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APPENDIX 1. SCOPE OF OPERATIONS AND THE APPLIANCES IN HDB 

KITCHENS  

Kitchen is often used for additional purpose than cooking. According to Grandjean (1973), 
kitchen can be a place for eating, washing and ironing, hobbies and even children’s place. The 
appliances in kitchen are also varied. In order to clearly define the operations and the 
appliances in HDB kitchens, a questionnaire was designed and a simple survey was done at the 
HWA.  
 
There are six questions in the questionnaire. Twenty-five wheelchair users who lived in HDB 
flat took part in the survey. 
 
The first question is: “The area of your kitchen is: a) 5-8.9 m2; b) 9-11.9m2; c) 12-15m2; d) 
others ____ m2”. However, for this question, most of the subjects could not tell the precise area 
of his/her kitchen. Usually the answer was “my kitchen is small/big” and alike. It was found 
that 7 subjects answered that his/her kitchen is a big kitchen. 
 
The second question is: “What kind of cooking do you often do (If you do not cook, imaging 
that you cook): a) light cooking; b) moderate cooking; c) heavy cooking? Why do you do this 
kind of cooking? ___________?” For this question, 21 subjects chose the “light cooking”. 
They explained that the light cooking was easy for them. Only 4 subjects chose the “moderate 
cooking”. They said if they cooked for their big family the cooking was impossible to be 
simple. No subject selected “heavy cooking”. 
 
 
The third question is: “which operations are performed in your kitchen: a) cooking; b) eating; c) 
laundry; d) others ____”. All the 25 subjects selected cooking and laundry. 5 subjects selected 
eating besides cooking and laundry. They explained that eating could be conducted in kitchen 
because their kitchens were big. None of the subjects mentioned new operations besides the 
listed ones.  
 
The fourth question is: “Which appliance is in your kitchen: a) refrigerator; b) oven; c) 
microwave oven; d) dishwasher; e) washing machine; f) sink; g)cooker; h) others ____”. All 
the 25 subjects selected refrigerator, sink, cooker and washing machine. 14 subjects selected 
microwave oven. 2 subjects selected oven. None of them selected dishwasher. None of the 
subjects mentioned new appliance. 
 
The fifth question is: “Is the laundry done in your kitchen? Please state the reason(s) why the 
laundry is done in the kitchen or not?” All the subjects said that the laundry was done in the 
kitchen. Explaining the reasons, 23 subjects mentioned that the bathroom was too small to 
place a washing machine; 3 subjects mentioned that washing machine would be likely broken-
down in bathroom; and 1 subjects mentioned that it was dangerous to place a washing machine 
inside the bathroom because the person can bump on it when taking a bath. 
 
The sixth question is: “Do you do the laundry by yourself? Please state the reason(s) why you 
do so or not.” All the 25 subjects stated that they did not do laundry because they had 
difficulties in doing it. 5 subjects also stated that because others did the laundry.  
 
Based on the survey result, some conclusions could be drawn: 
- Light cooking is preferred by the most of the wheelchair users.  
- Besides cooking, laundry is usually done in the kitchen.  
- Eating sometimes is done in the kitchen. However, it is only true when the kitchen is 

relatively big.  
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- The most used appliances in a kitchen are sink, cooker, refrigerator, and washing machine. 
Microwave is also often used in kitchen. Oven and dishwasher are seldom used. 

- Most of the wheelchair users do not do laundry because they cannot. The laundry is 
usually done by other family members or maids.  

 
Based on the survey result, the scope of the operations and appliances in HDB kitchens for 
wheelchair users were set. The scope was only used in this thesis for kitchen floor plan 
analysis and design. In practice, this scope need not be strictly followed.   
 
The operations consist cooking and laundry 

In this thesis laundry was discussed in kitchen because laundry can only be done in the kitchen. 
In most HDB flats the bathrooms are too small for laundry. Other rooms are not suitable for 
laundry because the washing machine needs to be located near water pipes for water and 
drainage. According Wong and Yeh (1985), the kitchen in HDB flats are specially designed 
for the laundry done inside. “In order to suit the habits of the residents, whose preference is 
that one bathroom open directly to the kitchen (so that cooking and clothes washing activities 
may go on simultaneously), the bathroom’s location and these wet elements related to clothes 
washing and drying activities were generally kept, as much as possible, to a corner of the 
kitchen” (Wong and Yeh, 1985). Therefore, laundry was considered as an operation in the 
kitchen.  
 
Whether the laundry is done by a wheelchair user or not is determined by the wheelchair user’s 
own situation. If the wheelchair user lives with his/her family or a helper (friend or maid), it is 
not necessary for him/her to do the laundry.  However, there are conditions that a wheelchair 
user lives alone; and because of economic reasons, he/she cannot afford hiring a maid. As a 
result, he/she must do the laundry by him/herself. Therefore, the kitchen should support them 
to do laundry independently. In this thesis, it was assumed that the laundry is done by the 
wheelchair users themselves.  
 
In this thesis eating was not discussed in a kitchen for wheelchair users because of the 
following considerations: 
(1) Eating can also be done in other rooms, such as the living room; (2) If eating is also placed 
in a kitchen for wheelchair users, the kitchen may be too large. It is not acceptable in HDB 
flats because the large kitchen may be wasteful for common family; (3) If eating is not placed 
in a kitchen for wheelchair users, the area for a wheelchair user’s cooking may be approximate 
to the area suitable for a common family’s cooking and eating. Therefore, the eating area was 
not considered in a kitchen for wheelchair users.   
 
The appliances include sink, cooker, refrigerator, washing machine and microwave oven.  

The sink, cooker and refrigerator are the necessary appliances for cooking. The washing 
machine is necessary for laundry.  It is assumed that these four appliances must be placed in 
the kitchen. For the microwave oven, because its size is small, it can be put on the countertop 
or cabinet. Its location is relatively free and its impact on the kitchen floor plan is small. 
Therefore, the microwave oven was not analyzed through the schematic plans. However, it 
was tested in the mock-up kitchens too.  
 
Oven (which is a big type under the cooker) and dishwasher were not considered because they 
are seldom used and not necessary.  
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APPENDIX 2. CONCEPTS OF THE DISABILITY, ACCESSIBLE, PERSONS 

WITH DISABILITIES AND WHEELCHAIR USERS 

The World Health Organization (WHO) approved the International Classification of 
Functioning, Disability and Health (ICF) in May 2001. According to WHO (WHO, 2004), the 
overall aim of the ICF classification is to provide a unified and standard language and 
framework for the description of health and health-related states. ICF defines components of 
health and some health-related components of well-being (such as education and labour). The 
domains contained in ICF can, therefore, be seen as health domains and health-related domains. 
These domains are described from the perspective of the body, the individual and society in 
two basic lists: (1) Body Functions and Structures; and (2) Activities and Participation. As a 
classification, ICF systematically groups different domains for a person in a given health 
condition (e.g. what a person with a disease or disorder does do or can do). Functioning is an 
umbrella term encompassing all body functions, activities and participation; similarly, 
disability serves as an umbrella term for impairments, activity limitations or participation 
restrictions. ICF also lists environmental factors that interact with all these constructs. In this 
way, it enables the user to record useful profiles of individuals’ functioning, disability and 
health in various domains.  
 
Body functions are the physiological functions of body systems (including psychological 
functions).  
Body structures are anatomical parts of the body such as organs, limbs and their components.  
Impairments are problems in body function or structure such as a significant deviation or loss.  
Activity is the execution of a task or action by an individual.  
Participation is involvement in a life situation.  
Activity limitations are difficulties an individual may have in executing activities.  
Participation restrictions are problems an individual may experience in involvement in life 
situations.  
Environmental factors make up the physical, social and attitudinal environment in which 
people live and conduct their lives.  
 
In the latest version of the Code on Barrier-Free Accessibility in Buildings, 2002 (Building and 
Construction Authority, 2002), the concepts of the “accessible”, “persons with disabilities” and 
“wheelchair user” are given as following: 
 
“Accessible” describes a site, building, facility or portion thereof that complies with this Code 
and that can be approached, entered and used by persons with disabilities. 
 
“Persons with disabilities” are persons whose mobility and use of a building are affected as a 
consequence of one or more of the following physical or sensory disabilities or impairments:  
(a) ambulant disabled;  
(b) wheelchair-bound;  
(c) hearing impairment or deafness; or 
(d) visual impairment or blindness. 
 
“Wheelchair user” is a person who depends on a wheelchair for mobility.  
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APPENDIX 3. HISTORY OF BARRIER-FREE DESIGN 

At the beginning of the 20th century, there were few older adults and people with disabilities. 
The average human lifespan was only 47 years old (LaMendola, 1998). People who got serious 
diseases and impairments had only a small chance of survival. But in the late 1990’s, the 
people’s average lifespan has increased to 76, mainly because of healthier living, better 
medicine, and vaccines and sanitation that had virtually eliminated several deadly infectious 
diseases. In 1997, 4 million people in the United States were over the age of 85 and about 
60,000 topped age 100. By 2020, the Census Bureau in USA estimated that about 7 million to 
8 million people will be over age 85 and 214,000 will be over age 100 (LaMendola, 1998).  
 
In addition, population living with disabilities increased. A large population of veterans with 
disabilities was created by two world wars. More people survived accidents and illnesses 
which were previously fatal due to advanced antibiotics and other medical technologies. In the 
United States, at the end of 1994, 53.9 million people (20.6% of the population) had some 
level of disabilities, and 26.0 million (9.9%) had a severe disability (Story et al., 1998). It is 
estimated that among the population after year 2004, 8.6 million people had difficulty with one 
or more Activities of Daily Living (ADLs) and 4.1 million needed personal assistance of some 
kind (McNeil, 1997; Story et al., 1998).  
 
The barrier-free movement began in 1950s in response to demands by disabled veterans and 
advocates for people with disabilities to have opportunities in education and employment. The 
movement called for change in public policies and design practices. Physical barriers in the 
environment were considered as a primary hindrance to people with mobility impairments 
(Story et al., 1998).  
 
From the 1950s to the 1960s, along with the growing awareness of the need of accessibility, a 
number of states in USA set up their own accessibility standards (Story et al., 1998). The 
Architectural Barriers Act was put into practice, which mandated removing all the most 
significant obstacles to employment for people with disabilities. The act required all buildings 
designed, constructed, altered, or leased with federal funds to be made accessible. In 1961, the 
American National Standards Institute (ANSI) (1992) published the first design standard on 
accessibility, Specifications for Making Buildings and Facilities Accessible to and Usable by 
the Physically Handicapped. In 1980, ANSI published a revised standard to get some 
coherence. In 1984, based on all federal guidelines, Uniform Federal Accessibility Standards 
(UFAS) were created and the ANSI revised standards were incorporated into the UFAS too 
(Peterson, 1998).  
 
In 1990 the Americans with Disabilities Act (ADA) was passed, and guidelines were passed in 
1991 (Kearney, 1995). The law prescribed mandatory conditions for public places. It 
awakened widespread public awareness of the civil rights of people with disabilities and 
changed the way the built environment was viewed.  Equal rights are ensured in employment, 
access to places of public accommodation, services, programs, public transportation and 
telecommunications. The ADA has a consistent nationwide mandate that ensures accessibility, 
regardless of local attitudes (Story et al., 1998).  
 

Architectural Disability, Disablement and Enablement 

Architectural disability is a version of the social model of disability. According to Goldsmith 
(1997),  

“Architectural disability is, in effect, synonymous with architectural discrimination, 
the principle being that a building user can be discriminated against on account of a 
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building feature that is disabling, whereas he would not have been had the architect, 
as he might have done, incorporated and enabling feature instead.” 

  
The correlation between medical disability and architectural disability is not direct. The 
medical disability is “a bodily condition which people possess and always carry with them” 
(Goldsmith, 1997). However, the architectural disability varies according to certain 
environmental circumstances. People meet building impediments which prevent them from 
social participation (Goldsmith, 1997). Not only persons with disabilities, but also persons 
with normal functions, can be architecturally disabled. For example, the mother (or father) of 
an infant in a pushchair can frequently be architecturally disabled by features such as steps and 
stairs, heavy doors, narrow doors, confined lobbies and inaccessible WC compartments.  
 
The definition of architectural disablement offered by Goldsmith (1997) is as follows:  

“An architecturally disabled person is a person who, when using or seeking to use a 
building, is confronted by an impediment which would not have been there, or would 
not have been so irksome, had the architect who designed the building done so in a 
way which was responsive to his or her particular needs.” 

 
The complementary concept is architectural enablement: 

 “An architecturally enabled person is a person who, when using a building, is able to 
do so on account of a building feature or features without which he would not have 
been able to use that building, or to do so conveniently.”  

 
According to Goldsmith (1997),  

“…by taking enabling action, the architect can be a preventative therapist; he can 
prevent people being disabled when they use buildings. For people with medical 
disabilities, his job is to avoid medical disability being compounded by architectural 
disability, and for those without, to ensure that architectural disablement does not 
occur.” From this viewpoint, an architect could be called a ‘preventative therapist’.  

 
From these definitions, it can be easily known that a barrier-free environment is necessary for 
those who have physical disabilities or impairments. In a barrier-free and supportive home, a 
person with disability may live independently like a non-disabled person, if the accessible 
facilities compensate his/her body limitation.  
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APPENDIX 4. OBSERVATIONS IN THE FIVE INVESTIGATED KITCHENS  

Investigations were conducted in five kitchens; the subjects performed certain tasks in the 
kitchen following the investigator’s requests and the main barriers encountered by the 
wheelchair users were recorded. The details of the kitchens are listed in the Table A4.1. 
 

No. Owner’s 
name 

Age Health status Flat address Flat 
type 

Kitchen area  

1 Mr. Goh 
Cheng 
Dong 

58  Stroke, Fat Jurong West 
Street 81, 

BLK 852, 03-
307  

4-
room 
flat 

10.8 m2 Unmodified

2  Ms. 
Nornilinda  

38 Paraplegia, 
fat 

Woolands 
Ave. 6, BLK 
626, 07-876 

4-
room 
flat 

10.22m2 Unmodified

3  Ms. Ng 
Geok Hong 

42 Paralysis,  
thin  

Tampines 
Street 45, 

BLK 492C, 
08-294  

4-
room 
flat 

13.5m2  Unmodified 

4 Ms. Lin  32 Paraplegia, 
weak and 

thin 

Toh Guan 
Road, BLK 
273, 08-57 

3-
room 
flat 

7.53 m2 (before 
modification) 
14.9m2 (after 
modification)  

Modified 

5  Mr. Yusoff 
Bin Atan  

43 Paraplegia, 
strong 

Bedok North 
Ave. 1, BLK 
521, 11-290 

3-
room 
flat 

15.69m2  Modified 

Table A4.1: Five investigated kitchens. 
 

1. Floor Level  

Among the five kitchens, three (No. 1, 2 & 3) were not very accessible because of the 
threshold at the entrance from other rooms. Figure A3.1 shows the threshold between the 
kitchen and bathroom in Kitchen No 1. The threshold was about 12cm high. This height was 
impossible to access for a wheelchair. Previously, the floor of the balcony was not raised up by 
a board (Figure A4.1). The owner, Mr. Goh said that when he took a shower, he had to crawl 
down from the wheelchair in the kitchen by using a small stool, crawl across the balcony, then 
enter the bathroom. When he finished his shower, he crawled out and climbed up the 
wheelchair again with another’s help. When the kitchen was investigated, the lower part of the 
balcony was raised up and a simple ramp was made. Mr. Goh could propel the wheelchair in 
the balcony and get down onto a shower stool in the bathroom (Figure A4.2). However, it was 
still problematic.  

 
Figure A4.1: Thresholds between kitchen and bathroom made the bathroom 

inaccessible. 
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Figure A4.2: A simple r mp made for access. 

 raised up to 

a

 

 
 Ms. Lin’s kitchen the floor had been the same level as the living room floor 
igure A4.3). After the modification, the kitchen could be accessed smoothly without any 

barriers. In Mr. Yusoff’s kitchen, there had been a fall, leading to a modification of the ramp 
between the kitchen and the living room. The wall between the kitchen and the living room 
was also removed for easy movement of the wheelchair. The ramp was more than 120cm wide. 
The kitchen floor was 6cm lower than the floor in the living room. The gradient was about 
1/10. For Mr. Yusoff, this gradient was easy to drive up in a wheelchair by himself (Figure 
A4.4).   

In
(F

Figure A4.3: In Ms. Lin’s kitchen the floor had been raised up to the level of the 
living room. 

 

 
Figure A4.4: Grad uilt between kitc d living room ( ce 

betw e arrows is the or oor width).   
 
2. Countertop  

he countertop height of each kitchen was measured and the owner’s comment was also 

 

ient was b
een whit

hen an
iginal d

the distan

T
recorded. The results are listed in Table A4.2.  
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Kitchen Owner’s name Countertop height Owner’s comment 

No. 1 Mr. Goh Cheng Dong 84cm A little high 

No. 2  Ms. Nornilinda  88cm Too high 

No. 3  Ms. Ng Geok Hong 89cm Too high  

No. 4 Ms. Lin  75cm Suitable  

No. 5  Mr. Yusoff Bin Atan  85cm  Suitable  

 
Table A4.2:  Heights of the countertops in the five kitchens.  

 
The owner of Kitchen No. 3, Ms. Ng, suffered most from the high countertop. Figure A4.5 
shows that she was cooking at the countertop. The pot was about 18cm high; adding the height 
of the cooker of about 3cm, the whole distance from the floor to the rim of the pot was around 
110cm. It was impossibl inside the pot so she could not know the cooking 
condition of th he pot with a 
ladle because she had t

e for her to see 
e food in the pot. It was also difficult for her to stir ingredients in t

o raise her arm very high.   

                          
Figure A4.5: (Left) high countertop was difficult for Ms. Ng to cook. 

Figure A4.6: (Right) high sink was difficult to use. 
 

 Ms. Lin’s kitchen, the countertop was newly built with the consideration of her sitting 

 
Figure A4.6 shows Ms. Ng working at the sink. The sink was too high for her at a height only 
a little lower than her shoulder.  Ms. Ng had great difficulty in reaching the bottom of the sink.  
 
In
situation. The height of the countertop was 75cm, much lower than the normal countertop (the 
usual practice in Singapore is to set the countertop at a height of about 85-90cm from the floor). 
At this height, Ms. Lin could cook comfortably (Figure A4.7).  
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Figure A4.7: Countertop at a proper height for Ms. Lin. 

 
In Mr. Goh’s kitchen, as he commented, the countertop was a little high. In Mr. Yusoff’s 
kitchen, the countertop was newly ht was suitable for him. It is interesting to 
note tha (85cm) 
are almo se Mr. 
Goh was
 

esides the suitable heights, knee space nt to, all major work centers 
sink, cooker, countertop, etc.  Deficiency in these 

m frontally and hence they are used 

 built without knee space. Thus 
other appliances. Figure A4.8 

hows Mr. Goh brushing his teeth at the sink. Without knee space under the sink, he had to sit 
terally and so it was very uncomfortable in this body posture.  

 built and the heig
t the countertop heights in Mr. Goh’ kitchen (84cm) and Mr. Yusoff’s kitchen 
st the same, yet Mr. Goh felt the countertop was a little high. This may becau
 short and fat; therefore, he preferred a slightly lower countertop.  

s are desirable at, or adjaceB
/ appliances in the kitchen, including the 
knee spaces makes wheelchair users unable to use the
laterally. 
 
All the five kitchens including the two modified kitchens were

e wheelchair users must sit laterally at the sink, cooker or th
s
la

 
Figure A4.8: Mr. Goh sat laterally when brushing his teeth. 

 
Figure A4.9 shows Ms. Nornilinda; because she was short and plump, she was unable to reach 
the sink faucet when she sat hen asked about how sh  a cooker, Ms. 
Nornilinda let her younger brother open the cabinet under the cooker and take items out the 
cabinet. Then eated a knee 
space 

 laterally. W e worked at

 she drove her wheelchair into the cabinet. She said she usually cr
by this method to increase accessibility (Figure A4.10). 
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Figure A4.9: (Left) Ms. Nornilinda could not reach the handle of the faucet while 

sitting laterally at the sink. 
Figure A4.10: (Right) Ms. Nornilinda sometimes created a knee space by taking 

items out of the cabinet. 
 

. Wall Cabinet and Corner Cabinet  3

All the inets ble by users in the five investigated 
kitchens s A the l inet, the wheelchair users had 
great diffi  rea s A4
 
 
 

wall cab were unreacha the wheelchairs 
(Figure 4.11 & A4.12). For 

ch re
ower corner cab
.13 ).  culty in ing objects (Figu & A4.14

                   
 

Figure A4.11: (Left) wall shelves and cabinets were difficult to reach. 
Figure A4.12: (Right) Ms. Lin used a stick with hook to open the wall cabinet door to 

‘see’ items stored inside. 
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Figure A4.13: (Left) it was difficult to reach the corner cabinet for wheelchair users. 
Figure A4.14: (Right) lowest drawers were difficult to reach for wheelchair users.  

 
Table A4.3 shows the heights of the bottoms of the wall cabinets in the five kitchens. Except 
or Kitchen No. 1, allf  the wall cabinets were unreachable by the owners.  

 Height of the wall 
cabinet bottom 

Owner’s comment 
 

Kitchen Owner’s name

No. 1 Mr. Goh Cheng Dong No wall cabinet / 
No. 2  Ms. Nornilinda  155cm Unreachable  
No. 3  Ms. Ng Geok Hong 134cm Unreachable 
No. 4 Ms. Lin  135cm Unreachable 
No. 5  Mr. Yusoff Bin Atan  150cm  Unreachable 

 
Table A4. 3: Heights of the bottoms of the wall cabinets. 

 

4. Ventilation hoods, Sockets and Switches  

In the two modified kitchens, the ventilation hoods were lowered so that the users could reach 
them. Figure A4.15 shows Mr. Yusoff switching off the hood.  The hood suspended on the 
cooker was lowered so Mr. Yusoff could reach it.  
 

 
Figure A4. 15: Lowered hood was easy to reach. 

 
In the unmodified kitchens, the ventilation hoods were mounted too high for wheelchair users 
to reach. Figure A4.16 shows that Ms. Ng could not reach the hood’s switch.  
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Figure A4.16: (Left) hood was too high to reach. 

Figure A4.17: (Right) switches were too high to reach. 
 
The heights of the ventilation hoods in the five kitchens are listed in Table A4.4. 

Kitchen Owner’s name Height of the 
switches/sockets  

Owner’s comment 

No. 1 Mr. Goh Cheng Dong 145cm Unreachable 
No. 2  Ms. Nornilinda  150cm Unreachable  
No. 3  Ms. Ng Geok Hong 145cm Unreachable 
No. 4 Ms. Lin  115cm Reachable 
No. 5  Mr. Yusoff Bin Atan  120cm  Reachable 

 
Table A4.4: Heights of the ventilation hoods.  

 
The sockets and switches on the wall behind the countertop were very difficult to reach by all 
the wheelchair users. They were often highly installed, and because of the countertop beneath 
them, a wheelchair user could not get close to them. As a result, they became even impossible 
to reach.  Figure A4.17 shows that Ms. Nornilinda tried to switch off the electric-cooker by 
using a plastic stick. 
 
 
5. Washing and Drying Clothes 

In the five houses, all the washing machines were placed in the kitchen. In fact, it is common 
for laundry to be done in the kitchen in HDB flats.  
 
In the five kitchens investigated, all the washing machines were top-loaded. The opening was 
too high and it was impossible for wheelchair users to take the washed clothes out of the 
washing machine. Thus the wheelchair users did not use them (Figure A4.18). 

 
Figure A4.18: Top-loaded washing machine is difficult for wheelchair users to use. 
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Drying clothes was also impossible for the five wheelchair users. Most Singapore residents in 
HDB flats use bamboo poles to hang out clothes for drying. The bamboo poles are inserted in 
hort metal tubes (Figure A4.19). For wheelchair users, it is impossible to hang the bamboo s

poles out with wet clothes through the window. 
 

 
 

Figure A4.19: Metal tubes for inserting in bamboo poles. 
 
On rainy days, the clothes are often hung inside the kitchen. But the clothes hanging device 
was too high for the wheelchair users to reach (Figure A4.20). 
 

 
Figure A4.20: Hanging device was too high for wheelchair users to reach. 
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APPENDIX 5. ANTHROPOMETRY PRINCIPLES 

 
etry is the branch of ergonomics which deals with body measurements, particularly 

, strength and physical capacity.  The term ‘anthropometry’ is derived from two 
: anthropo(s)- human, and metricos- of, or pertaining to, measurement. According 

 
For a population, when considering body dimensions, there is a wide variation between 
members. Because the population does exhibit such variability in body dimensions, it is 

me average figure and the extent of the variability within the 
g anthropometric data. In most ergonomics applications, it is 

riability, in a particular characteristic, which 
ormal distribution, a mathematical function 

urve (see Figure A5.1), may generally describe the 
agnitude of the dimension concerned. Plotted vertically 

which we would expect to encounter a person of that particular size, (or 
e probability of encountering such a person). The normal distribution is very common in 

bles conform quite closely to the normal distribution (Pheasant, 1986, 
p13). The curve is symmetrical about the average (or mean) value which is also the point of 
maximum probability. This point is called 50th percentile because 50% of the population is 
smaller than the average value. Ninety percent of the population is between the 5th and 95th 

 
 

Anthropom
those of size
Greek works
to Damon (1973), “Anthropometry refers to human body measurement, with which the 
equipment designer is mainly concerned. Such measurement includes body dimensions and the 
strength, speed, and range of motions.”   

normal to indicate both so
population studied whilst reportin
necessary to make provision for the range of va
can be encountered in a user population. The n
which has the form of a bell-shaped c
variability. Plotted horizontally is the m
is the frequency with 
th
biology in general and anthropometry in particular. It is empirically true that most 
anthropometric varia

percentile.  
 

 
 

Figure A5. 1.  An example of the normal or Gaussian distribution (source: Pheasant, 
1986). 

 
There are two important parameters. One is the mean, which determines where the distribution 
is located on the horizontal axis.   The other is the standard deviation (s), which is an index of 
the degree of variability in the population concerned, i.e., the “width” of the distribution or the 
extent to which individual values are scattered about or deviate from the mean. The Standard 
deviation (s) of a sample of individuals drawn from a population is given by the equation 
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n
mx∑ − 2)(

s =  

where m is the mean, x is any individual  value of the dimension  concerned and  n is the 
number of subjects in the sample.  
 
A normal distribution can be completely defined by the mean and standard deviation. If they 
are known, any percentile of the distribution can be calculated without further reference to the 
original measurements of individual people. The pth percentile of a variable is given by  

where z is a constant for the percentile concerned, which can be looked up in a statistical  table 
(Table A5.1).   
 

szmX p +=  

 
 

Table A5 t, 1986). 
 

Accuracy 

.1. P and Z values of the normal distribution (source: Pheasan

 

According to Damon et al., (Damon, Stoudt & McFarland, 1971), the average (mean) value, 
the standard deviation (s.d.), or some percentile within ±E units, have the equation: 
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2

2.).(
E

dsKN =  

Where  K = 4 for the mean; 
K = 2 for the standard deviation; 
K = 7 for percentiles from the 30th through 70th; 
K = 8 for the 20th, 25th, 75th, and 80th percentiles; 
K = 12 for the 10th and 90th percentiles; 
K = 18 for the 5th and 95th percentiles.  
N is the sample size. 
 
Therefore, if the mean value, s.d. and sample size are known, e E can be calculated using the 
following equatio

th
n: 

N   
ds 2.).KE (=

For the pilot anthropometric studies wheelchair users, the accuracy of each measurement is 
calculated and shown in the result tables.  
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APPENDIX 6. METHODS FOR MEASURING THE REACHES   

1. Upward reach  

   
Figure A6.1: (Left) maximum upward reach. 

Figure A6.2: (Right) comfortable upward reach. 
 
Figure A6.1 show  subject sat in a 

heelchair and raised his/her arm as high as he/she could. Then the grasp reach was recorded 

2. Up-forward reach to a wall  

Figure A6.3 shows a a wall.  Figure A6.4 
hows a subject making a comfortable up-forward reach to a wall.  These two dimensions are 

important in understanding whether a wheelchair user can reach a target on a wall or on other 
objects alike. The target could be a door handle, a switch/outlet and a shelf etc. 

s the measurement of the maximum upward reach. The
w
from the grid board. The comfortable reach was measured in the same way (Figure A6.2) 
except that the subject sat erect in his/her chair and lifted his/her arm vertically upwards 
without stretching. These two dimensions are important to understanding how high a 
wheelchair user can reach.  
 
 

subject making a maximum up-forward reach to 
s

   
Figure A6.3: (Left) maximum up-forward reach to a wall. 

Figure A6.4: (Right) comfortable up-forward reach to a wall. 
 
3. Down-forward reach to a wall 

Figure A6.5 shows the subject making a maximum down-forward reach to a wall.  Figure A6.6 
shows the subject making a comfortable down-forward reach to a wall.  These two dimensions 
are important in understanding how low a wheelchair user can reach a target on a wall or other 
objects alike.  
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Fig .5: (Le xim n-f  reach to a 

Figu : (Rig for own rd r to 

4. nward reach laterally 

Figure A6.7 shows the subject making a max um downward reach laterally.  Figure A6.8 
shows the subject m two dimensions are 

portant in understanding whether a wheelchair user can reach a target below laterally. 

ure A6 ft) ma um dow orward wall. 
re A6.6 ht) com table d -forwa each a wall. 

 
 Dow

im
aking a comfortable downward reach laterally.  These 

im

   
lly. Figure A6.7: (Left) aximum downw a

. Forward reach over a table 

t of the maximum forward reach over a table.  The table 
was set at a height of 86cm.  The reason for choosing this height was that it is the maximum 
height of an obstr ic m d o ui es di d 
Construction shows the measurem the com
forw ea er a  Thes dim s a orta  u n o  a 
wheelchair n r er an ctio

m ard reach later
Figure A6.8: (Right) comfortable downward reach laterally. 

 
5

Figure A6.9 shows the measuremen

uction wh h is reco mende in Singap re G delin  (Buil ng an
 Authorit

ch ov
y, 2002).  Fi

 table.
gure A6.10 

e two 
ent of 
ndersta

fortable 
w farard r ension re imp nt in ding h

user ca each ov  obstru n. 

   
Figure A6.9: (Left) maximum forward reach over a table. 

Figure A6.10: (Right) comfortable forward reach over a table. 
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6. Lateral reach over a table 

Figure A6.11 shows the mu  
also set at the height s re  of om b ral 
reach over a  The o dime s ar orta nde din eth h air 
user can reach a target laterally ove  
 

measure
 of 86cm.  Figure A6.12

ment of the maxi
 show

m lateral rea
 the measu

ch over a table. The table was
ment  the c forta le late

 table. se tw nsion
r an obstruction. 

e imp nt in u rstan g wh er a w eelch

   
 

eft) maximum lateral reach over a table. 
Figure A6.12: (Right) comfortable lateral reach over a table. 

 
When the subjects made lat  w  
the of easuring board (Figure A6.13). In  w  w ha r s a 
late ch an o tion, t s of o kn ce ded er bs on. 
Therefore, when the lateral reaches me , no part of the wheelchair was under the 
obstruction.  
 

