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ABSTRACT 

Introduction: The chronological age of 65 years is one of the most vulnerable to health problems 

due to the declining of organ function and structure as a result of the aging process. The changes 

can cause accidents for elderly while working or performing at certain work environment. This 

study is concerned on elderly activities at bathroom because bathroom is one of the most 

commonly used and has the risk of accidents. Method: Research was conducted by using 

participatory approach. All participants are involved in decision-making, problem-solving actions, 

evaluation, and concept development. Anthropometric measurement was also conducted with the 

populations of Javanese elderly. Results and Discussion: The process of design started with 

anthropometric measurement as the input, an evaluation of a set of scenarios and elder‘s 

preference observations. This is the preliminary study before testing the decided design concept 

using questionnaire which will help to decide the final design. 
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INTRODUCTION 

The term ―elderly‖ has been defined as people aged 65 or older. ―Early elderly‖ are people aged from 65 through 

to 74 years and people aged over 75 years are referred to as ―late elderly‖ (Orimo et al., 2006). Older people can 

also be categorized in many other ways; physical appearance, key life events and social roles. However, there is 

no universally appropriate alternate approach in defining and classifying older people (Lloyd-Sherlock, 2000). 

Therefore, in this instance people aged 65 years or older will be referred to as either elderly or older people (Yeh, 

2009). They are one of the most vulnerable to health problems due to the declining of organ function and 

structure as a result of the aging process. The changes can cause accidents for elderly while working or 

performing at certain work environment. In recent years there has been an increasing international awareness of 

health issues relating to aging populations. Traditional perceptions of old age have been challenged during the 

past few years and it is important that elderly people are not taken as a burden on society, but rather as an asset 

(Szucs, 2001). Statistics from the Brazilian Health System reveals that a third of traumatic lesions in hospitals 

occur to people age 60 or more. From that portion 75% are a consequence of accidents in homes with 34% of 

falls followed by some type of feature. Falls caused by visual and postural instability, usual at this age, represent 

major accidents among the elderly. One third of this group, that lives at home and half of those living in 

institutions suffer at least one fall per year (Camara et. al., 2010). According to Vink et. al. (2006), in several 

studies (Haines et al., 2002; Jong and Vink, 2000; Vink and Kompier, 1997; Vink et al., 2005) stated that for a 

successful project we have to give more attention to all of the involved participants, such as ergonomics experts, 

facilities management, occupational health representatives, suppliers, designers, and technicians. Comfort in the 

work environment can be evaluated by the user. End users should be involved because they have a unique insight 

to the task, work, and activities. User involvement is what is discussed in the participatory ergonomics (Wilson 

and Haines, 1997). Hjalmarson (2014) quoted that in a recent survey about what reasons make elderly people 

move from a regular apartment/home to a nursing home, one of the main findings was that persons with 

decreasing ability and an increasing need for help, especially in the bathroom, was a common group 

(Socialtyrelsen, 2006). Home care workers describe the work environment as cramped and narrow in the 

bathroom (Brulin et. al., 2000), and ‗poor posture‘ occurs during 50% of the time when they are helping 

someone to and from the toilet. The care workers often felt overexertion carrying out the task (Hasson and 

Arnetz, 2008; Engels et. al., 1994). 
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LITERATURE REVIEW 

Tayyari and Smith (1997) defined ergonomics as the science that focuses on the relationships between laborers 

and their work place. Ergonomics or (human factors) also defined as the scientific discipline concerned with the 

understanding of interactions among humans and other elements of a system, and the profession that applies 

theory, principles, data and methods to design in order to optimize human well-being and overall system 

performance (Vink et al., 2006). Recent experiences in participatory methods effective for ergonomic workplace 

improvement in different work settings are reviewed. Vink et. al. (2005) has stated that participatory ergonomics 

is the discipline that studies how different parties should be involved in a design process. He also stated that 

participatory ergonomics is the adaptation of the environment to the human (that is ergonomics) together with 

the proper persons in question (participants). Participatory ergonomics has three stages; those are (De jong, 

2004): 

 Selection of participants. At this stage the participants have no fully participate because the selection 

process is determined by the researchers themselves.  

