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Students sit for most of the time on school furniture
in the classroom. However, the design of school
furniture in Nigeria using the anthropometric data
of the users has yet to be given adequate attention.
This study was carried out to obtain
anthropometric data of students in higher
institutions of learning in Nigeria for the design of
ergonomics chairs and tables for use by students in
those institutions. Seven hundred and twenty (720)
students in three selected institutions participated
in the study. Various body dimensions (sitting
elbow height, shoulder height, knee height,
popliteal height, buttock-popliteal length, stature
and body weight) of the students were measured
using standard anthropometer and 5th, 50th, and
95th percentiles of the data obtained were
computed using a SPSS 16.0 statistical package.
The existing furniture dimensions in the selected
institutions were also measured. Based on the
obtained anthropometric data, this paper proposes
furniture design dimensions for seat height, seat
depth, seat width, backrest height (upper), armrest
and desk height for students in the selected tertiary
institutions. The present study may be a pointer to
the effect that in the design of tables and chairs for
use in higher institutions, the anthropometric data
of the Nigerian students were not considered. It is
hereby recommended that similar study should be
carried out in other sections of the country.
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1

Introduction

Anthropometric data is a collection of the dimensions
of the human body and is useful for apparel sizing,
forensics, physical anthropometry and ergonomic
design of the workplace [18, 10, 41, 5]. Similarly,
some authors defined anthropometric data as that
used in ergonomics to specify the physical
dimensions of workplace, equipment, furniture and
clothing [21, 19].
Oyewole et al. [37] reported that the use of furniture
dated back to the Stone Age when chairs and tables
were carved from stones and rocks. Similarly, Thariq
et al. [44] noted that chairs were essential part of any
learning environment. Many studies have
investigated the ergonomic problem that is associated
with the use of school furniture and its design [40, 30,
33, 38, 14]. Studies have confirmed that students
spend a greater part of their time in school in the
seated posture [25, 24]. Sitting position for a long
period of time and static posture in a forward bending
manner has been found to be the major cause of low
back pain [42, 3, 47]. Mandal [27] in his research
noted that 60 percent of students complained of pains
in the back, neck or shoulder for which they blamed
the furniture. Salminen et al. [43] also noted that low
back pain was at least, to some extent, due to an
unsuitable school table. In addition, Evans et al. [13]
stated that a mismatch between thigh length and seat
depth was significantly related to seating discomfort,
and that a mismatch in the seated elbow height and
the table height was significantly related to pain in
the shoulders and neck. Furthermore, improper
design of school furniture is one of the contributing
factors to back pain between students as indicated in
some studies [1]. A surprising number of students
had regular bouts of back, neck and head pains [36].
Linton et al. [25, 24] had shown that students spend
a substantial part of their time in schools in the sitting
posture. Sitting for a long time in a static position by
leaning forward have been confirmed to be a major
cause of backache [47] which is not limited to adults
[36]. A mismatch between the length of thigh and
seat depth has been shown to be related to discomfort
while a mismatch in seated elbow height and desk
height is related to neck and shoulder pain [15].
Helander et al. [17] observed that anthropometric
dimensions of the user population are essential in the
design of workstations for a healthy and comfortable
posture. The study of the mechanics of the relevant
body parts and external systems while sitting have
shown that seventy –five percent (75%) of the body
weight is supported by only 26cm2 of sitting surface