Figure A6.11: (L

eral reaches, the plane of the wheelchair hand rim as in line with
edge 
ral rea

the m reality hen a heelc ir use make
 over bstruc here i ten n ee spa provi  und the o tructi

were asured

 
 

6 io e  h im
 

Figure A .13: Locat n of th wheelchair and r . 
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APPENDIX 7. ANTHROPOMETRIC DATA OF THE 32 WHEELCHAIR 

RS (TABLES) 

1. Upw rd Re

um mum  h  h  h 

USE

a ach 

 Minim Maxi Mean Accuracy SD. 5t 50t 95t

Max. 140.0 8.0 4.6  68 0 155.0 8.016 15 ±4.34 8. 140. 16
le 

C 16 14 ±5.07 10 130 16
Ma

om. 130.0 5.0 7.9  .14 .0 147.5 5.0
Max. 5.0 145.5 158.0135.0 158.0 146.0 ±3.43 6.85 13

Female 
Com. 128.0 155.0 139.6 ±3.90 7.79 128.0 139.5 155.0
Max. 135.0 168.0 150.3 ±4.42 8.84 136.3 150.0 167.4

Total 
Com. 128.0 165.0 143.8 ±4.93 9.86 128.6 143.0 162.4

 
le ure res  up  rea

 
 
2. Forward Reach over a Table 

 Minimum Maximum Mean Accuracy SD. 5th  50th  95th 

Max. 53.0 72.0 64.1 ±3.06 6.12 53.0 64.0 72.0
Male 

Com. 43.0 55.0 50.3 ±2.03 4.05 43.0 52.0 55.0
Max. 50.0 70.0 63.6 ±2.76 5.51 50.0 65.0 70.0

Female 
Com. 46.0 54.0 51.4 ±1.08 2.16 46.0 51.5 54.0
Max. 50.0 72.0 63.9 ±2.87 5.73 52.0 64.0 71.4

Total  
Com. 43.0 55.0 50.8 ±1.62 3.23 43.0 52.0 55.0

 
Table A7.2: Measurement results of the forward reach over a table. 

 
 
3. Up-forward Reach to a Wall 

 Minimum Maximum Mean Accuracy SD. 5th  50th  95th 

Max. 125.0 153.0 141.9 ±4.03 8.06 125.0 153.0 153.0
Male 

Com. 115.0 140.0 130.6 ±3.00 6.00 115.0 130.5 140.0
Max. 121.0 148.0 132.7 ±3.68 7.35 121.0 133.0 148.0

Female 
Com. 110.0 139.0 124.7 ±4.03 8.05 110.0 123.0 139.0
Max. 121.0 153.0 137.3 ±4.47 8.93 121.7 137.5 151.1

Total  
Com. 110.0 140.0 127.6 ±3.80 7.59 112.6 130.0 139.4

 
Table A7. 3: Measurement results of the up-forward reach to a wall.  

 
 
 

Tab A7.1: Meas ment ults of the ward ch. 

 20



 

4. Dow

21

n-f h to a Wall 

 50th  95th 

orward Reac

Minimum Maximum Mean Accuracy SD. 5th  

Max. 15.0 35.0 23.6 ±3.19 6.38 15.0 21.5 35.0
Male 

.0 42.0Com. 27.0 42.0 34.1 ±2.25 4.49 27.0 35
Max. 10.0 35.0 19.4 ±2.56 5.11 10.0 20.0 35.0

Female 
2  .8 2  0 35 42.0Com. 5.0 42.0 33 ± .52 5. 4 25.0 .0 

Max. 10.0 35.0 21.5 ±3.03 6.06 13.3 20 35.0.0 
Total  

25.0 42.0 33.9 ±2.35 4.70 25.0 35 42.0Com. .0 
 

le A7. 4: Measurement results of the down-forward reach to a wall
 
 
 
5. Down

50t 95th 

Tab .  

h  

ward Reach Laterall

 

y 

Minimum Maximum Mean Accuracy SD. 5th  

Max. 10.0 32.0 22.5 ±3.95 7.89 10.0 23 32.0.5 
Male 

.8 42.0Com. 30.0 42.0 36 ±1.56 3.11 30.0 37.0 
Max. 12.0 29.0 21.4 ±2.36 4.72 12.0 21 29.0.0 

Female 
.4 35 41.0Com. 25.0 41.0 34 ±2.31 4.62 25.0 .5 

Max. 10.0 32.0 21.9 ±3.21 6.42 10.0 21 30.7.5 
Total  

Com .6 36 41.4. 25.0 41.0 35 ±2.03 4.05 28.3 .5 
 

A 5 s m t r lt w a ach later

ater

50t 95th 

Table 7. : Mea ure en esu s of do nw rd re ally. 
 
 
 
6. L al Rea

 

ch over a Table 

Minimum Maximum Mean Accuracy SD. 5th  h  

Max 65 70.0. 53.0 70.0 64.5 ±2.56 5.11 53.0 .5 
Male 

m 52 60.0Co . 48.0 60.0 53.5 ±1.95 3.90 48.0 .5 
Max 60 68.0. 50.0 68.0 61.3 ±2.80 5.60 50.0 .5 

Female 
m 50 59.0Co . 41.0 59.0 50.2 ±2.67 5.34 41.0 .0 

Max. .0 70.0 62.9 ±2.77 5.53 52.0 65 69.450  .0 
Total  

C 0 . 59.4om. 41.  60 0 51.8 ±2.45 4.90 42.3 51.0 
 

Table A7. 6: Measurement results of lateral reach over a table.  
 
 
 
 
 
 
 
 



 

 
 
7. Knee Height 
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 racy SD. 5th  50th  95th Minimum Maximum Mean Accu

.0 

53.0 

 
Table A7. 7: Measurement results of the knee height. 

 
 
8. Armrest 

Ta  A  wheelchair armrest height.  
  
 
 

 Minimum Maximum Mean racy SD. 5th 50th 95th

Height 

 
lt oble 7. 8: Measurement resu f the

Accu

Male 57.0 70.0 64.1 ±1.84 3.67 57.0 65.5 70.0

Female  53 68.0 60.2 ±2.15 4.29 53.0 60.0 68.0

Total  70.0 62.2 ±2.21 4.41 53.7 62.5 68.7

Total 58.0 75.0 68.9 ±2.02 4.03 61.9 69.0 75.0



APPENDIX 8. ANTHROPOMETRIC DATA OF THE 16 MALE WHEELCHAIR USERS  

 
Forward 

table) wall reach t all

Downward 
reach 
(lateral) (over a taUp h  reac reach (over a 

Up-forward 
reach t Down-forward o a o a w

Lateral reach 
ble)e Health 

dition 
x Com Co m

hei
Sitting e Kne

heig

 Ch  16  55 28 40 62 

 Ch Ne  16  52 153 42 42 69 6 66 

 Ch  13 63 50 36 38 63 57 
 Ch  14  55 1 35 36 65 57 

 Ch  15  53 1 38 40 68 66 

26 Ch . hem  16 64 52 15  1 39 40 70 59 66 

 63 
ronic
rolo  15  13 27 67 

3
58 3

 Ag   Nation con
Ma Com Max Com Max Max m Max Com Max Co

ght ht 
Wheelchair 
rest height 

M1 35  Hemiplegia 165 0 72  150 125 16 30 67 58 133 65 

M2 25 urological 
disorder 168 5 66 130 35  32 0 140 75 

M3 36 Cerebral palsy 143 9 135 131 27  14  55 110 72 
M4  48 Paraplegia 150 5 70 38 133 22 10  52 127 69 

M5 53 Neurological 
disorder 161 0 70 46 140 30 22  57 130 68 

M6 Rt iplegia 167 1 0 30 33 30 131 72 

M7 Ch 
Ch  
neu gical 
condition 

156 3 71 54 146 6 15 20 32 65 50 123 69 

M8 42 Ch Head injury 158 155 68 52 148 138 28 36 30 38 65 51 128 68 68 
M9 57 Ch Paraplegia 145 135 60 46 137 131 19 31 20 38 55 49 130 66 65 

M10 64 Ma Above knee 
amputee  140 135 54 43 125 115 20 35 28 30 53 48 126 66 65 

M11 37 Ch Paraplegia 163 156 64 49 147 135 28 30 14 5 68 57 130 63 75 
M12 Ch Head injury 156 150 53 45 148 133 29 40 15 5 69 56 128 64 68 

M13 21 Ma Rheumatoid 
arthritis 154 145 70 54 145 130 19 29 10 37 67 53 129 65 58 

M14 61 Ch Amputee  150 145 63 50 135 129 21 34 30 35 65 50 124 63 69 
M15 34 In Paraplegia 150 143 63 52 138 130 18 35 30 37 66 51 120 60 69 
M16 45 Ch Lt. hemiplegia 147 130 55 43 130 123 17 30 25 35 57 50 125 70 65 

 
Table A8.1 Measurement result of the male wheelchai users (Ch-Chinese, Ma-Malays, In-Indians) (unit: cm). r 
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Statistics 

 
 

Up reach (Max) Up reach (Com) Forward reach over a table(Max) 
Valid 16 N 
Missing 0 

Mean 154.6 
Std. Deviation 8.68 
Variance 75.3 
Range 28.0 
Minimum 140.0 
Maximum 168.0 

5 140.0 
50 155.0 Percentiles 
95 168.0  

Valid 16 N 
Missing 0 

Mean 147.9 
Std. Deviation 10.14 
Variance 102.9 
Range 35.0 
Minimum 130.0 
Maximum 165.0 

5 130.0 
50 147.5 

Percentiles 

95 165.0  

Valid 16 N 
Missing 0 

Mean 64.1 
Std. Deviation 6.12 
Variance 37.5 
Range 19.0 
Minimum 53.0 
Maximum 72.0 

5 53.0 
50 64.0 

Percentiles 

95 72.0  

 170.0165.0160.0155.0150.0145.0140.0

VAR00001

Fr
eq

ue
nc

y

3.5

3.0

2.5

2.0

1.5

1.0

.5

0.0

Std. Dev = 8.68  
Mean = 154.6

N = 16.00

165.0160.0155.0150.0145.0140.0135.0130.0

Fr
eq

ue
nc

y
5

4

3

2

1

0

Std. Dev = 10.14  
Mean = 147.9

N = 16.00
72.570.067.565.062.560.057.555.052.5

Fr
eq

ue
nc

y

5

4

3

2

1

0

Std. Dev = 6.12  
Mean = 64.1

N = 16.00
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Forward reach over a table (Com) Up-forward reach to a wall (Max) Up-forward reach to a wall (Com) 
Valid 16 N 
Missing 0 

Mean 50.3 
Std. Deviation 4.05 
Variance 16.4 
Range 12.0 
Minimum 43.0 
Maximum 55.0 

5 43.0 
50 52.0 

Percentiles 

95 55.0  

Valid 16 N 
Missing 0 

Mean 141.9 
Std. Deviation 8.06 
Variance 65.0 
Range 28.0 
Minimum 125.0 
Maximum 153.0 

5 125.0 
50 145.5 

Percentiles 

95 153.0  

Valid 16 N 
Missing 0 

Mean 130.6 
Std. Deviation 6.00 
Variance 36.0 
Range 25.0 
Minimum 115.0 
Maximum 140.0 

5 115.0 
50 130.5 

Percentiles 

95 140.0  

 
56.054.052.050.048.046.044.0

Fr
eq

ue
nc

y

5

4

3

2

1

0

Std. Dev = 4.05  
Mean = 50.3

N = 16.00

155.0150.0145.0140.0135.0130.0125.0

VAR00005

Fr
eq

ue
nc

y

5

4

3

2

1

0

Std. Dev = 8.06  
Mean = 141.9

N = 16.00
140.0135.0130.0125.0120.0115.0

VAR00006

Fr
eq

ue
nc

y

8

6

4

2

0

Std. Dev = 6.00  
Mean = 130.6

N = 16.00
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Downward reach to a wall (Max) Downward reach to a wall (Com) Lateral downward reach (Max) 

Valid 16 N 
Missing 0 

Mean 23.6 
Std. Deviation 6.38 
Variance 40.7 
Range 20.0 
Minimum 15.0 
Maximum 35.0 

5 15.0 
50 21.5 

Percentiles 

95 35.0  

Valid 16 N 
Missing 0 

Mean 34.1 
Std. Deviation 4.49 
Variance 20.2 
Range 15.0 
Minimum 27.0 
Maximum 42.0 

5 27.0 
50 35.0 

Percentiles 

95 42.0  

Valid 16 N 
Missing 0 

Mean 22.5 
Std. Deviation 7.89 
Variance 62.3 
Range 22.0 
Minimum 10.0 
Maximum 32.0 

5 10.0 
50 23.5 

Percentiles 

95 32.0  

 35.032.530.027.525.022.520.017.515.0

Fr
eq

ue
nc

y

5

4

3

2

1

0

Std. Dev = 6.38  
Mean = 23.6

N = 16.00
42.540.037.535.032.530.027.5

Fr
eq

ue
nc

y

7

6

5

4

3

2

1

0

Std. Dev = 4.49  
Mean = 34.1

N = 16.00

30.025.020.015.010.0

VAR00009

Fr
eq

ue
nc

y

8

6

4

2

0

Std. Dev = 7.89  
Mean = 22.5

N = 16.00
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Lateral downward reach (Com) Lateral reach over a table (Max) Lateral reach over a table (Com) 
Valid 16 N 
Missing 0 

Mean 36.8 
Std. Deviation 3.11 
Variance 9.7 
Range 12. 0 
Minimum 30.0 
Maximum 42.0 

5 30.0 
50 37.0 

Percentiles 

95 42.0  

Valid 16 N 
Missing 0 

Mean 64.5 
Std. Deviation 5.11 
Variance 26.1 
Range 17.0 
Minimum 53.0 
Maximum 70.0 

5 53.0 
50 65.5 

Percentiles 

95 70.0  

Valid 16 N 
Missing 0 

Mean 53.5 
Std. Deviation 3.90 
Variance 15.2 
Range 12.0 
Minimum 48.0 
Maximum 60.0 

5 48.0 
50 52.5 

Percentiles 

95 60.0  

 
42.540.037.535.032.530.0

Fr
eq

ue
nc

y

6

5

4

3

2

1

0

Std. Dev = 3.11  
Mean = 36.8

N = 16.00
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Fr
eq

ue
nc

y
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5
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1

0

Std. Dev = 5.11  
Mean = 64.5

N = 16.00
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eq

ue
nc

y

5
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2

1

0

Std. Dev = 3.90  
Mean = 53.5

N = 16.00

 
 
 
 
 
 

 27



 
 

Sitting height Knee height 
Valid 16 N 
Missing 0 

Mean 127.1250
Std. Deviation 6.43817 
Variance 41.45000
Range 30.00 
Minimum 110.00 
Maximum 140.00 

5 110.0000
50 128.0000

Percentiles 

95 140.0000 

Valid 16 N 
Missing 0 

Mean 64.1250 
Std. Deviation 3.66742 
Variance 13.45000
Range 13.00 
Minimum 57.00 
Maximum 70.00 

5 57.0000 
50 65.5000 

Percentiles 

95 70.0000  

140.0135.0130.0125.0120.0115.0110.0

Fr
eq

ue
nc

y

8

6

4

2

0

Std. Dev = 6.44  
Mean = 127.1

N = 16.00

70.068.066.064.062.060.058.0

Fr
eq

ue
nc

y

7

6

5

4

3

2

1

0

Std. Dev = 3.67  
Mean = 64.1

N = 16.00
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APPENDIX 9. ANTHROPOMETRIC DATA OF THE 16 FEMALE WHEELCHAIR USERS  

 
Forward 
reach ( r a
table) wall  a wall 

Downward 
reach (late (over a tabl 

Up-forward 
reach to

Down-
forward r h Lateral reach tting KUp h  Heal reac ove  a eac
to

Com 

ral) e) Si
hei Ag   Nation cond

Ma Com Max Com Max Max  Max Com Max Co
ht he

Wheelchair 
rest height 

th 
ition 

nee 
ight e

m 
g

x Com
F1 45  Cerebral palsy 140 0 55 132 123 20 25 30 55 49 125 5 72  Ch 13 50 27  8 

F2 42 rological 
disorder 135 9 50 119 15 25 37 46 120 5 69  Ch Neu 12 46 123 35  50 4 

F3 56
Lt. Hemiplegia 
with Rt. 
Amputee 

155 0 68 0 132 20 21 38 50 117 6 73  In  15 50 14 35  67 8 

F4  31 Head injury 148 3 68  129 35 25 30 58 130 5 65 Ch 14 50 134 40  68 8 
 62  8 

 4 
4  2 

41 

 

r 
 

F5 61 Rt. iplegia 150 3 67  2 18 22 38 55 110 5 75  Ch  hem 14 51 138 13 36 
F6 68 Ch Rt. plegia 151 2 61 52 130  20 21 31 60 52 114 6 75  hemi 14 123 35 
F7 31 Ch Cer  Palsy 145 9 63 50 135  15 25 0 65 59 123 6 73 ebral 13 130 31 
F8 25 Ch Paraplegia  158 155 70 53 148 139 20 36 21 38 68 57 121 63 72 
F9 44 Ma paraplegia 152 147 69 54 138 132 20 37 18 39 67 50 122 61 72 

F10 29 Ch Above knee 
amputee  145 140 68 53 137 133 18 34 28 32 68 51 120 60 70 

F11 21 Ch Paraplegia 140 132 64 50 121 110 19 39 20 36 60 49 107 60 64 

F12 63 Ch 
Chronic 
Neurological 
condition 

153 146 66 52 139 120 23 42 29 61 48 122 68 71 

F13 33 Ch Paraplegia 146 135 66 54 129 123 20 25 12 25 60 52 115 57 65 
F14 53 Ch Amputee  138 135 61 50 129 114 10 33 14 31 55 43 110 57 65 

F15 57 Ma Rheumatoid 
arthritis 137 128 58 53 122 116 18 30 18 35 55 41 109 53 68 

F16 48 Ch Lt. hemiplegia 143 139 64 54 128 120 20 25 18 30 59 43 110 62 65 
 

Table A9.1 Measurement result of the male wheelchai users (Ch-Chinese, Ma-Malays, In-Indians) (unit: cm). 
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Statistics 

 
 

Up reach (Max) Up reach (Com) Forward reach over a table(Max) 
Valid 16 N 
Missing 0 

Mean 146.0 
Std. Deviation 6.85 
Variance 46.9 
Range 23. 0 
Minimum 135.0 
Maximum 158.0 

5 135.0 
50 145.5 

Percentiles 

95 158.0  

Valid 16 N 
Missing 0 

Mean 139.6 
Std. Deviation 7.79 
Variance 60.7 
Range 27.0 
Minimum 128.0 
Maximum 155.0 

5 128.0 
50 139.5 

Percentiles 

95 155.0  

Valid 16 N 
Missing 0 

Mean 63.6 
Std. Deviation 5.51 
Variance 30.4 
Range 20.0 
Minimum 50.0 
Maximum 70.0 

5 50.0 
50 65.0 

Percentiles 

95 70.0  
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Forward reach over a table (Com) Up-forward reach to a wall (Max) Up-forward reach to a wall (Com) 
Valid 16 N 
Missing 16 

Mean 51.4 
Std. Deviation 2.16 
Variance 4.7 
Range 8.0 
Minimum 46.0 
Maximum 54.0 

5 46.0 
50 51.5 

Percentiles 

95 54.0  

Valid 16 N 
Missing 16 

Mean 132.7 
Std. Deviation 7.35 
Variance 54.1 
Range 27.0 
Minimum 121.0 
Maximum 148.0 

5 121.0 
50 133.0 

Percentiles 

95 148.0  

Valid 16 N 
Missing 16 

Mean 124.7 
Std. Deviation 8.05 
Variance 64.8 
Range 29.0 
Minimum 110.0 
Maximum 139.0 

5 110.0 
50 123.0 

Percentiles 

95 139.0  
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Downward reach to a wall (Max) Downward reach to a wall (Com) Lateral downward reach (Max) 
Valid 16 N 
Missing 16 

Mean 19.4 
Std. Deviation 5.11 
Variance 26.1 
Range 25.0 
Minimum 10.0 
Maximum 35.0 

5 10.0 
50 20.0 

Percentiles 

95 35.0  

Valid 16 N 
Missing 16 

Mean 33.8 
Std. Deviation 5.04 
Variance 25.4 
Range 17.0 
Minimum 25.0 
Maximum 42.0 

5 25.0 
50 35.0 

Percentiles 

95 42.0  

Valid 16 N 
Missing 16 

Mean 21.4 
Std. Deviation 4.72 
Variance 22.3 
Range 17.0 
Minimum 12.0 
Maximum 29.0 

5 12.0 
50 21.0 

Percentiles 

95 29.0  
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Lateral downward reach (Com) Lateral reach over a table (Max) Lateral reach over a table (Com) 
N Valid 16 
  Missing 16 
Mean 34.4 
Std. Deviation 4.62 
Variance 21.3 
Range 16.0 
Minimum 25.0 
Maximum 41.0 
Percentiles 5 25.0 
  50 35.5 
  95 41.0  

Valid 16 N 
Missing 16 

Mean 61.3 
Std. Deviation 5.60 
Variance 31.4 
Range 18.0 
Minimum 50.0 
Maximum 68.0 

5 50.0 
50 60.5 

Percentiles 

95 68.0  

Valid 16 N 
Missing 16 

Mean 50.2 
Std. Deviation 5.34 
Variance 28.6 
Range 18.0 
Minimum 41.0 
Maximum 59.0 

5 41.0 
50 50.0 

Percentiles 

95 59.0  
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Sitting height Knee height 
Valid 16 N 
Missing 16 

Mean 117.2 
Std. Deviation 6.72 
Variance 45.1 
Range 23.0 
Minimum 107.0 
Maximum 130.0 

5 107.0 
50 118.5 

Percentiles 

95 130.0  

Valid 16 N 
Missing 16 

Mean 60.2 
Std. Deviation 4.29 
Variance 18.4 
Range 15.0 
Minimum 53.0 
Maximum 68.0 

5 53.0 
50 60.0 

Percentiles 

95 68.0  
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APPENDIX 10. ANTHROPOMETRIC DATA OF THE 32 WHEELCHAIR USERS  

 
 

Up reach (Max) Up reach (Com) Forward reach over a table(Max) 
Valid 32 N 
Missing 0 

Mean 150.3 
Std. Deviation 8.84 
Variance 78.1 
Range 33.0 
Minimum 135.0 
Maximum 168.0 

5 136.3 
50 150.0 

Percentiles 

95 167.4  

Valid 32 N 
Missing 0 

Mean 143.8 
Std. Deviation 9.86 
Variance 97.2 
Range 37.0 
Minimum 128.0 
Maximum 165.0 

5 128.6 
50 143.0 

Percentiles 

95 162.4  

Valid 32 N 
Missing 0 

Mean 63.9 
Std. Deviation 5.73 
Variance 32.9 
Range 22.0 
Minimum 50. 0 
Maximum 72.0 

5 52.0 
50 64.0 

Percentiles 

95 71.4  
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Forward reach over a table (Com) Up-forward reach to a wall (Max) Up-forward reach to a wall (Com) 
Valid 32 N 
Missing 0 

Mean 50.8 
Std. Deviation 3.23 
Variance 10.3 
Range 12.0 
Minimum 43.0 
Maximum 55.0 

5 43.0 
50 52.0 

Percentiles 

95 55.0  

Valid 32 N 
Missing 0 

Mean 137.3 
Std. Deviation 8.93 
Variance 79.7 
Range 32.0 
Minimum 121.0 
Maximum 153.0 

5 121.7 
50 137.5 

Percentiles 

95 151.1  

Valid 32 N 
Missing 0 

Mean 127.6 
Std. Deviation 7.59 
Variance 57.7 
Range 30.0 
Minimum 110.0 
Maximum 140.0 

5 112.6 
50 130.0 

Percentiles 

95 139.4  
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Downward reach to a wall (Max) Downward reach to a wall (Com) Lateral downward reach (Max) 
Valid 32 N 
Missing 0 

Mean 21.5 
Std. Deviation 6.06 
Variance 36.7 
Range 25.0 
Minimum 10.0 
Maximum 35.0 

5 13.3 
50 20.0 

Percentiles 

95 35.0  

Valid 32 N 
Missing 0 

Mean 33.9 
Std. Deviation 4.70 
Variance 22.1 
Range 17.0 
Minimum 25.0 
Maximum 42.0 

5 25.0 
50 35.0 

Percentiles 

95 42.0  

Valid 32 N 
Missing 0 

Mean 21.9 
Std. Deviation 6.42 
Variance 41.2 
Range 22.0 
Minimum 10.0 
Maximum 32.0 

5 10.0 
50 21.5 

Percentiles 

95 30.7  
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Lateral downward reach (Com) Lateral reach over a table (Max) Lateral reach over a table (Com) 
Valid 32 N 
Missing 0 

Mean 35.6 
Std. Deviation 4.05 
Variance 16.4 
Range 17.0 
Minimum 25.0 
Maximum 42.0 

5 28.3 
50 36.5 

Percentiles 

95 41.4  

Valid 32 N 
Missing 0 

Mean 62.9 
Std. Deviation 5.53 
Variance 30.6 
Range 20. 0 
Minimum 50.0 
Maximum 70.0 

5 52.0 
50 65.0 

Percentiles 

95 69.4  

Valid 32 N 
Missing 0 

Mean 51.8 
Std. Deviation 4.90 
Variance 24.0 
Range 19.0 
Minimum 41.0 
Maximum 60.0 

5 42.3 
50 51.0 

Percentiles 

95 59.4  
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Sitting height Knee height Wheelchair rest height 
Valid 32 N 
Missing 0 

Mean 122.1563
Std. Deviation 8.20743 
Variance 67.36190
Range 33.00 
Minimum 107.00 
Maximum 140.00 

5 108.3000
50 123.0000

Percentiles 

95 135.4500 

Valid 32 N 
Missing 0 

Mean 62.2 
Std. Deviation 4.41 
Variance 19.4 
Range 17.0 
Minimum 53.0 
Maximum 70.0 

5 53.7 
50 62.5 

Percentiles 

95 68.7  

Valid 32 N 
Missing 0 

Mean 68.9 
Std. Deviation 4.03 
Variance 16.1 
Range 17.0 
Minimum 58.0 
Maximum 75.0 

5 61.9 
50 69.0 

Percentiles 

95 75.0  
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APPENDIX 11. KNEE HEIGHT  

The measurement results of the knee height of the wheelchair users are listed in Table A11.1.  
The maximum knee height is of a man whose legs are deformed, warping up to 70 cm. 
Therefore, in order to accommodate most of the wheelchair user’s leg, the minimum height of 
knee space should be at least 70cm high. This value is the same as the recommendation of 
Singapore Guidelines (Building and Construction Authority, 2002). According to the 
guideline, a clear knee space should be at least 900 mm wide, 480mm deep and 700mm high. 
 

 Minimum Maximum Mean Accuracy SD. 5th  50th  95th 

Male 57.0 70.0 64.1 ±1.84 3.67 57.0 65.5 70.0

Female  53.0 68.0 60.2 ±2.15 4.29 53.0 60.0 68.0

Total  53.0 70.0 62.2 ±2.21 4.41 53.7 62.5 68.7

 
Table A11.1:  Measurement results of the knee height. 

 
The knee height is also highly correlated with the height of the working surface for wheelchair 
users. According to NKBA Guidelines (Peterson, 1998),  

“For seated users, ANSI recommends 28”-34” (71cm-86cm) high counters. If you 
start with 27”-29” (69mm-74mm) high knee space (as per ANSI), add 1 ½” (4cm) for 
an apron to hide support for the counter over a knee space, and 1 ½” (4cm) for the 
thickness of the counter, this places the counter height at 30”-32” (76cm-81cm) which 
is comfortable and workable for most seated users…If a person is using a wheelchair, 
the armrest height will determine the optimum knee space and counter height… 
Standard table height of 30” (76cm) is the most preferred lowered countertop height 
and works well for a person in standard seating. This counter height is also 
recommended for a baking or chopping center for the average height of cook” 
(Peterson, 1998, p80-81).  

 
For a cook top, the optimum height recommended by NKBA Guidelines (Peterson, 1998) is 
30” – 34” (76cm – 86cm) with a 27” (69cm) minimum high knee space for seated cooks.  
 
According to Peterson (1998, p113-114), for the sink height, both the depth of the sink and 
knee height should be considered. The sinks used for wheelchair users are shallower than 
traditional ones. The depths are usually 5”-6 ½” (13cm-17cm) (Peterson, 1998). For most 
seated users, 32” (81cm) is the preferred counter height. A minimum knee space is 27” (69cm) 
high. For most people, the knee space preferred is 29” (74cm) to clear wheelchair armrests. 
Thus this combination will leave only 3” (8cm) for the sink depth which is obviously not 
enough. Therefore, the height of the sink should be determined by the users’ special needs. 
The height varies to suit different users.  
 
From the descriptions above, it is noted that the countertop’s heights are mainly decided by the 
wheelchair user’s knee height, the depth of the sink or cooker as well as the wheelchair armrest 
height (Figure A11.1).  
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Figure A11.1: The countertop height is decided by the appliance depth, knee height 

and armrest height.  
 
The measurement of the 32 wheelchair users’ knee heights and the armrest heights shows that 
the wheelchair’s armrests are higher than the users’ knee. If the countertop height is 
determined by the armrest height plus the depth of the appliance, it could be too high for a 
wheelchair user. For example, according to Peterson (1998), the knee space preferred is 29” 
(74cm) to clear wheelchair armrests for most people. If a sink is about 15cm in depth, then the 
total height of the countertop will be 89cm. This height is much higher than the preferred 
countertop height for most seated user (81cm according to Peterson (1998)).  
 
In the au  (Figure 

11.1). The appliance is installed a little distance apart from the countertop edge; thus, the 
armrest can be under the counter, and the bottom of the appliance can be lower than the 

 

t slop from rear 
 front. Both types will require less knee space clearance and will fit under lower counters. 

thor’s opinion, this problem may be settled by the “step-designed counter”
A

armrest.  

Another solution is to choose a different wheelchair type (Figure A11.2). Besides standard 
wheelchairs, there are wheelchairs with “desk arms”. “Desk arms” is the wheelchair in which 
the front armrest drops down. Some wheelchairs have “sport model arms” tha
to
When designing a kitchen for a particular wheelchair user, determination of the type of 
wheelchair may allow more flexibility in setting heights and clearances.  

 
Figure A11.2: Different types of the wheelchair.  (Source: Barrier Free 

Environments, Inc., 1991) 
 
According to Singapore Guidelines, the maximum wheelchair armrest is around 76cm high. 
When the 32 wheelchair users’ reaches were measured at HWA, the armrest heights of the 
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wheelchairs were also measured. The distribution is listed in Table A11.2. The result is 
pproximately consistent with Singapore Guidelines.  

 

 
Table A11.2: Measurement result of the wheelchair armrest height.   

 
According to Peterson (1998), the depths of the sink for wheelchair are usually 5”-6 ½” 
(13cm-17cm). Other literatures also recommend that the sink’s depth should be in this range 
(British Standard Institution, 2000; Barrier Free Environments, Inc., 1991; The Board of the 
Registration of Architects, 2002). Therefore, 13-17cm was used as the sink’s depth in this 
study for estimations and designs.  
 
No specific recommendations could be found on the cooker’s depth for the wheelchair users 
through the literature review or web search. Therefore, the normal cooker’s dimensions were 
checked on the Haier home production list and the production of some other enterprises (Haier 
Group Company, 2003; CNBMB, 2003).  The Haier home production list was selected 
because the Haier Group Company is one of the largest enterprises in Asia where kitchen 
appliances are produced. The check indicated that most of the cooker’s depths are less than 
15cm.  
 
Because a barrier-free kitchen in HDB flat is mainly used by a specific wheelchair user or by 
the wheelchair user with his/her family, the design should be different for different cases. If the 
kitchen is mainly used by a wheelchair user, the countertop should be determined by the 
wheelchair user’s knee height and his/her wheelchair’s armrest. For example, if a wheelchair 
user’s knee height is a little less than 65cm, and his/her wheelchair armrest is 70cm, 
considered 15cm for the depth of the cooker and sink, the countertop should be around 80-
85cm. If the wheelchair’s armrest is “desk arm” or the armrest is detachable, or the counter is 
“step designed”, then the countertop could be as low as 80cm.  
 
If the kitchen is used not only by the wheelchair user him/herself, but also his/her family, then 
the countertop should consider other person’s usage too. An adjustable countertop may be a 
good solution if the cost is not considered. Another solution is to provide countertops at 
different heights to meet different person’s needs. The simplest solution is to design the 
countertop to meet the wheelchair user’s needs while others compromise to use it.   
 

 
 

 Minimum Maximu SD. 5th 50th 95th

a

m Mean Accuracy

Total 58.00 75.00 68.9 ±2.02 4.03 61.9 69.0 75.0
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APPENDIX 12. ACCESSIBLE CABINETS 

1. Rotating cabinet 

In L-shaped and U-shaped kitchens, the common corner cupboards are difficult to reach by 
wheelchair users. Application of a rotating storage unit (or called “Corner Lazy Susan”) could 
increase access to the interior of the cupboard at the corner (Figure A12.1& A12.2).   
 

