overcrowding in principal communication spaces reducing service 
efficacy, and poor people management practice exacerbating the above problems and contributing to 
less than satisfactory access for disabled users. By applying UD7 best practice to the existing layout and 
proposing small inexpensive design changes, it is estimated that service efficiency and universal access 
could be vastly improved. 
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1. Introduction 
The globalization era has affected Thailand in many ways including changes in the economic system, 
population structure and a never ending demanding for natural resources. The modern way of life has 
increased environmental degradation, but more importantly, has seen changes in the social system, 
such as increased poverty and an increase in the number of disadvantaged including persons with 
physical limitations.  

It is well recognized that to be sustainable, it is necessary to have social structures and infrastructure 
that facilitate equality. With this in mind it is also recognised that the role of a hospital is not only to 
provide quality medical treatment, but that it should also serve society in the matter of rights to health 
and security, (Preiser WFE, 2009, Setola N, et al. 2013, Longo E, 2012).  This being the case and even 
though healthcare buildings often have complex facilities that may pose challenges for users (Murphy P, 
2012), their design should be based on user activity and behaviour (Sahachaiseri N, 2012). 

Universal Design (UD) is that paradigm that emphasizes social sustainability where different physical 
abilities are recognized as a regular human condition, and that promotes equal access to all service 
functions. The World Health Organization's definition of disability, ‘International Classification of 
Functioning, Disability and Health (ICF2001) refers to 7 measurement criteria (UD7) that address the 
accessibility level of service facilities; vis-a-vis; equitable use, flexibility in use, simple and intuitive use, 
perceptible information, tolerance for error, low physical effort, size and space for approach and use. 
(Danford and Tauke, 2001 cited in Y. Afacan, 2008). 

The design of the physical environment has been identified as having an influenced on well-being, 
healing, relief of pain and stress and reduced medical errors, infections and falls (Verderber S, and Fine 
D, 2000, Ulrich, et al, 2008). Despite this however, the majority of measurement or evaluation of the 
service quality in healthcare organizations is mostly conducted in terms of medical service quality, with 
the physical functioning of the building and facilitating devices being ignored.  Built physical features 
that affect the quality of medical service provision including; artistic images, building character, lighting, 
air quality, circulation, and way-finding should be included. (Preiser WFE, et al., 2009). 

Various evaluation or measurement methods have been employed to investigate the in-use quality 
of buildings of which, Post-Occupancy Evaluation (POE) is the most widely recognized. POEs focus on 
building occupants and their needs, and thus provide insight into the consequences of past design 
decisions and the resulting building performance. This knowledge forms a sound basis for creating 
better buildings in the future (Preiser WFE, et al., 1988).  However, the vast majority of POEs report on 
user perceived comfort, health and productivity but Universal Design is given little or no attention.   

Existing methods have also been used various times to identify problems associated with the 
functionality of buildings and facilities such as Behaviour Observation, Experimental Access Audits 
(Holmes-Siedle J, 1996), and Interdisciplinary Heuristic Evaluation (Afacan Y, Erbug C (2009).  
Measurement and comparative studies have also been undertaken using reliable best practice guides 
including; flow capacity and real-time head counting.  Taken individually, each of the above methods has 
their own merit but they are deficient in comprehensively evaluating problems associated with 
Universal Design. 

A preliminary survey of Naresuan University (NU) Hospital in Phitsanulok, Thailand indicated 
problems of overcrowding causing difficulty for access for disadvantaged users such as; pregnant 
women, elderly, frail patients, and those with physical impairments.  It was unclear whether the hospital 
design, layout of facilities, too many people, poor wayfinding, or a combination of these factors caused 
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the problem.  Conventional POE investigations do not provide a systematic approach to investigate such 
issues (Preiser WFE, 2008).  This paper proposes a comprehensive and systematic process to evaluate 
the functionality, physical features and devices in terms of Universal Design. 

2. Aim 
The objective of this study is to investigate in a systematic and comprehensive way how the physical 
features, functionality and facilitating devices affect accessibility to medical services in the public zones 
of Naresuan University Hospital in Phitsanulok Thailand, and to propose changes that could improve 
service efficacy. 

3. Method 
To achieve the above aim an empirical study using comprehensive processes was employed as follows: 

Underpinning this study are 3 levels of POE, including indicative, investigate and diagnostic 
investigations (Preiser WFE, et al., 1988, 54).  In addition, this study applies POE methods to evaluate 
the service efficiency in term of UD whereby critical research issues such as human senses and spatial 
behavior are investigated, but perhaps more importantly, these are situated within a particular cultural 
context (Preiser WFE, et al., 2008).  

