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ABSTRACT

The aim of this study was to examine whether school desk dimensions’ match high school
students’ anthropometry. Anthropometric variables (shoulder, elbow, knee and popliteal height,
buttock-popliteal length and hip breadth) were measured from randomly selected 328 students
who attend public high schools in Mugla/Turkey and school desk dimensions which are in use
in corresponding schools were measured to match with anthropometric data. The age range of
the children was from 14 to 18 years. Mean, median, standard deviations, minimum values,
maximum values, were analyzed statistically. The measured anthropometric dimensions of the
students were also compared with those of the school desks in use. The results of the study
showed that most of the anthropometric data of students differ significantly and there exists a
high mismatch between anthropometric measurements and the school desk that they use.
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INTRODUCTION

The education system in Turkey has
been conducted based on 4+4+4 years since
2012. In this curriculum, compulsory educa-
tion fulfills as 12 years except pre-primary
education. The starting age for primary
school begins from 60—66 months of age (5—
5.5 years of age), and the duration of each
tier; primary, secondary; high school is deter-
mined as four years (Gursoy et al 2013).

On average, students have spent 30
hours per week at school in Turkey (Cayci,
2018). And they spent considerable amount
of those time as seated position on the school
desk. Follon and Jameson (1996) reported
that being seated for a long period of time on
school furniture can be resulted as musculo-
skeletal discomfort and pain. Correct stand-
ing and sitting posture is an important factor
for the prevention of musculoskeletal symp-
toms (Cranz, 2000). Thus, an ergonomic
school desk has an important role to provide

good sitting posture (Corlett, 2006; Murpy et
al., 2004; Saarni et al., 2007)
Anthropometry is the most important
factor that should be taken into account in
school furniture design. Some of specific an-
thropometric sizes of students, such as pop-
liteal height, knee height, buttock—popliteal
length and elbow height are the basic meas-
urements to determine school furniture di-
mensions that enable the correct sitting pos-
ture (Knight & Noyes, 1999; Parcells et al.,
1999; Panagiotopoulou et al., 2004; Gouvali
and Boudolos, 2005). Anthropometric
measures can be varying between genders,
different cultures, different age groups, even
in the same age groups (Jeong & Park, 1990).
In this manner, student’s dimensions vary not
only between the different classes, also
within the same class. Therefore, the school
desk would be able to be compatible with the
majority of students. Some authors stated that
the adjustability is needed on the school desk
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to accommodate the variation in anthropo-
metric measures (Evans et al. 1988; Parcells
etal., 1999)

There are many studies in the literature
that reported mismatch between anthropo-
metric characteristics of students and dimen-
sions of school desk (Castellucci et al 2010;
Gouvali and Boudolos, 2005; Molenbroek et
al., 2003; Parcells et al., 1999). As a result of
the mismatch, some physical and physiolog-
ical discomfort such as low back pain and
neck-shoulder pain (Grimmer & Williams,
2004) may occur and resulted as reduce qual-
ity of learning process (Hira, 1980).

The aim of this study was to investigate
compatibility between high school students’
anthropometry and school desk that cur-
rently in use.

EXPERIMENTAL METHODS

Participants

A total of 328 volunteer students (163
males and 165 females) were selected ran-
domly from two different high schools in

province of Mugla/Turkey. The age range of
children were between 14—18 years old. Es-
sential permissions were obtained from re-
lated institutions. After giving written and
verbal information about the study to school
administrations and students, written parental
permission was obtained from each students’
parents who participate to the study.

Antropometric measurements

A special anthropometric chair (Fig. 1a)
was developed to gather sitting anthropomet-
ric measurements. A group of 8 anthropomet-
ric variables were defined and measured ac-
cording to ISO 7250-1 (2008) with using a
specially designed anthropometric chair
(Fig. 1a), anthropometer (Fig. 1b), and a sta-
diometer (Fig. 1c¢).
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Figure 1: Instruments of anthropometric measurements

All measurements were done by two
staff who are a male and a female. Male stu-
dents were measured by male staff and fe-
male students were measured by female staff.
Anthropometric measures were taken with
thin clothes such as t-shirt and shorts, and
without shoes. Data were recorded in centi-
meters. The anthropometric variables that

gathered from the students were given fol-
lowing:

Stature (S): determined as the vertical
distance between the floor and the top of the
head, and measured with the subject erect and
looking straight ahead.

Popliteal Height (PH): measured with
90° knee flexion, as the vertical distance
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from the floor or footrest and the posterior
surface of the knee (popliteal surface).

Buttock-Popliteal Length (BPL): taken
with a 90° angle knee flexion as the horizon-
tal distance from the posterior surface of the
buttock to the popliteal surface.