  
Figure A12.1:  Rotating storage unit could increase the access to the interior of the 

cupboard at the corner (Source: Joliet Cabinet Company, 2003). 
 

    
 

Figure A12.2: Two examples of the rotating cabinets (Source: Leibrock, 1993). 
 

2. Full-extension drawers 

ch exten d on full-extension 

nd proportion to suit the contents. Such drawers can 

Drawers, whi d the full depth of the base cabinets and are mounte
slides, make the best use of available storage space. When fully extended, these drawers 
display their entire contents and place them within easy reach (Figure A12.3).  
 
Banks of full-extension drawers can make the total volume of base cabinet’s space access to 

ost users. Drawers can be of any size am
be used for storing pots and pans, bowls, kitchen utensils, dry food, or small appliances.  
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Figure A12.3: Illustration of the full-extension drawers (Source: Barrier Free 
Environments, Inc. 1991).  
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 APPENDIX 13.  APPROACHING SPACES AT DOORS 

Usually, there are at least two doors to an HDB kitchen: one is to the living room or dining 
room, the other is to a bathroom attached to the kitchen. Sometimes there are three or even 
four doors to a kitchen, one more for a balcony and one more for a civil defense room. In 
designing these doors the space for a wheelchair approaching must be considered. There are 
three types of doors usually used in domestic home: a swinging door, a sliding door or a 
folding door.  
 
If a kitchen is small and compact, the door should swing out so that the person inside the 
kitchen does not fall against the door and block it. Sliding or folding doors are preferred in 
terms of their accessibility for a wheelchair user. Removing the door between a kitchen and 
living room is also a good solution in terms of wheelchair users’ accessibility.  
 
1. Door Width  

The first consideration of a door is the clear opening at the door. Because a standard internal 
timber-framed door has a certain thickness, the clear opening width is approximately 45mm 
less than the width of the door leaf.  Therefore, whether a wheelchair can get through a door is 
determined by the clear opening width instead of the door-set width (Goldsmith, 1997, p 333).  
 
In Singapore Guidelines 3.5.2, it is recommended that “the minimum clear opening of 
doorways shall be 900mm measured between the face of the door stop with the door open at 90 
degrees. Both for swing doors and sliding/folding doors” (Figure A13.1).  
 

 
Figure A13. 1: The minimum clear opening at doors  
(source: Building and Construction Authority, 2002).   

 
NKBA Guidelines recommends 810mm for the minimum clear opening at the door (Peterson, 
1998, p.12). The ADA Guidelines 4.13.5 recommends that “Doorways shall have a minimum 
clear opening of 815mm with the door open 90 degrees, measured between the face of the door 
and the opposite stop” (Kearney, 1995).  
 
The recommendation on door width given by Singapore Guidelines is greater than that in 
NKBA Guidelines and the ADA Guidelines. A wider door opening provides more accessible 
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way for wheelchair users. Hence 900mm will be adopted for doors in an accessible HDB 
kitchen in this thesis. This door opening width will permit a wheelchair user to pass through 

The maneuvering space for a wheelchair user turning through a door is determined by both the 
opening width of the door and the space available for approaching the door. 

 “Basically, a large clear floor space must be allowed on the pull side of the door 
beyond the latch to allow space to operate the door and move out of the door swing. A 
narrower clear floor space will be needed on the push side of the door, depending on 
approach” (Peterson, 1998, p12).  

 
In Singapore Guidelines, only two types of approaches are illustrated with given dimensions. 
One is the front approach with the door opening toward the users and the other is the front 
approach with the door opening away from the users (Figure A13.2). From the push side the 
clear space requirement is 1200mm×1200mm. From the pull side the clear space requirement 
is 1500mm×1500mm.  
 

without striking the door, door frame or door hardware.  
 
2. Approaching Space at Doors 

 
Figure A13. 2: Approaching space at do  (source: Building and onstruction 

 
 NKBA Guid t approaches is 

ors
ty

C
Authori , 2002).  

elines, the clear floor space for a number of differenIn
recommended according to both push side and pull side, swing direction and door types. The 
illustrations show that the approach direction of the wheelchair and rotation of the door can 
tremendously affect the space required to open and close a door (Figure A13.3).  
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Figure A13.3: Approaching space at doors (source: Peterson, 1998). 

 
In the ADA Guidelines, the recommendations for maneuvering space at doors with different 
approaches are the same as those in NKBA Guidelines. 
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APPENDIX 14. SPACE FOR WHEELCHAIR TURNING  

For wheelchair users there are two types of turn: circle turn and T-turn. In Singapore 
Guidelines, it is recommended that the minimum clear floor or ground area for a wheelchair to 
turn should be a circle with diameter of 1800mm (Figure A14.1). No recommendation about 
the T-turn appears in Singapore Guidelines. 

 

 
Figure A14.1: Circle turning space (Source: Building and Construction Authority, 

2002).  
 
The clearance between counters is also related to the turn methods between the counters. In 
NKBA Guidelines there are two types of turn recommended – circle turn and T-turn. 
According to this guideline, if ample space is available in the kitchen, the best way is to 
provide a 152cm (60”) diameter turning space. If a kitchen space is limited, a space for the T-
turn can also work. For the T-turn (Figure A14.2), the minimum clear floor space is 
91cm×91cm×152cm (36”×36”×60”) and the preferred one is 91cm×91cm×183cm (36” ×36” 
×72”). The T-shape turning space allows a three point turn to be made by pulling into one arm 
of the “T” and backing out into the other. In limited spaces, one leg of the “T” can be placed 
within a knee space minimum 36” (91cm) wide (Figure A14.3). 

 

 
 

Figure A14.2: Clear floor space for turning wheelchairs (Source: Peterson, 1998). 
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Figure A14.3: One leg of the “T” can be placed within a knee space minimum 36” 
(91cm) wide (source: Barrier Free Environments, Inc., 1991). 

  
For th  (6”) deep 
toe sp  
space a 48cm (19”) of the 152cm (60”) 
turnin ps (Figure A14.5).   
 

e circle turn, when space is limited, a minimum 30cm (12”) high and 15.2cm
ace can be part of the turning space (Figure A14.4). In very small kitchens, if the knee
is t least 122cm-137cm (48”-54”) wide, as much as 
g space can be part of the knee space under tables or counterto

        
 

Figure A14.4: (Left) clear floor space with enlarged toe space (Source: Barrier Free 
Environments, Inc., 1991). 

Figure A14.5: (Right) clear floor space with enlarged knee space (Source: Peterson, 
1998). 

 
 the ADA Guidelines hair to make a 

rn in the three guidelines, the recommendation 

 is about 160.0cm (63in). When a 

14.6). The recommendation of Singapore Guidelines allows a wheelchair turn when one 

In  it is recommended that the space required for a wheelc
180-degree turn be a clear space of 1520mm (60in) diameter. 
 
Comparing the recommendations of the circle tu
of Singapore Guidelines is larger. According to Julius Panero and Martine Zelnik (1979), 
when a wheelchair makes a turn based on moving wheels in opposite directions and pivoting 
about center, the diameter for average turning space
wheelchair makes a turn based on locking one wheel and turning the other with the pivot point 
on the locked wheel, the diameter for average turning space is about 182.8cm (72in) (Figure 
A
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wheel is locked (or just remains still) and the other turns. Sometimes a wheelchair user who 
has only good functions on one body side uses this kind of turn. The recommendation of 
NKBA Guidelines and ADA Guidelines allows a wheelchair to turn by moving the wheels in 
opposite directions and pivoting about the wheelchair’s center. This kind of turning requires 
the user to be more careful and to use equal force on both wheels.  

 

 
 

Figure A14.6: Turning radius based on different pivot points (Source: Panero & 
Zelnik, 1979). 
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 APPENDIX 15. MINIMUM WIDTH OF THE DIFFERENT KITCHEN 

AYOUTS 

combined with a one-sided kitchen and an L-shaped kitchen. However, since an 

then 48cm of the turning space can be under the countertop. The minimum width for a one-
sided kitchen is 192cm (Figure A15.1. b). 

L

If a kitchen is used by a wheelchair user, it must provide adequate space for the wheelchair to 
move and turn. There are mainly four types of kitchen plan: one-sided kitchen, two-sided 
kitchen, L-shaped kitchen, and U-shaped kitchen (in a spacious kitchen, an islanded working 
enter can be c

island kitchen is not fit for a small kitchen and seldom occurs in HDB kitchens, this kind of 
kitchen is not discussed in this thesis).  
 
Based on the dimensional requirements of a wheelchair user, the minimum widths of the four 

itchen types are deduced here.  k
 
1. One-sided Kitchen 

According to Singapore Guidelines, assuming that the countertop is 60cm in depth, plus 
180cm of the space for a wheelchair circle turning, the minimum width for a one-sided kitchen 
is 240cm (Figure A15.1. a). If a knee space is provided and it is more than 122cm-137cm wide, 

 
Figure A15.1: The minimum width for a one-sided kitchen (unit: cm).  
a) According to Singapore Guidelines, without knee space. 

pace.  

ace. 
 

ccording to NKBA Guidelines, assuming that the countertop is 60cm in depth, plus 152cm 
lchair circle turning, the minimum width for one-sided kitchen is 

212cm (Figure A15.1. c). If a knee space is provided and it is more than 122cm-137cm wide, 

ccording to Singapore Guidelines, assuming that the width of the two countertops is 120cm 

 circle turning, the minimum width for a 
o-sided kitchen should be 272cm (Figure A15.2. c).  If knee space is provided under one 

b) According to Singapore Guidelines, with enlarged knee s
c) According to NKBA Guidelines, without knee space. 
d) According to NKBA Guidelines, with enlarged knee sp

A
of the space for a whee

the minimum width for a one-sided kitchen is 164cm (Figure A15.1. d). The final 
recommendations are listed in Table A15.1.  
  
2. Two-sided Kitchen 

A
(60cm×2), plus 180cm of the space for a wheelchair circle turning, the minimum width for a 
two-sided kitchen should be 300cm (Figure A15.2. a).  If knee space is provided under the 
counter, the minimum width for a two-sided kitchen is 252cm (Figure A15.2. b). 
 
According to NKBA Guidelines, assuming that the width of the two countertops is 120cm 
(60cm×2), plus 152cm of the space for a wheelchair
tw
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counter, the minimum width for a two-sided kitchen is 224cm (Figure A15.2. d). The final 
recommendations are listed in Table A15.1. 

 
Figure A15.2: The minimum width for a two-sided kitchen (unit: cm).  
a) According to Singapore Guidelines, without knee space. 
b) According to Singapore Guidelines, with enlarged knee space.  
c) According to NKBA Guidelines, without knee space. 
d) According to NKBA Guidelines, with enlarged knee space. 

 
3. L-shaped Kitchen 

With work centers on two adjacent walls, the L-shaped kitchen keeps the work triangle free of 
through-room traffic and allows an efficient arrangement of the work centers.  
 
In the L-shaped kitchen, usually a sink or a cooker is installed on the leg of the “L”. Therefore, 
the minimum width of an L-shaped kitchen should be enough to contain one work center.  
 
When BA Guidelines is 
consu  sink (indicated as 
“A” a d in the local guidelines. 
These an body. The width of the 
space ough space to put a basin 
and vegetables adjacent to the sink, a pot adjacent to a cooker and whether it can be used 
safely etc. Therefore, the dimensions of the spaces “A” and “B” recommended in NKBA 
Guidelines were applied to estimate the whole length of the leg of “L”.  

 the minimum length of the leg of “L” is discussed (Figure A15.3), NK
lted to determine the minimum allowable space beside the  cooker and
nd “B” in Figure A15.3). No such recommendation could be foun
 dimensions are slightly related to the dimensions of the hum
s mainly determined by the usage itself: whether there is eni

, 

 

 
d a cooker.  Figure A15.3: A  an

 
When a sink is installed on the leg of “L”, the minimum length ust allow the sink 
to be installed. In NKBA Guidelines guidelines relevant to the determination of 
the minimum counter length for a 
1) There should be at least 61cm (24”) of countertop frontage to one side of the primary sink, 
and ”) on the other side. -top frontage may be a continuous surface, or the 
total of two angled countertop sections (Figure A15.4).  
2) The minimum allowable space f t ”); it 
should also be a minimum of 38cm (15”) from that corner to the sink centerline (Figure A15.5).  
 

llowable space beside a sink

of the leg m
 there are two 

sink:  

46cm (18 The counter

from a corner to the edge o he primary sink is 8cm (3
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Figure A15.4: (Left) the counter-top frontage may be a continuous surface, or the 
total of two angled counterto terson, 1998). 
Figure A15.5: (Right) the minimum allowa om a c e edge 
(Source: Peterson, 1998). 

 
A common home sink is usua ng ding to Haier home 
production list and the production (Haier Group Company, 2003; CNBMB, 
2003).  
 
The minimum width of the leg of the L-shaped counter used as be 184cm 
(60+8+80+46=194cm) (Figure A1  a  for the 
space between corner and the edge of the sink, 80cm for a sink and 46cm for the counter 
beside the sink.  
 

p sections (Source: Pe
ble space fr orner to th

lly around 45-80cm in le th accor
 of other enterprises 

a sink center should 
countertop depth, 8cm5.6), considering 60cm for

 
Figure A15.6: The minimum width for an L-shaped kitchen (when a sink is installed 
on the leg of “L”) (unit: cm).  
a) According to Singapore Guidelines, without knee space. 
b) According to Singapore Guidelines, with enlarged knee space.  
c) According to NKBA Guidelines, without knee space. 
d) According to NKBA Guidelines, with enlarged knee space. 

 
According to NKBA Guidelines (Figure A15.7), in an open-ended kitchen configuration, at 
least 23cm (9”) of counter space should be allowed on one side of the cooking surface and 
38cm (15”) on the other side at the same counter height. For an enclosed configuration, at 
lease 8cm (3”) of clearance space should be planned at an end wall protected by flame-
retardant surfacing material and 38cm (15”) should be allowed on the other side of the 
appliance, at the same counter height as the appliance (Peterson, 1998, p61).  
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Figure A15.7: The requirements of the counters adjacent to cooker  

(Peterson, 1998). 
 
There is no recommendation for the situation where a cooker is set near a corner. By 
comparing the distance between a sink edge and a corner (Figure A15.5) and the distance 
between the end wall and a cooker edge (Figure A15.7) it is found that the distances are the 
same (8cm).  
 
A common home cooker is around 65-75cm in length according to Haier home production list 
and the production of other enterprises (Haier Group Company, 2003; CNBMB, 2003). 
Therefore, the minimum length of the leg of the L-shaped countertop used as a cooker center 
should be 181cm (60+8+75+38cm=181cm) (Figure A15.8), if the cooker is 75cm in length. 
 
The minimum width of the L-shaped kitchen is decided by two requirements. One is the 

 as the 

minimum length of the leg of “L”; the other is the minimum width for a circle turn of a 
wheelchair beside a counter. The second requirement for an L-shaped kitchen is the same as 
that for a one-sided kitchen. The bigger one of the two requirements is selected
minimum width for an L-shaped kitchen. The final recommendations are listed in Table A15.1. 
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Figure A15.8: The minimum width for a L-shaped kitchen (when a co er is 
installed on the leg of the “L”) (unit: cm). 

b
c) According to NKBA Guidelines, without knee space. 
d) According to NKBA Guidelines, with e knee space. 

 
. U-shap

 U-shaped arrangement, the work center and their appliances are divided and arranged 
in a “U” configuration along three walls. Usually the sink / cleanup center is set at the base of 
the “U”, with the refrigerator and cook center on the other two legs. U-shaped kitchen creates a 
tight work triangle which has a short distance between work centers. Traffic will be naturally 
outside the work area because of the shape.  
 
The minimum width of the U-shaped kitchen is deduced based on the minimum width of the 
two-sided kitchen. Since the minimum width of the two-sided kitchen allows a wheelchair’s 
circle turn inside, what should be examined is whether the distance between the two counters 
is long enough for a working center (either sink or cooker). If the distance meets the 
dimensional requirements of a working center, then the minimum width of the U-shaped 
kitchen is the same as that of the two-sided kitchen.  
 
According to NKBA Guidelines (Figure A15.4), for a sink, “the counter-top frontage may be 
a continuous surface, or the total of two angled countertop sections.” A minimum distance of 
8cm (3”) between the edge of the sink and the counter corner is also required (Figure A15.5) 
(Peterson, 1998, p.57, p.58). Based on these guidelines, in the U-shaped kitchen, when a sink 
or a cooker is set at the base of the “U” and the base counter-top is not long enough for the 
required counter-top frontage, part of the counter-top frontage can be on the side counters of 
the “U”. Assuming that a sink is 70cm wide, then the base counter-top of the “U” should be 
more than 86cm (8cm+70cm+8cm=86cm) (Figure A15.9).  This distance is less than the 
minimum distance between the two counters in a two-sided kitchen (180cm, 132cm, 152cm 
and 104cm respectively. 
 
For the same reason, the minimum distance between the two counters in a two-sided kitchen is 
adequate for installing a cooker center. Finally, it is found that the minimum widths of both the 
U-shaped kitchen and the two-sided kitchen are the same. The results are shown in Table 
A15.1.  

ok
 

a) According to Singapore Guidelines, without knee space. 
) According to Singapore Guidelines, with enlarged knee space.  

nlarged 

4 ed Kitchen  

For the
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Figure A15.9: The minimum width for a U-shaped kitchen (unit: cm).  

idelines, without knee space. 
idelines, with enlarged knee space. 

tchen Type Layout According to Singapore 
Guidelines 

According to NKBA 
Guidelines 

a) According to Singapore Gu
b) According to Singapore Gu
c) According to NKBA Guidelines, without knee space. 
d) According to NKBA Guidelines, with enlarged knee space. 
 
 
 
 

  Ki

L=240cm  L=212cm 

 
Minimum width is 240cm Minimum width is 

212cm 

L=192cm  L=164cm  
One-sided 
Kitchen 

 

 

Minimum width is 192cm Minimum width is 
164cm 

L=300cm L=272cm 

Minimum width is 300cm Minimum width is 
Two 272cm 

L=252cm L=224cm Kitchen 

 
Minimum width is 252cm Minimum width is 224m

S=194cm (sink) L-shaped 

-sided 

L=240cm L=212cm 

 
Minimum width is 240cm Minimum width is 

Kitchen 

212cm 

S=194cm (sink) 
L=192cm L=164cm  

Minimum width is 194cm Minimum width is 
194cm 
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  Kitchen Type Layout According to Singapore 
Guidelines 

According to NKBA 
Guidelines 

C= 181cm (cooker) 
L=240cm L=212cm 

 

 

 

Minimum width is 240cm Minimum width is 
212cm 

C=181cm (cooker) 
L=192cm L=164cm 

 

Minimum width is 192cm Minimum width is 
181cm 

L=300cm L=272cm 

Minimum width is 300cm Minimum width is 
272cm 

L=252cm L=224cm 
U-shaped 
Kitchen 

 
Minimum width is 252cm Minimum width is 224m

 
Table A15.1: The minimum width for different kitchen layouts. 
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APPENDIX 16. CLEAR FLOOR SPACE FOR A WHEELCHAIR USER AT 

APPLIANCES 

In Singapore Guidelines it is recommended that the seating space, such as those provided at 
ounters, tables, or work surfaces c for persons in wheelchairs, shall have a clear floor space of 

not less than 900mm×1200mm. This space allows access for both forward and side approach. 
When a wheelchair user uses a forward approach to a table or a counter, a clear knee space of 
at least 900mm wide, 480mm deep and 700mm high should be provided (Figure A16.1).  

 

 
Figure A16.1: Clear floor space for a wheelchair (source: Building and Construction 

Authority, 2002).  
 
In NKBA Guidelines it is recommended that the minimum clear floor space required for a 
wheelchair user is 76cm×122cm (30”×48”). This can be used for a parallel approach or a 
perpendicular (forward) approach.  In Guideline 14, it says that a clear floor space of 
76cm×122cm (30”×48”) should be provided at the sink, dishwasher, cooker, oven and 
refrigerator (measure from face of cabinet or appliance if toe kick is less than 23cm (9”) high) 
(Figure A16.2).  If the toe kick of the cabinet is higher than 23cm (9”), the depth of the toe 
kick ca -30cm 
(9”-12”) toe a 

nee space is provided, the clear floor space 
(19”) (Figure A16.4). 
 
In the ADA Guidelines, the clear floor space for a wheelchair is 76cm×122cm (30”×48”). 
This requirement is the same as the recommendation provided by NKBA Guidelines.  
 
In this thesis, both the recommendations on the clear floor space at appliances given by 

ingapore Guidelines and NKBA Guidelines were adopted for the graphic analysis of the 

n be figured as part of the clear floor space. The reason for this is that a 23cm
kick allows clearance for the footrest on most wheelchairs (Figure A16.3). If 

may extend under a counter no more than 48cm k

S
kitchen floor plans. In fact, because the difference between the two recommendations was 
small, the kitchen analysis results showed that there was no much difference between the 
analysis based on either Singapore Guidelines or NKBA Guidelines.  
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Figure A16.2: A clear floor space at appliances (Source: Peterson, 1998). 

 
 

 
 

Figure A16.3: If the toe kick of the cabinet is higher than 23cm (9”), the depth of the 
toe kick can be figured as part of the clear floor space (Source: Peterson, 1998). 
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Figure A16.4: Clear floor space under work surface (Source: Peterson, 1998). 
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APPENDIX 17. DEVELOPMENT OF HDB FLATS AND KITCHENS   

Singapore is a sm  nation wit o 14 fo  
a a p fo ing develo , and thu h-ris h-d , housing became 
t fi aj e po tion over ast fif
 
The Housing and Develo  ty 
r o r ing pleme tion of lic evelopment in 
S ga er  total po ns (3.2 ion) l oduced by the 
H B %  bee hased by the occupiers (Housing & Development 
B rd
 
2. Development of HDB Flats  

W en g he H nsidere o fact One s to keep the cost of 
t l  ey onsider e resid  aff ability and ep the 
g r b son mit. The other was to maintain the standards of 
accom n  levels. art, HDB adopted the principle that the flat is 
t ai  own kitc d show ilet c wash area (Wong and Yeh, 
1 )
 
From  1  thr jor phas or H o b  standardized flats. 
B  a as t irst Five-  Build Pro m, the standard one-
room m lats ntroduc . After , im ved one-r , two-
room e- uilt ew feat rge or space, e new 
f r p ms and toilets for two- and three-room flats. The four-room was 
i d 9 5).   
 
B e rd of Sin ans we ving blic housing. The housing 
s a o ore  the ec y was boom s 
rising, HDB com proving the livin vironm s as ll as providing more 
choices of flats. Again, in 1973, based on residential feedback, a new series of protot hree-
room m ts blocks re set (Housing & Development Board, 
1 )
 
I 9 x type was introduced to of middle-income 
p i  a , t ere thre uarters the p lation living in HDB 
f  s turned naturally towards building c muniti and ting an en ment 
t n m munity li using & elopm oa 1998). 
 
T o e pes 978 to  is ch (F e A17.1.) a hows 
t b 0 -ro ts were ilt. Dur 1986, more 3 and 4-
room flats were built instead of 1 and 2-r s. After 1 nd 5-room flats were built, 
s n ted ger flats

1. Background of HDB Flats 
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i enc fferent flat types during 1978 to 1999. 
 
T 4  flat in populari  prese ccording to the statistics of 
the residents  “The iving in HDB continued to 
s fr igge .”  In 1  the l t p ortion of p ation 
( u li s. However, in 1998 the proportion o ion l 3-
room d declined to 27.8%. -room  acco oda he large art of 
p l .0 sho  only 6. ulation lived in 1  and 
2-room 5.1% 8. On the other 
h , cu  big ts had ased  54  in 1993 to  in 
1998.
 

3 e re

From ,  pri that the is to elf ained wit  own 
k e o as . The k n of one room flat is 
k e m -ro ts has b larg  ab ng the rear balcony 
o d roo , the k n has n f r enlarge  the 
im cat  preferenc , the 
k e s ing (Wong eh, 1 ). 
 
T e m ake  account when the kitchen’s functional plan and 
d n re r t the hab f the ents ose prefe  that 
one bathro o that cooking and clothes washing activities may 
g n ne om ation and these wet elem  related to clothes 
w ry re g ly kept uch as possible, to a corner of the 
k e d, e ki s preferred as a dining area, thus kitchen size and 
a f t su sinks we side to p de adequate area for 
a dining  Yeh, 1985). 
 
R s h irec itchens before 1990, each chute serving two back-
t B , in ewly built HDB flats, the design reverted to a 
c a us DB 0). This ge is babl ue to environmental 
h h ra  to ermin, e
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Areas of kitchens from the year 1978 to 1999 were compared to find out how the kitchen area 
changed. Comparisons show that for flats 1-room improved, 2-room improved, 3-room 
i o o -roo , 3-roo plified, 4-room simplified, 4-room 
i anged little. S ypes of flats (e.g. 
s l oo oo plified) inued nly w years, there 
w  e
 
Yet for those flats which long p ple 4-room odel 
“A”, m kitchen s dec ed o usly. Fro 91 to 
1996, 4-room model “A”, a s balcony attach o th ny 
m  l  a w g machine. After 1995, for the 4-room m “A”, 
t i  n ing  (Figures .2, A & A 4).  
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Figure A17.2: The area of kitchens in 4-room model “A” flats from 1978 t 99 
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Figure A17.3: The area of kit  5 m imp flats m 1978 t 9 (a
e ki without dining space).  
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th tchens  
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Figure A17.4: The area of
th

 kitchens in 5-r model A” flats  1978 t 99 (all 
e k s without dinin ). 

i f k e is s y accident, since 1993 the HDB has reduced 
2 (969 sq ft), dow  100m  

0 ; A  11 ,18  ft), c ared t m2 (1,292 sq ft) about 
c  E , “ ily  shri , Singa eans ma ve  

or (Li 0  adopting smaller flats, the kitchen area is 
ke ed  (Fi 1 17.6 7.7)

 
itchen

oom  “
g space

from o 19

 
Th s trend o itchen area declin  perhap not b
the size of its flats (Lim
(1,

, 2000). A four-
 five-room flat is

room
0m2

 flat is now 90m
4 sq

2

76 sq ft)  (1 omp o 120
de

n from
a 

to braceas fam  size nks por y haade ago. ven in the future
themselves f m, 200 ). By
li ly to be r uced accordingly gures A 7.5, A  & A1 .  
 

 smaller homes” 

 
 

Figure the flat a d th chen a declin -room m “A”). 
per dots – rea er dot itchen area). 

 A17.5: Both rea an e kit rea e (4 odel 
(Up  flat a , low s – k

 

 64



 
 

Figure  the flat a  t tchen  decline (5-room improved). 
s – as er dot itchen areas). 

 A17.6: Both rea and he ki area
(Upper dot flat are , low s – k

 

 
e kFigure t a  th itchen a declin -room m A”). 

ts – ea wer dot itchen area). 

But he en ee ore co eratio ince bar ree ens 
a  t in um mensi (to al  a whee  to
a

 A17.7: Both the fla rea and rea e (5 odel “
(Upper do  flat ar

 

, lo s – k
 

 any furt
y require

r reduction in kitch
hem to be of certa

 area n
 minim

ds m
 di

nsid
ons 

n. S
low

rier-f
lchair

 kitch
 turn for m

ex mple).   
 

 

 

 

 

 

 65



 APP X 18. KITCHEN DA

Table 18.1 lists the HDB Kitchens which were selected from HDB Annual Report from 1977 
1

chen Area 
2

Length 
(m) 

Wi
(m) 

Isomor
shape 

F
(

ENDI TABASE 

to 999. 

 Serial 
Number Flat Type Kit

(m )  
dth phic lat Area 

m2) 
1 7778-01 1-room improved 2.7 2.2 s3 45.5   2 

2-room improved 12.67 5 2.9 s4 
3 7778-03 3-room improved 14.06 5 2.9 s1 69 
4 7778-04 3-room new 2.8 s1 15.41 5.7 89 

6 7778-06 4-room new 2.8 s1 15.41 5.7 110 
7 7778-07 5-room improved 2.8 s1 15.41 5.7 144 

im

10 7879-02 3-room improved 2.9 s1 14.06 5 73 
11 7879-03 3-room new 2.8 s1 14.4 5.3 89 

15.41 5. 144 
14 7879-06 5-room improved 2.45 s1 13.12 5.5 140 

m 

17 7980-03 3-room improved 2.9 s1 14.06 5 73 
18 7980-04 3-room new 2.8 s1 14.4 5.3 89 

ne

21 7980-07 5-room improved 2.85 s4 14.71 5.8 144 
22 7980-08 5-room improved 2.6 s2 13.24 5.4 149 

25 8081-03 5-room model ‘A’  3.1 s4 16.64 6 171 
26 8182-01 3-room new 2.8 s1 14.4 5.3 89 

 m

29 8182-04 4-room model ‘A’  2.8 s1 16.88 6.2 138 
30 8182-05 5-room improved 2.85 s4 14.71 5.8 144 

 m
m  

34 8182-09 4-room model ‘A’  2.8 s1 15.41 5.7 NA 
35 8182-10 4-room model ‘A’  3.6 s7 13.49 4.6 NA 

 
odel ‘A’  15.98 6 3.4 

2 7778-02 65 

5 7778-05 4-room improved 15.41 5.7 2.8 s1 99 

8 7778-08 5-room proved 13.12 5.5 2.45 s1 140 
9 7879-01 2-room improved 11.22 4.5 2.9 s4 65 

12 7879-04 4-room new 15.41 5.7 2.8 s1 110 
13 7879-05 5-room improved 7 2.8 s1 

15 7980-01 1-roo improved 5.5 2.7 2.2 s3 51 
16 7980-02 2-room improved 12.67 5 2.9 s4 65 

19 7980-05 4-room w 15.41 5.7 2.8 s1 113 
20 7980-06 4-room new 14.71 5.8 2.85 s4 117 

23 8081-01 3-room model ‘A’  15.77 6 3 s4 105 
24 8081-02 4-room model ‘A’ 16.88 6.2 2.8 s1 138 

27 8182-02 3-room odel ‘A’  15.77 6 3 s4 105 
28 8182-03 4-room new 16.95 7.1 2.45 s1 121 

31 8182-06 5-room odel ‘A’  16.64 6 3.1 s4 171 
32 8182-07 3-room odel ‘A’  13.05 4.7 4 s5 NA 
33 8182-08 3-room model ‘A’  8.3 4.6 2 s6 NA 

36 8182-11 5-room model ‘A’  14.16 4.5 4 s8 NA 
37 8182-12 5-room m s9 NA 
38 8283-01 3-room new 14.4 5.3 2.8 s1 89 
39 8283-02 3-room model ‘A’  15.77 6 3 s4 105 
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 Serial Flat Type Kitchen Area 
2

Length Width Isomorp
Number (m )  (m) (m) 

hic 
shape 

Flat Area 
(m2) 

40 8283-03 4-room new 16.95 7.1 2.45 s1 121 
41 8283-04 4-room model ‘A’  16.88 6.2 2.8 s1 138 
42 8283-05 5-room improved 14.71 5.8 2.85 s4 144 
43 8283-06 5-room model ‘A’  16.64 6 3.1 s4 171 
44 8283-07 3-room model ‘A’  11.07 

8384-02 4-room simplified 12.9 6.2 2.5 s14 
8384-03 4-room model ‘A’  16.64 6.8 2.5 s1 10
8384-04 4-room model ‘A’  14.95 6 2.7 s4 10

3.7 3.6 s10 NA 
45 8283-08 4-room model ‘A’  13.05 4.7 4 s5 NA 
46 8283-09 5-room model ‘A’  15.62 5.5 3.3 s12 NA 
47 8384-01 3-room simplified 12.7 5.5 3 s13 65 
48 85 
49 5 
50 5 
51 8384-05 5-room improved 15.32 6.4 2.45 s1 123 
52 8485-01 3-room simplified 12.7 5.5 3 s13 65 
53 8485-02 4-room simplified 12.91 6.1 2.5 s15 85 
54 8485-03 4-room model ‘A’  16.64 6.8 2.5 s1 105 
55 8485-04 5-room improved 15.32 6.4 2.45 s1 123 
56 8485-05 5-room improved 13.12 5.5 2.45 s1 123 
57 8586-01 3-room simplified 12.7 5.5 3 s13 65 
58 8586-02 4-room simplified 12.91 6.1 2.5 s15 85 
59 8586-03 4-room model ‘A’  16.64 6.8 2.5 s1 105 
60 8687-01 4-room model ‘A’  16.64 6.8 2.5 s1 105 
61 8687-02 4-room model ‘A’  14.97 5.8 3.6 s5 105 
62 8687-03 5-room improved 15.32 6.4 2.45 s1 123 
63 8687-04 5-room improved 13.12 5.5 2.45 s1 123 
64 8687-05 5-room improved 15.05 5 3.4 s4 123 
65 8788-01 5-room improved 14.36 5.87 3.12 s16 123 
66 8788-02 4-room model ‘A’  22.14 7.8 3.4 s11 105 
67 8788-03 4-room model ‘A’  16.66 5.87 3.25 s16 105 
68 8788-04 4-room model ‘A’  14.86 5.5 3.4 s11 105 
69 8889-01 5-room improved 17.07 5.5 3.9 s11 123 
70 8889-02 5-room improved 15.83 6.25 3.1 s14 123 
71 8889-03 4-room model ‘A’  18.74 6.8 3.4 s11 105 
72 8889-04 4-room model ‘A’  17.72 6.5 3.4 s11 105 
73 8990-01 5-room model ‘A’  15.43 5.25 3.4 s10 135 
74 8990-02 5-room improved 15.83 6.25 3.1 s14 123 
75 8990-03 5-room improved 15.05 5 3.4 s4 123 
76 899 05 0-04 4-room model ‘A’  19.3 6.25 3.4 s4 1

el ‘A’  15.43 5.25 3.4 77 9091-01 5-room mod s10 135 
78 9091-02 5-room improved 15.05 5 3.4 s4 123 
79 909 3 1-03 5-room improved 15.83 6.25 3.1 s14 12

el ‘A’  19.3 6.25 3.4 80 9091-04 4-room mod s4 105 
81 9192-01 4-room model ‘A’  11.35 3.35 3.35 s1 105 
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 Serial 
Number Flat Type Kitchen Area 

(m2)  
Length 
(m) 

Width 
(m) 

Isomorphic 
shape 

Flat Area 
(m2) 

82 9192-02 5-room improved 11.35 3.35 3.35 s1 123 

83 9192-03 5-room model ‘A’  9.66 3.4 3.4 s10 135 

84 9293-01 4-room model ‘A’ 11.35 3.35 3.35 s1 105 

85 9293-02 5-room improved 11.35 3.35 3.35 s1 123 
86 9293-03 5-room model ‘A’  9.66 3.4 3.4 s10 135 
87 9394-01 4-room model ‘A’  9.57 3.3 2.9 s1 100 
88 9394-02 5-room improved 9.57 3.3 2.9 s1 120 
89 9394-03 5-room improved 9.88 3.8 2.6 s1 120 
90 9495-01 4-room model ‘A’  9.57 3.3 2.9 s1 100 
91 9495-02 5-room improved 9.88 3.8 2.6 s1 120 
92 9596-01 4-room model ‘A’  6.67 2.9 2.3 s1 100 
93 9596-02 5-room improved 7.54 2.9 2.6 s1 120 
94 9697-01 4-room model ‘A’  12.6 6 2.1 s1 90 
95 9697-02 5-room improved 10.81 4.7 2.3 s1 110 
96 9798-01 4-room model ‘A’ 12.6 6 2.1 s1 90 
97 9798-02 5-room improved 10.81 4.7 2.3 s1 110 
98 9899-01 4-room model ‘A’  12.6 6 2.1 s1 90 
99 9899-02 5-room improved 10.81 4.7 2.3 s1 110 

Table 18.1: Kitchens from 1977 to 1999.  
 