In the indicative investigation, general problems were identified through observation by researchers 
and 5 universal design specialists from different design disciplines, focusing on UD7 criteria. Using 
experts at this stage allows identification of spatial problem in minimum time.  Issues with physical 
features identified, included outpatient service flow, and the current accessibility problem at the main 
entrance area (triage point, reception), outpatient department (OPD), emergency room (ER), exam 
diagnostic room, service department (cashier counter, pharmacy), toilet, corridors, and elevator. 

During the Investigative phase, physical obstructions that appeared to affect service space 
accessibility and the spatial behaviour and requirement of users were then further investigated using an 
experimental access audit. This was carried out by observing and recording the experience of 
participators, who simulated users with physical limitations including; deaf, blind, impaired mobility and 
elderly and comparing their experience to UD7 criteria. The experimental access audit is a useful 
method for examining usability, identifying problems relating to differing physical limitations and spatial 
behavior of specific users within the actual space and cultural context (Holmes-Siedle J, 1996).  It is 
recognized that an appropriate range of participators is required to provide a reliable representation of 
other users with similar physical conditions. 

The diagnostic stage is an in-depth investigation whereby existing physical features were measured 
and compared to both Thailand and International best practice hospital design guidelines and space 
standards. A photographic record and head count of users in the various spaces every 15 minutes during 
peak time, was compared to best-practice international standards of flow capacities and actual usage 
(Adler D, 1999, DoH, 2013, DoH, 2014).  

4. Results 
The result of the preliminary investigation using observation is as follows: 
 Lack of separation between vehicles and pedestrian traffic. 
 Physically disabled persons have difficulty gaining access to the hospital building by themselves.   
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 No car park for disabled persons and the location of general car park is far from main building 
entrance.   

 The distance between each service function is too close necessitating overlapping space and 
causing overcrowding and congestion to block circulation routes and obstruct accessibility   

 The space for some department appears to be inappropriate for the number of users, which 
appears to be the main cause of congestion causing problems for disabled, wheelchairs, trolleys 
and beds.  

 The layout of zoning is not conducive to outpatient service flow.  
 The way-finding system is confusing, such as layout of zoning is not concordant with outpatient 

service flow, unclear visual access, too many signs and inappropriate location.  
 The furniture within public zone is insufficient or inappropriate for disabled such as higher 

counters and no seating for persons with physical limitations.  
 No handrail for the ramp at the main entrance. 
 No Braille sign system.  
 Decentralized service point system contributing to confusion.  
 The current circulation layout contributes to the problem in various locations such as location of 

seating area, counter etc. 

The second investigation using participators (Access Audit) found that major physical obstacles 
affected service space accessibility as follows: 

 Crowds and congestion occurring in various areas such as: queues too close to the main 
entrance, department entrances and across communication and circulation space. 

 Furniture placed in communication spaces causing obstruction to general public, wheelchair 
users and patient trolleys, and people with disabilities. 

 Way-finding deficiencies results in people being unable to identify their location, and 
destination. 
 

The access audit divided the area into two parts consisting of outdoor and indoor physical features 
and functions. Table 1 shows a sample of evaluation results of some of the indoor physical features. 

The comparative study between international standards for hospital design and the as-built hospital 
revealed that in some instances the observed space meets the international standard but overcrowding 
was observed causing congestion and blocking communication and circulation spaces. It also uncovered 
some spaces that do not meet the international standard but no problems were observed. Problem 
spaces frequently involved waiting areas encroaching on communication/circulation spaces within 
public zones including at: the registration point, reception, triage point, LAB, hallway intersection at 
outpatient cashier and the outpatient pharmacy. The definition of communication space is the space 
that provides access between departments including: hospital streets, corridors, internal lobbies, 
staircases etc. Circulation space is the space that provides for moving between rooms/ spaces within 
that department such as corridors, internal lobbies etc. 

It is interesting to note that for the majority of identified congestion areas, the sizes measured on 
site compared favorably with published best practice space standards. It is also interesting to note that 
many areas that did not meet published best practice space standards that no overcrowding occurred, 
thus, there must be other issues that contribute to the accessibility problem. 
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Table 1: Sample of evaluation results for indoor physical features. 
 

 

 

 
Having identified the problem areas, a CCTV and photographic record of these areas was undertaken 

every 15 minutes during peak periods. This record was then analyzed to clearly identify what was 
causing the problem of congestion, particularly in the main entrance and laboratory areas where 
congestion appeared to be worst. The main entrance area includes the registration point, reception, 
triage counter, waiting areas and other areas incidental to communication spaces, with the (total space 
205.34 m2). 

