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Abstract

A methoddogy has been developed to eval uate the useful sea depth for atarget popuation. The
methoddogy isfoundto bereliable and valid based on bdh oljedive and subjedive measurements.
A chair with an “adjustable” sea depth was designed and developed for this purpose. A total of 30
Chinese students were tested. The objedive measure was the sea edge protrusion when seaed.
Eight sea feaureswererated using a5-point scde. Theresultsindicae no statisticd difference
between the sed depths of 30.4cm and 38cm for the Acceptability and the Overall Discomfort sea
ratings. In addition, the objedive measure indicaed that a sea depth of 31to 33cmis adequate for
the Hong Kong Chinese. Thus, it may be mncluded that a sea depth of 30to 33cmisided for the
same popuation.

Index words: seat depth, sitting, anthropometry.

1. Introduction

Sitting is avery primitive form of body suppat. Even though 6% of the weight (Branton, 1969 is
caried by the sed pan, investigations on the sea pan have been very few. Most sea studies have
been limited to badkrests, cushioning or contouring of the surface Henceremmmendations for sea
pan depth have been based onempiricd reasoning and the so cdled common industry pradice
(ANSI/HFS 1001988 Floyd and Roberts, 1959 Grandiean, et a 1973 JS S1011, 1978Sanders
and McCormick, 1992 Shao et al, 199Q. A recent survey dore by Renae (1995 has siown that the
sed pan ranked as the number one asped nealing improvement.

Sed pan dmensions have been primary candidates for anthropametry based
recommendations. Henceit isnatura for dimensions auch as & depth to vary among standards and
courtries (Table 1). For example, the ANSI/HFS 100-1988spedfies asea depth between 38and 43
cm, “based on common industry practice”. The standard further states that the establi shment of a
strict criterion for maximum sea depth is difficult due to the large variationin butock-popited
length of the large male and the small female. However, the minimum sed depth appeasto be
around 38cm. The study reported hereis an experimental investigation d the sea depth for the
Hong Kong Chinese popuation.

2. Methodology

A spedal sea having a sitting surfacemade of cane, but no badrest, was fabricated. The
sed was designed to acammodate 5 cane units. Eadh cane unit was 45.8cmwide and 7.6cm deep
giving an “adjustable” depth from 7.6 cm to 38cm. The sed was height and tilt adjustable. A total
of 30subjeds (22 male and 8female) participated in the experiment. All subjeds were university
students and the participants were paid HK$ 40for their time. None of the subjeds had any
musculoskeletal injury. Prior to experimentation, the height, weight, age, pogited height (PH), and
buttock-pogited length (BPL) were recorded. The sed, height adjustable foot-rest, and atable
comprised a computer “workstation” (Figure 1). The height of the sea was adjusted so that the top o
the computer monitor set to eyelevel. A foot rest was placeal under the fed so that the knee angle
was 90 degrees. The subjed was asked to sit in the most comfortable posture on ore of five possble
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sed depths, and the experimenter recorded the distance from the buttock to the sea edge distance
(dimension*“a” in Figure 1). The order of presentation was courterbalanced between subjeds with
an ardering simil ar to a Latin square design. After the measurement, the subjed rated the dchair
charaderistics of Sed Height, Sea Width, Sea Depth, Sea Cushioning, Sea Stahility, Sea Surface
Personal Acceptahility of the sed, and Overall Discomfort ona5 pant scde (Figure 3). At the end
of al ratings, the subjed was asked to stand and relax urtil the dhair was =t to perform the second
trial. When the dhair was repositioned, the subjed sat down again and the &ove procedure was
repeded. The total experimental time for eat subjed varied between 1to 1.5 hous.

Table 1. Sea depth recommendations

Source Criterion Recommended seat depth
ANSI/HFS 1001988 standard industry pradice 38cm-43cm
BS5940Part 1 (1980/ smallest personin design range 40.5cm*
BS 3044(1990 (38-43 cm with fixed badk)
Bell Core (1985 40.6cm-43.2cm
CEN' 38cm-47cm
DIN' 38cm-42cm
Swedish Standard' 38cm-43cm
Bennett (1928 lessthan 6-8 inches between more than 20cm - 25 cm*
pogited part and the front edge
of sea
Diffrient, et al. (19749 33cm-41lcm
Kroemer et a (19949 do nd pressinto sensitive 38cm-42cm
tisaues nea knee
Ayoub, et a (1987 10 cm cleaance between 30.5cm*
pogited part and the front edge
of sea
Grandjean (1986 3842cm
Shao, et al (1990 threequarters of the thigh 30.4cm*
length

3. Resaultsand Analysis
The descriptive statistics of the subjeds are shown in Table 2.

Table 2. Descriptive Statistics of Subjeds

Variable N Mean Median Std. Minimum Maximum

Dev.
Age (Yeas) 30 28.9 28 4.38 21.0 38
Height (cm) 30 169.09 168.25 6.64 154.0 181.70
Weight (kg) 30 644 6482 10.85 45.75 81.05
Poplited height (PH), cm 30 39.999 39.755 1.917 36.1 45.20
BPL (cm) 30 44.47 44.2 2.21 41.5 49

The projedion“a” (Figure 1) was used to determine the optimum sea depth. Sincethe
subjeds had varying buttock-pogited lengths (BPL), “a” was narmali zed with resped to the BPL of
ead subjed. The plot of these normali zed values expressed as a percentage ajainst sea depth (cane
depth or number of canes) is shown in Figure 2. The figure shows that the crossover paint (that is
where the graph crosses the x-axis) occurs at a sea depth of approximately 31 cm. At the higher sea

