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ABSTRACT 

This research investigated the effect of adjustable Saudi chair-table combinations available in the local market on the 
student’ health and safety. Thirty seven young students participated in this research. Ten chair-table combinations, 
within three different activities (reading, writing, and looking at the blackboard), were the independent variables. 
Normalized discomfort ratings, and neck dorsal and upper trapezius muscular activities were the dependent variables. 
Variances among students’ body dimensions and classroom furniture were also studied. There were higher levels of 
neck dorsal and upper trapezius muscular contractions associated with less dimensions of chair-table combinations 
compared to high dimensions of chair-table combinations. Normalized discomfort ratings at the neck, shoulder, thigh, 
and feet were significantly higher at high chair-table dimensions. Matched school furniture to the student dimensions 
was associated with low dimensions of chair-table combinations. The suitability of the local adjustable chair-table 
combination was not fit to the students’ health. Saudi furniture industry should review and provide the local schools 
with the most appropriate furniture to Saudi students’ anthropometric dimensions. 
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1. Introduction  

The sitting position proved to be a troublesome situation 
in connection with musculoskeletal discomfort and low 
back pain [1-3]. This is of great importance because the 
strongest predictor of having future back pain is a previ-
ous history of such symptoms [4]. This situation has a 
great impact on direct and indirect medical care costs [5]. 
In Saudi Arabia, children use school furniture exten-
sively during a vital period of human physical develop-
ment. Therefore, the suitability of school furniture for the 
users is very critical since school children might spend 
30% of their waking hours at school [6] and about 5 
hours of their school days in sitting postures [7]. 

It is noted that schoolchildren are expected to sit most 
of the school time on furniture that is often too large or 
too small [8]. When the chair is too high, for example, 
the soles of the feet do not have proper contact with the 
floor surface and the underside of the thigh becomes 
compressed causing discomfort and restriction in blood 
circulation. This situation forces the student to move his 
buttocks forward on the chair seat. This can result in a 
slumped, kyphotic posture due to lack of back support. 
However, when the chair is too low, the knee flexion 

angle becomes small, the student’s weight is transferred 
to a small area of the ischial tuberosities and there is a 
lack of pressure distribution over the posterior thighs [9]. 

Unfortunately, in most developed and undeveloped 
countries school furniture is poorly designed [10]. Poor 
design includes low quality, and is often unfit for school 
use, yet it is expensive and consumes a disproportionate 
share of limited educational budget. Schools have the 
opportunity to contribute to musculoskeletal health using 
workstations that meet children’s anthropometric re-
quirements [11]. 

Generally, this problem of poor furniture design can 
be solved using either a good lumbar support or an in-
crease in the trunk-thigh angle [12]. The seat should have 
a forward inclination of approximately 5°, and the height 
of the table should normally correspond to the elbow 
height plus 3 - 5 cm. Moreover, the table should have a 
tilted desk with an inclination of 15° [13]. An alternative 
design proposes a chair with a significant forward tilt of 
the seat pan combined with a raised and tilted desk with 
an inclination of 0° - 20° [14]. This chair increases the 
trunk-thigh angle and, by doing so, it may decrease the 
load supported by the spine and its musculature. 
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The major part of the research on the seated working 

position is focused on the forward leaning posture, 
probably because of the predominant interest in adult 
subjects, and their occupations in offices or factories. 
Therefore, the results obtained from studies on adults 
cannot automatically be applied to school children. In the 
school setting, it is quite important to note the different 
ways of seating through different school activities. Such 
activities are leaning backward while resting or watching 
the blackboard, and leaning forward when writing or 
reading [15]. 

It is observed that the present school furniture in Saudi 
Arabia is not adequate in some aspects in which the 
height of this furniture is approximately 10 cm higher 
than ISO standard furniture [16]. Therefore, proper 
chair-table design is essential to facilitate learning by 
providing a comfortable and stress-free studying station. 
The proposed chair-table design should provide adequate 
support for the student, and should allow efficient per-
formance of studying, and also should permit changes in 
posture, and give comfort to the student. Poor chair-table 
design (i.e., inadequate to anthropometrical measures of 
the users, unsuitable for the postural adaptation, and not 
supporting the most appropriate dimensions of student 
body) may affect the studying process, lead to student 
discomfort and dissatisfaction, and aggravate some me- 
dical conditions such as back pains [17-19]. 