Hip Width (HW): the horizontal dis-
tance measured in the widest point of the hips
in the sitting position.

Elbow Height Sitting (EHS): taken with
a 90° angle elbow flexion, as the vertical dis-
tance from the bottom of the tip of the elbow
(olecranon) to the subject’s seated surface.

e
| §

Shoulder Breadth (SHB): Maximum
horizontal breadth across the shoulders,
measured to the protrusions of the deltoid

muscles.
Shoulder Height Sitting (SH): Vertical
distance from the seat surface to the acro-

mion.

Knee Height (KH): measured with 90°
knee flexion, as the vertical distance from the
floor or footrest and highest point of the su-
perior border of patella.

KH [

(Source: Castelluci et. al., 2010)

Figure 2: Anthropometric variables

Furniture measurements

For the school desk measurements, one
chair and desk style was identified as the
dominant model in the classrooms (Fig. 3).
Determined chair and desk dimensions were
measured with a standard metal tape meas-
ure. All measured chairs and desks were mul-
tiuser type (Fig. 3). The following dimen-
sions were gathered from the school desks:

Seat height (SH): was measured as the
distance from the highest point on the front
of the seat to the floor.

Seat depth (SD): was measured from the
back of the sitting surface of the seat to its
front.

Seat width (SW): was measured as hori-
zontal distance between lateral edge of the
seats.

Backrest height (BH): was measured
from the floor to upper edge of backrest.

Desk height DH): was measured from
the floor to the top of the front edge of the
desk.

Desk clearance (DC): was measured
from the floor to the bottom of the front edge
of the shelf under the desk surface.




COMPATIBILITY OF HIGH SCHOOL DESK DIMENSIONS WITH ... 17

Figure 3: Multiuser type school desk

DATA ANALYSIS

All data were analyzed by using SPSS
(v22.0), descriptive statistics (mean, median,
standard deviation, minimum value and max-
imum value) were determined to describe the
physical characteristics of the subjects.

Equations relating anthropometric
dimensions and furniture dimensions

The match or mismatch levels between
student’s anthropometric measures and the
furniture dimensions were calculated based
on the equations adapted from Parcells et al.
(1999) and Gouvali and Boudolos (2005). In
order to identify relevance between body size
and furniture dimension, anthropometric
measurements of each student were com-
pared to the school desk that he/she use. The
equations that used in the study were given
following:

Popliteal height and seat height mis-
match:

A mismatch was defined by following
equation (1). The equation define that seat
height should be lower than popliteal height
so that the lower leg constitutes a 5-30° angle

relative to the vertical and the shin-thigh an-
gle is between 95 and 120°. A 2.5 cm correc-
tion for shoe height was added to popliteal
height (EN 1729-1, 2015).

(P +2,5) cos 30° < SH < (P +2,5) cos 5°(1)

Buttock—popliteal length and seat depth
mismatch:

Parcells et al. (1999) and defined as mis-
match the case when depth was < 80% or
>95% of popliteal-buttock length. Gouvali
& Boudolos (2006) suggested a slightly laxer
relation by the equation 2. The following
equation (2) was used to define match level
of buttock-popliteal length and seat depth
compatibility.

0:80PB < SD < 0:99PB ?2)

Hip width and seat width mismatch:

Seat width should be enough to support
ischial tuberosity in order to achieve stability
and allow space for lateral movements, thus,
it should be large enough to accommodate
the users with the largest hip breadth. The
following equation (3) proposes that seat
width should be at least 10% and at the most
30% larger than hip breadth (for space econ-

omy):

1:1HW < SW <I:3HW A3)

Shoulder height and backrest height
mismatch:

Backrest height should be below scapula
to facilitate mobility of the trunk and arms.
The equation (4) recommends keeping the
backrest lower than the scapula, or at most on
the upper edge of the scapula (60-80% of
shoulder height):

((P +2,5) cos 30°) + 0:6SH < B < ((P + 2,5) cos 5%) + 0:8SH @)

Sitting elbow height and desk height
mismatch:

Desk height relatively consider with el-
bow rest height as the major design criterion.
Parcells et al. (1999) suggested that desk

height should be adjusted to elbow floor
height, so that it would be minimum when
shoulders are not flexed or abducted, and
maximal when shoulders are at 25° flexion
and 20° abductions (elbow rest height
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0.8517+shoulder height 0.1483). The equa- floor height is the sum of elbow rest height
tion modified based on the fact that elbow- and seat height;

E +[(P+2,5) cos 30°] < SH < ((P + 2,5) cos 5°] + (E0:8517) + (S0:1483) Q)
Knee height and desk clearance mis- equation below (6) considered as appropriate
match: the case that underneath desk height was at

Underneath desk height should be least 2 cm higher than knee height (but not
enough to allow free space between the knees higher than desk height plus its thickness
and the underneath surface of the desk. The 4 cm);

(K+2)+2<UD<((P+2)cos 5% + (E0:852) + (S0:148) — 4 ©)

RESULT AND DISCUSSION which provided to public high schools. The
obtained dimensions of school chairs and
desks from each classroom were given in Ta-
ble 1.