 Design and development. This stage is the stage of the design and development of systems or products 

that become innovations of researchers after receiving input from the participants. 

 Implementation. System or product that has been designed to be tested on the participants themselves. 

Product design is a scheme in which the functional elements and the products are arranged into a set of 

components that form the physical. Product design is determined during the phase of the development of the 

concept and design of system level. (Ulrich and Eppinger, 2001).  

Anthropometry is the science of measuring the dimensions of the human body, anthropometric data are used as a 

guideline for the design height, the space, the grip and the space of the workplace and equipment in the work 

area (Wickens et al 2004).  Usage of anthropometry in design to determine the user population, determine the 

dimensions of the body, determine the percentage of the population, determine percentile value of selected 

anthropometric dimensions, making the design based on anthropometric data and used for the simulator to test 

the design (Wickens et al 2004). 

METHODS 

Determining the Sample 

This study was conducted in 2 nursing homes for elderly that are located at Sleman, Yogyakarta. Those two are 

Tresna Wreda Abiyoso Nursing Homes and Perandan Padudan Nursing Homes.  Data were collected through 

observations, anthropometry measurements, interviews, and questionnaire about the structures, facilities, and 

comfortability at nursing homes‘ bathrooms. Observations were made to determine the design and the subject of 

the measurement are elderly. The anthropometric measurements of the elderly were measured on 34 male and 36 

female elderly using the standard body measurement procedures. Individuals who were on disability were not 

included because the respondents have to carry out daily activites by themselves without any help. 
 

Preliminary Observation 
This study was used to determining the needs and problems regard to the bathroom for elderly. A literature 

review, direct observation, and interview were done as preliminary observations. The direct observation was 

inspecting the current bathroom and observing some findings which are shown at Table 1. Interview was 

undertaken so the information obtained from 12 elderly and 4 caretakers can be used to determine the questions 

for the questionnaire. The questionnaire would be given to the elderly to determine their preference on the 

provided design options.  

Table 1. Summary of findings 
No. Fixture Findings 

1. Toilet Sitting and squatting toilet, posing difficulties for elderly users 

  Handrail height is above head (in squat position) 

  Toilet seat heights are of standard type but not specially for elderly users 

  No flush 

2. Bathroom No enough handrail 

  No temporary storage 

  Insufficient lighting of the space 

  90º edges on bath tub and without protection 

  Tap of bath tub is too high and too far to reach 

3. Door No auxiliary handrail 

Design Process 

The body dimension data was collected through anthropometric measurements. These data is the input for the 

design. SPSS 21.0 for Windows software program was used to calculate and measure the normality of the data. 

The design detail was determined according to preliminary observation result in order to provide an optimally 

comfort and safe bathroom design. Three concepts of design were made based on anthropometric measurement 

which will be tested to the elder. Through questionnaire, final concept of bathroom design will be determined. 
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Participatory Process 

The research team approached local management of the nursing house about the potential benefits of introducing 

a participatory ergonomics program and the purpose of this study. Participatory ergonomics involves everyone 

who is associated with the determined work environment (which is bathroom for elderly). The participants are 

research team as ergonomist, local government as supervisor, manager of nursing house as superintendent, and 

elderly as end users. All participants are actively involved in decision-making, problem-solving actions, and 

evaluation. Research team identified problems using passive and active surveillance. For passive surveillance, 

research team analyzing administrative data relating to health and productivity. Active surveillance was done by 

direct survey, interviews of users, and reviewed the company‘s injury or complaint from manager of nursing 

house and elderly to examine the findings. Based on users‘ preference, the team identifying possible solutions 

and decided what kind of improvements should be applied. Research team met directly with the end users to 

discuss any concerns and obtained further insight to the problem situations. Research team stayed focused on 

finding solution that would be sustainable and the change had to result in safer activity, regardless of who was 

performing the activity. The offered solution is improvements on the bathroom design according to ergonomic 

environment for elderly. The elderly as end users give feedback to the research team as evaluation of the 

solutions which are necessary to concept development. All participants doing design decision group by concept 

selection so the fixed bathroom design can be determined and implemented. 