Table 18.2 lists the kitchens according to floor area. The kitchens which were selected for 
schematic analyses are listed in the last column.  

 Serial 
Number Flat Type 

Kitchen 
Area 
(m2)

Length 
(m) 

Width 
(m) 

Isomorphic 
shape 

Flat 
Area 
(m2) 

Analyzed 
Kitchen

1 7778-01 1-room improved 5.5 2.7 2.2 s3 42 
15 7980-01 1-room improved 5.5 2.7 2.2 s3 51 

7778-01 

92 9596-01 4-room model ‘A’  6.67 2.9 2.3 s1 100 9596-01 

93 9596-02 5-room improved 7.54 2.9 2.6 s1 120 9596-02 

33 8182-08 3-room model ‘A’  8.3 4.6 2 s6 NA 8182-08 

87 9394-01 4-room model ‘A’  9.57 3.3 2.9 s1 100 
88 9394-02 5-room improved 9.57 3.3 2.9 s1 120 
90 9495-01 4-room model ‘A’  9.57 3.3 2.9 s1 100 

9495-01 

83 9192-03 5-room model ‘A’  9.66 3.4 3.4 s10 135 

86 9293-03 5-room model ‘A’  9.66 3.4 3.4 s10 135 

9293-03 

89 9394-03 5-room improved 9.88 3.8 2.6 s1 120 
91 9495-02 5-room improved 9.88 3.8 2.6 s1 120 

9394-03 

95 9697-02 5-room improved 10.81 4.7 2.3 s1 110 
97 9798-02 5-room improved 10.81 4.7 2.3 s1 110 
99 9899-02 5-room improved 10.81 4.7 2.3 s1 110 

9697-02 

44 8283-07 3-room model ‘A’  11.07 3.7 3.6 s10 NA 8283-07 

9 7879-01 2-room improved 11.22 4.5 2.9 s4 65 7879-01 

81 9192-01 4-room model ‘A’  11.35 3.35 3.35 s1 105 9293-02 
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 Serial 
Number Flat Type 

Kitchen 
Area 
(m2)

Length 
(m) 

Width 
(m) 

Isomorphic 
shape 

Flat 
Area 
(m2) 

Analyzed 
Kitchen

82 9192-02 5-room improved 11.35 3.35 3.35 s1 123 

84 9293-01 4-room model ‘A’ 11.35 3.35 3.35 s1 105 

85 9293-02 5-room improved 11.35 3.35 3.35 s1 123 
94 9697-01 4-room model ‘A’  12.6 6 2.1 s1 90 
96 9798-01 4-room model ‘A’ 12.6 6 2.1 s1 90 
98 9899-01 4-room model ‘A’  12.6 6 2.1 s1 90 

9798-01 

2 7778-02 2-room improved 12.67 5 2.9 s4 65 
16 7980-02 2-room improved 12.67 5 2.9 s4 65 

7980-02 

47 8384-01 3-room simplified 12.7 5.5 3 s13 65 
52 8485-01 3-room simplified 12.7 5.5 3 s13 65 
57 8586-01 3-room simplified 12.7 5.5 3 s13 65 

8586-01 

48 8384-02 4-room simplified 12.9 6.2 2.5 s14 85 8384-02 

53 8485-02 4-room simplified 12.91 6.1 2.5 s15 85 
58 8586-02 4-room simplified 12.91 6.1 2.5 s15 85 

8485-02 

32 8182-07 3-room model ‘A’  13.05 4.7 4 s5 NA 
45 8283-08 4-room model ‘A’  13.05 4.7 4 s5 NA 

8182-07 

8 7778-08 5-room improved 13.12 5.5 2.45 s1 140 
14 7879-06 5-room improved 13.12 5.5 2.45 s1 140 
56 8485-05 5-room improved 13.12 5.5 2.45 s1 123 
63 8687-04 5-room improved 13.12 5.5 2.45 s1 123 

8485-05 

22 7980-08 5-room improved 13.24 5.4 2.6 s2 149 7980-08 

35 8182-10 4-room model ‘A’  13.49 4.6 3.6 s7 NA 8182-10 

3 7778-03 3-room improved 14.06 5 2.9 s1 69 
10 7879-02 3-room improved 14.06 5 2.9 s1 73 
17 7980-03 3-room improved 14.06 5 2.9 s1 73 

7980-03 

36 8182-11 5-room model ‘A’  14.16 4.5 4 s8 NA 8182-11 

65 8788-01 5-room improved 14.36 5.87 3.12 s16 123 8788-01 

11 7879-03 3-room new 14.4 5.3 2.8 s1 89 
18 7980-04 3-room new 14.4 5.3 2.8 s1 89 
26 8182-01 3-room new 14.4 5.3 2.8 s1 89 
38 8283-01 3-room new 14.4 5.3 2.8 s1 89 

7980-04 

20 7980-06 4-room new 14.71 5.8 2.85 s4 117 
21 7980-07 5-room improved 14.71 5.8 2.85 s4 144 
30 8182-05 5-room improved 14.71 5.8 2.85 s4 144 
42 8283-05 5-room improved 14.71 5.8 2.85 s4 144 

7980-07 

68 8788-04 4-room model ‘A’  14.86 5.5 3.4 s11 105 8788-04 

50 8384-04 4-room model ‘A’  14.95 6 2.7 s4 105 8384-04 

61 8687-02 4-room model ‘A’  14.97 5.8 3.6 s5 105 8687-02 

64 8687-05 5-room improved 15.05 5 3.4 s4 123 
75 8990-03 5-room improved 15.05 5 3.4 s4 123 
78 9091-02 5-room improved 15.05 5 3.4 s4 123 

Not 
analyzed  
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 Serial 
Number Flat Type 

Kitchen 
Area 
(m2)

Length 
(m) 

Width 
(m) 

Isomorphic 
shape 

Flat 
Area 
(m2) 

Analyzed 
Kitchen

51 8384-05 5-room improved 15.32 6.4 2.45 s1 123 
55 8485-04 5-room improved 15.32 6.4 2.45 s1 123 
62 8687-03 5-room improved 15.32 6.4 2.45 s1 123 

Not 
analyzed 

4 7778-04 3-room new 15.41 5.7 2.8 s1 89 
5 7778-05 4-room improved 15.41 5.7 2.8 s1 99 
6 7778-06 4-room new 15.41 5.7 2.8 s1 110 
7 7778-07 5-room improved 15.41 5.7 2.8 s1 144 
12 7879-04 4-room new 15.41 5.7 2.8 s1 110 
13 7879-05 5-room improved 15.41 5.7 2.8 s1 144 
19 7980-05 4-room new 15.41 5.7 2.8 s1 113 
34 8182-09 4-room model ‘A’  15.41 5.7 2.8 s1 NA 

Not 
analyzed 

73 8990-01 5-room model ‘A’  15.43 5.25 3.4 s10 135 
77 9091-01 5-room model ‘A’  15.43 5.25 3.4 s10 135 

Not 
analyzed 

46 8283-09 5-room model ‘A’  15.62 5.5 3.3 s12 NA Not 
analyzed 

23 8081-01 3-room model ‘A’  15.77 6 3 s4 105 
27 8182-02 3-room model ‘A’  15.77 6 3 s4 105 
39 8283-02 3-room model ‘A’  15.77 6 3 s4 105 

Not 
analyzed 

70 8889-02 5-room improved 15.83 6.25 3.1 s14 123 
74 8990-02 5-room improved 15.83 6.25 3.1 s14 123 

Not 
analyzed 

79 9091-03 5-room improved 15.83 6.25 3.1 s14 123 Not 
analyzed 

37 8182-12 5-room model ‘A’  15.98 6 3.4 s9 NA Not 
analyzed 

25 8081-03 5-room model ‘A’  16.64 6 3.1 s4 171 
31 8182-06 5-room model ‘A’  16.64 6 3.1 s4 171 
43 8283-06 5-room model ‘A’  16.64 6 3.1 s4 171 

Not 
analyzed 

49 8384-03 4-room model ‘A’  16.64 6.8 2.5 s1 105 
54 8485-03 4-room model ‘A’  16.64 6.8 2.5 s1 105 
59 8586-03 4-room model ‘A’  16.64 6.8 2.5 s1 105 
60 8687-01 4-room model ‘A’  16.64 6.8 2.5 s1 105 

Not 
analyzed 

67 8788-03 4-room model ‘A’  16.66 5.87 3.25 s16 105 Not 
analyzed 

24 8081-02 4-room model ‘A’ 16.88 6.2 2.8 s1 138 
29 8182-04 4-room model ‘A’  16.88 6.2 2.8 s1 138 
41 8283-04 4-room model ‘A’  16.88 6.2 2.8 s1 138 

Not 
analyzed 

28 8182-03 4-room new 16.95 7.1 2.45 s1 121 
40 8283-03 4-room new 16.95 7.1 2.45 s1 121 

Not 
analyzed 

69 8889-01 5-room improved 17.07 5.5 3.9 s11 123 Not 
analyzed 

72 8889-04 4-room model ‘A’  17.72 6.5 3.4 s11 105 Not 
analyzed 

71 8889-03 4-room model ‘A’  18.74 6.8 3.4 s11 105 
Not 
analyzed 
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 Serial 
Number Flat Type 

Kitchen 
Area 
(m2)

Length 
(m) 

Width 
(m) 

Isomorphic 
shape 

Flat 
Area 
(m2) 

Analyzed 
Kitchen

76 8990-04 4-room model ‘A’  19.3 6.25 3.4 s4 105 
80 9091-04 4-room model ‘A’  19.3 6.25 3.4 s4 105 

Not 
analyzed 

66 8788-02 4-room model ‘A’  22.14 7.8 3.4 s11 105 Not 
analyzed 

Table 18.2: Kitchens are listed according to their ascending areas.  
 
The different types of shape are illustrated in Table 18.3.  

Shape Sample Shape Sample 

s1  
Regular  

  

Kitchen  
9394-03 

s2 
Regular

 

Kitchen     
7980-08 

s3 
Irregular 
  

Kitchen 
7778-01 

s4 
Irregular

  

Kitchen  
7980-07 

s5 
Irregular 

 

Kitchen  
8182-07 

s6 
Irregular

 

Kitchen  
8182-08 

s7 
Irregular 

 

Kitchen  
8182-10 

s8 
Irregular

 

Kitchen  
8182-11 

s9 
Irregular 

 

Kitchen  
8182-12 

s10 
Irregular

 

Kitchen  
8283-07 

s11 
Irregular 

 

Kitchen  
8788-04 

s12 
Irregular

 

Kitchen 
8283-09 

s13 
Irregular 

 

Kitchen  
8586-01 

s14 
Irregular

 

Kitchen  
8384-02 

s15 
Irregular 

 

Kitchen  
8485-02 

s16 
Irregular

 

Kitchen  
8788-01 

Table 18.3: Different shapes of the kitchen. 
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APPENDIX 19. AREA CRITERION FOR CHOOSING KITCHEN  

According to Peterson (1998), a small kitchen is equal or less than 14 m2 (150 sq.ft) and a 
large kitchen is over 14m2 (150 sq.ft). According to the Scottish Housing Handbook (Scottish 
Development Department, 1979), the area for a typical standard kitchen for a wheelchair user 
is about 8.64m2 (without dining space inside the kitchen) (Figure A19.1). This typical standard 
kitchen incorporates almost all the appliances similar to the HDB kitchens (such as sink, 
cooker, refrigerator, washing machine, etc.).  

 
 

 
 

.1: Kitchen layout to suit a wheelchair user (Scottish Development 
t, 1979) (O – oven; H – hob; C – cooker; TS - trolley storage unit; B – 

broom cupboard; WM – washing machine; R – refrigerator; RS – rotating storage 
unit; S – sink). 

 
 
One kitchen example provided by the Barrier Free Environments, Inc. (1991) without dining 
space has an area of 10.15m2 (Figures A19.2 & A19.3). Another example incorporating a food 
serving area is 11.9m2 (Figures A19.4 & A19.5). In these two examples, more appliances are 
accommodated such as dishwasher and oven.   
 
Since the area 14m2 is much bigger than the recommendations for a wheelchair user, a premise 
was set that a large kitchen (area over 14m2) is big enough for a wheelchair user. Yet, in order 
to cover more types of the HDB kitchen, finally the kitchens whose areas are less than 15m2 
were selected. Using areas e too big to 
avoid unnecessary work. This usage did not bring any bias or mistakes into the research. 

Figure A19
Departmen

 this criterion aimed to exclude some kitchens whose ar

Therefore, it is acceptable in this thesis.  
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Figure A19.2: kitchen example without dining space (area is 10.15m2) (source: 

Barrier Free Environments, Inc., 1991).  
 

 
Figure A19.3: Perspective of the kitchen example without dining space (source: 

Barrier Free Environments, Inc., 1991).  
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Figure A19.4: kitchen example with a food serving area (area is 11.9m2) (source: 
Barrier Free Environments, Inc., 1991).  

 

 
 

Figure A19.5: Perspective of the kitchen example with a food serving area (source: 
Barrier Free Environments, Inc., 1991).  
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APPENDIX 20. EXAMPLES OF SCHEMATIC ANALYSIS ABOUT THE 

KITCHEN AREA 

Kitchen 7778-01 (For the code meaning please refer to Chapter V, Section 5.2: Setting up the 
database of the kitchen) 

 
Figure A20.1: Floor layout analysis of Kitchen 7778-01. 

 
Figure A20.1 is the floor layout analysis of Kitchen 7778-01. The kitchen area is about 5.5m2. 
Since there are two doors to the kitchen (one to the living room and the other to the bathroom) 
only the “B” wall and right-down corner are left for countertops and appliances. Because the 
“B” wall is shor op is available.  

ot enough counter space is provided on either side of the cooker. The storage space is also 
inadequate. If the wheelchair user is working at the cooker, the entrance to the living room is 

 
Kitchen 9596-01

t, when the sink and cooker are installed, no adequate countert
N

blocked. Thus no one else can enter the kitchen or use the bathroom. There is no space for 
large circular wheelchair turning. If knee space is provided under the sink, part of the turning 
space can be under the sink. For this situation, a large circle turn can be made. No space is 
available for the washing machine or for drying clothes.  

 

 
Figure A20.2: Floor layout analysis of Kitchen 9596-01. 

 
Figure A20.2 is the f ea is about 6.67m2. 

ompared with Kitchen 7778-0  
kitchen there are three doors (to the bathroom, the living room, and the balcony respectively). 

loor layout analysis of Kitchen 9596-01. The kitchen ar
1, the kitchen shape is more regular. In the right part of theC

Considering the approaching spaces to doors, actually nothing can be located against the “D” 
wall. The sink, cooker and refrigerator can only be installed along the “B” wall. The net length 
of the “B” wall is about 2.9m. Excluding the length of the refrigerator (about 60cm), cooker 
(about 70cm), sink (about 70cm), the distance (estimated 20cm) between the cooker and 
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refrigerator and the distance (estimated 20cm) between the sink and the “A” wall, only 50cm 
length is available for countertop. This length is not adequate for cooking preparation. If the 
refrigerator is located under the counter, longer countertop is acquired. However, it is still not 
enough. The storage space is also inadequate.  
 
There is no place for placing the washing machine and drying clothes. The service balcony 
may be a place for clothes washing and drying, but it is often difficult to access by wheelchair 
users. The distance between the countertop and “D” wall is about 1.7m. This distance is 
enough for a large circle turning only when knee space is provided under the countertop.  
 
The “C” wall is too short for a “leg” of the “L” shaped countertop. Figure A20.3 shows that if 
a refrigerator is placed at the right end of the “C” wall, the bathroom will be inaccessible for a 
wheelchair user since the space in front of the bathroom entrance is smaller than 1.2m×1.2m 
(the area needed for entering a door).  

 
Figure A20.3: “L” shaped countertop is impossible in Kitchen 9596-01. 

 
Kitchen 9596-02 

 
Figure A20.4: Floor layout analysis of Kitchen 9596-02. 

 
Figure A20.4 is the floor layout analysis of Kitchen 9596-02. The kitchen area is about 7.54m2. 
The analysis shows that the space between counter and wall is enough for circular turning. 
However, when a wheelchair user is working at the cooker, he/she will block the entrance to 
the living room. It seems that there is adequate countertop for cooking but only for the simplest 
appliances (only sink and cooker). There is no landing place for placing items when putting 
them in or taking them out of a refrigerator. Similar to Kitchen 9596-01, there is no space for a 
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washing machine. If a small washing machine is located under the countertop between the sink 

 
and cooker, then no storage is available.  

Kitchen 8182-08 

 
Figure A20.5: Floor layout analysis of Kitchen 8182-08. 

 
Figure A20.5 is the floor layout analysis of Kitchen 8182-08. The kitchen area is about 8.3m2. 
The analysis shows that when a knee space is provided under the countertop, a large circle turn 
is allowed.  The width between the “D” and “F” wall is only 0.9m and the door to bathroom is 
on the side (on “F” wall). This bathroom cannot be used by a wheelchair user because 
1.67m×1.2m space (latch-side approach to a swing door) is not available. 
  

Comparing Kitchen 8182-08 (area 8.30m2) with the SDD typical kitchen layout (area 8.64m2) 
(Figure A20.6), we see that the SDD typical layout is more accessible although the two 
kitchens’ areas are close. There are two reasons: 1) Kitchen 8182-08 is irregular in shape and 
the passage to bathroom wastes some area; 2) for a Singapore HDB kitchen, a bathroom is 
usually attached to it, sometimes a balcony too. Therefore, the kitchen has at least two doors. 
As a result, the wall length available for placing countertop is shorter than that of the SDD 
typical layout.  
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Figure A20.6: Kitchen layout to suit a wheelchair user (Scottish Development 
Department, 1979) (O – oven; H – hob; C – cooker; TS - trolley storage unit; B – 
broom cupboard; WM – washing machine; R – refrigerator; RS – rotating storag
unit; S – sink). 

e 

 
Kitchen 9495-01 

 
Figure A20.7: Floor layout analysis of Kitchen 9495-01. 

 
Figure A20.7 is the floor layout analysis of Kitchen 9495-01. The kitchen area is about 9.57m2. 
The distance between “B” and “D” wall is about 3.3m. The width is enough for large circular 
wheelchair turning.  
 
Considering that the countertop is usually 0.6m ensions of the refrigerator and 
the washing machine, the “A” and “E” walls must be at least 0.6m each. The door approaching 
pace is 1.2m×1.2m for wheelchair accessibility. Therefore, the whole distance between the 
B” and “D” walls should be more than 3.6m (0.6m×2 + 1.2m×2). However, the distance 

between the “B” and “D” wall (3.3m) is not long enough for two countertops and two doors in 
terms of the wheelchair users’ needs.  
 

 deep and the dim

s
“
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Considering the whole kitchen layout, we observe that this kitchen is fundamentally accessible 

 
for a wheelchair user except that he/she cannot enter the bathroom.  

Kitchen 9293-03 

 
Figure A20.8: Floor layout analysis of Kitchen 9293-03. 

 
Figure A20.8 is the floor layout analysis of Kitchen 9293-03. The kitchen area is about 9.66m2. 
The places of refrigerator, cooker and sink are suitably placed and the working triangle avoids 
interruption by routes from the living room to the bathroom or balcony. There is also enough 
space for circular wheelchair turning. 

 
Figure A20.9: Floor layout analysis of Kitchen 9293-03. 

 
The distance between the “B” and “F” walls is about 1.5m. For ambulant users this distance is 
enough for a door (usually 0.8m) and a washing machine (or a cabinet) (Figure A20.9 Left). 

ut for a wheelchair user, this width is onlyB  enough for a wheelchair user approaching the door 
(Figure A20.9 Right). If a washing machine (supposed to be 0.6m wide) needs to be placed 
near the bathroom, the distance between the “B” and “F” walls must be at least 1.8m (1.2m + 
0.6m). Therefore, if a washing machine is put at the corner of walls “A” and “B”, the bathroom 
can not be used by a wheelchair user. Then the washing machine can only be put adjacent near 
the sink. 
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Kitchen 9394-03  

 
Figure A20.10: Floor layout analysis of Kitchen 9394-03. 

20.10 is the floor layout analysis of Kitchen 9394-03. The kitchen area 
and sink are suitable. There is 

 
Figure A is about 

.88m2. The locations of the refrigerator, cooker enough space 
r circular wheelchair turning. The working triangle is not interrupted. The distance between 

the “B” and “D” walls is 2.6m and this distance is just enough for a countertop, a washing 
machine and a wheelchair approaching the door, (0.6m + 0.6m + 1.2m). In general, this 
kitchen basically meets the space requirements of a wheelchair user.   
 
 

9
fo
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APPENDIX 21. EXAMPLES OF SCHEMATIC ANALYSIS ABOUT THE 

KITCHEN SHAPE 

Narrow kitchen 

Figure A21.1 is the floor layout analysis of Kitchen 9798-01. The kitchen area is about 12.6m . 
The distance between walls “B” and “D” is about 2.1m. When we subtract the depth of the 
countertop (about 0.6m), only 1.5m is left. This width is enough for the large circle turning 
only when the knee space is provided under the countertop.  If a washing machine is placed 
against the “D” wall, there is only about 0.9m left between the washing machine and the 
countertop. Thus the shift of the wheelchair be

2

tween the sink and the cooker becomes 
inconvenient and needs more care.  Another location for the washing machine is under the 
countertop beside the sink. In this situation, the movement between the sink and cook is easier.  

 
Figure A21.1: Floor layout analysis of Kitchen 9798-01. 

 
Compared with Kitchen 9394-03 (Figure A21.2), Kitchen 9798-01 is bigger; but when we 
consider the usage of a wheelchair user, it is less accessible. The reason for this is that Kitchen 
9798-01 has an ineffective ratio of length to width. 

 
Figure A21.2: Floor layout analysis of Kitchen 9394-03 (area is 9.88m ). 2
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Irregular kitchens 

Figure A21.3 is the floor la
2

youts analysis of Kitchen 8687-02. The kitchen area is about 
14.97m . The shape is irregular with a storeroom and a bathroom on the corner. The floor 
layout analysis shows that the working centers can only be placed on opposite countertops. 
The work triangle is interrupted by the route from the living room to bathroom.  

 
Figure A21.3: Floor layout analysis of Kitchen 8687-02, layout 1. 

 

2
 
Figure A21.4 is the floor layout analysis of the kitchen 8586-01. Its area is 12.7m . Because 
the kitchen shape is very irregular, the space is divided into several parts (which are indicated 
as shaded area in Figure A21.4 Right). In fact in this kitchen only the central part of the space 
can be used for arranging countertop. The wheelchair users can only use this central part.  

 

 
 

Figure A21.4: Floor layout analysis of Kitchen 8586-01. 
 
 
Figure A21.5 is the floor layout analysis of the kitchen 8182-07. Its area is 13.05m2.  Similarly, 
because the kitchen is irregular, the space is roughly divided into two parts (which are 
indicated as shaded area in Figure A21.5 Right). The part near the doors cannot be used to 
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arrange the countertop because of the doors. Only the part with walls can be used for arranging 
the countertops.  

 
 

Figure A21.5: Floor layout anal s of Kitchen 8182-07, layout 1. ysi
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APPENDIX 22. EXAMPLE OF SCHEMATIC ANALYSIS ABOUT THE BAD 

LOCATION OF A SINK 

Bad location of a sink can cause bad working route. For example, for Kitchen 8788-01 (5-
room improved) in the HDB Annual Report 1987/1988 (Housing & Development Board, 
1988), the sink is marked at the place just in front of the kitchen entrance from the living room 
(Figure A22.1).   

 
Figure A22.1: Floor layouts analysis of Kitchen 8788-01, layout 1. 

A possible reason for the sink’s location is adjacency to the rubbish chute. It is convenient for 
disposing rubbish. But considering the working triangle of sink, cooker and refrigerator, the 
location of the sink is not good because it makes the working route longer. The triangle is also 
somewhat interrupted by the wall “C” (indicated in Figure A22.1 Left). For a wheelchair user, 
it is even worse because it is difficult for him / her to transfer between the sink and cooker. 
Another problem with the sink’s location is that when the wheelchair user is working at the 
sink, he /she will block the kitchen’s entrance. Thus no other person can enter or exit the 
kitchen.  
 
A better location for the sink in the kitchen is at the corner of walls “A” and “F”, just near the 
window (Figure A22.2). Compared with the former layout, the improved layout has a better 
working triangle and commodious room for wheelchair’s transferring.  

 

 
Figure A22.2: Better location of the sink in Kitchen 8788-01, layout 2. 
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APPENDIX 23. METHOD FOR ROUTE TESTING   

chens is based upon the idea that 
“with a suitable kitchen lay-out the amount of walking could be reduced and working time 

d” (Grandjean, 1973, p86).  A study (Ward, 1971) shows that the most frequent 
ovements occur between sink, working surface and cooker.  In Germany, a method called 

“Fadenstudie” (line-studies) has often been used (Grandjean, 19 n this method, all 
the paths followed in the procedure of a certain job are record rawn as lin the 
kitchen gro  a path is marked more often, that means this path is m mportant on 
the ure A23.1 demonstrates two e e f ing 
criteria were  a “Fadenstudie” (Grandjean, 1973, 
 

 other. 
refe  

aces 
 be closely adjacent – b t closer than  to 
se bundles of lines rad allow ample 
.  

 

The method for testing the layouts and routes of HDB kit

shortene
m

73, p86). I
ed and d es in 

und plan. If
 ground plan. Fig

ore i
xamples of line-studies. Th ollow

used to assess the results of p87):  

• There should be few paths crossing each
• Fewer long paths are p rred. 
• Paths to a few working-pl
• Starting points should

should have a high density.  
ut nevertheless no  60cm

each other – with den
freedom of movement

iating from them, so as to 

Figure A23.1: C
and U-shaped. 

ie) of a working kitchen, 2-si
 and major working places. T

superiority of the first arr
paths, and the relaxed pr

 smaller number 
ce: Grandjean, 1973, p8ss of 

cording to Conran (1977), t ea ma y used for testing 

. When spelled in 

 
 

omparative line-study (Fadenstud ded 
Thick lines lead to the cooker, sink he 

angement is shown by the of crossing 
ogre the work (Sour 7). 

 
Ac he t king is usuall route. “A good test for 
checking the effectiveness of your kitchen is to examine the steps involved in making a cup of 
tea detail, what superficially appears to be a very ordinary, simple task is in 
fact a surprisingly complex manoeuvre”. 
 
Figure A23.2 shows two diagrams of a same kitchen. The dotted line traces the process of a 
tea-maker. The diagrams show that in a well-organized kitchen (Figure A23.2 Right) the route 
of tea making is shorter than a haphazard arrangement (Figure A23.2 Left).  
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Figure A23.2: Tea making route analysis (Conran, 1977). 
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APPENDIX 24. REFRIGERATOR’S PLACE RELATED TO THE SINK AND 

KER 

In HDB kitchens, there are three possible locations of the refrigerator related to the sink and 
cooker. The first location is at the end of a continual countertop in which the sink and cooker 
are installed together. The countertop can be L-shaped or “one wall”.  
 
For example, Figure A24.1 shows the two layouts of Kitchen 7879-01. The left one is “L-
shaped” and the refrigerator is on an open end of the countertop. The right one is “one wall” 
layout and the refrigerator is at the close end of the countertop (at the corner of two walls). It 
should be noticed that in this kind of location the latch side of the refrigerator should be on the 
work triangle. When a refrigerator is placed at the corner of walls, a certain distance must be 
left between the refrigerator and the end wall (noted as “D” wall in Figure A24.1 Right) if the 
refrigerator door can be opened more than 90 degrees and even at a full 180 degrees.   

COO

.1: (Left) L-shaped countertop (Kitchen 7879-0
ght) one wall cou  layout

opposite countertop (Fig re A24.2). In this kind 

d al
refrigerator and the other app
 

es.  

placed opposite the cooker an
latch side must be provided. F
have landing space adjacent b
  

 
Figure A24 1, layout 2);  

(Ri ntertop (Kitchen 7879-01, 3). 
 
 
The second possible location of a refrigerator is with an appliance on a continual countertop 
and the other appliance on the u of layout 
attention should be paid to both the refrigerator door’s direction and clearance between the 
refrigerator and the end wall. Adequate countertop shoul so be provided between the 

lianc

The third possible location for a refrigerator is that the refrigerator is freestanding apart from 
the sink and the cooker. For example, in Kitchen 8586-01 (Figure A24.3), the refrigerator is 

d the sink. In this case, a landing place for refrigerator on the 
igure A24.4 shows two examples where the refrigerator does not 
ecause the space is limited.  
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Figure A24.2: Refrigerator with one appliance on one countertop and the other 
appliance on the opposite countertop. (Left: Kitchen 8485-02, layout 2; Right: 

Kitchen 7980-08, layout 1). 
 