The CCTV footage revealed that during the peak period at 7.00 am an average of 100 persons with 4 
wheelchairs were in the space at any given time. When compared to best practice flow capacity for 
pedestrians walking at a good pace rough this area (45 pedestrians) the space is inadequate for the 
number of users. What seems to have contributed to the number of users is a waiting area located 
within the space with no clear separation between the waiting area and the communication space as 
illustrated in Figure 1. The waiting area was observed to have 40 seats with no areas designated for 
wheelchairs as per Figure 2. The number of seats provided is less than the standard for a waiting area, 
calculated as; 25 per cent for sitting (with 10 per cent for wheelchair) and 75 per cent for standing. 
Given this figure, the appropriate number of seats should be not less than 46 seats with 5 seats for 
wheelchairs. The laboratory area has a total space of 45.80 m2. The CCTV revealed that 208 ambulant 
persons occupied this area during the peak period at 7.45 am along with 30 wheelchairs and 4 bed 
patient, 242 in total. 
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Figure 1: Congestion within the main entrance area. (source: Phaholthep C,2016) 
 

 
 

Figure 2: Service points where overcrowding was observed. (source: Phaholthep C,2016 
 

 

 

Figure 3: Congestion within the lab area. (source: Phaholthep C,2016) 

 
The suggested seating capacity for this space should be 223 persons, which matches the lower 

criteria for people moving at a shuffle. The 40 seats in this area is more than the requirement calculated 
at 25 per cent for sitting (with 10 per cent for wheelchair) and 75 per cent for standing. The appropriate 
number of seats in this area should not over than 20 seats with 2 seats for wheelchair. However, the 
total space of the laboratory communication area is smaller than suggested in the space standards and 

Total space 
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additionally, most of the space is occupied by seats. It would appear in this case that the seating area is 
reducing the flow capacity causing congestion as shown in Figures 3 and 4. 

 

 

Figure 4: Images of congestion within the lab area. (source: Phaholthep C,2016) 

 
Within the cashier service area and outpatient pharmacy service area the number of users is less 

than that required by best practice, however, again there are obstacles within the communication 
space. The counters of both departments are located along the passageway, where the queues tend to 
run across the passageway. In the waiting area, the seating is not particularly appropriate for elderly or 
disabled thus causing stress, anxiety, irritation, which combined with the crowding, results in the waiting 
area being uncomfortable with little privacy as indicated in Figure 5. 

 

Figure 5: Images of where congestion occurred at cashier and pharmacy (source: Phaholthep C,2016) 
 

5. Discussion 
There appears to be three main issues that contribute to the problem of congestion and poor 
accessibility within the main public areas of the hospital, namely; physical features, functionality and the 
facilities provided. 

Physical features have an effect on service efficacy in relation to the number of users a space can 
reasonably physically accommodate relative to the activity that is taking place in that space. In some 
instances, insufficient space is provided for the number of users however in these areas there were no 
problems identified with congestion. In other instances, there is sufficient space provided according to 
best practice design, such as the main entrance and LAB areas, but congestion was observed in these 
areas. The congestion subsequently blocks access for other transient users, especially those with 
physical limitations. The location and layout of furniture also plays a significant role. Furniture located in 
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inappropriate places such as, the counters for some service points are located directly opening on to the 
main communication areas, resulting in queues that tend to run across passageways. Compounding the 
problem is the location of waiting areas far away from the service courters resulting in many users 
standing adjacent to service points thus creating further congestion. The fact that many spaces are 
being shared with other functions on the circulation zones also appears to cause congestion such as the 
triage point, registration counter, and waiting areas. Furthermore way-finding signage tends to be only 
located at intersections of main communication spaces resulting in too many signs and text that is too 
small so that people have to stop to find the sign they are looking for thus causing further congestion in 
the communication space. 

Functionality has an effect on service efficacy in respect of circulation flows, static zones such as 
waiting areas and service areas where people queue. In the main entrance area where people arrive the 
study found that: access was not easy and people were unable to move at a good walking speed on 
main communication routes due to congestion. Additionally, because of congestion, people were unable 
to see beyond the entrance area to the reception, information and help desks. People were then 
hindered in moving around and in leaving because the entrance area was congested. The staff 
communication base, and the main registration point for patients could not be seen from the main 
entrance because of the lobby arrangement containing the triage point and the queue at the reception 
point crossing the main communication access to the rest of the hospital. Adding to the problem is that 
the reception desk location is inappropriate for wheelchair users. Firstly it is difficult to see amongst the 
congestion, and secondly there is no dedicated wheelchair point at the counter resulting in further 
congestion. Waiting areas appeared to be one of the main causes of congestion. Firstly the location 
within the communication and main circulation zones meant that if service was slow, and then the over 
spill of waiting patients ran out into the main communication zones. In addition, the seating provided is 
unsuitable for elderly, disabled and wheelchair users. Patients were frequently seen standing in the 
circulation zones adjacent to the waiting areas rather than sitting. The lack of provision for the visually 
impaired also contributed to congestion. Lack of braille on signage, lack of way finding devices for visual 
impaired and lack of audio way-finding also appeared to contribute to congestion. Overall it was evident 
that the elderly, disabled, blind and wheelchair users found it difficult to arrive at, enter, move around, 
access the required facilities and leave the building without significant anxiety and/or embarrassment. 