RESULTS AND DISCUSSION 

Currently the last step of study is being collected and will be analyzed soon. The specification and final design 

will come up after the test design questionnaire. 

Anthropometric Measurement 

The anthropometric data obtained can be used for the design or adaptation of work places, social care centers, as 

well as interior design. The anthropometric characteristic of each body dimension can be seen on Table 2 and 

will be used as the input of the bathroom design. Table 3 showed the detail of which body dimension used for 

each measurement of the bathroom design for elderly.  

Table 2. Anthropometric characteristic of elderly (cm) 

No. Measurement x SD 
Percentiles 

5 50 95 

1. Hips width 33.301 4.3274 26.700 33.650 40.615 

2. Popliteal height 38.154 3.0751 32.520 37.850 43.870 

3. Popliteal length 44.844 3.6048 38.655 44.200 51.590 

4. Shoulder height (sitting) 45.611 7.2858 32.565 46.200 57.090 

5. Shoulder width 36.373 3.9418 29.930 36.100 42.225 

6. Horizontal reach (sitting) 60.251 6.1831 49.310 60.650 72.335 

7. Grip maximum diameter 3.744 0.9331 2.100 3.600 5.400 

8. Elbow height (sitting) 18.150 5.4525 10.200 18.150 26.825 

9. Elbow height (standing) 91.803 10.1281 77.510 90.250 106.650 

10. Hand‘s metacarpal width 9.160 1.2677 7.255 9.050 11.445 

11. Body height 146.206 11.4227 126.680 145.450 164.450 

12. Vertical reach (standing) 161.550 17.3861 129.545 161.150 188.425 

 

Table 3. Dimension size of bathroom design for elderly 

No. Measurement Dimension Used Percentile Allowance Size (cm) 

1. Toilet back width Shoulder width 95 - 42.225 

2. Toilet back height Shoulder height (sitting) 95 - 57.090 

3. Toilet seat width Hips width 95 - 40.615 

4. Toilet seat length Popliteal length 5 - 38.655 

5. Toilet seat height Popliteal height 5 - 32.520 

6. Railing width Grip maximum diameter 95 - 5.400 

7. Toilet railing height (from floor) Elbow height (sitting) 5 - 42.720 

  Elbow height (standing) 5 - 77.510 

8. Wall railing height Elbow height (standing) 5 - 77.510 

9. Shower height Body height 95 Yes 100 

10. Tap height (from floor) Elbow height (standing) 5 - 77.510 

11. Tap‘s handle length Hand‘s metacarpal width 95 - 11.445 

12. Clothes hanger length Horizontal reach (sitting) 5 - 49.310 

13. Clothes hanger height (from floor) Vertical reach (standing) 5 - 129.545 

 

Design of the Bathroom 

The process started with an evaluation of a set of scenarios and sketches. Figure 1 and 2 showed the current used 

bathroom on nursing homes. 
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Figure 1,2. Current used bathroom of nursing home for elderly. Left side (Figure 2) shows the squatting style 

toilet and there is no supportive container to put bathroom stuff. Right side (Figure 3) shows sitting style toilet 

with the same detail as Figure 2. 

 

Standard EN 12464 and VDI Guideline 6008 for lighting in hospitals, nursing homes and intergenerational 

dwellings are made to attach great importance to establishing a connection to daylight so that the elderly have 

sufficient opportunity to get enough daylight. In addition, they recommend not only higher luminance levels in 

general but also daytime and night-time lighting scenarios that are sensibly in harmony with human rhythms 

(Zumtobel, n.d.). Based on these standard and observations, Zumtobel (n.d.) gave recommendations on lighting 

for elderly‘s bathroom is around 300 lux. Lights should react instantaneously, so the user is not surprised by a 

hidden obstacle as they move into the bathroom. In such case, incandescent light bulbs are preferred over 

fluorescent lighting, because they react instantaneously and offer much greater luminance than many other light 

sources. This kind of bulb is relatively low cost and easy to install.  