 
Figure A24.3: Refrigerator placed opposite the sink and hen 8586-01). cooker (Kitc

  
Figure A24.4: No landing space adjacent to a refrigerator (Left: Kitchen 7980-08, 

layout 2; Right: Kitchen 8182-07, layout 2). 
 
 

 88



APPENDIX 25. EXAMPLE OF SCHEMATIC ANALYSIS ABOUT THE 

RIGERATOR DOOR AND LANDING SPACE 

Analysis of the HDB kitchen plans showed that in a constrained space, the refrigerator is often 
located at an unsuitable place.  For example, in a plan like Kitchen 8182-08, a refrigerator is 
possibly located just near the entrance (Figure A25.1). In a small kitchen this location is still 
acceptable for an ambulant user. But when the kitchen is used by a wheelchair user, this 
location must be avoided, for there is not enough space for a wheelchair to approach the 
refrigerator. It is even worse when the refrigerator is hinged on the right. A better location for 
the refrigerator is away from the entrance. The refrigerator’s door direction should be changed 
and the latch side should be on the work triangle.  

REF

 
nFigure A25.1: R

and door
ef r near an entran (L  locatio  

(Right) bett

r example is the le layouts, considering a 
wheelchair user’s acces the sink at the window 
against the rubbish chu differs from the first by 

e refrigerator side. In this layout, no accessorial counter is available 
for landing items near the refrigerator because the space is constra .2 Bottom).  
 

rigerato
 direction; 

ce (Kitchen 8182-08).  
er location and door direction.  

eft) bad

  
Anothe plan of Kitchen 7980-08. There are two possib

s (Figure A25.2). The first layout is putting 
te (Figure A25.2 Top). The second layout 

placing th on the window 
int (Figure A25

 
 

Figure A25.2: (Top) first layout of Kitchen 7980-08. (Bottom) when refrigerator is 
apart from sink and cooker, no accessorial counter is available for landing items. 
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APPENDIX 26. PLACE OF WASHING MACHINE AND CLOTHES DRYING 

ion of washing maLocat chine 

ced that in front of t
ir to ap

e bathroom door, a clear floor 
me kitchen plans the provided for a wheelc ashing m

be placed near the b
A26.2), there are tw
orner

room door. For example, in the layout of K
ntrances on the “D” wall. Thus the washing m

chen 79

ute. It will cause much trouble to install pipe  for wat

Figure A26.2: Washin

 

g m can only be pl ay from bathroom
(Kitchen 7980-08). 

ple is Kitchen 8788-04.  A washing machine can be placed at wall “B” near the 
r if only normal u ered eft). T e 

machine and the r e is about 0.8
bathroom, he cannot get across the narrow passage. Other location choices are the 

corner between walls “A” and “G” (Figure A26.3 Middle) and the corner between walls “C” 
and “D” (Figure A26.3 Right). When the washing machine is located at the corner of walls 
“C” and “D”, water supply and drainage can be solved by installing pipes to the bathroom.  

achine aced aw  door 

Another exam
bathroom doo

tween the washing 
sers are consid

ubbish chut
 (Figure A26.3

5m. If a wheelchair user needs 
 L he net distanc

The location of a washing machine should not block the ways of the wheelchair user. For 
example, in Kitchen 9293-01, a washing machine cannot be placed at the corner of wall “A” 
and “B” when a wheelchair approaching space to the bathroom is considered (Figure A26.1). 
A better location of the washing machine could be adjacent to the sink under the counter.  

 
Figure A26.1: Washing machine cannot be placed near the bathroom door (Kitchen 

9293-01). 
 
Usually the washing machine is placed near the bathroom door for easy water access and 
drainage. It should be noti h space must be 

ha proach. But in so w achine cannot 
ath it 80-08 (Figure 

o e achine is placed at the 
c  of the rubbish ch s er supply and 
drainage.  

 

be
to use the 
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Figure A26.3: Three locations of washing machine in Kitchen 8788-04. 

 
 
To sum up, a washing machine should be placed according to following principles: (1) the 
washing machines should be placed near the bathroom or under the countertop adjacent to the 
sink; (2) when the washing machines is freestanding, it should not block the way for 
wheelchair users; (3) clear floor space should be provided at the washing machine.  
 
Clothes drying 

on hers rather than s hen there is no 
he h de 
s).

However, if drying clothes is done by the wheelchair users themselves, m essible device 
ovided. One s ce a clothes rack on the . The rack can be folded 

when it is not in use. Another solution is to provide an adjustable device suspended from the 
ceiling. After hanging t e device can be raised again in order to free the space 
below.    

Whether the device is floor-moun ul ir user to 
transfer clothes from the washin hine to the device. For example, in Kitchen 8182-07 
(Figure A26.4), when the device is lowered down, the distance between the device and 

n 0.9  get t

 

If clothes drying is d
problem

e by ot wheelchair users them
 by the HD

elves, t
 in adopting t

the window with pole
 

common methods used B resident (
   

anging clothes outsi

ore acc
must be pr olution is to pla floor

he clothes, th

 
ted or adjustable, it sho d be easy for a wheelcha

g mac

refrigerator must be more tha
 

m for a wheelchair to hrough.  
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Figure A26.4: Transferring space around clothes rack is needed 

when the device is lowered down (Kitchen 8182-07). 
 
 
In Kitchen 8485-05 (Figure A26.5) the washing machine and clothes pole are put close. 
Moving between the washing machine and clothes pole is easy.  
 
 
 

 
Figure A26.5: Moving b n the washing machin pole is easy 

Kitchen 8485-05). 
 

etwee
 (

e and cloths 
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APPENDIX 27. KITC  LAYOUT ANALYSES 
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Kitchen 7778-01 
Area 5.5m2  Layout 1 

To balc / 
Is working triangle interrupted by any other route?  Yes 

Minimum radius (152cm) Optimum rad ) ius (180cmIs there enough space f
turning

or 
  

circle 

No  No 

Minimum (152×152) Optim (152×183)  um Is there enough space for 
turning    Yes  

“T” 

Yes

Whole frontage length  74m  0.
Sink  Cooker rator  RefrigeDose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No  Yes Yes  

Eating table  Not available   Washing t available    machine  No
Writing table  Not available   Drying t available    clothes No
  
 
 

 

 
Triangle Total Length 
(TTL) 

4.16m  Length of the Shortest 
Leg (LSL) 

1.33m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

16.61m Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

16.64m 

To living room  OK 
To bathroom OK 

Entrance  

ony 
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Kitchen  9596-01 
Area 6.67m2  Layout 1 

Triangle Total Length 
(TTL) 

4.23m  Length of the Shortest 
Leg (LSL) 

1.0m 

NL1 (the distance between cooker and refrigerator 
at between sink and refrigerais shorter than th tor).

13.03m 
length 

NL  (the distance2
is longer than t

rator 
tor) 

To living room  K O
To bathroom O
To ba y / 

Is working triangle interrupted by an ute?   y other ro No
Minimum radius (152cm) um radius (180cm) Optim

turning  
Yes  No 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T”
turning  

 

es  Yes  Y

Whole frontage length  0.8m  
Sink  Cooker igerator  RefrDose the wheelchair user block 

the door or way when using the 
r refrigerator? sink or cooker, o No  No  Yes 

 

 

Noodle making route 

 between cooker and refrige
hat between sink and refrigera

11.42m 

K 
Entrance  

lcon

Is there enough space for circle 

Eating table  Not available   Washing machine  Not available   
Writing table  Not available   Drying clothes Not available   
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Kitchen  9596-02 
Area 7.54m2  Layout 1 

Triangle Total Length 
(TTL) 

1.28m 5.27m  Length of the Shortest 
Leg (LSL) 

NL1 (the distance between cooker and refrigerator 
etween sink and refriger

14.96m 
is shorter than that b ator).length 
NL2 (the dista rator 
is longer than
To living room  OK 
To bathroom OK 

Entrance  

To balcony / 
y other ro Ye
Minimum radius (152cm) m) Optimum radius (180cIs there enough space for circle

turning  
 

Yes  Yes 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 

es  turning  Yes  Y

Whole frontage length  1.44m  
Sink  Cooker Refrigerator  Dose the whee

the door or wa
lchair user block 

hen using the 
r refrigerator? 

y w
sink or cooker, o No  No  Yes 

 

 

Noodle making route 

nce between cooker and refrige
 that between sink and refrigerator) 

12.67m 

Is working triangle interrupted by an ute?  s 

Eating table  Not available   Washing machine  Not available   
Writing table  Not available   Drying clothes Not available   
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Kitchen  8182-08 
Area 8.3m2  

To balcony / 
pted by any other route?  No 

Minimum radius (152cm) Optimum racircle 

Layout 1 

 

 
Triangle Total Length 
(TTL) 

4.86m  Length of the Shortest 
Leg (LSL) 

1.21m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

17.20m Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

13.26m 

To living ro
To bathroom

om  OK 
Not 

Entrance  
 accessible  

Is working triangle interru
d ) ius (180cmIs there enough space for 

turning  
No Yes  

Minimum (152×152) Optim 152×183)  um (“T” 

Yes  o  

Whole frontage length  2.09m  
Dose the wheelchair user block 
the door or way when using the 

 No  sink or cooker, or refrigerator? No  Yes  

Eating table  ailable   Washing machine  Not available   Not av
Not av

  
 
 
 

 

Is there enough space for 
turning  N

Sink  Cooker Refrigerator  

Writing table  ailable   Drying clothes Not available   
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Kitchen  9495-01 
Area 9.57m2 1 

Triangle Total Length 
(TTL) 

4.70m Length of the Shortest 
Leg (LSL) 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

18.23m Noodle making route 
length 

NL2 (the distance between cooker and refrigerato  
etween sink and refrigera

r
is longer than that b tor) 

21.54m 

To living room  OK 
To bathroom Not accessible  

Entrance  

To balcony OK 
Is working triangle interrupted by any other route?  

Minimum radius (152cm)Is there enough space for circle 
turning  

Yes  No 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  No  

Whole frontage length  
Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No  No  No  

Eating table  Not available   Washing machine  Available  
Writing table  Not available   Drying clothes Not available   
  

Layout 

 

 
1.17m 

Yes 
Optimum radius (180cm) 

3.52m  
Sink  
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Kitchen  9495-01 
Area 9.57m2 Layout 2 

 

 
Triangle Total Length 4.98m Length of the Shortest 1.47m 
(TTL) Leg (LSL) 

NL  (the 1 distance between    cooker and refrigerator 18.33mNoodle making route 
length 

is longer than that between sink and refrigerator) 
21.28m 

To living room  OK 
To bathroom Not acce
To balcony OK 
pted by any o s 

turning  
Yes  Yes 

Minimum (152×152) um (152×183)  Optim
Yes  Yes 

4.12m
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No  No  No  

Eating table  Not available   ing machine  available   Wash Not 
Writing table  le   Not available   Drying clothes Not availab
  
 

is shorter than that between sink and refrigerator).
NL2 (the distance between cooker and refrigerator 

ssible  
Entrance  

Is working triangle interru ther route?  Ye
Minimum radius Is there enough space for circle (152cm) O m radius (180cm) ptimu

Is there enough space for “T” 
turning  

Whole frontage length    
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Kitchen  9293-03 
Area 9.66m2  

5.77m Length of the Shortest 
Leg (LSL) 

1.23m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

20.44m 

NL2 (the distance
is longer than t tor) 
To living room  OK 

O
To ba y OK 

Is working triangle interrupted by any r route?   othe No 
Minimum radius (152cm) um radius (180cm) Optim

turning  
Yes  Yes 

Yes  Y

Whole frontage length  2.44m  
Sink  CookDose the wheelchair user block 

the door or way when using the 
r refrigerator? sink or cooker, o No  

Eating table  Not available   Washing machine  Not available   
Writing table  Not available   Drying clothes Not available   
  
 

Layout 1 

 

 

Triangle Total Length 
(TTL) 
Noodle making route 
length 

 between cooker and refrige
hat between sink and refrigera

19.86m rator 

To bathroom K  
Entrance  

lcon

Is there enough space for circle 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 

es turning  

er gerator  Refri

No  Yes  
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Kitchen  9394-03 
Area 1 

5.43m Length of the Shortest 
Leg (LSL) 

1.31m 

rator 
is shorter than ator).

Noodle making route 
length 

ance between cooker and refrige
nk and refrige

20.36m NL2 (the dist
is longer than

rator 
tor)  that between si ra

To living room  OK 
To bathroom OK  

Entrance  

Is working triangle interrupted by any other route?  No 
Minimum radius (152cm) m) Optimum radius (180cIs there enough space for circle

turning  
 

Yes Yes  

Minimum (152×152) ptimum (152×183O )  Is there enough space for “T” 
turning  

Whole frontage length  3.14m  
Sink  Cooker Refrigerator  Dose the wheel

e door or way w
chair user block 

hen using the 
nk or cooker, or refrigerator? No  No  No 

th
si

Eating table  Not available   Washing machine  Available  
Writing

9.88m2 Layout 

 

 
Triangle Total Length 
(TTL) 

NL1 (the distance between cooker and refrige
 that between sink and refriger

20.10m 

To balcon OK y 

Yes  Yes 

 table  Not available   Drying clothes Not available   
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Kitchen  9697-02 

10.81m2 Layout 1 

(TTL) 
1.

is shorter than that between sink and refrigerator).
Noodle making route 

20.84m 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 
To living room  OK 
To bathroom OK  
To balcony OK 

 
Minimum radius (152cm) O m radius (180cm) ptimuIs there enough space for circle 

turning  
Yes  No 

Minimum (152×152) O um (152×183)  ptim
turning  Yes  Yes 

Sink  Cooker Refrigerator  Dose the wheelchair user block 

No  Yes No 
the door or way when using the 
sink or cooker, or refrigerator? 

Eating table  Not available   hing machine  able  Was Avail
Writing table  Not available   Drying clothes Available   

Area 

 

 
Triangle Total Length 6.14m Length of the Shortest 45m 

Leg (LSL) 
 cooker and NL1 (the distance between refrigerator 20.20m 

Entrance  

Is working triangle interru ther route?  Nopted by any o

Is there enough space for “T” 

Whole frontage length    2.64m
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Kitchen  8283-07 
Area Layout 1 

is longer th
2.8

To livin
To bathroom OK  

Entrance  

To balcony / 
pted by any other route?  No 

Minimum radius (152cm) Optimumcircle 

Yes

turning  Yes  Yes 

Whole fr
r 

the door or way when using the 
sink or cooker, or refrigerator? No  No

Not av
Writing table  Not available   Drying clothes Available   
  
 
 
 

11.07 m2

 

 
Triangle Total Length 
(TTL) 

4.19m Length of the Shortest 
Leg (LSL) 

0.87m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

15.76m Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
an that betwee

1 4m 
n sink and refrigerator) 

OK g room  

Is working triangle interru
 radius (180cm) Is there enough space for 

turning  
  Yes 

M“T” inimum (152×152) Optim m (152×183)  uIs there enough space for 

ontage length  2.62m  
Sink  Cooke Refrigerator  Dose the wheelchair user block 

 No   

Eating table  ailable   Washing achine  Available   m
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Kitchen  8283-07 
Area Layout 2 

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
pted by any other route?  No 

Minimum radius (152cm) Optimum radius (180cmcircle 

Yes  

turning  Yes  es 

Whole frontage length  2.62m  
r Dose the wheelchair user block 

the door or way when using the 
 No  No   sink or cooker, or refrigerator? No

Eating table  ailable   Washi ine  Available  Not av ng mach
Writing table  Not available   Drying clothes Available   
  
 
 
 
 

11.07 m2

 

 
Triangle Total Length 
(TTL) 

5.31m Length of the Shortest 
Leg (LSL) 

1.03m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

22.10m Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

19.07m 

Is working triangle interru
) Is there enough space for 

Yes 
turning  

M“T” inimum (152×152) Optim m (152×183)  uIs there enough space for 

Y

Sink  Cooke Refrigerator  

 104



 
Kitchen  7879-01 
Area 11.22 m2 Layout 1 

Triangle Total Length 
(TTL) 

5.02m   Length of the Shortest 
Leg (LSL) 

1.59m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

15.94m 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

16.50m 

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
Is working triangle interrupted by any other route?  Yes 

Minimum radius (152cm) Optimum radius (180cm) Is there enough space for circle 
turning  

Yes  No 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  2.69m  
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No  No  No 

Eating table  Not available   Washing machine  Available  
Writing table  Not available   Drying clothes Available   

 

 

Noodle making route 
length 
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Kitchen  7879-01 
Area 11.22 m

Triangle Total Length 
(TTL) 

4.56 m Length of the Shortest 
Leg (LSL) 

1.59m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

16.88m Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

14.33m 

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
Is working triangle interru ther route?  pted by any o No 

Minimum radius (152cm) O m radius (180cm) ptimuIs there enough space for circle 
turning  

Yes  Yes 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  1.9m 
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No  No  No 

Eating table  Not available   Washing machine  Available  
Writing table  Not available   Drying clothes Available   

2 Layout 2 
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Kitchen  7879-01 
Area 11.22 m2 Layout 3 

 

 
Triangle Total Length 
(TTL) 

7.53 m Length of the Shortest 
Leg (LSL) 

1.73m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

 22.96 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

/ 

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
Is working triangle interrupted by any other route?  No 

Minimum radius (152cm) Optimum radius (180cm) Is there enough space for circle 
turning  

Yes  Yes 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  2.35m 
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No  No  No 

Eating table  Not available   Washing machine  Available  

Noodle making route 
length 

Writing table  Not available   Drying clothes Available   
  
 
 

 107



 
Kitchen  9293-02 
Area 11.35m2 Layout 

is longer th nk and refrigerator) 
To living room  OK Entrance  

pted by any other route?  Yes 
Minimum radius (152cm) Optimumcircle 

turning  
Yes

Minimum (152×152) Optim m (152×183)  u“T” 
turning  Yes  es 

Sink  Cooke Refrigerator  r 
the door or way when using th
sink or cooker, or refrigerator? Yes Ye

Not av ng mach
Writing table  Not available   Drying clothes Available   
  
 
 

1 

 

 
Triangle Total Length 
(TTL) 

5.84m Length of the Shortest 
Leg (LSL) 

1.39m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

16.29m Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
an that between si

16.26m 

To bathroom OK  
To balcony OK 

Is working triangle interru
 radius (180cm) Is there enough space for 

  Yes 

Is there enough space for 

Y

Whole frontage length  3.18m 
Dose the wheelchair user block 

e 
 No  s 

Eating table  ailable   Washi ine  Available  
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Kitchen  9293-02 
Area 11.35m2 Layout 2 

Triangle Total Length 
(TTL) 

5.15 m Length of the Shortest 
Leg (LSL) 

1.33m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

14.72m Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

14.06m 

To living room  OK 
To bathroom OK  

Entrance  

To balcony OK 
Is working triangle interru ther route?  pted by any o No 

Minimum radius (152cm) O m radius (180cm) ptimuIs there enough space for circle 
turning  

Yes  Yes 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  2.27m 
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? Yes No No 

Eating table  Not available   Washing machine  Available  
Writing table  Not available   Drying clothes Available   
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Kitchen  9798-01 

m2 Layout 1 

 

(TTL) 
7.91m   Length of the Shortest

NL1 (the distance between cooker and refrige
 that between sink and refrigerato

27.71m rator 
r).is shorter than

NL  (the dist2
is longer than that betwee

ra
erato

To living room  OK 
m 

Entrance  

To balcony / 
Is working triangle interrupted by any other route?  No 

Minimum radius (152cm) um radius (180cm) OptimIs there enough space for circle 
turning  

Yes  No 

Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  3.94m 
Sink  Cooker 

Area 12.6 

 

Triangle Total Length  
Leg (LSL) 

1.85m 

Noodle making route 
length 

ance between cooker and refrige tor 
n sink and refrig r) 

 24.01m 

To bathroo OK  

Minimum (152×152) Optimum (152×183)  

Refrigerator  Dose the wheelchair user block 
the door or way when using the 

 or cooker, or refrigerator? No No Yes sink

Eating table  Not available   Washing machine  Available  
Writing table  Not available   Drying clothes Available   
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Kitchen  7980-02 
Area 12.67 m2 Layout 1 

 cooker and refrigerator
n sink and re

19.57mNoodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

18.37m 

To living room  OK 
To bathroom OK
To balcony / 
pted by any ot s 

Minimum radius (152cm) Optim m radius (180cm) ucircle 
turning  

Yes  Yes 

Minimum (152×152) um (152×183)  OptimIs there enough space for “T” 
turning  Yes  Yes 

Whole frontage length   2.40m
Sink  Cooke Refrigerator  r 

the door or way when us
sink or cooker, or refrigerator? No No No 

Eating table  Not available   ing machine  ilable  Wash Ava
Writing table  Not available    clothes le   Drying Availab
 
  

 

 
Triangle Total Length 
(TTL) 

5.21m Length of the Shortest 
Leg (LSL) 

1.59m 

NL1 (the distance between  
is shorter than that betwee frigerator).

 

  
Entrance  

Is working triangle interru her route?  Ye
Is there enough space for 

Dose the wheelchair user block 
ing the 
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Kitchen  7980-02 
Area 12.67 m2 Layout 2 

NL1 (the
is shorter th

 distance between  
an that betwee

   cooker and refrigerator
n sink and refrigerator).

20.04mNoodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

17.40m  

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
pted by any ot s 

Minimum radius (152cm) Optim m radius (180cm) ucircle 
turning  

Yes  Yes 

Minimum (152×152) O um (152×183)  ptimIs there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  2.86m 
r Dose the wheelchair user block 

ing the the door or way when us
sink or cooker, or refrigerator? No No No 

Eating table  Not available   ing machine  le  Wash Availab
Writing table  Not available   g clothes able   Dryin Avail
  
 

 

 
Triangle Total Length 
(TTL) 

5.47m   Length of the Shortest 
Leg (LSL) 

1.29m 

Is working triangle interru her route?  Ye
Is there enough space for 

Sink  Cooke Refrigerator  
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Kitchen  8586-01 
Area 12.7m2 Layout 1 

NL1 (the
is shorter th

 distance between  
an that betwee

   cooker and refrigerator
n sink and refrigerator).

17.94mNoodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

16.95m  

To living room  OK 
To bathroom OK
To balcony / 
pted by any ot s 

u
turning  

Yes  No 

Minimum (152×152) um (152×183)  OptimIs there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  2.75m 
Sink  Cooke Refrigerator  r 

the door or way when us
sink or cooker, or refrigerator? No Yes No 

Eating table  Not available   ing machine  ilable  Wash Ava
Writing table  Not available   g clothes ilable   Dryin Ava
   

 

 
Triangle Total Length 
(TTL) 

5.51m Length of the Shortest 
Leg (LSL) 

1.69m 

  
Entrance  

Is working triangle interru her route?  Ye
Minimum radius (152cm) Optim m radius (180cm) Is there enough space for circle 

Dose the wheelchair user block 
ing the 

 
 

 113



 
Kitchen  8384-02 
Area 12.9m2 Layout 1 

is shorter n sink and refrigerator).length 
NL  (the  cooker and refrigerator
is longer than that between sink and refrigerator) 
To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
Is working triangle interru ute?  Nopted by any other ro  

Minimum radius (152cm) Optim adius (180cm) um rcircle 

Yes  o 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  2.74m 
Sink  Cooke frigerator  r ReDose the wheelchair user block 

the door or way when using the 
rator? Yes No sink or cooker, or refrige Yes 

Eating table  Not available    machine  Washing Available  
Writing table  Not available    clothes le   Drying Availab
   
 
 

 

 
Triangle Total Length 
(TTL) 

6.79m Length of the Shortest 
Leg (LSL) 

1.57m 

NL1 (the distance between cooker and refrigerator 
 than that betwee

21.94 Noodle making route 

2  distance between  17.40   

Is there enough space for 
turning  

N
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Kitchen  8485-02 
Area 12.91m2 Layout 1 

(TTL) Leg (LSL) 
 

 cooker and 
is shorter than that between sink and refrigerator).

Noodle making route 

/   
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 
To living room  OK 
To bathroom OK  
To balcony / 
pted by any o  

Minimum radius (152cm) O m radius (180cm) ptimuIs there enough space for circle 
turning  

turning  Yes  Yes 

Sink  Cooker Refrigerator  Dose the wheelchair user block 

No Yes No 
the door or way when using the 
sink or cooker, or refrigerator? 
Eating table  Not available   hing machine  ilable  Was Ava
Writing table  e   Drying clothes Not availabl Available   
  

 

 
Triangle Total Length 5.86m Length of the Shortest 1.37m

NL1 (the distance between refrigerator 20.40m 

Entrance  

Is working triangle interru ther route?  No

Yes  Yes 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 

Whole frontage length  1.75m 
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Kitchen  8485-02 
Area 12.91m2

 

(TTL) 
4.87m Length of the Shortest

NL1 (the dista
is shorter than

nce between cooker and refrige
 that between sink and refriger

15.90m  rator 
ator).

NL2 (the dist ra

To living OK room  
m 

Entrance  

To balcony / 
Is working triangle interrupted by any other route?  Yes 

Minimum radius (152cm) Optimum radius (180cm) Is there enough space for circle 

Yes  Yes 
turning  

Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  1.65m 
Sink  Cooker Refrigerator  Dose the wheel

Layout 2 

 

Triangle Total Length  
Leg (LSL) 

1.22m 

Noodle making route 
length 

ance between cooker and refrige tor 
is longer than that between sink and refrigerator) 

12.52m  

To bathroo OK  

Minimum (152×152) Optimum (152×183)  

chair user block 
e door or way when using the 

sink or cooker, or refrigerator? No No No 
th

Eating table  Not available   Washing machine  Available  
Writing table  Not available   Drying clothes Available   
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Kitchen  8182-07 
Area 1 13.05m2 Layout 

14.33m

Entrance  

To balcony / 
Is working triangle interrupted by any other route?  No 

Minimum radius (152cm) Optim adius (180cm) um rcircle 

Y

Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

3.46m 
Sink  Cooke frigerator  r Re

No No 

Eating table  Available Washing machine  Available  
Writing table  Available Drying clothes Available   
  
 

 

 
Triangle Total Length 
(TTL) 

4.64m Length of the Shortest 
Leg (LSL) 

1.14m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

15.17m Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

 

To living room  OK 
To bathroom OK  

Is there enough space for 
turning  

es  No 

Minimum (152×152) 

Whole frontage length  
Dose the wheelchair user block 
the door or way when using the 
sink or cooker, or refrigerator? No 
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Kitchen  8182-07 
Area 13.05m2 Layout 2 

is shorter n sink and refrigerator).
14

NL  (the  cooker and refrigerator
is longer than that between sink and refrigerator) 

15.26m

To living room  OK 
To bathroom OK  
To balcony / 

Is working triangle interru ute?  Nopted by any other ro  
Minimcircle 

o 

Minimum (152×152) Optimum (152×183)  
Yes  Yes 

Whole frontage length  3.48m 
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No No No 

Eating table  Available   Washing machine  Available  
Writing table  Available   Drying clothes ilable   Ava
  
 
 

 

 
Triangle Total Length 
(TTL) 

4.74m Length of the Shortest 
Leg (LSL) 

1.40m 

NL1 (the distance between cooker and refrigerator 
 than that betwee

.68m  Noodle making route 
length 

2 distance between    

Entrance  

um radius (152cm) Optimum radius (180cm) Is there enough space for 
turning  

Yes  N

Is there enough space for “T” 
turning  
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Kitchen  8485-05 
Area 13.12m2 Layout 1 

Triangle Total Length 
(TTL) 

6.59m Length of the Shortest 
Leg (LSL) 

1.58m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

21.95m  Noodle making route 
length 

etween sink and refrigera
17.17 NL2 (the distance

is longer than that b
 between cooker and refrigerator 

tor) 
To living room  OK 
To bathroom O
To balcony / 

Is working triangle interrupted by any other route?  No 
Minimum radius (152cm) um radius (180cm) OptimIs there enough space for circle 

turning  
Yes  Yes 

Minimum (152×152) um (152×183)  OptimIs there enough space for “T” 

Yes turning  Yes  

Whole frontage length  3.44m 
Sink  Cooker gerator  RefriDose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No Yes No 

g table  Available   Washing machine  Available  

 

 

K  
Entrance  

Eatin
Writing table  Available   Drying clothes Available   
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Kitch

Triangle Total Length 
(TTL) 

5.33m   Length of the Shortest 
Leg (LSL) 

1.78m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

17.82m 

NL2 (the distance rator 
is longer than t tor) 
To living room  OK 
To bathroom O
To ba y / 

Is working triangle interrupted by any r route?   othe Yes 
Minimum radius (152cm) um radius (180cm) Optim

turning  
Yes  Yes 

Minimum (
turning  Yes  Y

Whole frontage length  4.04m 
Sink  ker igerator  Coo RefrDose the wheelchair user block 

the door or way when using the 
r refrigerator? sink or cooker, o No Yes Yes 

en  7980-08 
Area 13.24m2 Layout 1 

 

 

Noodle making route 
length 

 between cooker and refrige
hat between sink and refrigera

/ 

K  
Entrance  

lcon

Is there enough space for circle 

152×152) Optimum (152×183)  Is there enough space for “T” 

es 

Eating table  Available   Washing machine  Available  
Writing table  Available   Drying clothes Available   
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Kitch

Triangle Total Length 
(TTL) 

5.87m   Length of the Shortest 
Leg (LSL) 

1.55m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

19.16m  

NL2 (the distance rator 
is longer than t tor) 

O
To bathroom O
To balcony / 

Is working triangle interrupted by any other route?  Yes 
Minimum radius (152cm) um radius (180cm) Optim

turning  
Yes  Yes 

Minimum (152×152) um (152×183)  Optim
turning  Yes  Y

Whole frontage length  2.53m  
Sink  ker igerator  Coo RefrDose the wheelchair user block 

the door or wa
sink or cooker

y when using the 
 or refrigerator? , Yes Yes No 

en  7980-08 
Area 13.24m2 Layout 2 

 

 

Noodle making route 
length 

 between cooker and refrige
hat between sink and refrigera

18.13m  

To living room  K 
K  

Entrance  

Is there enough space for circle 

Is there enough space for “T” 

es 

Eating table  Available   Washing machine  Available  
Writing table  Available   Drying clothes Available   
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Kitchen  8182-10 
Area 13.49m2 Layout 1 

Triangle Total Length 5.98m   e Shortest 1.59m 
(TTL) 

Length of th
Leg (LSL) 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

20.17m Noodle making route 
length 

r 
is longer than that between sink and refrigera

18.67m NL2 (the distance between cooker and refrigerato
tor) 

To living room  OK 
To bathroom
To balcony / 

Is working triangle interrupted by any other route?  No 
Is there enough space for circle 
turning  

Yes  Yes 

Minimum (152×152) um (152×183)  OptimIs there enough space for “T” 
turning  Yes Yes  

Whole frontage length  2.91m
Dose the wheelchair user block 
the door or way when using the 
sink or cooker, or refrigerator? Yes No No 

Eating table  Available   Washing machine  Available  

 

 

 OK  
Entrance  

Minimum radius (152cm) Optimum radius (180cm) 

  
Sink  Cooker Refrigerator  

Writing table  Available   Drying clothes Available   
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Kitchen  7980-03 
Area 14.06m2 Layout 1 

Triangle Total Length 
(TTL) 

6.59m    Length of the Shortest 
Leg (LSL) 

1.58m 

is shorter than that between sink and refrigerator).
21.95m Noodle making route 

length 
NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

19.62m 

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
Is working triangle interrupted by any other route?  No 

Minimum radius (152cm) Optimum radius (180cm) Is there enough space for circle 
turning  

Yes  Yes 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  2.95m  
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No No No 

Eating table  Available   Washing machine  Available  
Writing table  Available   Drying clothes Available   

 

 

NL1 (the distance between cooker and refrigerator 
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Kitchen  8182-11 
Area 14.16m2 Layout 1 

n
is longer th nk and refrigerator) 

4

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
pted by any other route?  No 

Minimum radius (152cm) Optimumcircle 
turning  

Yes

Minimum (152×152) Optim m (152×183)  u“T” 
turning  Yes  Yes 

Whole frontage length  3.43m  
Sink  Cooke Refrigerator  r 

the door or way when using th
sink or cooker, or refrigerator? No No

Availa ng mach
Writing table  Available   Drying clothes Available   
  
 
 
 
 

 

 
Triangle Total Length 
(TTL) 

5.45m    Length of the Shortest 
Leg (LSL) 

1.17m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

16.63m  Noodle making route 
length 

NL2 (the distance betwee  cooker and refrigerator 
an that between si

1 .97m  

Is working triangle interru
 radius (180cm) Is there enough space for 

  Yes 

Is there enough space for 

Dose the wheelchair user block 
e 
 No  

Eating table  ble   Washi ine  Available  
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Kitchen  8788-01 
Area 14.36m2 Layout 1 

Triangle Total Length 
(TTL) 

7.11m    Length of the Shortest 
Leg (LSL) 

1.74m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

23.80m  

NL2 (the distance rator 
is longer than t tor) 
To living room  K O
To bathroom 
To ba y / 

Is working triangle interrupted by any r route?   othe Yes 
Minimum radius (152cm) um radius (180cm) Optim

turning  
Yes  Yes 

Minimum (
turning  Yes  Y

Whole frontage length  3.09  
Sink  ker igerator  Coo RefrDose the wheelchair user block 

the door or way when using the 
r refrigerator? sink or cooker, o Yes No No 

  

 

Noodle making route 
length 

 between cooker and refrige
hat between sink and refrigera

22.16m  

OK  
Entrance  

lcon

Is there enough space for circle 

152×152) Optimum (152×183)  Is there enough space for “T” 

es 

Eating table  Not available   Washing machine  Available  
Writing table  Not available   Drying clothes Available   
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Kitchen  8788-01 
Area 14.36m2 Layout 2 

 

 
Triang
(TTL) Leg (LSL) 

le Total Length 6.22m    Length of the Shortest 1.80m 

NL1 (the distance between cooker and refrigerator 
is shorter than th

21.96m   e making route 
at between sink and refrigerator).