It is time to study what is available in our schools pro-
vided from the local market furniture. Is it appropriate 
and safe for all school age groups to use school furniture 
from the local market? Therefore, an extensive survey 
was done to the Saudi market to evaluate the available 
items of school tables and chairs. 

This paper has been organized as follows: Method is 
presented in section two, which consists of participants, 
surface electromyography activity analysis, subjective 
measures, variance of classroom furniture and students 
body dimensions technique, experimental procedure, 
experimental design, and data analysis. Section three is 
dedicated for the results. This section includes the results 
of effects of different chair-table combinations on neck 
and shoulder muscular activities, and subjective ratings. 
Finally, discussion and conclusion are in section four. 

2. Method 

An experiment was performed to study the effect of us-
ing different table and chair combinations on neck dorsal 
and upper trapezius muscular activities. Normalized dis-
comfort ratings as well as variances among students’ 
body dimensions and classroom furniture were also stu-
died. 

School permission, student, and parental agreements 
were obtained prior to any experiment. Thirty seven par-

ticipants from elementary schools were employed in the 
experiment using ten different sets of tables and chairs. 
In each set, the student performed three different activi-
ties. These activities represent the popular activities car-
ried out by the students on a daily basis. The three activi-
ties carried out by the students during this experiment 
were: 1) reading; 2) writing; and 3) looking at the black-
board which is similar to the posture of listening to the 
teacher in class. 

A physician examined all students to ensure that they 
were free of musculoskeletal injury and pain before par-
ticipating in the experiment. Participants were excluded 
from the study if they had any neuromuscular disorders, 
lower extremity injuries, back problems, or prescriptions 
for any medication that altered muscle function. The 
procedures of the whole experiment were introduced to 
the participants and their parents before conducting the 
experiments. Human ethical approval, all participant 
assents, and parent consents were obtained before par-
ticipating in the study. 

Four identical sets of adjustable tables and chairs of 
the last model were selected for this study as shown in 
Figure 1. The reason for choosing such types of table 
and chair combinations was that they were adjustable to 
four different heights. Those heights were classified as: 
high, 2nd middle, 1st middle, and low. The dimensions 
of the chairs and tables are indicated in Table 1. Those 
four heights formed ten different sets of tables and chairs 
that were used in this experiment:  

SET (1): High chair and high table. 
SET (2): High chair and 2nd middle table. 
SET (3): 2nd middle chair and 2nd middle table. 
SET (4): 2nd middle chair and high table. 
SET (5): 2nd middle chair and 1st middle table. 
SET (6): 1st middle chair and 1st middle table. 
SET (7): 1st middle chair and 2nd middle table. 
SET (8): 1st middle chair and low table. 
SET (9): Low chair and low table. 

 

 
Figure 1. Chair-table combination used in the study. 
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Table 1. Chair and table characteristics. 

Characteristics 
Chair 
height 

Chair  
depth 

Table 
height 

1. High (cm) 44 40 61.5 

2. 2nd mid (cm) 40 40 56 

3. 1st mid (cm) 37 40 51.5 

4. Low (cm) 31.5 40 45 

 
SET (10): Low chair and 1st middle table. 

2.1. Participants 

Thirty seven participants were recruited from native 
Saudi students based on availability. The ages of the 
students ranged from 7 to 13. They are between 115.8 
and 163.5 cm tall and weighed between 20 and 60.5 kg, 
as shown in Table 2. 

2.2. Surface Electromyography Activity Analysis 
(EMG) 

During the tested session, surface electrodes were placed 
on the target muscles. Those target muscles were neck 
dorsal muscles (level C2-3) and upper trapezius muscles. 
Electrode placements were determined based upon the 
guidelines referenced in previous studies [20,21]. 