School furniture dimensions
The school desks used in this study are
the standard multiusers type school furniture

Tablel: Dimensions of the school furniture (dimensions in cm)

Dimension variables

School Grade . . . . Desk clearance
Seat height Seat depth Seat width Backrest height Desk height (shelf height)
9" grade 47 29,5 110 76 76 60
10 grade 47 29,5 110 76 76 60
School A1 grade 47 29 110 76 76 58
12 grade 47 29 110 76 76 58
9% grade 46,5 30 120 78,5 76 63
10% grade 47 30 120 71,5 76 63
School B 1 grade 47 30 120 77 76 63
12 grade 47 30 120 75 76 63

The table shows that for each grade, al-
most similar dimensioned furniture was used
in all classrooms within the same school.

Antropometric data of students

A summary of descriptive statistics of
students’ anthropometric data that obtained
from two different school is presented in Ta-

ble 2.

Table 2: Summary of student’s anthropometric data (dimensions in cm)
Anthropometric variables N Minimum Maximum Median Mean Std. Deviation ()
Height 328 147 192,5 166 166 9,02
Popliteal height 328 32,5 53,5 43,5 43,7 3,18
Buttock-Popliteal length 328 38 57,3 49,2 19,1 3,34
Hip width 328 30,5 55 37,7 38 3,52
Elbow height sitting 328 17,5 29,5 23,5 23,4 2,18
Shoulder breadth 328 32,7 50 41 41,1 2,86
Shoulder height sitting 328 24,5 69,5 56,7 56,6 3,94

Knee height sitting 328 42 62 51,3 51,5 2,98
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Comparison of students’ anthropo-
metric data and school desk

In each match criterion equation, mini-
mum and maximum accepted limits were de-
termined for each student according to their
anthropometric measurements and the limits
were compared with the school desk that
he/she uses. Three categories were defined in
case of two-way equations: “Fits” (match)

level when the furniture dimension is be-
tween the accepted limits of the student, a
“Too high” (high mismatch) level when the
furniture dimension is higher than maximum
accepted limit and a “Too low” (low mis-
match) level when the furniture dimension is
lower than minimum accepted limit. Match
level of each criterion for 9" grade students
were given in Fig. 4.

Oth. grade

X

100%

80%

60%

40%

20% I I
- | - .

. . Backrest . Desk
Seat height ~ Seat depth =~ Seat width height Desk height clearance
= Too Low 0% 100% 19% 2% 2%
m Fits 43% 0% 80% 30% 97%
Too high 57% 0% 1% 68% 1%
®Too Low ®Fits ©Too high

Figure 4: Result of match level for 9™ grade

Fig. 4 shows that seat height and desk
height are too high for the majority of the 9"
grade students. Seat depth was mismatch for
all students as too low. Seat width excepted
fit for all students because of the measured
chairs was multiusers type and was not pos-
sible to evaluate for independent use.

Backrest height was evaluated as fit for 78%
of the students while it was too low for 21%.
Desk clearance was fit for almost all students.
The results for 10" grade students were given
in Fig. 5.
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10th. grade

100%
80%

60%

1]

40%
20%
0% o
. . Backrest . Desk
Seat height =~ Seat depth ~ Seat width height Desk height clearance
®Too Low 0% 100% 0% 21% 0% 1%
m Fits 36% 0% 100% 78% 28% 97%
= Too high 64% 0% 0% 1% 72% 1%

®Too Low ®Fits = Too high

Figure 5: Result of match level for 10" grade

Seat height and desk height were too
high for majority of 10 grade students. Seat
depth was found too low for all the 10" grade
students. Seat width excepted fit for all stu-
dents because of the measured chairs was
multiusers type and was not possible to eval-
uate for independent use. Backrest height

was fit for 72%, too low for 28%. Desk clear-
ance was also fit for almost all the students
except it was too low for 6%. The results of
match levels for 11" grade students were
given in Fig. 6.