resulting in high compressive stress [45]. Therefore,
there is the need for leg support to distribute the loads
in the buttock and thigh [35]. In fact, Chaffin et al.
[8] confirmed that the feet should firmly rest on the
floor or foot support to prevent the thighs from
supporting the weight of the lower leg.
For the maintenance of a good sitting posture for
students, classroom furniture plays a prominent role
[37]. Knight and Noyes [22] observed that two major
functions of school furniture are to support the
student when attending the lecture and when writing
or drawing on the working surface, and these
activities require adoption of different physical
positions by the student.
Molenbroek et al. [31] noted that various designs of
school furniture have been promoted to improve the
posture and mobility of the user. Adjustable
prototype tables and chairs were developed and
evaluated by [20]. Adjustability of school furniture is
essential in ensuring increased comfort and
decreased incidence of musculoskeletal disorders
[15]. But Oyewole et al. [37] noted that fixed-type
furniture, to accommodate all users in the design of
the seat, arms and backrests of most chairs, was still
common, especially in developing countries where
budget for education is paltry. The design of
ergonomically compliant school furniture has not
been given the attention it deserves in Nigeria as the
anthropometric data of other countries have been
used for such designs and eventual construction.
Very few of such studies have been conducted in the
higher institutions in Nigeria [2]. The study by
Adejuyigbe and Ali [2] identified the ergonomic
problems of various furniture items used by staff and
students in a Federal University and equally
prescribed optimum design for them. However, the
proposed specifications were based on foreign
anthropometric data. A study by Musa et al. [34]
confirmed that 93.75 % of students in three selected
tertiary institutions complained of neck, shoulder,
upper and lower back pains that they attributed to the
furniture they used.
Anthropometric data should be established for the
user population and the anthropometric data for
Nigerians are sparse [18]. There is thus the need for
anthropometric data of Nigerian students in the
tertiary institution for the design and construction of
furniture to suit them. The purpose of this study was
to obtain the anthropometric data of students in three
selected tertiary institutions in Abeokuta for the
design of ergonomic tables and chairs for the use of
these students.
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2 Experimental investigation
2.1 Sample Selection and Measurements
Procedure
Three higher institutions in Abeokuta metropolis
namely the University of Agriculture (UNAAB),
Moshood Abiola Polytechnic (MAPOLY), and
Federal College of Education (FCE, Osiele) were
selected to participate in the research. Seven Hundred
and Twenty (720) randomly selected amongst the
first through final year students participated in the
study with 240 students (120 boys and 120 girls)
drawn from each participating institution. The ages
of the students were between 17 and 27 years (mean
of 22.85 years, SD = 2.05 years). The body size of
each student was assessed using standard
anthropometric measurement techniques based on a
study by [40]. The consents of the students were
obtained before the commencement of the
measurements. All anthropometric measures were
taken with the subjects wearing light clothing, in a
relaxed and erect posture and without shoes. The
measurements were taken on a level floor in one of
the classrooms in each of the selected institutions.
Measurements were taken every working day for 20
days together with the assistance of a data- recording
person in the month of April in year 2010. To ensure
accuracy of recorded data, the data-recording person
and helper were trained on the use of anthropometers
and other measuring devices in the laboratory and
trial runs were conducted. The measurements during
the trial runs were checked for consistency and
accuracy. Also recorded with the measurements was
the information on/regarding age and sex. Three
replications of the measurements were taken and the
averages recorded. The measurements were also
checked for consistency.
Fig. 1 shows clearly the exact location of the entire
anthropometric dimension. This is important in
ensuring that the measurement processes for all
participants are done correctly and accurately to
minimize the measurement error in data collection.
All measurements were measured in centimeter (cm)
except for the body mass that was in kilogram (kg).
2.2 Description of Measurements
(i) Sitting Height
The student sits erect with the head in the frank fort
plane with arms hanging at the sides and hands
resting on the thighs. Vertical distance from the seat