Noodl
length 

een si
NL2 (the distance between cooker and refrigerator 
is longer than that betw nk and refrigerator) 

21.48m 

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
Is working triangle interrupted by any other route?  Yes 

Minimum radius (152cm) Optimum radius (180cm) Is there enough space for circle 
turning  

Yes  Yes 

Minimum (152×152) Optimum (152×183)  e enough space for “T” Is ther
turning  Yes Yes  

Whole frontage length  4.19m  
Sink  Cooker Refrigerator  Dose the wheelchair user block 

ay when using the 
sink o o
the door or w

r co ker, or refrigerator? No Yes No 

Eating l tab e  Not available   Washing machine  Available  
g ta le  Not available   Drying clothes Available   Writin b
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Kitchen  7980-04 
Area 14.4m2 Layout 1 

 

 
otal Length 6.59m      Length of the Shortest 

Leg (LSL) 
1.58m 

Nking route 

Triangle T
(TTL) 

L1 (the distance between cooker and refrigerator 21.84m   
is shorter than that between sink and refrigerator).
NL2 (the distance between cooker and refrigerator 
is longer than that between si

17.22m  

Noodle ma
length 

nk and refrigerator) 
To living room  OK Entrance  
To bathroom OK  
To balcony / 

Is working triangle interrupted by any other route?  No 
Minimum radius (152cm) Optimum radius (18e enough space for circle 0cm) Is ther

turning  
Yes  Yes 

Minimum (152×152) e enough space for “T” Optimum (152×183)  Is ther
turnin Yes g  Yes  

Whole frontage length  3.24m   
Sink  Cooker Refrigerator  he wheelchair user block Dose t

the do
sink or coo

or or way when using the 
ker, or refrigerator? Yes No Yes 

Eating l tab e  Available  Washing machine  Available  
le  AvailWriting tab able  Drying clothes Available   
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Kitchen  7980-07 
2Area 14.71m Layout 1 

 

 

Triangle Total Length 
(TTL) 

6.04m    Length of the Shortest 
Leg (LSL) 

1.41m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

18.97m   Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

17.15m  

To living room  OK 
To bathroom OK  

Entrance  

To balcony OK 
Is working triangle interrupted by any other route?  No 

Minimum radius (152cm) Optimum radius (180cm) Is there enough space for circle 
turning  

Yes  Yes 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  2.64m   
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No No No 

Eating table  Available  Washing machine  Available  
Writing table  Available  Drying clothes Available   
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Kitchen  8788-04 
2Area 14.86m Layout 1 

 

 
Triangle Total Length 
(TTL) 

5.70m    Length of the Shortest 
Leg (LSL) 

1.66m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

20.69m  Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

19.35m   

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
Is working triangle interrupted by any other route?  Yes 

Minimum radius (152cm) Optimum radius (180cm) Is there enough space for circle 
turning  

Yes  Yes 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  3.19m   
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? No No No 

Eating table  Available  Washing machine  Available  
Writing table  Available  Drying clothes Available   
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Kitchen  8788-04 
Area 14.86m2 Layout 2 

 

 
Triangle Total Length 
(TTL) 

5.45m    Length of the Shortest 
Leg (LSL) 

1.37m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

18.21m  Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

16.55m   

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
Is working triangle interrupted by any other route?  Yes 

Minimum radius (152cm) Optimum radius (180cm) Is there enough space for circle 
turning  

Yes  Yes 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  3.20m   
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? Yes No No 

Eating table  Available  Washing machine  Available  
Writing table  Available  Drying clothes Available   
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Kitchen  8384-04 
Area 14.95m2 Layout 1 

 

 
Triangle Total Length 
(TTL) 

6.50m    Length of the Shortest 
Leg (LSL) 

1.50m 

NL1 (the distance between cooker and refrigerator 
is shorter than that between sink and refrigerator).

21.96 m  Noodle making route 
length 

NL2 (the distance between cooker and refrigerator 
is longer than that between sink and refrigerator) 

21.14 m  

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
Is working triangle interrupted by any other route?  Yes 

Minimum radius (152cm) Optimum radius (180cm) Is there enough space for circle 
turning  

Yes  Yes 

Minimum (152×152) Optimum (152×183)  Is there enough space for “T” 
turning  Yes  Yes 

Whole frontage length  3.04m   
Sink  Cooker Refrigerator  Dose the wheelchair user block 

the door or way when using the 
sink or cooker, or refrigerator? Yes No No 

Eating table  Available  Washing machine  Available  
Writing table  Available  Drying clothes Available   
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Kitchen  8687-02 
Area 14 2 ayout 1.97m L

 
6.91 m gth

Leg (LSL
orte

L1 (t ce bet
 that be

een cooker a
k a

NL2 (t
is long

ce betw
hat betw

een cooker an
een sink and rator) 

To living room  OK 
To bathroom   OK
To / 

errupte e?  
us (152cm) imum

imum (152×152) O imumor “T” 

   
  

ilable  

 

×183

achine  

 

 

Triangle Total Length 
(TTL) 

Len  of the Sh st 
) 

 1.87m

N he distan w nd refrigerator 
is shorter than tween sin nd refrigerator).

23.34 m  Noodle making route 
length 

he distan d refrigerator 
er than t refrige

22.99 m  

Entrance  

 balcony 
Is working triangle int d by any other rout Yes 

Minimum radi Opt  radius (180cm) Is there enough space for circle 
turning  

Yes  Yes 

Min pt  (152 )  Is there enough s ace f
turning  Yes  Yes 

p

ge le
eelchai
ay w
r, or

Whole ta ngth  4.50mfron
he wh
r or 
 cook

 table  

Sink Cooker Refrigerator  Dose t r user block 
the doo w hen using the 
sink or e  refrigerator? No No No 

Eating Ava Washing m Available  
Writing table  Available  Drying clothes Available   
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Kitchen  8687-02 
Area 14.97m2 Layout

le To
) Leg (LSL

cookedle m
h 

e 

inte

152re e
ing  

ole f onta    
Dose
the doo
sink

 the wheelchai
r or way w

 or cooker, or re

Eating table  le  
Writing table  le  
 

 2 

 

 
Triang tal Length 
(TTL

6.04 m Length of est 1.55 the Short
) 

r and refrige
 refrigerato

 

um )  

Refrige

No 

Available  
Availa

 m 

0 mNL1 (the distance between rator 
is shorter than that between sink and r).

20.3   Noo aking rout
lengt

NL2 (the distance between cooker an gerator 
is longer than that between sink and 

18.34 m  d refri
refrigerator) 

No

To living room  OK 
To bathroom OK  

Entrance  

To balcony / 
Is wo ng triangle rrupted by any other route?   rki

Minimum radius (152cm Optimum radius (180cm) )

Ye

ptim
Yes 

Is there enough space for circle 
turning  

Yes  s

Minimum (152× ) O (152×183Is the nough spa  
turn Yes  

ce for “T”

h Wh r ge lengt  4.09m
Sink  rator  Cooker 

Washing machine  
Drying clothes

r user blo k 
en using the 
frigerato ? 

Av
Av

c
h

r No No 

ailab
ailab  ble   
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APPENDIX 28. TEST SCENARI

There were four test scenarios in each kitchen mock  la ts e four 
scenarios were tested and the subject porting questions.  
 
Scenario 1

OS  

-up. For each kitchen you , th
s were asked sup

 
The subjects start fro or of om, take an object from
at sink, cut it on t u  put on the c o tch. 
Observations:  

a) How do the r? During the approach, does any lem 
occur? How do they react to the problem? 

b) Let the subjects try other  methods. Do the same observations stated in 
item “a)

c) How do the he fo ink? sh it 
along the cou rtop?)  

d) How do they m untertop? How d ove from p to 
cooker? Whe y p and pans?  

e) Do they use the pullout countertop? 
f) Can they

 
Questions: 

a) Which approaching metho you? Why
b) Do you carry  on your ey are big an oderate heavy?  
c) Under t c ons do y item  
d) Is it good to use a trolley e food along the counter? Wh r 

not? 
e) How do you l when u h nk? (Ch s: v derate, 

easy, very easy
f) How do you rtop? (Choices: very bad, bad, m  

good, ver  g
g) How do u hoices: very y 

good) 
h) How do u bout t e ve :

moderate, good, very goo
i) Do you think the  (Choices: very inadequate, inadequate, just 

adequate, adequate, very
 
Scenario 2

m
he co

 the do
ntertop,

the li
 it in

ving ro
 a pot 

 the refrigerator, wash it 
ooker, reach the ventilati n hood swi

y approach th

in.  
 carry t

e refrigerato

app

od 

 prob

or pu

roaching

to the s
” aga

y (Do they put the food on leg 
nte
 move fro
re do the

 sink to co
ut ut

o they m  counterto
ensils 

 reach the ventilation hood?  

d is easier to the refrigerator for 
 legs when th

 you not carr
 or to push th

?  

y is it good o

 items
onditi

d m
s on your legs?wha

fee
) 

feel about t
ood) 
feel about the cooker? (C

feel a

sing t

he pullout counte

he heig

e si

ht of th

oice ery difficult, difficult, m

bad, bad, moderate, good, ver

ntilation hood? (Choices

o

oderate,

 bad, bad, 

y
yo

yo  very
d) 

 adequate) 
 space is adequate?

 
The subjects put t o cou he m n en take lace 
it on the countertop. 
Observations:  

a) How do they approach the ave oven  while it is being 
used? 

b) Let the subjects try other thods. Do the same observations stated in
m “a)

c)  tro d r
d)  get put the bowl on? 

a) ou? Why?
 which appliance do icrowave? 

ut of the m

d) How do you feel about the door of the microwave oven? (Choices: very bad, bad, 
moderate, good, very good) 

he b wl from ntertop into t icrowave ove , th

? Is there any problem

it out and p

m

approaching 

icrow

me

uring the procedu
ut, which countertop do t

od to the microwave oven is easier for y
you often get the food t
put the bowl on after 

 

  

icrowave oven? 

ite
Does any
After they

Which approaching m
From
Which count
Why

” again. 
uble occur 
 the bowl o

eth

ertop do you 

e?  
hey 

o the m
you get it o

 
Questions: 

b) 
c) 

? 
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 bad, bad, 

 
Scenario 3

e) How do y
good

ou feel about the pull-out countertop? (Choices: very
 good) 

moderate, 
, very

 

a) How do the

The subjects take one object from the w  the base cabinet an e
rotating cabinet. 
Observations: 

 Is there any problem? 
Let t u  try other ap ching methods. Do the same observations stated in

m “a)
 users to pick objects from these cabinets?

 W n they open the doors or dr
ms? 

 
Questions: 

e  y  
 for you to pick items from the drawers?

difficult, moder , very easy) 
 do ou comment on the knee space beside? 

near the refrige  for you to pick items fro
d lt, oderate, easy, very easy) 

 the ating cabinet? (Choices: very bad, bad, m , 

 i ms from the drawer  (Choices: 
oderate, easy  easy) 

hoices: very bad, bad, m

Do you want your kitchen? Why? 
r) is it easy for you to pick items fro

oderate, easy, very
inim m small kitchens because this cabinet was 

orage ate hoices: very inadequate, eq
adeq e, very ade te)  

 
Scenario 4 

all cabin

cabinets?

et; one from d one from th  

 
y approach the 

b) 
ite

c) Is it easy
d) How do the

problem

he s
” aga
 for the wheelchair

 occu

bjects
in. 

y approach the 
r? What are their reactions

proa

cabinets?
 

awers, does he
 to the proble

any 

a) Which m
b) (For the cabinet near the cooker) is it easy

(Choices: ver
c) (For the cabinet near the cooker) how
d) (For the rotating cabinet 

the 

thod is easier for

y difficult, 

rs? (Choices: ver

ou in approaching the cabinets?

y difficu

 

m 

ate, easy
y
rator) is it easy

difficult, mrawe
e) How do 

good
f) (For the wall

very 
g) How do you 

very 

you feel about
, very g

difficult, difficult, m

 

 rot

t easy for y

cabinet? (C

oderate

ood, 

ood) 
 cabinet) is

feel about the wall 

ou to pick ite
, very

s?

oderate, g
good)

 (Choices: very difficult, difficult, m
 unsuitable for 

ou thin

h) 
i) (For the cabinet right to the refrigerato

drawers?
question is
not included). 

j) Do y

the wall cabinet installed in 

k the

m the 
y) (This 

uate, just 

 eas

inad

the two m

 is adequ

u

? (C st
uate, adequat qua

 

vation

The subjects open the d achine, put clothes into the door. T  
of the washing m  on a g pole. 
Obser s: 

a) How do the washing machine? Is there any problem? 
b) Let t y other approaching methods. Do the same observations stated in 

item “a)
c) Does any  occur? What is their reaction? 
d) Is the washing m  

 

hine? Why? 

es ry
d

g que ). 

oor of the washing m ake clothes out
achine and hang it  clothes-dryin

y approach the 
bjects tr

in. 
m
a

he su
” aga

 proble
chine ea

ethod is easier for
 do you feel about the location of

oderate, good, very
feel about the height of the

y goo
ou prefer the pole to be when

ng clothes was expla

sy for them to use?

Questions: 
a) Which m
b) How

bad, m
c) How do you 

moderate, good, ver
d) Where do y

hangi

 you while approaching the washing mac

 good) 

) 

ined to the s

 the washing machine? (Choices: very 

 washing machine? (Choic

 hanging clothes? (The special device for 
ubjects before as

bad, 

 bad, bad, 

 

: ve

ionkin this st
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APP NDIX RVATIONS AND QUESTIONS IN TESTING KITCHEN 

O1M1 

 
Observations: 

y approach th m 
y react 

b) o they approach th  problem while they are 
 

y use the washi
 
Questions: 

 approach the refrigerato n space is prov eside it? 
W

b) icrowave oven easier to use he ts original place? Why
c) shing machine ea  
d) you feel that the parts when the washing 

moderate, good, ver
e) ou feel about the provision gerator to reduce 

ge room? Why? t

f) present storage is ade te? (Choices: very inadequate, inadequate, 

 of . Ho ou feel about the smaller 
 (Choices: worse, the sa better)  

 

E  29. OBSE

a) How do the
occur? How do the

e refrigerator? During the approach, does any
to the problem? 

 proble

How d
using it?
How do the

Is it easier to

e microwave oven? Is there any

ng machine? 

r when

c) 

a)  the k ee ided b

? 

y good) 

ceptable, 

hy? 
Is the m
Is the wa
How do 
machine is raised up? Why? (Choices: very
How do y
the stora

re than 
sier to use when it is raised up?
countertop be separated into two 

 bad, bad, 
of knee space b

(Choices: Very un

in i

accep
eside the refri

able, unacceptable, ac
very acceptable) 
Do you think the 
just adequate, adequate, very adequate) 
The present sink is 10cm smaller
sink? Why?

qua

 than that
me, 

g) O1 w do y
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 APPE RVATIONS AND Q N IT EN 

O1M2 

Observations:  
y approach th  proble

y react to the problem
y approach th  there  problem le 

ing it? 
y use the washi
y use the rota

 
Questions: 

yo feel about d 
ca  W

b) rator? 
c) re than in its original place? Why? 

 
 the washing machine? (Choices: very 

eas ? (Ch s: very difficult, difficult, 
very easy

g)  inadequate, inadequate, 

 

 

NDIX 30. OBSE UESTIONS IN TESTI G K CH

a) 

b) 

How do the
occ
How

e refrigerato

e microwa

r? During the approach, does any
? 

ve oven? Is

m 

they are 
ur? How do the

 do the  any whi
us
How do the
How do the

How do 

c) 
d) 

a) 

ng machine?
ting cabinet at 

the present 

 
the corner? 

location of the refrigerator comu 
tion in Kitchen O1?

approach the 
microwave oven easier to use he

achine ea
you feel about the location of

, moderate, good, ver
e rotating cabinet at 

pare with the 
lo
Is it easier to 
Is the 
Is the washing m
How do 
bad
Is th

hy? 
refrige

sier to use when it is raised up?

y good) 
the corner 

d) 
e) 

f) 

bad, 

y to access

quate? (Choices: very

oice
moder
Do 
just adequate, adequate, very adequate) 

ate, easy, 
you think the present storage is ade

) 
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ENDIX 31. OBSERVATIONS AND QU O IN TESTING KITCHEN 

a) How do they approach the refrigerator? During the approach, does any problem 
occur? How do they react to the problem? 

b) How do they approach the microwave ove  problem while they are 
using it? 

c) How do they use the washing machine? 

a) Is it easier to approach the refrigerator when the knee space is provided beside it? 
Why? 

b) Is microwave oven easier to use? W
c) Is the washing machine easier to use when it is put at the corner?
d) Is the present storage adequate? (Choi

adequate, adequate, very adequate) 

 

APP

M1M1 

 
Observations: 

ESTI NS 

n? Is there any

 
Questions: 

the hy? 

ces: very inadequate, inadequate, just 
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APP  32. OBSERVATIONS AND QUESTIONS IN TESTING KITCHE

M2M1 

 
Observations: 

e refrigerator? During the approach, does any
? How  they react to the problem? 

b) How do they approach the microwave ove
using it? 

c) How do the ng machine? 
 
Questions: 

Is it easier to r wh sid
Why? 

b) Is the microwave oven easier to use? Why? 
c) Is the washing machine easier to use when it is put at  

Is the prese  (Choices: very inadequate, inadequate, just 
adequate, adequate, very adequate) 

 

ENDIX N 

a) How do the
occur

y approach th
 do

 problem 

n? Is there any

en the

 problem while they are 

ce is provided

y use the washi

 approach the refrigeratoa)  knee spa  be e it? 

the corner?
d) nt storage adequate?



 
APPENDIX 33. TEST RESULTS OF THE MOCK-UP KITCHENS 

Kitchen O1 

Kithcen O1, scenario 1.

 

 
Questions 

(
b
paraplegia, strong, 
ig size) 

(
st

2. Ms. Chun 
paraplegia, 
rong, big size)  

3. Mr. Foo 
(paraplegia, 

4.
(p

strong, small 
size) 

st
si

 Ms. Ng 
araplegia, 

5
(

rong, small 
ze) 

b

. Mr. Low 
meningitis, weak,  
ig size)  

6. Ms. Bao Lin 
(epilepsy, weak, 
big size)  

7. Mr. Wee 8
(cerebral palsy, 
weak,  small 
size) 

(
s

. Ms. Jennies 9
epilepsy, Weak, 
mall size) 

(h
p

. Mr. Salaam 
emiplegia, 

refer to use right 
hand) 

10. Ms. Sabiah 11
(rheumatoid 
arthritic, prefer to 
use right hand; 

(m
to

. Mr. Yow  
eningitis, prefer 

 use left hand)  
(
12. Ms. Edel  
rheumatoid 

arthritic, prefer to 
use left hand

Which approaching 
method to the 
refrigerator is easier 
for the subject? Why?   

F
r

ront approach, 
efrigerator on his 
ront-right. 
ecause it is easy 

o collide with the 
abinet with 
ackward 
pproach.  

F
r

B

a
a

f
B
t
c
b
a

f

s
how to 

 the
wheelchair. 

e

with 

pproach; she 
must adjust her 
wheelchair more 
times.  

f
B

the
refrigerator, and 
know how to 
adjust the
wheelchair.  

 
 collide with 

the cabinet with 
backward 

proach. 

F

h
r

F
e
r

B

e

w

ront approach, 
efrigerator on her 
ront-right.  
ecause she can 

ee the refrigerator 
nd know 
djust  

Front approach, 
refrigerator on 
the front-right of 
him. 

Fr
r
h
is
c
c
ba
a

ont approach, 
frigerator on 

er front-right; it 
 easy for her to 
ollide with the 
abinet 

ckward 

re

s

Front approach, 
frigerator on his 

ront-right.  
ecause he can 

ee  

 

Front approach, 
refrigerator on her 
front-right. 
Because it is easy 
to collide with the 
cabinet with
backward 
approach. 

Becau
to

ap

Front approach, 
refrigerator on 
his front-right. 

se it is easy 

r
ront approach, 
efrigerator on 
er front-right. 

F

fr

ront approach, 
efrigerator on his 
ont-right. 

Front approach, 
refrigerator on 
her front-right.  
 

r
f

s
r
kn
a

ront approach, 
frigerator in the 
ont of him.  
ecause he can 

ee the
frigerator, and 
ow how to 

djust the
heelchair. 

a

b

 

 

Backward 
pproach,  

Refrigerator on 
her front-left. 
This approach 
allows her to use 
her left hand 

etter. 

sink? 

On legs 

drags it; moves 
backward. 

Does the subject still 
carry items on his/her 
legs when the items 
are big and moderate 
heavy? 

No  Yes  No Y

because she uses 
legs to push 
wheelchair. 

heavy, she pushes 
or drags them 
along the 
countertop. 

es  Yes Yes  Yes  Yes  Yes  No, she seldom 
puts items on legs 

Yes  No, when the 
items are big and 

conditions does the 
subject not carry 
items on his/her legs? 

and heavy items.  and heavy items.  hot or too cold 
items. When 
carrying

water.  water. water. water; because it 
is easy to spill 
water on h

meat or water.  eat or water.  items on her legs. meat or water.  water and heavy 
items.  

Will the subject use 
trolley to carry the 
food?  

No, because it is 
d sh the 

hile 
pushing the 
wheelchair.  

No, because it is 
t cult to do 
so.

No, because it is 
lt to push 
ley while 

pushing the 
wheelchair 

No, because it is 
too difficult to 

No, because it is 
d push 

ile  
pushing the 
wheelchair 

No, because it is 
to do 

No, because the 
e too 

No, because it is 
t icult to do 

No, because it is 
t cult to do 
so.

No, because the 
will block 

erator’s 
door. 

No, because the 
tr lock 

ator’s 
door. 

No, because it is 
push 

y while 
pushing the 
wheelchair.  

ifficult to pu
trolley w

oo diffi
 

difficu
the trol do so. 

ifficult to 
the trolley wh

too difficult 
so.  

place will b
congested.  

oo diff
so. 

oo diffi
 

trolley 
the refrig

olley will b
the refriger

difficult to 
the trolle

(Choices: very
difficult, difficult, 
moderate, easy, very 
easy) 

 

How does the subject 
feel about the pullout 
counte

G

rtop? (Choices: 
very bad, bad, 

Good  G
countertop at this 
height is more 
comfortable for 

The pull-out 
countertop is 
unnecessary 

e it is too 
low for her.  

V

moderate, good, very 
good) 

ood  Very good ood  Good  Good  Very good, 

him. 

Good  Good  Moderate. 

becaus

ery good  Very good  

 

1. Mr. Yusoff 

she can use feet 
to push 
wheelchair) 

; she 
can use feet to 
push wheelchair) 

How does the subject 
carry the object to the 

Pushes the bowl on 
the countertop 

On legs  On legs On legs On legs On legs On legs  On legs  Puts the bowl on 
countertop and 

On legs  On legs 

Under what When carrying hot When carrying hot When carrying 

 brittle 
items.  

When carrying When carrying When carrying When carrying 

is legs, 
especially when 
the water is hot.  

Carrying frozen Carrying frozen 
m

She never carries Carrying frozen When carrying 

How does the subject 
feel about the sink? 

Easy  Easy  Easy  Easy  Easy  Easy  Moderate  Easy  Easy  Easy  Easy Easy  
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How does the subject 
feel about the cooker? 
(Choices: very bad, 
bad, moderate, good, 
very good) 

Good  Good  Good  Good  Very good Good  Good  Good  Good  Good Very good  Good  

How does the subject 
feel about the height 
of the ventilation 
hood? (Choices: very 
bad, bad, moderate, 
good, very good) 

V G G V be 
e 

switches are on 
the countertop)  

G G Very good  ood  Very good  ood  ery good Very good  Good (it will 
very good if th

ood  ood  Very good ery good Very good 

Does the subject think 
the space is adequate? 
(Choices: very 
nadequate, 

inadequate, just 
adequate, adequate, 

Adequate  Adequate  Adequate  Adequate  Adequate  Adequate  Adequate  Adequate  Adequate  Adequate  Adequate  Adequate  

i

very adequate) 
 

Kitchen O1, Scenario 2. 

 
Questions 1. Mr. Yusoff  2. Ms. Chun 3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao 

Lin 
7. Mr. Wee 8. Ms. Jennies 9. Mr. Salaam 10.Ms. Sabiah 11. Mr. Yow 12. Ms. Edel 

Which approaching 
method to the 
microwave oven is 
easier for the subject? 

approach, the 
microwave oven on 
his right side. 

 him to 
the oven.  

, the 
microwave oven 
on her right side.  

, th
microwave oven 
on his right side. 

, the 
microwave 
oven on her 

 

 
either side.
Because he can use 
both hands.  

, 
microwave oven 
on her right side. 

 door 
crowave 

oven blocks her 
left arm with 
front approach. 

microwave oven 
on his right side. 
Because he can 
see inside the 
microwave oven. 

, 
microwave oven 
on his right side. 
B  can 
s  the 
microwave oven. 

, he can 
use his right hand 
better.  

, th
microwave oven 
on her right side.  

sy for her to 
items in and 

out of the
microwave oven. 

icrowave 
oven on his left 
side.  

crowave 
oven on her front-
left. 

Why?  

Backward 

It is easy for
see inside 

Backward 
approach

Backward 
approach e 

Backward 
approach

right side. 

It is the same from
 

Backward 
approach

B

Because the
of the mi

ackward 
approach, 

Backward 
approach

B

ecause she
ee inside

ackward 
approach

Backward 
approach e 

Front approach, 
the m

It is ea
pick 

 

Front approach, 
the mi

From which appliance 
does the subject often 
get the food? 

Refrigerator  Sink  Refrigerator Sink  Refrigerator Refrigerator Refrigerator  Sink  Sink  Refrigerator  Refrigerator Refrigerator  

Which countertop 
does the subject put 
the bowl on after 
he/she gets it out of 
the microwave oven? 
Why? 

B

The countertop 
right to the 
microwave oven. 

ecause the 
microwave oven’s 
door blocks him 
from putting the 
bowl on the 
countertop near the 
sink. 

ntertop 
right to the 
microwave oven. 
Because the 
microwave oven’s 
door blocks him 
from putting the 
bowl on the 
countertop near 
the sink. 

 untertop 
near the sink.  
After meat thaws in 
the microwave 
oven, the meat 
must be washed in 
the sink and cut at 
the countertop. 

countertop 
right to the 
microwave oven.
This countertop is 
more convenient.

The countertop 
right to the 
microwave oven.
This countertop 
is more 
convenient. 

B T countertop 
right to the 
microwave oven. 
This countertop is 
more convenient. 

 countertop
near the sink.  
Because she feels 
that bending 
forward is easier 
than turning right 
backward.  

ntertop 
right to the 
microwave oven. 
Because he feels 
that bending 
forward is easier 
than turning left 
backward. 
 

The countertop 
right to the 
microwave oven. 
Because the 
microwave oven’s 
door blocks her 
from putting the 
bowl on the 
countertop near 
the sink. 

Both  The cou Both The co The oth  he The  The cou

How does the subject 
feel about the door of 
the microwave oven? 
(Choices: very bad, 
bad, moderate, good, 
very good) 

 move 
food around the 
door to the 
countertop near 
the sink 

If the door is top 
hinged or bottom 
hinged, it will be 
much better. 

G
I  is top 
hinged or bottom 
hinged, it will be 
much better. 

 ers this 
door type because 
she has used this 
type for many 
years.  

door is 

downward, it 
will be much 
better.  

t move 
food around the 
door to the 
countertop near 
the sink 

Moderate  Bad  
 

Bad  
He must

Moderate Moderate. Moderate ood. 
f the door

Moderate Bad  Good  
She pref

Moderate. 
If the 
opened 

Bad  
She mus

Does the subject use 
the pull-out 
countertop? 

Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes  No   Yes  Yes  
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How does the subjec
feel about the pull-out 

t 

countertop? (Choices: 
very bed, bad, 

good, very 
good) 

Good  Good Moderate  Good Good  Good  Very good Good Good. 
It is safer when 
getting hot bowl 
out of the 
m

 Moderate. 
It seems no much 
necessary and it 
can hinder the user 

 

Good Good  

moderate, icrowave oven. from getting close
to the microwave.  

 
Kitchen O1, Scenario 3. 

1. Mr. Yusoff  
 
Questions 2. Ms. Chun  3. Mr. Foo Mr. Low 6. Ms. Bao 

Lin 
7. Mr. Wee 8 10.Ms. Sabiah 12. Ms. Edel 4. Ms. Ng 5. . Ms. Jennies 9. Mr. Salaam 11. Mr. Yow 

subject?  

Front approach, Front approach, Front approach, Front approach,  Front approach, 
cabinet on his 
left. 

(For the cabinet near 
the cooker) is it easy 
for the subject to pick 
objects from the 
drawers? (Choices: 

higher 
drawers, very easy. 

er 
drawers, very 
easy. 

For the higher 
drawers, easy. 

her 
drawers, easy. 

d
igher 

drawers, easy.  
 

drawers, 
moderate.  

F  
drawers, easy. 

For the lowest 
drawer,  very 
difficult; 
For the higher 
drawers, easy. 

F
d
F
d For the higher

drawers, moderate.  
y.  

er 
drawers, easy. 

very difficult,
difficult, moderate, 
easy, very easy) 

 

For the lowest 
drawer, moderate; 
For the 

For the lowest 
drawer, moderate; 
For the high

For the lowest 
drawer, very
difficult; 

 
For the lowest 
drawer, very 
difficult; 
For the hig

F

F

or the lowest 
rawer, difficult; 
or the h

For the lowest 
drawer, difficult; 
For the higher

F
d

or the lowest 
rawer, difficult; 
or the higher

or the lowest 
rawer, difficult; 
or the higher 
rawers, easy. 

For the lowest 
drawer, very
difficult; 

 

 

For the lowest 
drawer, difficult;
For the higher 
drawers, eas

For the lowest 
drawer, difficult; 
For the high

(For the cabinet near 

 

The knee space 
cabinet 

 closer to 
the cabinet. The 

hair doesn’t 
drawers. 

