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Abstract

This research work compared the anthropometric dimensions of some secondary school students to the design
dimensions of their chairs and desks to assess the furniture’s appropriateness. A total of 840 students, with their
chairs and desks, from fourteen secondary schools in seven states in south-western Nigeria, were measured.
Popliteal height(PH), Buttock-Popliteal length (BPL), Hip breadth (HB), Shoulder Height (ShH), Elbow height
(EH) and Knee height (KH)) of the children were measured using vernier callipers and an anthropometric chair.
While Seat Height (SH), Seat Depth (SD), Seat Width (SW), Backrest Height (BH), Desk Height (DH) and
Underneath Desk Height (UDH) were measured using a measuring tape. The SD and BH were suitable for the
students, while major mismatches were noted in SH, DH and UDH. Using existing models, three types of chairs
and tables were then proposed for the students.
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1. Introduction

Ergonomic consideration in the allocation of desks and tables for secondary school students has a lot of role to
play in preventing some inherent health hazards and promoting effective learning process. School serves as work
place for large percentage of any population in developed and developing country. Contrary to what one might
assume, back problems are not confined to the adult population. A surprising number of secondary school students
and adolescents are reported to have regular bouts of back, neck, and headache pain as discussed by Parcells et al.
(1999). Of recent, several authors have advocated early back pain prevention through the school system since the
school is the primary societal institution with the responsibility for health promotion. A possible explanation can
be found in biomechanical studies, showing that sitting with a flexed trunk increases the spinal load, compared to
standing, and showing that prolonged static sitting increases intradiscal pressure, resulting in decreased nutrition
to the disc and also causing pain (Cardon et al., 2004).

Students’ sitting posture is influenced not only by the activities performed in the classroom, but also by
the anthropometric dimensions of the children and the measurements and design features of the school furniture
they use. Specific measurements such as popliteal height, knee height, buttock to popliteal length and elbow height
are necessary in order to determine the dimensions of school furniture that will enable students to maintain the
correct sitting posture (Metin and Kenan, 2008. ). Due to the prolonged periods spent seated during school, it is in
the schools that students acquire permanent habits of sitting. It is for this reason that public health concerns over
the effects of bad posture need to be focused on the design of classroom furniture (Parcells et al, 1999).

If the seating surface is too high, the underside of the thigh becomes compressed causing discomfort and
restriction in blood circulation. To compensate for this, a sitting person usually moves his buttocks forward on the
chair seat. This can result in a slumped, kyphotic posture due to lack of back support (Hedman and Fernie, 1997;
Corlett, 1999; Parcells et al and Panagiotopoulou et al, 2004).In addition, the feet do not have proper contact with
the floor surface (heels are off the floor) and stability of the body is poor. On the other hand, if the seat surface is
too low, a knee could hit the lower part of the table (Ramadan et al, 2005).

It has been reflected from many studies that there is a mismatch between the desks and tables dimensions
and the anthropometric dimensions of the school children. Wrongly designed school furniture induces improper
posture leading to operational uneasiness and musculoskeletal and some physiological disorders among school
children. Studies have shown that being confined in awkward posture for specific task demand at a given situation
or as influenced by badly designed furniture for a long duration provokes psychological stress and imposes ill
effects on human performance (Khaspuri et al, 2007)

2. Methodology

2.1 Selection of subject

Sixty students were randomly selected from all classes in two schools in each state. A total of 840 students were
selected from seven states in south-western Nigeria as shown in Table 1. The proportion of each gender was
selected, based on their proportion in each school.
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2.2. Anthropometric data
Different anthropometric dimensions of the school children were taken by adopting proper landmark definitions
and standard measuring techniques (Khaspuri et al, 2007 and Chakrabarti and Das, 2004). All the body dimensions,
namely: Popliteal height(PH); Buttock-Popliteal length (BPL); Hip breadth (HB); Shoulder Height (ShH); Elbow
height (EH) and Knee height (KH), of the children were taken only from the right side of their body. The equipment
used for the purpose were anthropometers: anthropometric chair

Table 1: Anthropometric data collected from secondary students in south-western Nigeria.