surface to vertex of the head with hair pressed down
measured with a stadiometer.
(ii) Sitting Elbow height
The vertical distance from the bottom of the tip of
elbow (olecranon) to the sitting surface, measured
with the elbow in 900 of flexion. The subject wears
light clothing and sits fully erect with thighs fully
supported and the lower legs hanging freely. The
upper arms hang freely downwards and forearms are
horizontal. The Sitting Elbow height is required to
determine the arm rest height.
(iii) Sitting Shoulder height
The student sits erect with his/her upper arms at the
sides and hands on the thighs. The vertical distance
from the top of the shoulder at the acromion process
to the students’ sitting surface measured with a
stadiometer. This dimension is essential in the
determination of Back rest Height (Upper).
(iv)Thigh Clearance
The student sits erect with the legs extended and
relaxed. The vertical distance from the sitting surface
to the top of the thigh at its intersection with the
abdomen measured with a vernier caliper. The thigh
clearance, popliteal height and shoe clearance are
necessary for the determination of the table height.
(v) Sitting Knee Height
This is the vertical distance from the floor to the
uppermost point on the knee. The subject sits erect
on a chair and the knee was at the right angle. The
measurement was taken with the use of a stadiometer.
(vi) Popliteal height
The vertical distance measured with 900 knee flexion
from the foot resting surface to the posterior surface
of the knee (popliteal space). The subject sits fully
erect with thighs fully supported and sitting surface
extending as far as possible into the hollow of the
knee, the lower legs hanging freely. The distance is
measured from the measuring block to the forward
edge of the sitting surface. The measurement is
necessary in the determination of seat height.
(vii) Stature
This is the vertical distance from the floor to vertex
of the head with hair pressed down. Subjects stand
fully erect with both feet together and the head is
orientated in the Frankfurt Plane. Measurements
were read from the stadiometer.
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(viii) Buttock-Popliteal length
The horizontal distance is measured with 900 knee
flexion from the posterior surface of the buttock to
the posterior surface of the knee or popliteal space.
The subject sits fully erect with thighs fully
supported and sitting surface extending as far as
possible into the hollow of the knee, the lower legs
hanging freely. The distance is measured from the
measuring block to the forward edge of the sitting
surface. The buttock-popliteal length is needed to
determine the seat depth.
(ix) Sitting Hip Breadth
This is the maximum horizontal distance across the
hips in the sitting position. The sitting hip breadth is
essential to specify the seat width.
(x) Measurement of Body mass
The weight of the student was taken using a
calibrated balance upon which the student stands.
(xi) Buttock-knee length
The student sits erect with the feet on the floor at 900
knee flexion, arms at the sides and hands resting on
thighs. The horizontal distance from the most
posterior point on the buttocks to the most anterior
point on the knee measured with a stadiometer.
(xii) Forearm-Hand length
The student sits erect with the upper and lower arms
at right angles to one another and the hand stretched
out. The distance from the posterior end of the elbow
to the longest finger of the hand while the upper arm
was at an angle of 900 with the lower arm measured
with a vernier caliper. The forearm-hand length is the
relevant measurement that is necessary to specify the
table depth.
(xii) Seat depth
The chair seat depth is the horizontal distance of the
sitting surface from the back of the seat, at a point
where it is assumed that the buttock begins at the
front of the seat. This should be deep enough to
ensure that the region behind the knees (popliteal)
would not hit the front of the seat.
(xiii) Seat slope:
The chair seat slope is the direction and the angle of
pitch of the chair seat.

(xiv) Table height: - The table height is the vertical
distance from the floor to the top of the front edge of
the desk or table.
(xv)Table clearance: - The table clearance is the
vertical distance from the floor to the bottom of the
front edge of the desk or table.
(xvi) Table slope: - The table slope is the angle of
pitch of the top of the desk.
2.3. Measuring Instruments
The measuring instruments used for this study were
as follows:
(i) Weighing machine floor type (stadiometer),
model-Health Scale ZT-160, Micro field, England,
was used to measure the vertical dimensions such as
sitting height, sitting elbow height, sitting shoulder
height, knee height, popliteal height and eye height
(ii) Vernier Caliper (Range 0-68cm with error
0.1mm) was used to measure the horizontal
dimensions such as Buttock-Popliteal Length,
Buttock-knee Length and Forearm- Hand Length.
(iii)A metal tape was used to measure the chairs and
table dimensions while a Goniometer was used to
measure the slope angles of the seat and table.
2.4. Data Analysis
The data was analyzed statistically using SPSS 16.0
statistical package and Microsoft Excel (2007)
programs. The anthropometric data was analyzed
using average, minimum, maximum, standard
deviation, 5th percentile, 50th percentile and 95th
percentile.
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Figure 1. Measured anthropometric data.
Legend
1- Sitting Height
2 - Sitting Elbow height
4- Thigh Clearance
5 - Knee height
7- Buttock-Popliteal Length 8- Eye Height
10- Forearm- Hand Length

3 - Sitting Shoulder Height
6 - Popliteal Height
9 - Buttock-knee Length

Table 1. Dimensions of Existing Chairs and Table in the three selected Institutions
SEAT
HEIGHT
(cm)

SEAT
DEPTH
(cm)

SEAT
SLOPE
ANGLE
(deg)

TABLE
DEPTH
(cm)

TABLE
HEIGHT
(cm)

TABLE
CLEARANCE
(cm)

SURFACE
SLOPE
ANGLE
(deg)

FCE,
OSIELE

47,00

38,00

3°

29,50

77,50

67,00

10°

MAPOLY

41,00

29,00

3°

29,00

69,00

55,00

10°

UNAAB

45,00

35,00

3°

26,50

76,50

71,00

100

DIMENSIONS
/ SCHOOLS
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3

Results and discussion

3.1. Characteristics of Tables and Chairs in the
Selected Schools
Only one type of chairs and tables was identified in
the three institutions, and the dimensions were
exactly the same in the respective institutions. Table
1 shows the dimensions of tables and chairs in the
three selected institutions. The chair and table at
Federal College of Education (FCE, Osiele) were
higher than those available at the other two
institutions; The University of Agriculture (UNAAB)
and Moshood Abiola Polytechnic (MAPOLY).
Similarly, the table height and depth at FCE were
larger than the ones in the other two institutions.
However, the clearance provided for table at
UNAAB was more than the ones at FCE and
MAPOLY.
Though the seat slope and surface slope angles were
the same for the furniture in these institutions, the fact
that there existed differences in other/various
dimensions suggest that different companies
constructed the tables and chairs.