The facilities provided within the various spaces of the hospital also have an influence on service 
efficacy. Parking for staff and outpatients is much too far from the main entrance and not provided at all 
for disabled user. The ramp to the building is too steep causing wheelchair users to use a lot of physical 
effort. There are no tactile pavement areas provided externally or internally causing difficulty for the 
visually impaired and blind. Most of the doors within the case study are of the swing type, are heavy, 
and open out into corridor spaces causing difficulty for the persons with physical limitations. Counter 
heights are too high compared to best practice guidance of 0.75m, causing communication problems for 
wheelchair users. No seating spaces are provided for disabled and no wheelchair waiting spaces are 
designated. Waiting spaces are too far from service points. The audible signal in the elevator is available 
only in English and no tactile pavement is provided for navigation. No LED text is provided at service 
points in the public zones for the deaf. 

Proposed changes that could improve service efficacy relate primarily to reducing congestion. It is 
important that all users should be able to enter, move around and access services and then leave the 
hospital with relative ease. 
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Firstly, the triage point should be moved away from the main entrance lobby to allow users to enter 
and leave the hospital without hindrance. 

Secondly, queues at service desks should be managed to prevent queues crossing main 
communication and circulation routes. 

Thirdly, waiting areas, if located within communication spaces, should have sufficient seating and be 
enclosed to prevent waiting in the circulation areas. In addition some general seating and 
wheelchair/trolley seating should be provided with appropriate clearances and the PA / call system 
should be easily accessible within the waiting areas. 

Fourthly, specific facility should be provided for persons with physical limitations to access services 
easily and equally including disabled car park spaces located close to the entrance, the visual impaired 
should be provided with warning blocks, braille blocks, and tactile surfaces, the hearing impaired should 
be provided with text signs, and the mobility Impaired should be provided with appropriately sized 
facilities. 

 

6. Conclusion 
A new comprehensive research method has been employed to identify issues relating to service 
efficiency at Nareasuan University Hospital. The method uses a combination of techniques and 
processes based on post occupancy study and adapt to appropriating the context of the case study with 
specific focus on universal design principle includes; identification of the general problem within NU 
Hospital public zones, an experimental access audit by participants with physical limitations, an 
evaluation of the physical features, functions accessible design using the seven principles of Universal 
Design (UD7), a comparative study between international standards for hospital design and the as-built 
hospital, and a comparison between recommended space per person (referring to best practice flow 
capacities) and actual usage. Problems that were identified include a lack of or poorly located specific 
devices that provide aid to disabled users, obstructions to and overcrowding in principal communication 
spaces reducing service efficacy, and poor people management practice exacerbating the above 
problems and contributing to less than satisfactory access for disabled users. By applying UD7 best 
practice to the existing layout and proposing small inexpensive design changes, it is estimated that 
service efficiency and universal access could be vastly improved. There are four main suggested 
improvements that require little or no expenditure. By moving the triage point to a new location, the 
main entrance area can be freed up and users can move into and out of the building easily. Simple 
queue management roping systems to prevent queues crossing main communication and circulation 
routes could manage queues at service desks. Waiting areas that are located within communication 
spaces should be enclosed to prevent waiting in the circulation areas thus removing significant 
congestion and consequently additional seating could be provided without causing further congestion. 
In addition wheelchair/trolley seating could be provided with appropriate clearances and a PA / call 
system could be provided within waiting areas. Last but not lease, specific facilities should be provided 
for less able persons to access services easily and equally including disabled car park spaces located 
close to the entrance, warning blocks, braille blocks, and tactile surfaces for the visually impaired, the 
hearing impaired could be provided with text signs, and the mobility Impaired could be provided with 
appropriately sized facilities. All of this could be expedited with little or no disruption to existing 
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services, and for very little cost. The result would be a much better user experience for all building users, 
particularly those with physical limitations. 
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