Two pairs of electrodes were attached to the muscle 
sites, and two common ground electrodes were attached 
to the bony places where little muscle activity was ob-
served. Muscular activities were recorded using dispos-
able pre-gelled surface electrodes. The electromyography 
was recorded the results using the average mode, and a 
bipolar setting of disposable surface electrodes. The sig-
nals of the EMG values (in micro-volts) attained were 
recorded using “CASSY Sensor, Ag/AgCl” and applied 
in a standardized manner [22], impedance < 20 kΩ. The 
signals were amplified (Mespec 4000 System, CASSY 
Lab., Leybold Didactic Gmbh, Germany), band-pass 
filtered 20 - 500 Hz, A/D converted and sampled at 1000 
Hz (CASSY LAB Win 5.0, Leybold Didactic Gmbh, 
Germany). 

A relative muscle activity level, which indicated the 
differences in the muscle effort in different set numbers, 
calculated by a simple comparison of the amount of the 
mean values of the root mean square values [23]. Nor-
malization, e.g., the (Maximum Voluntary Contraction) 
MVC value, was also described as not required, if a di-
rect comparison was made among different working 
conditions (doing different activities in all sets in this 
study keeping electrodes in their positions during whole 
testing sessions); so long as the electrode positions were 
identical within the test series [24]. EMG values such as 
root mean square (RMS) were measured during doing 

Table 2. A summary information on the student body di-
mensions for 37 students. 

Student Dimension Mean SD Min. Median Max. 

1. Age (years) 9.92 1.99 7 10 13 

2. Weight (kg) 33 11.1 20 29.6 60.5

3. Stature (cm) 135 12.4 115.8 134.2 163.5

4. Shoulder height (cm) 43.7 9.2 28.5 41 68 

5. Elbow height (cm) 17.8 2.1 14 17.6 22.1

6. Knee height (cm) 35.5 3.5 29 35.5 42.5

7. Popliteal height (cm) 29.1 3.1 24.3 28.9 36 

8. Buttock-popliteal 
length (cm) 

40.9 4 32.5 41 52 

 
three main studying activities in ten different settings. 

2.3. Subjective Measures 

During the experiment, the subjects reported their feel-
ings on a rating scale using seven markers. Those mark-
ers indicate seven steps of feelings ranging from very 
relaxed to very tense activities to the hands and arms, 
neck and shoulders, back, and leg-feet areas. The maxi-
mum normalization method was employed using the par-
ticipant’s maximum response as the reference in order to 
set the same reference across the participants [25]. The 
discomfort ratings were divided by the same value as-
signed for the participant as “very tense” feeling. The 
method is described as follows: 

100
ijk

ijk

i

X
Y

Max
               (1) 

Where i the participant number (i = 1, 2,…, 37); j the 
set number (j = 1,…, 10); k the studying activity (k = 1, 2, 
3); Yijk the normalized value of the ith participant’s dis-
comfort rating at the jth set number and doing kth activ-
ity; Xijk the raw data of the ith participant’s discomfort 
rating for the jth set number doing kth activity; Maxi the 
ith participant’s maximum discomfort rating corre-
sponding to “very tense” feeling. 

2.4. Variance of Classroom Furniture and  
Students Body Dimensions Technique  

Anthropometric measures of each student were com-
pared to the relative furniture measures in order to iden-
tify any variances between the dimensions of the class-
room furniture and the dimensions of the student’s body. 
A mismatch is described as incompatibility between the 
dimensions of the classroom furniture and the dimen-
sions of the student’s body [26,27]. 

A mismatch is noticed when the seat height was either 
>95% or <88% of the popliteal height. A critical mis-
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cos

match is also noticed when the seat height was either 
>99% or <80% of the popliteal height. For the purposes 
of defining a mismatch of the seat height, the student’s 
popliteal height was adjusted for a shoe height by adding 
2.3 cm to the popliteal height. This amount was reached 
by taking the mean heel height from the 37 participated 
students’ shoes. 