3.2. Anthropometric Dimension of the Students
The anthropometric data of the students are presented
in Table 2 as means, standard deviations (SD), and
5th, 50th and 95th percentiles. Furthermore, the
minimum, maximum, median of the dimensions and
the body mass are included. In anthropometry,
percentiles of various body dimensions are used to
determine design values for an application. For seat
height, the 5th percentile (lower percentile) of the
popliteal height of the population is usually
recommended so that a larger number of the
population is accommodated and thus allow a short
person to use the chair. Similarly, 5th percentile of:
buttock-popliteal length is considered for seat depth;
sitting shoulder height for upper back rest height; arm

rest height for lower back rest height. However, the
95th percentile (larger percentile) of the hip breadth is
usually recommended in the design of the seat and
table/desk widths to accommodate as many people of
the population as possible and thus allows a fat
person to use the chair.
The seat surface height, seat depth, seat width,
backrest height, and backrest width are the important
dimensions for the design of chairs while table
height, table width and table length are the
dimensions that are essential for the design of tables.
The design of the chair and table for the use by
students in the higher institutions was based on the
following criteria:
Seat Height
The popliteal height should be considered in the
design of seat height and for non-adjustable seats; the
5th percentile may be used as the maximum allowable
seat height [48, 40, 5]. The 5th percentile in the
present student is 36,00 cm and if this is added to
shoe heel allowance of 0,45 cm [23, 41], the seat
height should be 36,45 cm (Table 3).
Seat Depth
The anthropometric dimension to be considered in
the design of the seat depth is the buttock-popliteal
length. The seat depth should not exceed the buttockpopliteal length of the shortest user [44, 5] and as
such the 5th percentile of the buttock-popliteal length
should be used to determine the seat depth. In this
study, the 5th percentile of the buttock-popliteal and
thus the seat depth is 32.05 cm.
Seat Width
The dimension of the seat width should be
determined using the hip breadth of those with wide
hips. The seat width should be wide enough not only
to accommodate the user’s hips and clothing but also
allow the use of arms comfortably [5]. Thariq et al.
[44] recommended 95th percentile of hip breadth and
allowance 0,40 cm for clothing while [31]
recommended a seat width that
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Table 2. Summary of Anthropometric Dimension among Student of the selected schools (n= 720)

is equivalent to 99th percentile hip breadth and
15percent allowance for clothing. In this study, the
95th percentile of hip breadth of 36 cm is used with
an allowance of 15 percent of the value (5,4 cm)
which translates to a seat width of 41,40 cm.
Seat Angle to Horizontal
It has been confirmed that a forward- inclining seat
affects the lumbar spine positively and that a loping

desk may do the same and improves the posture of
other parts of spine [4]. However, Parcells et al. [40]
noted that users prefer forward inclinations of 00
(horizontal) to 50 for comfort. The adopted seat angle
to horizontal is 00 (horizontal) as the desk angle is
expected to provide adequate compensation.
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Table 3: Recommended dimensions for chair and table for use in tertiary institution in Nigeria

Arm Rest Height
The sitting elbow height is a determinant in the design
of armrest height. As long as/Providing that the lowest
value is accommodated, the others could also be
accommodated, the 5th percentile of the elbow rest
height was considered in the design. From Table 3, this
value is 15,50 cm.