 

Cheng, et.al. (2007) analyzed that healthily managing older people believe that they are healthy and enjoy 

relatively active social life. Bright greenish colors were preferred and strong red colors were not preferred by 

healthy seniors. They also preferred bright and pastel single colors and disfavored dark and gloomy colors. Blue 

and green pastel colors are preferred. Eventhough color perception is not much influenced by age (Wijk, 2002). 

Mahnke (1996) reported that people will associate colors with emotions. Blue delivers a clean and quiet emotion, 

while green evokes a natural, quite, and refreshing image. 

 

The flooring for elderly is going to require balancing safety against ease of maintenance (―Senior Citizen 

Flooring Recommendations.‖ n.d.). The ideal material will be soft and yielding, in order to ensure that it will be 

safer if something unexpected happened. The flooring has two options; those are vinyl flooring and rubber 

flooring. Vinyl flooring (Figure 3) has the benefit on its easy maintenance, but the one major drawback to vinyl 

flooring for senior use is its impact on environment because it is produced from petroleum. Meanwhile, rubber 

flooring (Figure 4) has the drawback on its prize. Rubber flooring is one of the most expensive materials. Beside, 

rubber may also have a slight smell which, while not harmful, can be irritating to some. But rubber flooring is 

the best option for the elderly because it is safe, clean, and easy to maintain. 

 

After analyzing the materials for bathroom, the concepts are determined and made into a design. Table 4 shows 

the detail of each design concept shown at Figure 3 and Figure 4. 

Table 4. Concept detail on each design 

 Chosen Criteria 
Concept 

1 2 

Floor Vinyl Rubber 

Handrail Stainless Steel Stainless Steel 

Accessories Additional Tap Sink 

Shower Bath tub Shower 
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Figure 3,4. Left side (Figure 3) shows the first design concept. 

Right side (Figure 4) shows second design concept. 

The design concept will be tested using questionnaire. The focus of the user tests will be put on safe and a 

comfort criterion according to elder‘s preference in order to determine the final design. 

CONCLUSION 

At the end of this study, it can be concluded that the major problems is caused by the lack of support, bad 

lighting, and the usage of unsafe materials. Everyone can be involved depend on their responsibility on the task. 

In this case, ergonomist, local government, manager, and elderly as end user are involved and have the role to 

determine and identifying the problems, needs, and demands. After identifying all these problems, a design 

solution is made considering the use of ergonomic to prevent accidents and create a safe and comfort place. 

Architects and interior designer have social concern and responsibility to adapting and changing the place in 

order to make it easy to use for the elderly. 

ACKNOWLEDGEMENTS 

This work was carried out under the support of Yogyakarta Local Government, Social Department of 

Yogyakarta, and assistants of Work System Design and Ergonomics Laboratory. The research was performed at 

the Tresna Wreda Abiyoso Nursing Homes and Perandan Padudan Nursing Homes. 

REFERENCES 

Brulin, C., A. Winkvist, and S. Langendoen. (2000). Stress from working conditions among home care personnel 

with musculoskeletal symptoms. Journal of Advanced Nursing. 31(1): p. 181-189. 

Câmara, J. J. D., De Castro Engler, R., & De Oliveira Fonseca, P. (2010). Analysis and ergonomics of houses for 

elderly people. Periodicum Biologorum, 112(1), 47–50. 

Cheng, H., Lee, K., & Lee, H. (2007). Color Preference of the Korean Elderly. International Association of 

Societes of Design Research. The Hongkong Polytechnic University, 12–15. 

De Jong, A. M. (2004). A three-phased model of participatory ergonomics processes to improve work in the 

construction industry. Industrial Health Journal. Delfi University of Technology. Vol 30, 383-387. 

Engels, J.A., et al. (1994). Physical work load and its assessment among the nursing staff in nursing-homes. 

Journal of Occupational and Environmental Medicine. 36(3): p. 338-345. 

Haines, H., Wilson, J.R., Vink, P., Koningsveld, E.A.P. (2002). Validating a framework for participatory 

ergonomics. Ergonomics 45 (4), 309–327. 