" Based on 5h %ile BPL of 40.5cm as given in Pheasant (1994
! Adapted from Chaffin and Andersson (1991)
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depth of 38 cm, the mean (a/BPL)% valueis—11.69. The mean olserved BPL in this experiment was
44.47cm even though Pheasant (1988 reported a mean value of 45cm. Using aBPL of 44.47cm at
ased depth of 38 cm, dimension“a” would equal (-11.69(44.4%/100=-5.20cm. In aher words,
the suppat depth would equal (38-5.2) = 32.8cm’. Both the above results suggest that a sea depth
of approximately 31-33 cm is adequate for the Hong Kong Chinese popuation.

The ANOV A onthe subjedive ratings (Figure 4) showed nosignificant (p < 0.05 effedsfor
the dependent variables of sea width (Table 3). Note that the sea width was kept constant through
the complete experiment. However, significant effeas do exist for the number of cane units with the
dependent variables of Sea Depth, Cushioning, Sea Surface Stability, Personal Acceptability, and
Overall Discomfort ratings. A post-hoc Student Newman Keuls test showed nosignificant difference
between 4 canes (30.4cm sed depth) and 5canes (38 cm sea depth) for the two ratings of Personal
Acceptability and Overall Discomfort. The SNK for sea depth showed ohvious diff erences among
all sed depths. However, Figure 4 shows that a mean value of 3 (or “corred”) is achieved with a
total of four canes (i.e., sea depth of 30.4cm).
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Figure 1. Experimental set-up and dimensions Figure 2. Dimension“a” asa percentage of
“a’ and“b” measured duingsitting. buttock-pofiteal length for all subjeds.
(a+ b+ seat depth= BPL) The vatical li nes correspondto the
standad error.

Table 3. ANOVA results of subjediveratings. The F-value andthe correspondng probability
(in parenthesis) for p < 0.05are shown below.

Source(df) S. Height S . Width S Depth Cushion.  S. Surface Stability Acceptab.  Overall
gender (1)
trial (1)
gender * trial 5.23
(0.03
cane (4) 80 16.2 28.6 50.8 74.9¢ 99.2
(.000) (.000) (.000) (.000) (.000) (.0003)
gender*cane 2.58 3.11
(0.04 (.0182
trial* cane 3.11
(.018
gender*trial*
cane

2 A BPL of 45 cm would give asuppat depth 327 cm.
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4. Discussion and Conclusions
Both subjective and objective measures indicate that a seat depth of approximately 30-33 cmis
suitable for the Hong Kong Chinese population in contrast to the ANSI standard of 38-43 cm for the
US population. The results are consistent and are statistically reliable. Hence the methodol ogy that
has been devel oped and used is suitable to determine the optimum seat depth for a target population.
Seat depth has been governed by anthropometry in the past. Even though seat usability
studies have been performed by many, no study has systematically explored the subjective and
objective effects of increasing/decreasing seat depth. The special seat designed and developed has
been the key to this study. The use of the seat is not restricted to a particular population since the
seat depth can be varied between 7.6 cm and any desired upper limit even though a maximum of only
38 cm was used in this study.
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1 2 3 4 5
Seat Height I I I I |
Too Correct Too
High Low
L i i i P
Seat Width
Too Correct Too
Narrow Wide
1 2 3 4 5
Seat Depth | | | | |
Too Too
Long Short
1 2 3 4 5
Seat Cushioning I I I I |
Too Correct Too
Hard Soft
1 2 3 4 5
Seat Stability ' ' ' ' |
Poor Adequate Good
1 2 3 4 5
Seat Surface I I I I |
Poor Adeguate Good
1 2 3 4 5
Per sonal I I I I |
Acceptability Strongly Didike Neutral Like Strongly
Didike Like
1 2 3 4 5
Overall ' ' ' ' !
Discomfort Very Uncomfortable  Some Slight No
Uncomfortable Discomfort Discomfort

Figure 3. Chair Feature Questionnaire (Adapted from Drury and Coury, 1982)
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Seat Height

too low 5-
4

correct 31 - -
20 T L

toohigh1|

3 4 5
umber of canes

Z o o+

Seat Depth

too short 57
4

correct 3
24

too long 1

good 51
4]

adequate 3
AR

poor 1| _ _

1 2 3 4 5
Number of canes

Personal Acceptability

stronglylike5) _ _ . _ . _ _ . . . _ . _ _ _ .
like 4]

neutral 3l
dislike 2{ - -m -
strongly dislike 1+ - -

Seat Width
toowide 5+ - - - - - - - - - - - - - o o -
T
D
toonarrowlt - - - - - - - - - - - - - - - - - -
1 2 3 4 5
Number of canes
Seat Cushioning
toosoft5+ - - - - - - - - - - - - - - - o - o4
1
correct 34
21
too hard 1.4 - -
1 2 3 4 5
Number of canes
Seat Surface
good 54 - - - - - - - - - - oo oo - -
4
adequate 3
24 - -
poor 11 _ .
3 4 5

Number of canes

Overall Discomfort

no discomfort 51
slight discom. 47
some discom. 3]
uncomfortable 2]
very uncomfort 17

1 2 3 4 5
Number of canes

Figure 4. Mean subjective rating and standard deviation for seat features.