State School Male Female
Lagos 1 30 30
2 32 28
Ogun 3 28 32
4 32 28
Oyo 5 30 30
6 32 28
Osun 7 32 28
8 32 28
Ondo 9 30 30
10 30 30
Kwara 11 32 28
12 28 32
EKkiti 13 30 30
14 30 30

as designed by Gouvali and Boudolos, (2006) and vernier callipers as designed by Ajayeoba and Adekoya, (2009).
Accuracy and repeatability of measurement were achieved by practice prior to the data collection sessions. All
subjects were measured wearing their school uniforms and shoes and following the anthropometric definition
according to Ajayeoba and Adekoya, (2009).

2.3 Design data

A total of 840 chairs and 840 desks belonging to the students considered above were also measured. Furniture
design data were collected by measuring the furniture allocated to respective students in the classroom.
Measurements of all design variables, (namely: Seat Height (SH); Seat Dept (SD); Seat Width (SW); Backrest
Height (BH); Desk Height (DH) and Underneath Desk height (UD),of the classroom furniture(desks and chairs)
were carried out using measuring tape (Gouvali and Boudolos, 2006).

2.4 Data Analysis
The anthropometric data were analysed using percentiles. The percentile for each dimension was calculated using
the equation below:
P=x+(sxF) @
P = Calculated value for the chosen (upper or lower) percentile,
X =Mean of the data,
s = Standard deviation,
F = Factor corresponding to the chosen percentile
In order to determine match and mismatch between the students’ anthropometry and their allocated furniture,
minimum dimensions were based on 75™, 95" or 99" percentile while the maximum dimensions were based on 1%,
5%, or 25 percentile.

2.5. Proposed Design Variables for Classroom Furniture

The various anthropometric data presented in percentiles above were used to determine the allowable design
dimensions by adapting Gouvali and Boudolos, (2006). The allowable design dimensions for SH, SD, SW, BH,
DH and UDH were determined as shown in equations (ii) to (vii), knowing that the students were measured with
their school uniforms and shoes on:

i. Seat Height PHcos30° < SH < PHcos5° (ii)
ii. Seat Depth 0.8BPL < SD < 0.99BPL (ii1)
1. Seat Width 1.1HB < SW < 1.30HB (iv)
iv. Backrest Height 0.6ShH < BH < 0.8ShH V)
V. Desktop Height

EH + [PHcos30°] < DH < PHcos5° + (0.8517EH) + (0.1483ShH) (vi)

vi. Underneath-desk height
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KH + 2 < UDH < [PHcos5° + (0.8517EH) + (0.1483ShH)] — 4 (vii)

3.0 Results

3.1. Anthropometric Data

Table 2 shows the calculated percentiles of anthropometric dimensions of male and female students from the
considered secondary schools.

3.2. Design data for desk and table
The comparisons between the predicted models for desks and chairs using proposed models by Gouvali and
Boudolos, (2006) and the measured values are presented in Table 3.

Table 2: Relevant anthropometric data of secondary school students.

Anthropometric SD
Dimension Sex Ist 5th 25t 50t 75t 95th 99t [cm]
PH Male 41.19 4272 4469 4648  48.02 5023 51.77 2.8
Female 4221 43.54 4544 46.80 48.13 5006 5139 1.98
BPL Male 4041 4180 4379 45.17 46.55 4854 4993 205
Female 4044 41.81 4378 4515 46.52 4850 49.86 2.03
HB Male 2891  30.61 33.06 3478 3645 3891 4061 2.52
Female  28.66 30.62 33.45 3541 3737 4020 42.16 291
ShH Male 4737 4883 5093 5240 5386 5597 5743 2.17
Female 4841 49.84 5193 5337 5481 5689 5833 2.4
EH Male 9.71 10.9 11.94 134 1486 1697 1843 2.17
Female 962 10.8 1193 1337 1481 16.89 1833 2.17
KH Male 4989 5172 5379 5648 5822 6133  63.07 228