Hasson, H. and J.E. Arnetz. (2008). Nursing staff competence, work strain, stress and satisfaction in elderly care: 

a comparison of home-based care and nursing homes. Journal of Clinical Nursing. 17(4): p. 468-481. 

Hjalmarson, J. (2014). Ergonomics at Home: Design for Safe Living and Home Care. Stockholm: KTH 

Technology and Health. 

Jong, A.M.de, Vink, P. (2000). The adoption of technological innovations for glaziers; evaluation of a 

participatory ergonomics approach. International Journal of Industrial Ergonomics 26, 939–946. 

Lloyd-Sherlock, P. (2000). Population ageing in developed and developing regions: implications for health 

policy. Social Science & Medicine, 51(6), 887–895. 

Mahnke, F. H. (1996). Color, environment, and human response: an interdisciplinary understanding of color and 

its use as a beneficial element in the design of the architectural environment. John Wiley & Sons. Retrieved 

from 

http://books.google.com/books?hl=en&lr=&id=fAsm_3cXISAC&oi=fnd&pg=PR9&dq=manhke+Color,+env

ironment,+human+response&ots=2ra659W6G-&sig=FHbcZHM0Pbf_A9Ntd0_eNQVc8BY 

Orimo, H., Ito, H., Suzuki, T., Araki, A., Hosoi, T., & Sawabe, M. (2006). Reviewing the definition of ―elderly.‖ 

Geriatrics & Gerontology International, 6(3), 149–158. 



 Kurnia et. al.   

 

6 
 

Szucs, T. D. (2001). Future disease burden in the elderly: Rationale for economic planning. Cardiovascular 

Drugs and Therapy, 15(4), 359–361. 

Senior Citizen Flooring Options And Recommendations. (n.d.). About.com Flooring. Retrieved March 12, 2014, 

from http://flooring.about.com/od/flooring-product-reviews/tp/The-Best-Flooring-For-Senior-Citizens.htm 

Socialstyrelsen, Äldre som flyttar till service och vård, 2006: Stockholm. 

Tayyari, F., & Smith, J. L. (1997). Occupational ergonomics: principles and applications. Chapman & Hall 

London. Retrieved from http://www.getcited.org/pub/100157209 

Ulrich, K. T., & Eppinger, S. D. (2001). Product Design and Development. USA: The McGraw-Hill Inc. 

Vink, P., Jong, A.de, Koningsveld, E. (2005). Making money with participatory ergonomics. In: Carayon, P., 

Robertson, M., Kleiner, B., Hoonakker, P.L.T. (Eds.), Human Factors in Organizational Design and 

Management—VIII. IEA Press, Santa Monica, pp. 443–448. 

Vink, P., Kompier, M.A.J. (1997). Improving office work: a participatory ergonomic experiment in a naturalistic 

setting. Ergonomics 40 (4), 435–449. 

Vink, P., Koningsveld, E. A., & Molenbroek, J. F. (2006). Positive outcomes of participatory ergonomics in 

terms of greater comfort and higher productivity. Applied Ergonomics, 37(4), 537–546. 

Wickens, C. D., Gordon, S. E., & Liu, Y. (2004). An introduction to human factors engineering. Retrieved from 

http://www.ece.uvic.ca/~aalbu/CENG%20412%202009/CENG%20412_Course_Outline.pdf 

Wilson, J.R., Haines, H.M. (1997). Participatory ergonomics. In: Salvendy, G. (Ed.), Handbook of Human 

Factors and Ergonomics, second ed. Wiley, Chichester, pp. 490–513. 

Wijk, H., Berg, S., Bergman, B., Hanson, A. B., Sivik, L., & Steen, B. (2002). Colour perception among the very 

elderly related to visual and cognitive function. Scandinavian Journal of Caring Sciences, 16(1), 91–102. 

Yeh, H.-C. A. (2009). Elderly people‘s use of and attitudes towards assistive devices. Retrieved from 

http://eprints.qut.edu.au/30320 

Zumtobel. (n.d). Light for Care : Focusing On The Individual And His Or Her Needs. Helios Care Home 

Goldach. pp. 10-11. 