Seat Back Rest Height (Upper)
For the design of the upper part of the backrest, the
shoulder height (sitting) is considered. The 5th
percentile of Sitting Shoulder Height used by [44] is
adopted in the current study and this dimension is
42,00 cm from the seat surface (Table 3).
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Seat Back Rest Height (Lower)
The lower part of the backrest is determined using the
armrest height. This is the value of the 5th percentile
of sitting elbow height, which is 15, 50 cm.
Back Rest Angle
Cranz [11] recommended that the back rest should
have a rearward slope of between 900 and 1100 while
[44] recommended 960. However, it has been shown
that the electric activity of the back muscles is lowest
and thus the intradiscal pressures when the back rest
has an inclination of 1100 to 1300 [16]. A rearward
slope of 1100 is adopted in this study to provide a
good backward leaning especially when the student
is not writing but listening to the lecture.
Table surface Height
The minimum table height = seat height + minimum
(5th percentile of sitting elbow height) + shoe heel
allowance
= 36,45 cm + 15,50 cm + 0,45 cm
= 52,40 cm
(1)
The maximum table height was determined as:
The maximum table height = seat height +
functional elbow height + shoe heel allowance
(2)
The functional elbow height was determined using
the equation in [44] given as:
hEmax= 0,8517hEv + 0,1483hS
(3)
where hEv is the 5th percentile of sitting elbow height
(15,50 cm) and hS is the 5th percentile of the sitting
shoulder height (42,00 cm)
hEmax= (0,8517  15,50) + (0,1483  42,00) = 13,20
+ 6,23 = 19,43 cm
The maximum table height is thus given by
= 36,45 + 19,43 + 0,45 cm = 56,33 cm.
(4)
Table surface Width
The recommended table width is the dimension of
50th percentile of elbow-to-elbow width of the user
[41, 39] with an allowance for clothing and clearance.
However, the 95th percentile of the hip breadth with
15 percent as allowance for clothing and another 15
percent for clearance is adopted in this study. The 95th
percentile of the hip breadth is 36 cm, which
translates to a table surface width of 46,8 cm.

Table surface depth
The distance between the elbow and the hand should
be a deciding dimension when determining the desk
depth. The average design concept [44, 41, 39] is
considered for the dimension of the table depth and
from Table 3, the 50th percentile of the forearm-hand
length is 45,00 cm.
Table angle to horizontal
Studies have confirmed that sloping tables reduce the
trunk and flexion of seated persons engaged in
reading and writing [12, 6, 4]. Based on the assertion,
Mandal [28] proposed that tables should be at an
angle of 150 towards the user so that the visual angle
may be reduced and allow the user to have an upright
posture of the trunk. However, Chaffin et al. [8]
suggested that the table should have an angle of
inclination of between 150 and 200. The current study
agrees that the table should tilt towards the user with
an angle of 150. The recommended dimensions of the
tables and chairs in tertiary institutions are presented
in Table 3. The sketch and dimensions for the
proposed desk and chair are shown in Figures 2 and
3 respectively. Figure 4 shows the design of the sidemounted desktop chairs that may be constructed for
the students in tertiary institutions. As shown in
Table 3, the seat height should be 36,45 cm for the
students in these institutions. The seat heights of the
existing chair are 47,00 cm (FCE); 41,00 cm
(MAPOLY), and 45,00 cm (UNAAB) and that make
the seats to be high for the students. High a seat
makes the underside of the thigh to become
compressed causing discomfort and restriction in
blood circulation and to compensate for this, a sitting
person moves forward his buttocks on the seat
making the body stability to be weakened [49]. The
proposed dimension of the seat surface height in this
study is lower than 44,50 cm proposed by [44] for
students in Sri Lanka, 43,5 cm proposed by [9] for
Indians, 38, 6 cm proposed by [48] for Turkish
students and 37, 7 cm proposed by [32] for students
in higher institutions in Iran. This predisposes that
chairs designed for the students in these countries,
especially Sri Lanka and India may not be
comfortable for the Nigerian students.
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46,80 cm

56,33cm

45, 00 cm

Figure 2. Newly designed Table.
41,40 cm

42 ,00 cm
15, 50 cm
32, 05 cm

15, 50 cm

Figure 3. Newly designed Chair.

36,45 cm
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24,60 cm

41,40 cm

42 ,00 cm
15 ,50 cm
45,00 cm

36 ,45 cm
56 ,33 cm

32 ,05 cm

Figure 4. A newly designed desktop chair.
From the present study, the seat depth should be
32,05cm but the seat depths of the existing furniture
are 38,0cm (FCE), 29,00cm (MAPOLY) and
35,00cm (UNAAB), which makes the seat deep for
the students of FCE and UNAAB but shallow for
those of MAPOLY. Large a depth does not allow an
appropriate use of back support, which causes
curvature of the spine (kyphosis) and may lead to an
uncomfortable posture. Shallow a seat may cause the
user to have the sensation of falling off and may
result in lack of support of the lower thighs [39]. A
seat depth of 32, 05cm for Nigerian students is lower
than 40,6cm for Turkish students as proposed by
[48], 42,1cm for Portuguese students [50, 51], 48.9
cm for Americans [52] and 40,0 cm proposed by [9]
for Indian students. For the seat width, the present
study proposes 41,40 cm, which is higher than 39,
10cm proposed by [48] for Turkish students, 37. 7 cm
proposed for students in higher institutions in Iran,
76.25cm for Americans [51], 51.18 cm for
Portuguese [50, 51] and 40. 0 cm proposed by [9] for
Indians. As part of the requirements for a