Female 51.01 5284 54.84 57.1 5843 6137 63.59 198

4. Discussion

Table 3 shows the values of the selected percentiles: 5™, 50" and 95"and the corresponding predicted values of the
design variables compared with the measured design values: minimum, average and maximum values respectively.
Considerable levels of mismatch were observed during the comparison of the students’ anthropometric and the
design dimensions of their allocated furniture. Major mismatches are noted in SH, DH and UDH as commented in
Table 3, while SW was only narrow for students in the 95" percentile. The SD and BH were suitable for the
students because they fall within the predicted values. It was observed that most students in the lower percentile
(mostly in the lower classes) did not use the required chairs and desks. They are using chairs and desks that were
made for students in the upper percentiles (mostly the higher classes) so that they can use the same set of furniture
throughout their secondary school days. Generally, it was observed that the inconveniencies experienced by the
thighs/knees under the desks are due to the depth of the locker/drawer incorporated under the table, taken the space
meant for the thighs/knees (as shown Figure land 2).

5. Conclusions and Recommendation

It has been established that no particular dimensions of chair and desk can comfortably fit all students. Likewise
no student would be comfortable with the same size of chairs and desk for his or her six-year programme. Hence,
to avoid musculoskeletal problems and other associated workplace hazards, appropriate chairs and desks should
be allocated to the students. Chairs and desks with dimensions according to Table 4 will then be appropriate and
comfortable for at least 95% of the students’ population. Lockers should be provided separately for the students’
properties or incorporated if possible within the little space remaining between the UDH and desktop.
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Table 3: Anthropometric data as compared with the mean Predicted model for students’ desks and chairs
Anthropometric Predicted Measured

Variable Percentile Value Design Model value Comment
5t 42.72  38.73<SH<44.55 37.50 Short
PH 50t 46.80  42.26<SH<48.61 39.50 Too short
95t 50.23  45.23<SH<52.03 41.50 Too short
5t 41.80  33.44<SD<41.38 39.50 Ok
BPL 50t 45.17  36.14<SD<44.72 40.60 Ok
95t 48.54  38.83<85D<48.05 41.50 Ok
5t 30.61  33.67<SW<39.79 37.00 Ok
HB 50t 35.41  38.95<SW<46.03 39.50 Ok
95th 40.20  44.22<SW<52.26 41.00 Narrow
5t 48.83  29.30<BH<39.06 37.00 Ok
ShH 50t 53.37  32.02<BH<42.70 38.50 Ok
95th 56.89  34.13<BH<45.51 40.00 Ok
5t 10.80  47.80<DH<59.00 68.00 Too high
DH 50t 13.40  53.93<DH<65.95 68.90 High
95th 16.97  60.47<DH<72.93 70.50 Ok
UDH 5t 51.72  53.72<UDH<55.00 49.00 Relatively Low
50t 57.10  59.10<UDH<61.95 50.20 Relatively Low
95t 61.37  63.37<UDH<68.93 52.50 Relatively Low

Table 4: Recommended Design Dimensions

Design Type A (cm) Type B (cm) Type C (cm)
Variables | Min Max Min Max Min Max
SH 38.73 44.55 4226 48.61 | 4523 52.03
SD 33.44 41.38 36.14 4472 | 38.83 48.05
SW 33.67 39.79 38.95 46.03 | 4422 52.26
BH 29.30 39.06 32.02  42.70 | 34.13 45.51
DH* 47.80 59.00 5393 6595 | 60.47 7293
UDH* 45.80 55.00 5193 6195 | 58.47 68.93
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Figurel: A student’s desk and Chair

Figure2: A typical example of classroom setup
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