A mismatch in the table/desk height is noticed when a 
table height is <2 cm higher than the student’s knee 
height. Furthermore, an acceptable table height is deter-
mined by equation (2) [26]: 

  
TDH SH hE

SH EH U 1 cos cos  1– –  

 

    






(2) 

where: 
TDH is the table/desk height; 
SH is the seat height; 
hE is the vertical distance from the top of the desk to 

the student’s sitting surface;  
hS is the shoulder height;  
EH is the elbow height;  
U = hS – EH is the upper arm length; 
(θ) is shoulder flexion; and  
(β) is shoulder abduction. 
The minimum and maximum acceptable angles of the 

shoulder during writing are 0° - 25° for shoulder flexion 
and 0° - 20° for shoulder abduction [27]. For flexion 
angles the corresponding cosines are 1 (0°) and 0.9063 
(25°) and for abduction angles the corresponding cosines 
are 1 (0°) and 0.9397 (20°) [27]. Applying the cosines to 
the equation (2), desk height was determined using equa-
tions 3 and 4. 

   
MinTH SH hE

SH EH U 1 1 1 1 EH

 

        
  (3) 

   
  

MaxTH SH hE

SH EH U 1 cos cos  1 cos

SH EH U 1 0.9063 0.9063 1 0.9397

SH 0.8517 EH 0.1483hs

  

 

     
     
  

(4) 

where:  
MinTH is the minimum table height; 
MaxTH is the maximum table height 
Since U = hS – EH. 
Thus, a mismatch of elbow-shoulder height and desk 

height is marked when the table is either shorter than the 
minimum table height or higher than the maximum table 
height. Thus applying equations (3) and (4), the number 
and the percentage of the students whose measurements 
matched, and did not match the furniture dimensions can 

be determined. 

2.5. Experimental Procedure 

The study started by asking the students to wear suitable 
light cloths. The experimenter asked each student to take 
off his shoes in order to take his weight and several body 
dimensions to avoid measurement error resulting from 
possible variations in shoe weight and height. 

The experimenter palpated each student’s individual 
muscle to get precise placement of the EMG electrodes; 
in addition, the skin surface was prepared by rubbing 
alcohol to minimize skin resistance due to the presence 
of dead skin or oil. 

To reduce possible order effects due to a repeated- 
measure aspect of the experimental design, the presenta-
tion order of the experimental conditions to the subjects 
was randomized. Each subject passed through the three 
studying activities in each experimental set within twenty 
to thirty minutes period without removing the fixed elec-
trodes. The input signals were monitored while the se-
lected muscles contract and relax in order to ensure the 
highest quality of EMG signals without creating visible 
noise. Only, one student was observed a day during his 
studying period and through his normal learning process. 
During doing the three activities on each set, the ques-
tionnaires about discomfort ratings in the back, the 
neck-shoulder, arm-hand, and leg-feet areas were re-
ported at the end of each experimental trial. 

2.6. Experimental Design and Data Analysis 

Data analysis, using SPSS for MS Windows 10.0, in-
volved the computation of descriptive statistics as well as 
multivariate analysis of variance (MANOVA). Normal-
ity test was employed to one of these anthropometric 
measurements (e.g., stature length). An easy way of de-
termining whether the distribution is skewed or not, is to 
compare the values of the mean and median. For normal 
distribution, the mean and median are numerically iden-
tical, as shown in Table 2. In addition, there were no 
significant differences between participants’ anthropom-
etric data of this study and the Saudi anthropometrical 
data published in the literature when the same age group 
was compared [28]. However, the anthropometric data 
that was needed to serve in the school furniture design 
(e.g., popliteal height, popliteal buttock length, etc.) is 
not available in the literature. 

A within-subjects design was used in the form of (A X 
B X S) to determine the differences in means of the de-
pendent variables’ levels due to the effects of set num-
bers, studying activities, and subjects’ physical work-
loads on the subjects’ physiological parameters and nor-
malized discomfort ratings.  
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3. Results 

 

3.1. Results of the EMG Activity Analysis 

Muscular activity was one of the main dependent vari- 
ables. Two factors that represent the main independent 
factors are: set numbers and studying activities. The lev- 
els of set numbers were ten sets. The levels of studying 
activities were: reading, writing, and looking at the black- 
board. Finally, subjects were within factors. A within- 
subject design was implemented. Only root mean square 
of the EMGs signals for both neck dorsal muscles and 
upper trapezius muscles were used. 