good chair, an upper backrest height of 42,0 cm and
a lower backrest of 15,50 cm are proposed in this
study. The use of the backrest is essential as it
promotes a straight back while in the sitting posture
and therefore, reduces associated pain at the back.
The design for the chair also provides for armrests
with a height of 15,50cm. Nag et al. [35] noted that
the armrest reduces weight on the seat pan and
reduces the stress in the spine and other structures.
The table heights in the three institutions (MAPOLY69,00 cm; UNAAB-76,50 cm; FCE-77,50 cm) are
higher than the proposed table height of 56,33 cm.
The height of the table with respect to the person
using it is very important for the bottom, shoulders
and torso height depending on the position and
supporting arms as a work surface above the elbow
causes arm abduction resulting in an increase in the
stress of the shoulders, arms and necks [7]. A high
table height may make a person to bend forward or
be forced to raise shoulders resulting in muscle strain
on the back and shoulders [29, 46, 26] as the user
would not be able to make use of the backrest.
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The anthropometric characteristics of the users are
essential for the accomplishment of various tasks
safely and economically. If mismatches exist among
the human anthropometric data and equipments, tools
and furniture, it may result in ‘decreased
productivity, discomfort, accidents, biomechanical
stresses, fatigue, injuries, and cumulative traumas
[26]. It was therefore not a surprise that a higher
percentage (93,75 %) of the students complained of
neck, shoulder, upper and lower back pains that they
attributed to the furniture they used [34].
4 Conclusion
The present study may be a pointer to the effect that
in the design of tables and chairs for use in higher
institutions, the anthropometric data of the Nigerian
students were probably not considered. Due to cost
considerations and the fact that the amount budgeted
for education in Nigeria is paltry, designing tables
and chairs with dimensions that would accommodate
90 percent of the target population is an extremely
difficult task.
The chairs and tables for use by the students in
Nigeria’s tertiary institutions were designed using the
‘one-size-fits-all’ approach, as adjustable furniture
would increase the cost of production.
It is hereby recommended that similar study should
be carried out in other sections of the country.

References
[1] Aagaard-Hansen, J. and Storr-Paulsen, A.: ‘A
comparative study of three different kinds of
school furniture’, Ergonomics, 38 (1995), 10251035
[2] Adejuyigbe, S. B., and Ali, D. M.: ‘Ergonomic
evaluation of furniture in Higher Institution in
Nigeria: A case study of FUTA’, Nigerian
Journal of Industrial & System Studies (NJISS),
3 (2004), 24-30.
[3] Balague, F., Dutoit, G. and Waldburger, M.:
‘Low back pain in schoolchildren: An
epidemiological study’, Scandinavian Journal
of Rehabilitation Medicine, 20 (1988) 4, 175179.
[4] Bendix T.: Adjustment of the seated workplace,
Copenhagen: Laegeforeningens Forlag (1987)
[5] Bridger, R. S.: Introduction to Ergonomics, New
York: Mc Graw-Hill (1995).
[6] Bridger, R. S.: ‘Postural adaptations to a sloping
chair and work surface’, Human Factors, 30
(1988), 237-247.