The knee space 
cabinet 

easier 

The knee space 
cabinet 

 get closer 
to the cabinet. The 

 
ck the 

drawers. 

The knee space 
the 

kes it 

The knee space 
b cabinet 

h

t closer to 
the cabinet. 

She doesn’t use 
space 

bend left laterally 
to open the 
drawers. Because 
of her pain in the 
waist, she is 
unable to do so.  

The knee space 
b binet 

r for 

oser 
to the cabinet. 
T wheelchair 

lock the 
drawers. 

The knee space 
b binet 
m asier 

can 
get closer to the 
c  

He doesn’t use 
t space 
b  uses 

 to 

She doesn’t use 
 space 

 

space is on 
the left side of the 

he will 
e space.   

The knee space 
the

kes it 
him to 

loser to the 
cabinet. The
wheelchair 
doesn’t block the 
drawers. 

The knee space is 
r her 

t hand to 
open the drawers 

et items.  

the cooker) how does 
the subject comment 
on the knee space 
beside? 

beside the 
makes it easier for 
him to open the 
drawers because he 
can get

wheelc
block the 

beside the 
makes it 
for her to open 
the drawers. 

beside the 
makes it easier for 
him to open the 
drawers because 
he can

e

wheelchair
doesn’t blo

beside 
cabinet ma
asier for her to 

open the
drawers.  

 

eside the 
makes it easier for 
im to open the 

drawers because he 
can ge

u
s

the knee 
because if she 

tilizes the knee 
pace, she must 

m
hi
dr

eside the ca
akes it easie
m to open the 
awers because 

he can get cl

f

he 
doesn’t b

eside the ca
akes it e

or her to open 
the drawers 
because he 

g

abinet.

he knee 
ecause he

his right hand
et items. 

the knee
because she uses
her right hand to 
get items. If the 
knee 

cabinet, s
use the kne

beside 
cabinet ma
easier for 
open the drawers 
because he can 
get c

 good fo
because she can 
get closer to the 
cabinet and use 
her lef

 and g

(For the rotating 
cabinet near the 
refrigerator) is it easy 

Moderate for the 
lowest shelf; 
Very easy for the 

shelves.   

Moderate for the 
lowest shelf; 
Very easy for the 

shelves.   

Difficult for the 
lowest shelf; 
Easy for the 

shelves.   

Moderate for 
the lowest shelf;
Very easy for 

igher 
   

Difficult for the 
lowest shelf; 
Very easy for the 

 

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Difficult for the 
lowest shelf; 
Very easy for the 

Very Difficult for 
the lowest shelf; 
easy for the 
higher shelves. 

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Difficult for the 
lowest shelf; 
Very easy for the 

ves.   

Difficult for the 
lowest shelf; 
Very easy for the 

ves. 

Difficult for the 
lowest shelf; 
Very easy for the 

r shelves.   for the subject to pick 
objects from the 
shelves? (Choices: 
very difficult, 
difficult, moderate, 
easy, very easy) 

higher higher higher the h
shelves.

higher shelves.  higher shelves. higher shel higher shel highe

(For the rotating 
cabinet near the 
refrigerator) Which 
approaching method 
is easier for the 
subject? 

Both   Both   Both   Both   Both   Both   Both   Both   The cabinet on 
t ect’s

The cabinet on the The cabinet on The cabinet on 
he subj

right. 
 subject’s right. the subject’s left. the subject’s left. 

How does the subject 
feel about the rotating 
cabinet? (Ch

Very

(For the cabinet near 
the cooker) which 
approaching method 
is easier for the 

cabinet on his left.   
Front approach, 
cabinet on her 
left. 

Front approach, 
cabinet on his left. cabinet on her 

left. 

Front approach, 
cabinet on his left. 

Front approach, 
cabinet   in front 
of her. 
 

Front approach, 
cabinet on his 
left. 

cabinet on her 
left. 

cabinet   on his 
right.  

Front approach,
cabinet   in front of 
her. 

Front approach, 
cabinet on her 
left. 

oices: 
very bed, bad, 
moderate, good, very 
good) 

 good  Good Good  Good Very good. Very good.  Very good. Good Good Good  Very good Very good  

(For the wall cabinet) 
is it easy for the 
ubject to pick objects 

from the shelves? 
(Choices: very 
difficult, difficult, 
moderate, easy, very 
easy) 

Easy to get objects 
from the lowest 
shelf. 
Difficult to get 
objects from the 
upper shelf. 

Easy to get 
objects from the 
lowest shelf. 
Difficult to get 
objects from the 
upper shelf. 

Very difficult to 
get objects from 
the lowest shelf. 
The upper shelf 
cannot be reached. 

Very difficult to 
get objects from 
the lowest shelf.
The upper shelf 
cannot be 
reached. 

Moderate to get 
objects from the 
lowest shelf. The 
upper shelf cannot 
be reached.  

Easy to get 
objects from the 
lowest shelf. The 
upper shelf 
cannot be 
reached.  

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be 
reached. 

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be 
reached. 

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be 
reached. 

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be reached. 

Easy to get 
objects from the 
lowest shelf. The 
upper shelf 
cannot be 
reached.  

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be 
reached. 

s
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How does the subject 
feel about the wall 
cabinet? (Choices: 
very bed, bad, 

Good Moderate  Bad   Bad  Moderate Good  Bad  Bad  Bad  Bad  Moderate  Bad  

moderate, good, very 
good) 
Does the subject want 

ll cabinet 
 his/her 

kitchen? Why?  

Yes, because more 
ored 

looks tidy.  

No, because it is 
.  

No, because it is 
difficult to use.   

No, because it is 
 use 

 
money. 

No, because it has 
and 

.  

Yes, because No, because it is 
di

No, because it is 
d

No, because it is 
d
a
m

No, because it is No, because it is No, because it is 
difficult to use.  the wa

installed in
items can be st
and the kitchen 

difficult to use difficult to
and wastes

no much use 
wastes money

more items can be 
stored. 

fficult to use. ifficult to use. ifficult to use 
nd wastes
oney. 

 
difficult to use. difficult to use. 

(For the cabinet right 
to the refrigerator) is 
it easy for the subject 
to pick objects
the drawe

 from 
rs? 

(Choices: very 
difficult, difficult, 
moderate, easy, very 
easy) 

higher than the 
lowest one, easy. 
  
 

higher than the 
lowest one, easy. 
 

For the higher 
drawers easy. 
 

e higher 
 easy. 

 

h
l

or the lowest 
drawer, difficult; 
For the drawers 

F
d
F
higher than the 
lowest one, easy. 

higher than the 
lowest one, easy.

F
h than the 

easy. 

 
higher than the
lowest one, easy. 
 

 

For the lowest 
drawer, very 

drawers 

For the lowest 
drawer, moderate; 
For the drawers 

For the lowest 
drawer, moderate; 
For the drawers 

For the lowest 
drawer, very
difficult; 

 
For the lowest 
drawer, very 
difficult; 
For th
drawers

F
d
F

or the lowest 
rawer, difficult; 
or the drawers 

F

igher than the 
owest one, easy. 

h
l
 

igher than the 
owest one, easy. 

or the lowest 
rawer, difficult; 
or the drawers 

F
d
F

or the lowest 
rawer, difficult; 
or the drawers 

F
d

or the lowest 
rawer, difficult; 
or the drawers 
igher 

lowest one, 

For the lowest 
drawer, difficult; 
For the drawers

 higher than the
lowest one,
moderate. 
 

For the lowest 
drawer, difficult;
For the drawers 

 higher than the 
lowest one, 
difficult. 

difficult; 
For the 

Frontward Frontward 
approach, faci

Frontward Frontward Frontward Frontward 
approach, facin

Frontward Frontward 
approach, facing 
the cabinet 

Lateral Lateral approach, 
cabinet on the 
user’s left. 

adequate? (Choices: 
very inadequate, 
inadequate, just
adequate, adequate, 
very adequate) 

Adequate  

 
 
Kitchen O1, Scenari

 
Questions 1. M

Which method to 
approach the washing 
machine is easier for 
the subject? Why? 

ma

Front approach, 
the washing 

chine on his 
front-right. 

Front approach, 
the washing 
machine on her 
right. 

proach, 
the washing 
machine on his 
right. 

approach, 
 washing 

machine on her 
right. 

Front approach, the 
washing machine 
on his front-right. 
Because he can see 
and feels easy to 
adjust the 
wheelchair.   

Front approach, 
the washing 
machine on her 
right.  

Front approach, 
the washing 
machine on his 
front-right.  
Because he can 
see inside the 
washing machine.

Front approach, 
the washing 
machine on her 
right. 

ach, 
 washin

machine on his 
right. 

ach, the 
achine 

in front of her. 

Front approach, 
the washing 
machine on his 
left.  

Front approach, 
the washing 
machine on her 
front-left.  

Front ap Front 
the

Front appro
the g 

Front appro
washing m

How does the subject 

 

good, very 

Moderate  Moderate Bad  Moderate Moderate  
I ar the 

better.  

Moderate  Moderate Moderate Moderate Good  Good, because 
the location is
convenient for 
him to approach.

Moderate  
feel about the location 
of the washing
machine? (Choices: 
very bed, bad, 
moderate, 
good)  

f it is ne
bathroom it will be 

 

How does the subject 
feel about the height 
of the washing 
machine? (Choices: 
very bed, bad, 
moderate, good, very 
good) 

Bad  Bad   B
Because it is too 
low. 

Bad  Very Bad   Bad  Moderate   Bad   Bad ad Bad  Moderate  Bad 

(For the cabinet right 
to the refrigerator) 
which approaching 
method is easier for 
the subject? 

Frontward 
approach, facing 
the cabinet 

approach, facing 
the cabinet 

ng 
the cabinet 

approach, facing 
the cabinet 

Frontward 
approach, facing 
the cabinet 

approach, facing 
the cabinet 

approach, facing 
the cabinet 

g 
the cabinet 

approach, facing 
the cabinet 

approach, 
cabinet on the 
user’s left. 

Does the subject think 
the storage is 

 

Very adequate Adequate  Adequate  Adequate  Very adequate  Adequate  Very adequate  Adequate  Adequate  Adequate  Adequate  

o 4. 

r. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao 
Lin 

7. Mr. Wee 8. Ms. Jennies 9. Mr. Salaam 10.Ms. Sabiah 11. Mr. Yow 12. Ms. Edel 

Where does the 
subject prefer the 
clothes pole to be?  

Just on his front-
left when he sits at 
the washing 
machine.  

Just on her front-
left when she sits 
at the washing 
machine.  

Just on his front-
left when he sits at 
the washing 
machine. 

Just on her 
front-left when 
she sits at the 
washing 
machine. 

Just on his font-left 
when he sits at the 
washing machine. 

Just on her font-
left when she sits 
at the washing 
machine. 

Just on his font-
left when he sits 
at the washing 
machine. 

Just on her front-
left when she sits 
at the washing 
machine. 

Just on his front-
left when he sits 
at the washing 
machine. 

Just on her right 
when she sits at the 
washing machine. 

Just on his font-
right when he 
sits at the 
washing 
machine. 

Just on her font-
right when she 
sits at the 
washing machine.
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Kitchen O1m1 

 
Questions 1. Mr. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao Lin 7. Mr. Wee 8. Ms. Jennies 9. Mr. Salaam 10.Ms. Sabiah 11. Mr. Yow  12. Ms. Edel 

Is it easier to approach 

provided beside it? 
Why? 

Yes, because he 
 get   closer to 

efrigerator to 
open the door. And 
there is more space 
available to adjust 
the wheelchair.  

Yes, because she 
can get   closer to 
the refrigerator to 
open the door. 
And there is more 

e to 
he

. 

Yes, because the 
door is easier to 
open. He can 
reach many items 
in the refrigerator 

ith his 
e knee 

Yes, because 
there is more 
space available 
to adjust the 
wheelchair.  

Yes, because there 
is more space 
available to adjust 
the wheelchair.  

Yes, because she 
can get closer to 
the refrigerator to 
open the door.  

Yes, because he 
can get closer to 
the refrigerator to 
open the door.  

Yes, because 
there is more 
space available to 
adjust the 
wheelchair.  

Yes, because 
there is more 
space available to 
adjust the 
wheelchair.  

Yes, the 
refrigerator is 
easier to use 
because she can 
get close to the 

eside the 

No, because he 
uses left hand to 
open the 
refrigerator door 
and get items. In 

e, 
is 

No, because she 
prefers to open 
the refrigerator 
and get items 
with the left hand. 
If the knee space 
is provided at the 

be 
much better.  

the refrigerator when 
the knee space is 

can
the r

space availabl
adjust t  

even sits w
legs in th

wheelchair space.  

refrigerator and
put the bowl on the 

 the knee spac
he cannot use h

counter b
refrigerator.  

left hand.   right side of the 
refrigerator and 
the door is left 
hinged, it will 

the left. the left. efrigerator no

 

Yes, it easier to 
se because the 

subject can sit 
acing the

microwave oven. 
t is easy to reach 

the countertop 

m

In

he left. 

No, be

left. 
Is the washing 
machine easier to use 
when it is raised up? 

Yes  Yes  Yes  Yes Yes, it is much 
easier. 

Yes, it is much 
easier. 

Yes,  Yes  Yes Yes Yes  Yes  

machine? (Choices:
very bad, bad, 
moderate, good, very 
good) 
How does the subject 
feel 

Una
that the 

countertop is 

e, 
acceptable, very 

cceptable,  
Because he cannot 
push or drag bowls 

Acceptable  Unacceptable, 
Because he cannot 
push items along 
the countertop.  

table Acceptable, 
because the 
washing machine 
c ier to 

Acceptable  able, 
because the 
washing machine 

easier to 

Acceptable able Unacceptable, 
Because it 
separates the 

top thus 
she cannot push or 
drag bowls along 
the countertop.   

Unacceptable, 
because the 
microwave oven 
must change to
another place.  

Unacceptable,  
Because she 
cannot push or 

separated into two 
parts when the
washing machine is 
raised up? Why? 
(Choices: very
unacceptable, 
unacceptabl

 

 

along the
countertop.  

acceptable) 

 

Accep

an be eas
use. 

Accept

can be 
use. 

Accept

counter  drag bowls along 
the countertop.  

How does the subject 
think about 

Very acce
the 

provision of knee 
space to reduce the 
storage room? Why? 
(Choices: Very 
unacceptable, 
unacceptable, 
acceptable, very 
acceptable) 

ptable  Acceptable Acceptable Acceptable Very acceptable, 
because the 
s s adequate 
already even one 
cabinet is reduced. 
The knee space is 
more important.  

Acceptable, 
because the knee 

for approaching 
the microwave 
oven.  

Very acceptable, 
because the 
s eady 
adequate . 

Acceptable Acceptable Acceptable Acceptable, 
because a 

rtop with
knee space 
allows him to eat 
simple meal in 
the kitchen. 

Acceptable  

torage i space is important torage is alr counte  

Is the microwave oven 
easier to use here than 
in its original place? 
Why?  

Yes, it is easier to 
use because the 
subject can sit 
facing the 
microwave oven. 
It is easy to reach 
the countertop on 

Yes, it is easier to 
use because the 
subject can sit 
facing microwave 
oven.  

Yes, it is easier to 
use because the 
subject can sit 
facing the 
microwave oven. 
It is easy to reach 
the countertop on 

No, because the 
microwave 
oven is far from 
the sink. 
Inconvenient. 

Yes, it is easier to 
use because the 
subject can sit 
facing the 
microwave oven. 
The oven is also 
near the 
r w.  

Yes, it is easier to 
use because the 
subject can sit 
facing the
microwave oven. It 
is easy to reach the 
countertop on the 
left. 

u

f  

I
on 

t

No, because the 
icrowave oven 

is far from the 
sink. 

convenient. 

cause 
putting the bowl 
to the countertop 
left is difficult for 
him.  

No, because 
putting the bowl to 
the countertop left 
is difficult for her. 

No, because the 
microwave oven 
is far from the 
sink. 
Inconvenient.  

Yes, it is easier to 
use because the 
subject can sit 
facing the 
microwave. It is 
easy to reach the 
countertop on the 

How does the subject 
feel about the location 
of the washing 

 

Good Good Good Good Good Good Moderate  Bad  Good  Moderate  Moderate  Bad  

How does the subject 
feel about the smaller 
sink? (Choices: worse, 
the same, better) 

The same The same The same  The same The same  The same The same The same The same The same  The same The same  
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Kitchen O1m2 

 
Questions 1. Mr. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao Lin 7   . Mr. Wee 8. Ms. 9. Mr. Salaam 

Jennies 
10.Ms. Sabiah 11. Mr. Yow 12. Ms. Edel

How does the subject 
feel about the present 
location of the
refrigerator compared 

 Because it is near 
the sink and 

e it is near 
the sink and 

 

Because it is near 
the sink and 

e it is 
near the sink 

Because it is near 
the sink and 

 of 
the wheelchair is 
required.  

e it is near 
the sink and 

O
e it is near 

the sink and 
Because it is 
near the sink and 

O
 is near 

the sink and 

. 

e it is near 
the sink and 

e it is near 
the sink and 

Because it is near 
the sink and 

with the location in 
Kitchen O1? Why?  

Better than that in 
O1.  

microwave oven. It 
is easier to be 
approached.  

Better than that in 
O1.  
Becaus

microwave oven. 
It is easier to be 
approached.

Better than that in 
O1.  

microwave oven.  
He can push a 
bowl from the 
refrigerator to
sink.  

 approached. th

Better than that 
in O1.  
Becaus

B

and microwave 
oven. It is 
easier to be 

m
W
ap

etter than that in 
O1.  

B

icrowave oven. 
hen he

m
 

icrowave oven. mi

proaches from 
e refrigerator to 

sink, less turn

etter than that in 
O1.  
Becaus

Better than that in 
1.  

Becaus

crowave oven.  

Better than that 
in O1.  

B

microwave oven. 
It is easier to be 

m
It

approached. a

etter than that in 
1.  

Because it

icrowave oven. 
 is easier to be 
pproached

Better than that in 
O1.  
Becaus

microwave oven. 
She can push a 
bowl from the 
refrigerator to
sink.  

 
approached.  

Better than that 
in O1.  
Becaus

microwave oven. 
It is easier to be 

Better than that in 
O1.  

microwave oven. 
She can push a 
bowl from the 
refrigerator to 
sink.  

Is it easier to approach 
the refrigerator? 

Yes, because there 
is more space 
available to adjust 

Yes, it is easy to 
approach the 
refrigerator from 

Yes, because there 
is more space 
available to adjust 

Yes, it is easy 
to approach the 
refrigerator 

Yes, because there 
is more space 
available to adjust 

Yes, because 
there is more 
space available to 

 

Yes, because there 
is more space 
available to 
p
e

Yes, it is easy to 
approach the 
refrigerator from 

Yes, it is easy to 
approach the 
refrigerator from 

Yes, because there 
is more space 
available to adjust 

Yes, he makes 
less turn 
approaching the 

Yes, she makes 
less turn 
approaching the 

the wheelchair.  the door. the wheelchair.  from the door. the wheelchair.  adjust the
wheelchair.  

a
r

proach the
frigerator.  

 the door. the door. the wheelchair.  refrigerator from 
the door.  

refrigerator from 
the door.    

Is the microwave oven 
easier to use here than 
in its original place? 
Why?  sit facing the 

microwave oven. 
 she can sit 

facing the 
microwave 
oven. 

c
m
N he
microwave is also 
near the sink and 
refrigerator.  

t

t
r

a e used 
cause he can sit 
cing the
icrowave oven. en.

Y

 can sit 
facing the
microwave oven. 

 

tor. 
e sink 

ear 
the sink and 
refrigerator. 

Yes, it is easier to 
be used because he 
can sit facing the 
microwave oven. 

Yes, it is much 
easier to be used 
because she can 

Yes, it is much 
easier to be used 
because he can sit 
facing the
microwave oven. 

Yes, it is much 
easier to be 
used because 

Y
b

es, it is easier to 
e used because he 
an sit facing the 
icrowave oven. 
ow t

s

 

Yes, it is easier to 
be used because 
he can sit facing 
he microwave 

oven. Now the 
oven is also near 
he sink and 
efrigerator. 

Y
e
be
fa
m

es, it is much 
sier to b

 

Yes, it is much 
easier to be used 
because she can 
sit facing the 
microwave ov

e
es, it is much 

asier to be used 
because he

 

Yes, it is easier to 
be used because
she can sit facing 
the microwave
oven. Now the
oven is also near 
the sink and
refrigera

 
 

 

Yes, it is easier 
to be used
because he can 
sit facing the 
microwave oven. 
Now the oven is 
also near th
and refrigerator. 

 
Yes, it is easier to 
be used because 
she can sit facing 
the microwave 
oven. Now the 
oven is also n

the microwave oven? 
(Choices: very bad, 
bad, moderate, good, 
very good) 

Moderate  good 

Is the washing 
machine easier to use 

Yes  Yes Yes  Yes Yes Yes  Yes Yes Yes Yes  Yes  Yes  

when it is raised up? 
How does the subject 
feel about the location 
of the washing 
machine? (Choices: 
very bad, bad, 
moderate, good, very 
good) 

Good  Good Very good  Good V od, 
b

 
washing machine. 

Very good, 

e 
washing machine.

V od,

to
achine. 

Very good. ery go
ecause it is easy 

to access the
because it is easy 
to access th

b
ery go  Good G
ecause it is easy 
 access the 

washing m

ood Good Very good  

refrigerator) Which
approaching method is 
easier for the subject? 
It the rotating cabinet 
at the corner easy to 
access? (Choices: very 

Easy  Easy Easy  Easy Easy  Easy  Very easy Easy Moderate  Moderate  Very easy Very easy  

difficult, difficult,
moderate, easy, very 
easy) 

 

How does the subject 
feel about the door of 

Good  
 

Good Good Good Good  Good  Moderate  bad bad good 

(For the rotating 
cabinet near the 

 

Frontward 
approach  

Frontward 
approach 

Frontward 
approach 

Frontward 
approach 

Frontward 
approach 

Frontward 
approach 

Frontward 
approach 

Frontward 
approach 

Frontward 
approach 

Frontward 
approach 

Frontward 
approach 

Frontward 
approach 
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(For the rotating 
cabinet near the 
refrigerator) is it easy 
for the subject to pick 
objects from the 
shelves? (Choices: 

ate for the 
st shelf; 

Very easy for the 
higher shelves.   

or the 
f; 

Very easy for the 
higher shelves.   

ult for the 
st shelf; 

Easy for the higher 
shelves.   

rate for 
 lowest 

shelf; 
Very easy for 
the higher 
shelves.   

 the 

Very easy for the 
higher shelves.   

 the 
lf; 

Very easy for the 
higher shelves.   

 the 
lf; 

Very easy for the 
higher shelves. 

 Difficult 
for the lowest 
shelf; easy for 
the higher 
shelves. 

r the 
lf; 

Very easy for the 
higher shelves.   

ult for the 
st shelf; 

Very easy for the 
higher shelves.   

for the 
lf; 

Very easy for the 
higher shelves. 

cult for the 
st shelf; 

Very easy for the 
higher shelves.   

very difficult, difficult, 
moderate, easy, very 
easy) 

Moder
lowe

Moderate f
lowest shel

Diffic
lowe

Mode
the

Difficult for
lowest shelf; 

Difficult for
lowest she

Difficult for
lowest she

Very Difficult fo
lowest she

Diffic
lowe

Difficult 
lowest she

Diffi
lowe

Does the subject think 
the present storage is 

 

Adequate  Adequate  Adequate Just adequa   Adequate  

adequate? (Choices:
very inadequate,
inadequate, just 
adequate, adequate, 
very adequate)  

 

Adequate  Adequate Just adequate  Adequate Adequate Adequate te Inadequate

 
 
Kitchen M1 (the middle one) 
 
Kitchen M1, Scenario 1. 

3. Mr. Foo 5. 6 7
 
Questions 1. Mr. Yusoff  2. Ms. Chun  4. Ms. Ng  Mr. Low . Ms. Bao Lin . Mr. Wee 8. Ms. Jennies 9. Mr. Salaam 10.Ms. Sabiah 11. Mr. Yow  12. Ms. Edel 

which approa
method is easier for th
subject? Why? 

 refrigerator on his 
front-right. 

refrigerator o
her front-right. 

 refrigerator on 
front-right. 
It is easy for h
to approach 
refriger

approach, 
refrigerator on
her front-right. 

frigerator on his
ont-right. 

he refrigerator on
er front-right. 
t is easy for her 

to open the door 
and 

frigerator on his
ont-right. 
 is easy for him t

open the door and
get items. 

refrigerator on 
her front-right. 

re
fr

Front approach, 
frigerator on his 
ont-right. 

refrigerator on 
front-right.  
 

the refrigerat
on his left side 
It is easy for hi
to approach th
refriger

 approach,  
refrigerator on h
front-left. 
This appro
allows her

hand. better. 
How does the subject
carry the food
sink? 

 
 to the 

Pushes the bowl on 
the countertop. 
Because there is a 
continuous 
countertop from 
the refrigerator to 
the sink. 

On legs Pushes the bowl 
on the countertop. 
Because there is a 
continuous 
countertop from 
the refrigerator to 
the sink. 

On legs O On legs On legs  Pushes the bowl 
on the 
countertop. 

On legs She holds the bowl 
in hands, some
times puts the bowl 
on countertop and 
drags it; moves 
backward. 

She drags the 
bowl along the 
countertop to 
sink. 

n legs 
 

On legs 

Is it easy for them to 
move from the
refrigerator to sink?
(Choices: ver
difficult, difficu
moderate, eas

 
 

y 
lt, 

y, very 

Moderate   Moderate  Mode  Eas  Moderate  Moderate  

easy) 

Easy Easy  rate Moderate y Moderate Moderate Moderate  

How does the subject 
feel about the sink? 
(Choices: very
difficult, difficult, 

oderate, easy, very 
easy) 

E M sy  

 

Easy  Easy Easy  Easy Easy  asy  oderate Easy Ea Easy  Easy  Easy  

(For the refrigerator) 
ching

e 

Front approach, Front approach, 
n

Front approach, 
his 

im 
the 

ator and to 
use his right hand.  

Front 

 

Front approach, the 
re  
fr
 

Front approach, 
t  
h
I

get items.  

Front approach, the 
re  
fr
It o 

 

Front approach, Front approach, the 
her 

Front approach, 
or

m 
e 

ator and 
to use his left 

Backward 

er 

ach 
 to use 

her left hand 

m

How does the subject 
eel about the pullout 
ountertop? (Choices: 

very bad, bad, 
moderate, good, very 

ood) 

Good  Very good  Good   Good  Good  Good  Very good Good  Good  Moderate 
The pull-out 
countertop is 
unnecessary 
because it is too 
low for her.  

Very good  Very good  
f
c

g
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How does the subje
feel about the cooker

ct 
? 

(Choices: very bad, 
rate, good, 

very good) 

Good Good Good  Good  Very good Good  Good  Good Good Good Very good  Good  

bad, mode

How does the sub
feel about the height of 
the ventilation ho
(Choice

ject 

od? 
s: very bad, 

bad, moderate, good, 
very good) 

V G  
v e 
s  
countertop)  

Very good  Good  Very good  Good ery good Very good  ood (it will be
ery good if th
witches are on the

Good  Good  Very good  Very good  Very good  

(Choices: very
inadequate, 
inadequate, just

 

 

Adequate  

 

Kitchen M1, Scena

 
2. Ms. Chun 3. Mr. Foo 4. Ms. Ng 5. Mr. Low 

Lin 
7. Mr. Wee 9. Mr. Salaam 10.Ms. Sabia 11. Mr. Yow 

Which approaching
method to t
microwave oven is
easier for the subject? 

 
he 

 

Front approach, the 
microwave oven on 
his front-left. 

approach, the 
microwave oven 
on her right side. 

approach, the 
microwave oven on 
his right side. 

Backward 
approach, the 
microwave 
oven on her 
right side. 

e same 
from either side. 
He can use both 
hands.  

approach, 
microwave oven 
on her right side. 
Because the door 
of the microwave 

 her 
left arm if the 
microwave oven 
is on her left side. 

approach, 
microwave oven 
on his right side. 
Because he can see 
inside the 
m en.  

Front approach, 
the microwave 
oven on her left 
side. 

approach, the 
microwave oven 
on his right side. 
He can use his 
right hand better. 

approach, the 
microwave oven on 
her right side. 

Front approach, 
the microwave 
oven on his left 
side. He can use 
his left hand 
better. 

Front approach, 
the microwave 
oven on her front-
left. 

Backward Backward It is th Backward 

oven blocks

Backward 

icrowave ov

Backward Backward 

From which ap
does the subject of
get the food?  

Does the subject think 
the space is adequate? 

adequate, adequate, 
very adequate) 

Adequate  Just adequate Just adequate  Just adequate Just adequate  Just adequate  Adequate  Just adequate Adequate Just adequate Just adequate  

rio 2. 

Questions 1. Mr. Yusoff    6. Ms. Bao 8. Ms. Jennies h  12. Ms. Edel 

pliance 
ten 

Refrigerator  Sink Refrigerator  Sink Refrigerator Refrigerator Refrigerator Sink Sink Refrigerator  Refrigerator Refrigerator 

Which countertop does 
the subject put the bowl 
on after he/she gets it 
out of the microwave 
oven? Why? 

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan.  

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

How does the subject 
feel about the door of 
the microwave oven? 
(Choices: very bad, 
bad, moderate, good, 
very good) 

Bad, because he 
must move the food 
around the door to 
the countertop.  

Moderate Bad, because he 
must move the food 
around the door to 
the countertop.  

Moderate Moderate. 
If the door is top 
hinged or bottom 
hinged, it will be 
much better. 

Bad, because she 
must move the 
food around the 
door to the 
countertop. 

Good. 
If the door is top 
hinged or bottom 
hinged, it will be 
much better. 

Moderate Moderate Good, because she 
prefers this door 
type because she 
has used this type 
for many years.  

Bad, because he 
must move the 
food around the 
door to the 
countertop. 

Bad, because she 
must move food 
around the door 
to the countertop 
near the sink 

Does the subject use 
the pull-out 
countertop? 

Yes  Yes Yes  Yes Yes  Yes  Yes  Yes Yes Yes  Yes  Yes  

How does the subject 
feel about the pull-out 
countertop? (Choices: 
very bad, bad, 
moderate, good, very 
good) 

Good  Good  Good  Good  Good  Very good Very good  Good  Good  Good.  
Because the bowl 
can be put on the 
countertop when 
opening and 
closing the 
microwave oven’s 
door.  

Good  Good.   
It is safer when 
getting hot bowl 
out of the 
microwave oven.
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UKitchen M1, Scenario 3.  

 
Questions 1. Mr. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao  

Lin 
7. Mr. Wee 8. Ms. Jennies 9. Mr. Salaam 10.Ms. Sabiah 11. Mr. Yow  12. Ms. Edel 

(For the cabinet near 
the cooker) which 
method is easier for the 
subject to approach the 
cabinet? 

Front approach, 
cabinet on his left. 

Front approach, 
cabinet on her 
left. 

Front approach, 
cabinet on his left. 

Front approach, 
cabinet on her 
left. 

Front approach, 
cabinet on his 
left. 

Front approach, 
cabinet   in front 
of her. 

Front approach, 
cabinet on his left.

Front approach, 
cabinet on her 
left. 

Front approach, 
cabinet   in front 
of him. 

Front approach, 
cabinet   in front of 
her. 

Front approach, 
cabinet on his 
left. 

Front approach, 
cabinet on her 
left. 

(For the cabinet near 
the cooker) is it easy 
for the subject to pick 
objects from the 
drawers? (Choices: 
very difficult, difficult, 
moderate, easy, very 
easy) 

For the lowest 
drawer, moderate; 
For the higher 
drawers, very easy. 

For the lowest 
drawer, 
moderate; 
For the higher 
drawers, very 
easy. 

For the lowest 
drawer, very 
difficult; 
For the higher 
drawers, easy. 

For the lowest 
drawer, very 
difficult; 
For the higher 
drawers, easy. 

For the lowest 
drawer, difficult; 
For the higher 
drawers easy.  

For the lowest 
drawer, difficult; 
For the higher 
drawers, 
moderate.  

For the lowest 
drawer, moderate;
For the higher 
drawers, easy. 