11th. grade

100%
80%
60%
40%
20%

0%

1]

Seat height ~ Seat depth ~ Seat width B}?ecikgr;tﬁ Desk height clguerzﬁce
®Too Low 0% 100% 0% 28% 0% 6%
m Fits 31% 0% 100% 72% 35% 94%
= Too high 69% 0% 0% 0% 65% 0%

®Too Low ®Fits = Too high

Figure 6: Result of match level for 11" grade

As it can be seen from the Fig. 6, seat
height was fit for only 33% while it was too
high for 64%. Seat depth was too low for
100% of the students. Seat width excepted fit

for all students because of the measured
chairs was multiusers type and was not pos-
sible to evaluate for independent use.
Backrest height was found as fit for 60%, too
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low for 40%. Desk height was too high for
57% while fit for 43%. And desk clearance
was fit for 90%, too low for 10%. The results

of match levels for 12" grade students were
given in Fig. 7.

12th. grade

100%
80%
60%
40%
20%
0%

. . Backrest . Desk

Seat height ~ Seat depth ~ Seat width height Desk height clearance
mToo Low 2% 100% 0% 40% 0% 10%
= Fits 33% 0% 100% 60% 43% 90%
= Too high 64% 0% 0% 0% 57% 0%

®Too Low ®Fits = Too high

Figure 7: Result of match level for 12" grade

Fig. 7 shows that seat height was fit for
only 33% of the students while it was too
height for 64% and too low for 2%. Seat
depth was too low all the students. Seat width
excepted fit for all students because of the
measured chairs was multiusers type and was
not possible to evaluate for independent use.

100%

M Too high 63% 0%
m Fits 36% 0%
mToo Low 1% 100%

100%

Backrest height was fit for 60% while too low
for 40%. Desk height was satisfied only 43%
of the 12" while it was too high for the re-
main. Desk clearance was fit for 10% and too
low for 10%. A summary of the match level
results of all grades together were given in
Fig. 8.

80%
60%
40%
20%

0%

Seat height = Seatdepth = Seat width

Bs:rgrsft Desic height cle[;erastlce
1% 66% 1%
74% 33% 95%
25% 1% 4%

EToolow MFits MToo high

Figure 8: Result of match level for all grades
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As it can be seen from the Fig. 8, seat
height was fit for only 36% of the students
while it was too high for 63% and too low for
1%. This result means that majority of the
students use higher seat in comparison with
their body sizes. Seat height is accepted as
starting point for design of classroom furni-
ture (Garcia-Acosta & Lange-Morales, 2007;
Molenbroek et al., 2003). In “Too high” case,
students will not be able to support their feet
from the floor and an increasing tissue pres-
sure may occur on the posterior surface of the
knee (Milanese & Grimmer, 2004). In this
situation, vascular and neural structures will
be effected negatively (Milanese and Grim-
mer, 2004).

Seat depth was too low for all the stu-
dents in the four grade. In the case of too low,
children’s thighs would not be supported
enough and would generate discomfort
(Pheasant, 2003) and also blood circulation
may be prohibited (Milanese and Grimmer,
2004). Seat width was acceptable for all stu-
dents because the measured chairs were mul-
tiusers type and chairs dimension were
enough for two persons. Thus, there was no
possibility to evaluate for independent use.
Backrest height was fit for 74% of students
and too low for 25% and too high for 1%. In
the case of too high, a compression would
generate in the scapula and limited the arm
mobility (Gutierrez & Morgado, 2001).

Desk height was too high for 66% of stu-
dents, and fit for only 33%. The use of a
higher desk would require to flex shoulders
more than 25° and abduct more than 20° to be
able to support elbows on the desk. This may
cause more muscle work load, discomfort
and pain in shoulder and scapula region (Gar-
cia- Molina et al 1992; Szeto et al 2002).
Desk clearance was acceptable for 95% of
the students while it was too low for 4% and
too high for 1%. The situation of mismatch is
cause mobility constraint because of contact

thigh with the desk or the shelf under the desk
(Parcells et al 1999; Sanders & McCormick,
1993).

CONCLUSION

This study aimed to compare relation
between anthropometric sizes of high school
students in Mugla/Turkey and school desk
dimensions which are in use. As a result of
the study, it was expected to focus on the suit-
ability of school furniture to the anthropo-
metric characteristics of students using equa-
tions modified in accordance with principles
proposed by the literature.

It can be concluded that seat depth, seat
height and desk height of school desk have
high mismatch levels which may result dis-
comfort and pain on posterior surface of the
knee and shoulder region. To design a school
desk, it is need to have potential target popu-
lation and utilize reliable equations that orig-
inate from experimental research. Thus, na-
tional anthropometric data is the most im-
portant factor for the design criterion to fulfill
bodily expectations of students, comfort and
consequently health and wellbeing.

As a result of this study, highlight the fact
that classroom furniture should be acquired
and selected with ergonomics concerns.
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