[7] Chaffin, D. B, Gunnar B. J., and Bernard J.M.:
Occupational biomechanics, New York: Wiley
Interscience (1999).
[8] Chaffin, D. B., Andersson, G. B. and Martin, B.:
Occupational Biomechanics. New York: Wiley
(2006).
[9] Chakrabarti, D.: Indian Anthropometric
Dimensions, National Institute of Design India:
Ahmedabad (1997).
[10] Chou, J. R. and Hsiao, S.W.: ‘An
anthropometric measurement for developing an
electric Scooter’, International Journal of
Industrial Ergonomics, 35 (2005), 1047-1063.
[11] Cranz, G.: The Chair: Rethinking Culture, Body,
and Design, 1st ed. W.W. Norton, (1998) New
York.
[12] Wall de M., van Riel M. P. J. M Snidjers C. J.
and Van Wingerden: ‘The effect of sitting
posture of a desk with 100 inclination for reading
and writing’, Ergonomics, Vol. 34 (1991), 575584.
[13] Evans, O., Collins, B. and Stewart, A.: ‘Is school
furniture responsible for student seating
discomfort? In: Hoffman, E., Evans, O. (Eds.)’,
Proceedings of the 28th Annual Conference of
the Ergonomics Society of Australia ‘Unlocking
Potential for the Future Productivity and
Quality of Life’, (1992) 31-37, Melbourne.
[14] Gouvali, K. M., Boudolos, K.: ‘Match between
school furniture dimensions and children’s
anthropometry’, Applied Ergonomics, 37
(2006), 765–773.
[15] Grimes, P. and Legg, S.: ‘Musculoskeletal
disorders (MSD) in students as a risk factor for
adult MSD: a review of the multiple factors
affecting posture, comfort, and health in
classroom environments’, Journal of the Human
Environmental System, 7 (2004), 1–9.
[16] Harrison, D. D., Harrison S. O., Croft A. C.,
Harrison D. E., Troyanovich S. J.: ‘Sitting
biomechanics part I Review of literature’,
Journal of Manipulative Physiological Therapy,
22 (1999), 594-609.
[17] Helander, M. G., Czaja, S. J., Drury, C. G., Cary,
J. M. and Burri, G.: ‘An ergonomic evaluation
of office chairs’, Information Technology and
People, Vol. 3 (1987), 247–263.
[18] Ismaila, S. O.: ‘Anthropometric Data of hand,
foot, ear of University students in Nigeria’,
Leonardo Journal of Science, 15 (2009) 8, 1520.

Engineering Review, Vol. 33, Issue 3, 179-192, 2013.

191

________________________________________________________________________________________________________________________

[19] Jeong, B. Y. and Park, K. S.: ‘Sex differences in
anthropometry for school furniture design’,
Ergonomics, 33 (1990), 1511-1521.
[20] Jung, S.H.: ‘A prototype of an adjustable table
and an adjustable chair for schools’,
International Journal of Industrial Ergonomics,
35 (2005), 955–969.
[21] Kayis, B. and Ozok, A. F.: ‘The anthropometry
of Turkish army men’, Applied Ergonomics, 22
(1991), 49-54.
[22] Knight, G. and Noyes, J.: ‘Children’s behaviour
and the design of school furniture’, Ergonomics,
42 (1999), 747- 760.
[23] Kothiyal, K. and Tettey, S.: ‘Anthropometry
for Design for the Elderly’, International
Journal of Occupational Safety and
Ergonomics, 7 (2001)1, 15–34.
[24] Kumar, S.: ‘A computer desk for bifocal lens
wearers, with special emphasis on selected
telecommunication tasks’, Ergonomics, 37
(1994), 1669-1678.
[25] Linton, S. J., Hellsing, A. L., Halme, T. and
Akerstedt, K.: ‘The effects of ergonomically
designed school furniture on pupils' attitudes,
symptoms and behaviour’, Applied Ergonomics,
25 (1994), 299-304.
[26] Mandahawi, N., Imrhan, S., Al-Shobaki, S. and
Sarder, B.: ‘Hand anthropometry survey for the
Jordian Population’, International Journal of
Industrial Ergonomics, 38 (2008), 966–976.
[27] Mandal, A. C.: The seated man (Homo sedens),
Klampenborg, Demark; Dafnia publications
(1985).
[28] Mandal, A. C.: ‘The seated man (Homo sedens):
The seated work position, theory and practice’,
Applied Ergonomics, 12 (1981), 19-26.
[29] Marmaras, N. and Nathanael, D.: Workplace
design: In: Salvendy, G. (Ed.), Hand Book of
Human Factors and Ergonomics. New York:
Wiley (2006).
[30] Milanese, S. and Grimmer, K.: ‘School furniture
and the user population: an anthropometric
perspective’, Ergonomics, 47 (2004) 4, 416–
426.
[31] Molenbroek, J. F. M., Kroon-Ramaekers, Y. M.
T. and Snijders, C. J.: ‘Revision of the design of
a standard for the dimensions of school
furniture’, Ergonomics, 46 (2003) 7, 681–694.
[32] Mououdi, M. A.: ‘Static Anthropometric
Characteristics of Tehran University students
age 20-30’, Applied Ergonomics, 28 (1997) 149150.
[33] Murphy, S., Buckle, P. and Stubbs, D.:
‘Classroom posture and self-reported back and