For the lowest 
drawer, difficult; 
For the higher 
drawers, easy. 

For the lowest 
drawer, difficult; 
For the higher 
drawers, easy. 

For the lowest 
drawer, difficult; 
For the higher 
drawers, moderate.  

For the lowest 
drawer, difficult;
For the higher 
drawers, easy.  

For the lowest 
drawer, difficult; 
For the higher 
drawers, easy. 

(For the cabinet near 
the cooker) how does 
the subject comment on 
the knee space beside? 

The knee space 
beside the cabinet 
makes it easier for 
him to open the 
drawers because he 
can get closer to 
the cabinet. The 
wheelchair doesn’t 
block the drawers. 

The knee space 
beside the 
cabinet makes it 
easier for her to 
open the 
drawers. 

The knee space 
beside the cabinet 
makes it easier for 
him to open the 
drawers because he 
can get closer to 
the cabinet. The 
wheelchair doesn’t 
block the drawers. 

The knee space 
beside the 
cabinet makes it 
easier for him to 
open the 
drawers. 
 

 

The knee space 
beside the cabinet 
makes it easier 
for him to open 
the drawers. 

She doesn’t use 
the knee space 
because if she 
drives her 
wheelchair into 
the knee space, 
she must bend left 
to open the 
drawers. Because 
of her pain in the 
waist, she is 
unable to do so.  

The knee space is 
good for him to 
open the drawers. 

The knee space 
beside the cabinet 
makes it easier 
for her to open 
the drawers 
because she can 
get closer to the 
cabinet. 

He doesn’t use 
the knee space 
because he uses 
his right hand to 
get items. 

 

She doesn’t use the 
knee space because 
she uses the right 
hand to fetch items. 
If the knee space is 
on the left side of 
the cabinet, she 
will use the knee 
space.   

The knee space 
beside the 
cabinet makes it 
easier for him to 
open the drawers 
because he can 
get closer to the 
cabinet. The 
wheelchair 
doesn’t block the 
drawers. 

The knee space is 
good for her 
because she can 
get closer to the 
cabinet and use 
her left hand to 
open the drawers 
and get items.  

(For the rotating 
cabinet near the 
refrigerator) is it easy 
for the subject to pick 
objects from the 
shelves? (Choices: very 
difficult, difficult, 
moderate, easy, very 
easy) 

Moderate for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Moderate for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Difficult for the 
lowest shelf; 
Easy for the higher 
shelves.   

Moderate for the 
lowest shelf; 
Very easy for 
the higher 
shelves.   

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves. 

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves. 

Very Difficult for 
the lowest shelf; 
easy for the 
higher shelves. 

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Moderate for the 
lowest shelf; 
Very easy for the 
higher shelves. 

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves.   

(For the rotating 
cabinet near the 
refrigerator) which 
approaching method is 
easier for the subject? 

approaching it on 
its left 

approaching it on 
its left 

approaching it on 
its left 

approaching it 
on its left 

approaching it on 
its left 

approaching it on 
its left 

approaching it on 
its left 

approaching it on 
its left 

approaching it on 
its right 

approaching it on 
its right 

approaching it on 
its left 

approaching it on 
its left 

How does the subject 
feel about the rotating 
cabinet? (Choices: very 
bad, bad, moderate, 
good, very good) 

Very good Good Good  Good Very good. Very good. Very good. Good Good Good  Very good. Very good  

(For the wall cabinet) is 
it easy for the subject to 
pick objects from the 
shelves? (Choices: very 
difficult, difficult, 
moderate, easy, very 
easy) 

Easy to get objects 
from the lowest 
shelf. 
Difficult to get 
objects from the 
upper shelf. 

Easy to get 
objects from the 
lowest shelf. 
Difficult to get 
objects from the 
upper shelf. 

Very difficult to 
get objects from 
the lowest shelf. 
The upper shelf 
cannot be reached. 

Very difficult to 
get objects from 
the lowest shelf.
The upper shelf 
cannot be 
reached. 

Moderate to get 
objects from the 
lowest shelf. The 
upper shelf 
cannot be 
reached.  

Easy to get 
objects from the 
lowest shelf. The 
upper shelf 
cannot be 
reached.  

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be reached.

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be 
reached. 

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be 
reached. 

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be reached. 

Moderate to get 
objects from the 
lowest shelf. The 
upper shelf 
cannot be 
reached.  

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be 
reached. 

How does the subject 
feel about the wall 
cabinet? (Choices: very 
bad, bad, moderate, 
good, very good) 

Good Moderate Bad  Bad  Moderate Good  Bad  Bad  Bad  Bad  Moderate  Bad  
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Does the subject want 
the wall cabinet 
installed in his/her 
kitchen? Why?  

Yes, because more 
items can be stored 
and the kitchen 
looks tidy.  

No, because it is 
difficult to use 
and wastes 
money. 

No, because it is 
difficult to use and 
wastes money. 

No, because it is 
difficult to use 
and wastes 
money. 

No, because it has 
no much use and 
wastes money.  

Yes, because 
more items can be 
stored. 

No, because it is 
difficult to use. 

No, because it is 
difficult to use; 
waste money. 

No, because it is 
difficult to use 
and wastes 
money. 

No, because it is 
difficult to use. 

No, because it is 
difficult to use 
and wastes 
money. 

No, because it is 
difficult to use 
and wastes 
money. 

Does the subject think 
the storage is adequate? 
(Choices: very 
inadequate, inadequate, 
Just adequate, adequate, 
very adequate) 

Adequate  Adequate  Just adequate  Just adequate Adequate  Just adequate  Just adequate  Just adequate Just adequate Just adequate  Inadequate  Just adequate  

 
 
UKitchen M1, Scenario 4. 

 
 
Questions 1. Mr. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao Lin 7. Mr. Wee 8. Ms. Jennies 9. Mr. 

Salaam 
10.Ms. Sabiah 11. Mr. Yow  12. Ms. Edel 

Which method to 
approach the washing 
machine is easier for 
the subject? Why? 

Front approach, the 
washing machine 
on his front-right.  

Front approach, 
the washing 
machine on her 
right. 

Front approach, 
the washing 
machine on his 
right. 

Front approach, 
the washing 
machine on her 
right. 

Front approach, the 
washing machine 
on his front-right. 

Front approach, 
the washing 
machine on her 
right. 

Front approach, 
the washing 
machine on his 
front-right. 

Front approach, 
the washing 
machine on her 
right. 

Front approach, 
the washing 
machine on his 
right. 

Front approach, 
the washing 
machine in front 
of her. 

Front approach, 
the washing 
machine on his 
left. 

Front approach, 
the washing 
machine on her 
front-left. 

How does the subject 
feel about the location 
of the washing 
machine? (Choices: 
very bad, bad, 
moderate, good, very 
good) 

Moderate  Moderate Bad  Moderate Moderate  
If it is near the 
bathroom it will be 
better. 

Moderate  Moderate  Moderate Moderate Good  Good, because 
the location is 
convenient for 
him to approach.

Moderate  

How does the subject 
feel about the height of 
the washing machine? 
(Choices: very bed, 
bad, moderate, good, 
very good) 

Bad  Bad Very Bad  Bad Moderate  Bad  Bad  Bad Bad Bad  Moderate  Bad 
Because it is too 
low. 

Where does the subject 
prefer the clothes pole 
to be?  

Just on his front-
left when he sits at 
the washing 
machine.  

Just on her front-
left when she sits 
at the washing 
machine. 

Just on his front-
left when he sits at 
the washing 
machine. 

Just on her front-
left when she 
sits at the 
washing 
machine. 

Just on his font-left 
when he sits at the 
washing machine. 

Just on her left 
when she sits at the 
washing machine. 

Just on his font-
left when he sits 
at the washing 
machine. 

Just on her front-
left when she sits 
at the washing 
machine. 

Just on his 
front-left when 
he sits at the 
washing 
machine. 

Just on her right 
when she sits at 
the washing 
machine. 

Just on his font-
right when he 
sits at the 
washing 
machine. 

Just on her font-
right when she sits 
at the washing 
machine. 
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Kitchen M1m1 

 
Questions 1. Mr. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao Lin 7. Mr. Wee 8. Ms. Jennies 9. Mr. 

Salaam 
10.Ms. Sabiah 11. Mr. Yow 12. Ms. Edel 

Is the refrigerator 
easier to approach 
when the knee space is 
provided beside it? 
Why? 

Yes, because he 
can get closer to 
the refrigerator to 
open the door. And 
there is more space 
available to adjust 
the wheelchair.  

Yes, because she 
can get closer to 
the refrigerator to 
open the door. 

Yes, because he 
can get closer to 
the refrigerator to 
open the door. 

Yes, she can get 
the object from 
the refrigerator 
while sitting in 
the knee space 
without further 
adjustment.  

Yes, because there 
is more space 
available to adjust 
the wheelchair. 

Yes, because she 
can get closer to 
the refrigerator to 
open the door. 

Yes, because he 
can get closer to 
the refrigerator to 
open the door.  

Yes, she can get 
the object from 
the refrigerator 
while sitting in 
the knee space 
without further 
adjustment.  

Yes, he can get 
the object from 
the refrigerator 
while sitting in 
the knee space 
without further 
adjustment.  

Yes, because she 
can get closer to 
the refrigerator to 
open the door. 

There is no 
much difference 
because he 
approaches the 
refrigerator 
sideways and the 
refrigerator is on 
his left. He 
doesn’t use the 
knee space. 

No, because she 
prefers to open the 
refrigerator and get 
items with left 
hand.  

Is the microwave oven 
easier to use? Why?  

Yes, it is easier to 
be used because he 
can sit facing the 
microwave. 

Yes, it is easier to 
be used because 
she can sit facing 
the microwave. 

Yes, it is easier to 
be used because he 
can sit facing the 
microwave. 

Yes, it is easier 
to be used 
because she can 
sit facing the 
microwave. 

Yes, it is easier to 
be used because he 
can sit facing the 
microwave. 

Yes, it is easier to 
be used because 
she can sit facing 
the microwave.   

Yes, it is easier to 
be used because 
he can sit facing 
the microwave.  

Yes, it is easier to 
be used because 
she can sit facing 
the microwave. 

Yes, it is easier 
to be used 
because he can 
sit facing the 
microwave. 

Yes, it is easier to 
be used because 
she can sit facing 
the microwave. 

Yes, it is easier 
to be used 
because he can 
sit facing the 
microwave. 

Yes, it is easier to 
be used because 
she can sit facing 
the microwave. 

Is the washing machine 
easier to use when it is 
raised up? 

Yes  Yes  Yes  Yes  Yes, it is much 
easier 

Yes  Yes  Yes  Yes  Yes  Yes, much 
better. 

Yes, much better 

How dose the subject 
approach the washing 
machine? 

Backward 
approach, washing 
machine on his 
right. 

Frontward 
approach, 
washing machine 
on her left. 

Backward 
approach, washing 
machine on his 
right. 

Frontward 
approach, 
washing machine 
on her left. 

Frontward 
approach, washing 
machine on his 
left. 

Frontward 
approach, washing 
machine on her 
left. 

Frontward 
approach, 
washing machine 
on his left. 

Frontward 
approach, 
washing machine 
on her left. 

Backward 
approach, 
washing 
machine on his 
right. 

Backward 
approach, washing 
machine on her 
right.  

Frontward 
approach, 
washing 
machine on his 
left. 

Frontward 
approach, washing 
machine on her 
left. 

Is the washing machine 
put at the corner easy 
to access? (Choices: 
very difficult, difficult, 
moderate, easy, very 
easy) 

Easy  Easy  Moderate  Easy  Easy Easy  Easy  Easy  Moderate  Moderate  Easy  Easy  

How does the subject 
feel about the location 
of the washing 
machine? (Choices: 
very bad, bad, 
moderate, good, very 
good) 

Good Good Good Good Good Good Moderate  Bad  Good  Moderate  Moderate  Bad  

Does the subject think 
the present storage is 
adequate? (Choices: 
very inadequate, 
inadequate, just 
adequate, adequate, 
very adequate) 

Just adequate  Inadequate Inadequate  Inadequate Just adequate for 
one person, 
inadequate for a 
big family. 

Inadequate  Inadequate  Inadequate Inadequate Very inadequate  Very inadequate Very inadequate  
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Kitchen M2 (the narrowest one) 

 
UKitchen M2, Scenario 1. 

 
Questions 1. Mr. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao Lin 7. Mr. Wee 8. Ms. Jennies 9. Mr. 

Salaam 
10.Ms. Sabiah 11. Mr. Yow 12. Ms. Edel 

(For the refrigerator) 
which approaching 
method is easier for the 
subject? Why? 

Front approach, 
refrigerator on his 
front-right. 

Front approach, 
the refrigerator on 
her front-right. 

Front approach, 
the refrigerator on 
his front-right. 

Front approach, 
the refrigerator 
on her front-
right. 

Front approach, 
the refrigerator on 
his left side. 
It is easy to 
approach the 
refrigerator and 
adjust the 
wheelchair. 

Front approach, 
the refrigerator on 
her left side 
It is easy for her to 
open the door and 
get items.  

Front approach, 
the refrigerator 
on his left side. 
It is easy for him 
to open the door 
and get items.  

Front approach, 
the refrigerator on 
her front-right. 

Front approach, 
the refrigerator 
on his front-
right. 

Front approach, 
the refrigerator on 
her front-right. 

Front approach, 
the refrigerator 
on his left side. 
It is easy for him 
to approach the 
refrigerator and 
to use his left 
hand. 

Backward 
approach,  
Refrigerator on her 
front-left. 
This approach 
allows her to use 
her left hand better.

How does the subject 
carry the food to the 
sink? 

Pushes bowl on the 
countertop. 
Because there is a 
continuous 
countertop from 
the refrigerator to 
the sink. 

On legs Pushes bowl on 
the countertop. 

On legs On legs On legs On legs Pushes bowl on 
the countertop. 

On legs She holds the 
bowl in hands, 
some times puts 
the bowl on 
countertop and 
drags it; moves 
backward. 

On legs She drags the bowl 
along the 
countertop to sink. 

Is it easy for the 
subject to move from 
the refrigerator to sink? 
(Choices: very 
difficult, difficult, 
moderate, easy, very 
easy) 

Difficult  Moderate  Moderate  Difficult  Difficult  Difficult   Moderate  Difficult  Difficult  Very difficult  Difficult  Very difficult  

How does the subject 
feel about the sink? 
(Choices: very 
difficult, difficult, 
moderate, easy, very 
easy) 

Easy  Easy Easy  Easy Easy  Easy  Moderate Easy  Easy  Easy  Easy  Easy  

How does the subject 
feel that there is no 
pull-out countertop 
between the sink and 
cooker? (Choices: very 
bad, bad, moderate, 
good, very good) 

Moderate  Bed  Moderate  Bed   Bad  Moderate  Bad  Bad  Bad  Moderate  Bad  Bad  

How does the subject 
feel about the cooker? 
(Choices: very bad, 
bad, moderate, good, 
very good) 

Good Good Good  Good  Very good Good  Good  Good Good Good Very good  Good  

How does the subject 
feel about the height of 
the ventilation hood? 
(Choices: very bad, 
bad, moderate, good, 
very good) 

Very good  Good  Very good  Good Very good Very good  Good (it will be 
very good if the 
switches are on 
the countertop)  

Good  Good  Very good  Very good  Very good  
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Does the subject think 
the space is adequate? 
(Choices: very 
inadequate, inadequate, 
just adequate, 
adequate, very 
adequate) 

Just adequate, 
uncomfortable to 
turn.  

Inadequate Inadequate Inadequate Inadequate  Inadequate  Just adequate  Inadequate Inadequate Inadequate  Inadequate Inadequate  

 
UKitchen M2, Scenario 2. 

 
Questions 1. Mr. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao Lin 7. Mr. Wee 8. Ms. Jennies 9. Mr. 

Salaam 
10.Ms. Sabiah 11. Mr. Yow 12. Ms. Edel 

Which approaching 
method to the 
microwave oven is 
easier for the subject? 

Front approach, the 
microwave oven 
on his front-left. 

Backward 
approach, the 
microwave oven 
on her right side. 

Backward 
approach, the 
microwave oven 
on his right side. 

Backward 
approach, the 
microwave oven 
on her right side.

It is the same from 
either side. He can 
use both hands.  

Backward 
approach, 
microwave oven on 
her right side. 
The door of the 
microwave oven 
blocks her left arm 
if the microwave 
oven is one her left 
side. 

Backward 
approach, 
microwave oven 
on his right side. 
Because he can 
see inside the 
microwave oven. 
It is easy for him 
to get items from 
the microwave 
oven. 

Front approach, 
the microwave 
oven on her left 
side. 

Backward 
approach, the 
microwave oven 
on his right 
side. 

Backward 
approach, the 
microwave oven 
on her right side. 

Front approach, 
the microwave 
oven on his left 
side.  

Front approach, the 
microwave oven on 
her front-left. 

From which appliance 
does the subject 
usually get the food? 

Refrigerator  Sink Refrigerator  Sink Refrigerator  Refrigerator Refrigerator Sink Sink Refrigerator  Refrigerator Refrigerator 

Which countertop does 
the subject put the 
bowl on after he/she 
gets it out of the 
microwave oven? 
Why?  

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

The countertop 
near the sink. This 
is the only choice 
in this plan. 

The countertop 
near the sink. 
This is the only 
choice in this 
plan. 

The countertop near 
the sink. This is the 
only choice in this 
plan. 

How does the subject 
feel about the door of 
the microwave oven? 
(Choices: very bad, 
bad, moderate, good, 
very good) 

Bad, because he 
must carry the food 
around the door to 
the countertop.  

Moderate Bad, because he 
must move the 
food around the 
door to the 
countertop.  

Moderate Moderate. 
If the door is top 
hinged or bottom 
hinged, it will be 
much better. 

Bad, because she 
must carry the food 
around the door to 
the countertop. 

Good. 
If the door is top 
hinged or bottom 
hinged, it will be 
much better. 

Moderate Moderate Good  Bad, because he 
must carry the 
food around the 
door to the 
countertop. 

Bad, She must move 
food around the 
door to the 
countertop near the 
sink 

Does the subject use 
the pull-out 
countertop? 

Yes  Yes Yes  Yes Yes  Yes  Yes  Yes Yes  Yes Yes  Yes  

How does the subject 
feel about the pull-out 
countertop? (Choices: 
very bad, bad, 
moderate, good, very 
good) 

Good  Good  Good  Good  Good  Very good Very good Good  Good  Good.  
Because it is 
safer. 

Good  Good.  
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UKitchen M2, Scenario 3. 

 
Questions 1. Mr. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao Lin 7. Mr. Wee 8. Ms. Jennies 9. Mr. 

Salaam 
10.Ms. Sabiah 11. Mr. Yow  12. Ms. Edel 

(For the cabinet near 
the cooker) which 
method is easier for the 
subject to approach the 
cabinet? 

Front approach, 
cabinet on his left. 

Front approach, 
cabinet on her 
left. 

Front approach, 
cabinet on his left. 

Front approach, 
cabinet on her 
left. 

Front approach, 
cabinet on his left.

Front approach, 
cabinet   in front of 
her. 
 

Front approach, 
cabinet on his 
left. 

Front approach, 
cabinet on her left.

Front approach, 
cabinet   in front 
of him.  

Front approach, 
cabinet in front of 
her. 

Front approach, 
cabinet on his 
left. 

Front approach, 
cabinet on her left.

(For the cabinet near 
the cooker) is it easy 
for the subject to pick 
objects from the 
drawers? (Choices: 
very difficult, difficult, 
moderate, easy, very 
easy) 

For the lowest 
drawer, moderate; 
For the higher 
drawers, very easy. 

For the lowest 
drawer, 
moderate; 
For the higher 
drawers, very 
easy. 

For the lowest 
drawer, very 
difficult; 
For the higher 
drawers, easy. 

For the lowest 
drawer, very 
difficult; 
For the higher 
drawers, easy. 

For the lowest 
drawer, difficult; 
For the higher 
drawers easy.  

For the lowest 
drawer, difficult; 
For the higher 
drawers, moderate. 

For the lowest 
drawer, difficult;
For the higher 
drawers, easy. 

For the lowest 
drawer, difficult; 
For the higher 
drawers, easy. 

For the lowest 
drawer, 
difficult; 
For the higher 
drawers, easy. 

For the lowest 
drawer, difficult; 
For the higher 
drawers, 
moderate.  

For the lowest 
drawer, difficult;
For the higher 
drawers, easy.  

For the lowest 
drawer, difficult; 
For the higher 
drawers, easy. 

(For the cabinet near 
the cooker) how does 
the subject comment on 
the knee space beside? 

The knee space 
beside the cabinet 
makes it easier for 
him to open the 
drawers because he 
can get closer to 
the cabinet. The 
wheelchair doesn’t 
block the drawers.  

The knee space 
beside the 
cabinet makes it 
easier for her to 
open the drawers. 

The knee space 
beside the cabinet 
makes it easier for 
him to open the 
drawers because 
he can get closer 
to the cabinet. The 
wheelchair doesn’t 
block the drawers. 

The knee space 
beside the 
cabinet makes it 
easier for her to 
open the drawers.
 

 

The knee space 
beside the cabinet 
makes it easier for 
him to open the 
drawers because 
he can get closer 
to the cabinet. 

She doesn’t use the 
knee space because 
if she drives her 
wheelchair into the 
knee space, she 
must bend left to 
open the drawers. 
Because of her 
pain in the waist, 
she is unable to do 
so.  

The knee space 
is good for him 
to open the 
drawers. 

The knee space 
beside the cabinet 
makes it easier for 
her to open the 
drawers because 
she can get closer 
to the cabinet. 

He doesn’t use 
the knee space 
because he uses 
his right hand to 
get items. 

 

She doesn’t use 
the knee space 
because she uses 
the right hand to 
fetch items. If the 
knee space is on 
the left side of the 
cabinet, she will 
use the knee 
space.   

The knee space 
beside the 
cabinet makes it 
easier for him to 
open the drawers 
because he can 
get closer to the 
cabinet. The 
wheelchair 
doesn’t block the 
drawers. 

The knee space is 
good for her 
because she can 
get closer to the 
cabinet and use her 
left hand to open 
the drawers and 
get items.  

(For the rotating 
cabinet near the 
refrigerator) which 
approaching method is 
easier for the subject? 

approaching it on 
its left  

approaching it on 
its left 

approaching it on 
its left 

approaching it on 
its left 

approaching it on 
its left 

approaching it on 
its left 

approaching it 
on its left 

approaching it on 
its left 

approaching it 
on its right 

approaching it on 
its right 

approaching it on 
its left 

approaching it on 
its left 

(For the rotating 
cabinet near the 
refrigerator) is it easy 
for the subject to pick 
objects from the 
shelves? (Choices: 
Very difficult, difficult, 
moderate, easy, very 
easy) 

Moderate for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Moderate for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Difficult for the 
lowest shelf; 
Easy for the 
higher shelves.   

Moderate for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves. 

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Difficult for the 
lowest shelf; 
Very easy for 
the higher 
shelves. 

Very Difficult for 
the lowest shelf; 
easy for the higher 
shelves. 

Difficult for the 
lowest shelf; 
Very easy for 
the higher 
shelves.   

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves.   

Moderate for the 
lowest shelf; 
Very easy for the 
higher shelves. 

Difficult for the 
lowest shelf; 
Very easy for the 
higher shelves.   

How does the subject 
feel about the rotating 
cabinet? (Choices: very 
bad, bad, moderate, 
good, very good) 

Very good Good Good  Good Very good. Very good. Very good. Good Good Good  Very good. Very good  

(For the wall cabinet) is 
it easy for the subject to 
pick objects from the 
shelves? (Choices: very 
difficult, difficult, 
moderate, easy, very 
easy) 

Easy to get objects 
from the lowest 
shelf. 
Difficult to get 
objects from the 
upper shelf 

Easy to get 
objects from the 
lowest shelf. 
Difficult to get 
objects from the 
upper shelf. 

Very difficult to 
get objects from 
the lowest shelf. 
The upper shelf 
cannot be reached. 

Very difficult to 
get objects from 
the lowest shelf. 
The upper shelf 
cannot be 
reached. 

Moderate to get 
objects from the 
lowest shelf. The 
upper shelf cannot 
be reached.  

Easy to get objects 
from the lowest 
shelf. The upper 
shelf cannot be 
reached.  

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be 
reached. 

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be reached.

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be 
reached. 

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be 
reached. 

Moderate to get 
objects from the 
lowest shelf. The 
upper shelf 
cannot be 
reached.  

Difficult to get 
objects from the 
lowest shelf. 
The upper shelf 
cannot be reached.
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How does the subject 
feel about the wall 
cabinet? (Choices: very 
bad, bad, moderate, 
good, very good) 

Good Moderate Bad  Bad  Moderate Good  Bad  Bad  Bad  Bad  Moderate Bad  

Does the subject want 
the wall cabinet 
installed in his/her 
kitchen? Why? 

Yes, because more 
items can be stored 
and the kitchen 
looks tidy.  

No, because it is 
difficult to use 
and wastes 
money. 

No, because it is 
difficult to use and 
wastes money. 

No, because it is 
difficult to use 
and wastes 
money. 

No, because it has 
no much use and 
wastes money.  

Yes, because she 
can store more 
items. 

No, because it is 
difficult to use. 

No, because it is 
difficult to use and 
wastes money. 

No, because it is 
difficult to use. 

No, because it is 
difficult to use. 

Yes, because 
more items can 
be stored.  

No, because it is 
difficult to use. 

Does the subject think 
the storage is adequate? 
(Choices: very 
inadequate, inadequate, 
just adequate, adequate, 
very adequate) 

Adequate  Adequate  Just adequate  Just adequate Adequate Just adequate  Just adequate  Just adequate Just adequate Just adequate  Inadequate  Just adequate 

 

UKitchen M2, Scenario 4. 

 
Questions 1. Mr. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao Lin 7. Mr. Wee 8. Ms. Jennies 9. Mr. 

Salaam 
10.Ms. Sabiah 11. Mr. Yow  12. Ms. Edel 

Which method is 
easier for the subject 
to approach the 
washing machine? 
Why? 

Front approach, the 
washing machine 
on his front-right. 

Front approach, 
the washing 
machine on her 
right.  

Front approach, 
the washing 
machine on his 
right.  

Front approach, 
the washing 
machine on her 
right. 

Front approach, 
the washing 
machine on his 
front-right. 

Front approach, 
the washing 
machine in front of 
her. 

Front approach, 
the washing 
machine on his 
front-right. 

Front approach, 
the washing 
machine on her 
right. 

Front approach, 
the washing 
machine on the 
right. 

Front approach, 
the washing 
machine in front 
of her. 

Front approach, 
the washing 
machine on his 
left. 

Front approach, 
the washing 
machine on her 
front-left. 

How does the subject 
feel about the location 
of the washing 
machine? (Choices: 
very bad, bad, 
moderate, good, very 
good) 

Moderate Moderate Bad  Moderate Moderate  
If it is near the 
bathroom it will 
be better. 

Moderate  Moderate Moderate Moderate Good  Good, because 
the location is 
convenient for 
him to approach.

Moderate  

How does the subject 
feel about the height of 
the washing machine? 
(Choices: very bed, 
bad, moderate, good, 
very good) 

Bad  Bad Very Bad  Bad Moderate  Bad  Bad  Bad Bad Bad  Moderate  Bad  

Where does the subject 
prefer the clothes pole 
to be?  

Just on his front-
left when he sits at 
the washing 
machine. 

Just on her front-
left when she sits 
at the washing 
machine. 

Just on his front-
left when he sits at 
the washing 
machine. 

Just on her front-
left when she sits 
at the washing 
machine. 

Just on his font-
left when he sits at 
the washing 
machine. 

Just on her left 
when she sits at 
the washing 
machine. 

Just on his font-
left when he sits 
at the washing 
machine. 

Just on her front-
left when she sits 
at the washing 
machine. 

Just on his 
front-left when 
he sits at the 
washing 
machine. 

Just on her right 
when she sits at 
the washing 
machine. 

Just on his font-
right when he sits 
at the washing 
machine. 

Just on her font-
right when she sits 
at the washing 
machine. 
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Kitchen M2m1 

Questions 1. Mr. Yusoff  2. Ms. Chun  3. Mr. Foo 4. Ms. Ng 5. Mr. Low 6. Ms. Bao Lin 7. Mr. Wee 8. Ms. Jennies 9. Mr. Salaam 10.Ms. Sabiah 11. Mr. Yow  12. Ms. Edel 

Is the refrigerator 
easier to approach 
when the knee space is 
provided beside it? 
Why? 

Yes, because he 
can get   closer to 
the refrigerator to 
open the door. And 
there is more space 
available to adjust 
the wheelchair. 

Yes, because she 
can get closer to 
the refrigerator 
to open the door. 

Yes, because he 
can get closer to 
the refrigerator to 
open the door. 

Yes, she can get 
the object from 
the refrigerator 
while sitting in 
the knee space 
without further 
adjustment. 

Yes, because there 
is more space 
available to adjust 
the wheelchair. 

Yes, because she 
can get closer to 
the refrigerator to 
open the door. 

Yes, because he 
can get closer to 
the refrigerator 
to open the door.

Yes, she can get 
the object from 
the refrigerator 
while sitting in the 
knee space 
without further 
adjustment.  

Yes, he can get 
the object from 
the refrigerator 
while sitting in 
the knee space 
without further 
adjustment.  

Yes, because she 
can get closer to 
the refrigerator to 
open the door. 

There is no much 
difference for 
him because he 
approaches the 
refrigerator 
sideways and the 
refrigerator is on 
his left. He 
doesn’t use the 
knee space. 

No, because she 
prefers to open the 
refrigerator and get 
items with the left 
hand.  

Is the microwave oven 
easier to use? Why?  

Yes, it is easier to 
use because he can 
sit facing the 
microwave. 

Yes, it is easier 
to use because 
she can sit facing 
the microwave. 

Yes, it is easier to 
use because he can 
sit facing the 
microwave. 

Yes, it is easier to 
use because she 
can sit facing the 
microwave. 

Yes, it is easier to 
use because he can 
sit facing the 
microwave. 

Yes, it is easier to 
use because she 
can sit facing the 
microwave.   

Yes, it is easier 
to use because 
he can sit facing 
the microwave.  

Yes, it is easier to 
use because she 
can sit facing the 
microwave. 

Yes, it is easier 
to use because 
he can sit facing 
the microwave. 

Yes, it is easier to 
use because she 
can sit facing the 
microwave. 

Yes, it is easier 
to use because he 
can sit facing the 
microwave. 

Yes, it is easier to 
use because she 
can sit facing the 
microwave. 

Is the washing machine 
easier to use when it is 
raised up? 

Yes  Yes  Yes  Yes  Yes, it is much 
easier 

Yes, it is much 
easier. 

Yes  Yes  Yes  Yes  Yes  Yes  

How dose the subject 
approach the washing 
machine? 

Backward 
approach, washing 
machine on his 
right. 

Frontward 
approach, 
washing machine 
on her left. 

Backward 
approach, washing 
machine on his 
right. 

Frontward 
approach, 
washing machine 
on her left.  

Frontward 
approach, washing 
machine on his 
left.  

Frontward 
approach, washing 
machine on her 
left. 

Frontward 
approach, 
washing 
machine on his 
left. 

Frontward 
approach, washing 
machine on her 
left. 

Backward 
approach, 
washing 
machine on his 
right. 

Backward 
approach, 
washing machine 
on her right.  

Frontward 
approach, 
washing machine 
on his left. 

Frontward 
approach, washing 
machine on her 
left. 

Is the washing machine 
put at the corner easy 
to access? (Choices: 
very difficult, difficult, 
moderate, easy, very 
easy) 

Easy   Easy  Moderate  Easy  Easy  Easy  Easy  Easy  Moderate  Moderate  Easy  Easy  

Dose the subject think 
the present storage is 
adequate? (Choices: 
very inadequate, 
inadequate, just 
adequate, adequate, 
very adequate) 

Just adequate  Inadequate Inadequate  Inadequate Just adequate for 
one person, 
inadequate for a 
big family. 

Inadequate  Inadequate Inadequate  Inadequate Very inadequate  Very inadequate Very inadequate 
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