3.1.1. Root Mean Square of the Neck Muscular 
Activity Figure 2. Effect of table and chair combinations on neck and 

shoulder muscular activities. The two-order interaction was not significant. However, 
both main variables had significant effects on neck mus- 
cular activities. Figure 2 shows that students’ neck mus- 
cular activities were affected significantly by types of 
table-chair combinations, F(9,324) = 2.04, p < 0.034. As 
shown in Table 3, the neck muscular activities of sets’ 
numbers one and two were significantly less stresses 
than those ones at set number ten (Duncan range test, p < 
0.05). However, neck muscular activities at sets’ num- 
bers 5, 6, 4, 3, 8, and 9 were about the same. 

3.1.2. Root Mean Square of the Shoulder Muscular 
Activity 

The two-order interaction was not significant. However, 
both main variables had significant effects on shoulder 
muscular activities. Figure 2 showed that students’ 
shoulder muscular activities were affected significantly 
by types of table-chair combinations, F(9,324) = 12.43, p 
< 0.000. As shown in Table 3, the shoulder muscular 
activities of sets’ numbers 6, 5, 1, and 2 were signifi- 
cantly less stress than those ones at sets’ numbers 9, 8, 
and 10 (Duncan range test, p < 0.05). Furthermore, a 
shoulder muscular activity at set number 10 was the 
highest level over all others. 

Figure 3 shows that students’ neck muscular activities 
were significantly different at different studying activi- 
ties, F(2,72) = 34.52, p < 0.000. Neck muscular activity 
was significantly lower at looking at the blackboard ac- 
tivity than the others (Duncan range test, p < 0.05). In 
addition, neck muscular activity was significantly higher 
at writing activity than the others, as shown in Table 3. 

Figure 3 shows that students’ shoulder muscular ac- 
tivities were significantly different at different study- 

 
Table 3. Percentage of neck and shoulder muscular activities relative to set # 1, looking at blackboard activity, and their re-
sults of Duncan’s multiple rang tests. 

% of neck muscular activities relative to set # 1: 

Set Combination* #1 #2 #5 #6 #4 #3 #7 #8 #9 #10 

 100 100.2 102.31 102.91 103.21 103.51 106.33 109.24 109.54 111.45 

Groupings           

% of neck muscular activities relative to looking at blackboard activity: 

Studying activities** Looking @ blackboard Reading Writing 

 100 117.11 133.22 

% of shoulder muscular activities relative to set # 1: 

Set Combination** #6 #5 #1 #2 #3 #4 #7 #9 #8 #10 

 100 100.64 101.12 101.93 109.4 111.81 111.89 121.29 127.47 130.28 

Groupings           

% of shoulder muscular activities relative to looking at blackboard activity: 

Studying activities** Looking @ blackboard Reading Writing 

 100 123.05 146.45 

*p < 0.05, **p < 0.01. 
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Figure 3. Effect of studying activities on neck and shoulder 
muscular activities. 
 
ing activities, F(2,72) = 33.22, p < 0.000. Shoulder mus-
cular activity was significantly lower at looking at the 
blackboard activity than the others (Duncan range test, p 
< 0.05). In addition, shoulder muscular activity was sig-
nificantly higher at writing activity than the others, as 
shown in Table 3. 

3.2. Results of Subjective Ratings 

At the end of each experimental treatment, the subjects 
were asked to give their feedback in ranges given as very 
relaxed to very tense (comfortable to discomfort). The 
grand means of the normalized values of the participants’ 
discomfort ratings were given in Figure 4. The differ-
ences among the table chair combinations were signifi-
cant (p < 0.05) for arms and hands, neck and shoulders, 
legs as well as for the back (χ2). At leg areas, the sets 
number 4, 5, 6, and 7 were associated with more feelings 
of relaxation than those ones at sets number 1, and 2. 
Discomfort in arms and hands seem to be lower at sets 
number 3, 5, and 8 compared to 1, 4, and 10. In addition 
to the feelings of being relaxed at the neck and shoulder 
were reported at sets number 3 and 5 compared to sets 
number 1, 2, and 10; the feelings of being relaxed at the 
back are reported at sets number 3 and 4 compared to set 
number 8. In general, relaxation was experienced by the 
students who had been seated on sets number 3, 4, 5, 6 
and 7. 