neck pain in schoolchildren’, Applied
Ergonomics, 35 (2004) 113–120.
[34] Musa, A. I., Ismaila, S. O., Adejuyigbe, S. B.
and Akinyemi O. D.: ‘Ergo-effects of designed
school furniture and sitting positions on
students' behaviour and musculo-skeletal
disorder in Nigerian tertiary institutions’,
Management Science Letters, 1 (2011) 331–334.
[35] Nag, P. K., Pal S., Kotadiya S. M., Nag A. and
Gosai, K.: ‘Humane seat interface analysis of
upper and lower body weight distribution’,
International Journal of Industrial Ergonomics,
38 (2008) 5-6, 539-545.
[36] Niemi, S. M., Levoska, S., Rekola, K. E., and
Keinanen-Kiukaanniemi, S. M.: ’Neck and
shoulder symptoms of high school students and
associated psychosocial factors’, Journal of
Adolescent Health, 20 (1997), 238-242.
[37] Oyewole, S. A., Haight, J. M. and Freivalds, A.:
‘The ergonomic design of classroom
furniture/computer work station for first graders
in the elementary school’, International Journal
of Industrial Ergonomics, 40 (2010), 437-447.
[38] Panagiotopoulou
G.,
Christoulas
K.,
Papanckolaou, A. and Mandroukas, K.:
‘Classroom
furniture
dimensions
and
anthropometric measures in primary school’,
Applied Ergonomics, 35 (2004), 121–128.
[39] Panero, J., and Zelink, M.: Human Dimension
and Interior Space, New York: Watson-Guptill
(1979).
[40] Parcells C., Stommel M. and Hubbard R. P.:
‘Mismatch of classroom furniture and students
body dimensions: Empirical findings and health
implications’, Journal of Adolescent Health, 24
(1999), 265-273.
[41] Pheasant, S. T.: Anthropometrics:
An
introduction for schools and colleges, London:
British Standards Institution (1996).
[42] Salminen, J. J.: ‘The adolescent back. A field
survey of 370 Finnish school children’, Acta
Paediatrica Scandinavica, 73 (1984), Suppl.
315, 1-122.
[43] Salminen J. J., Pentti J. and Terho P.: ‘Low back
pain and disability in 14years old school
children’, Acta Paediatrica Scandinavica, 81
(1992), 1035-1039.
[44]
Thariq, M. G. M., Munasinghe, H. P.
and Abeysekara, J. D.: ‘Designing chairs with
mounted desktop for university students:
Ergonomics and comfort’, International Journal
of Industrial Ergonomics, 40 (2010), 8-18.
[45] Tichauer, E.: The biomechanical basis of
ergonomics: Anatomy applied to the design of
work situations, New York: Wiley (1978).

192

S. O. Ismaila, A. I. Musa, S. B. Adejuyigbe, O. D. Akinyemi: Anthropometric design of furniture…

________________________________________________________________________________________________________________________

[46] Toomingas A. and Gavhed D.: ‘Workstation
layout and work postures at call centres in
Sweden in relation to national law, EUdirectives and ISO-standards, and to operators’
comfort and symptoms’ International Journal
Industrial Ergonomics, 38 (2008)11, 1051–
1061.
[47] Troussier B., Davoine P., de Gaudemaris R.,
Fauconnier J. and Phelip, X.: ‘Back pain in
school children. A study among 1178 pupils’,
Scandinavian Journal of Rehabilitation
Medicine, 26 (1994) 3, 143-146.
[48] Tunay M. and Melemez K.: ‘An analysis of
biomechanical and anthropometric parameters
on classroom Furniture design’, African Journal
of Biotechnology, 7 (2008) 8, 1081-1086.

[49] Zacharkow D.: Posture: sitting, chair design
and exercise, Springfield, I L: CC Thomas
(1988).
[50] Barroso M. P., Arezes P. M., Costa, L. G. and
Miguel A. S.: ‘Anthropometric study of
Portuguese workers’, International Journal
Industrial Ergonomics, 35 (2005), 401- 410.
[51] Musa A. I., Ismaila S. O., Adejuyigbe S. B.,
Akinyemi O. D. and Abolarin M. S.:
‘Comparison
of
biomechanical
and
anthropometrical data of Nigeria tertiary
institution students with some selected
countries’, Management Science Letters, 2
(2012), 1885–1894.
[52] Kelly C.: ‘The Beauty of Fit: Proportion and
Anthropometry in Chair Design’, An
Unpublished Thesis submitted to the Academic
Faculty, College of Architecture, Georgia
Institute of Technology, USA (2005).