3.3. Results of the Comparison between Student 
Body Dimensions and Classroom Furniture 

3.3.1. Chair Height Analysis 
Figure 5 shows the percentage of the students whose 
measurements highly matched, critically matched, or did 
not match the dimensions of the chair height. For high 
chair, 100% of the students’ measurements did not match 
the proportion to the chair’s height. For 2nd mid chair, 
5%, and 95% of the students measurements did critically 

 
Figure 4. Effect of table and chair combinations on subjective rat-
ings. 

 

 
Figure 5. Percentage of the students whose measurements matched 
r did not matched the chair height dimensions. o

 
match, or did not match the proportion to the chair’s 
height, respectively. In addition, 8%, and 92% of the 
students measurements did critically match, or did not 
match in the proportion to the chair’s height, respectively 
for 1st chair; 5%, 14%, and 81% of the students’ meas-
urements highly matched, critically matched, or did not 
match the proportion to the chair’s height, respectively 
for low chair. These results indicated that with using 
adjusted chair, the best adjustable chair height might be 
adjusted to fit only 19% of student population. 

3.3.2. Table Height Analysis 
Figure 6 shows the percent of the students whose meas-
urements matched or did not match the dimensions of the 
table heights. The classroom furniture under study con- 
sisted of four different sized table heights. Only 8%, 19%, 
41%, and 84% of the students’ measurements did match 
in the proportion to the table’s height for high, 2nd, 1st, 
and low table heights, respectively. These results indi-
cated that with using adjusted table, the best adjustable 
table height might be adjusted to fit only 84% of student 
population. 

4. Discussion and Conclusions 

Based on the analysis of the muscular activities, it is ob- 
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Figure 6. Percentage of the students whose measurements matched 
or did not matched the table height dimensions. 
 
vious that set number 10 had the highest stresses in terms 
of dorsal neck muscular contraction as well as upper tra-
pezius muscular contraction. This result agreed with an 
earlier study [29]. At low furniture level, for example, 
children push themselves towards the back seats when 
they were writing or working at the table causing more 
strains on their lumbar curvatures. Generally, as expected, 
reading and writing were more stressful than looking at 
the blackboard or listening to the teacher because of 
bending their lumbar curvatures. In addition, The EMGs’ 
signals for both muscles expressed the lowest values 
within middle set numbers. 

The feeling of relaxation was experienced by the stu-
dent who was seated on sets number 3, 4, 5, 6 and 7 
compared to their feeling on sets number 1, 2, 8, 9, and 
10. These results indicated that with using adjustable 
furniture, the best adjustable chair and table heights 
might be adjusted to fit only 19% and 84% of the student 
population, respectively. It is very obvious that even with 
the adjustable furniture available in the local market; 
there is high level of general body part discomfort asso-
ciated with many of those table-chair combinations. 

Despite the fact that the school can provide all six- 
grade classes with those ten combinations, it’s hard for 
the students to find the chair-table combinations which 
adequately fit their body dimensions. The conclusions of 
this study were similar to the results of other studies 
[1,15,17,26]. Desk and seat height bigger than the ac-
cepted limits for most schoolchildren (81.8% and 71.5%, 
respectively) were reported in the literature [17]. A study 
found a substantial degree of mismatch between the stu-
dents' body dimensions and the school furniture that was 
available to them. Less than 35% of the students were 
able to find appropriate chair-table combinations [15]. 
Very high levels (95.85% of the students’ population) of 
mismatch between students’ popliteal heights and the 
seat height were also found in the literature. These mis-
matches were attributable to seats that were too high. A 
study found that most students are sitting on chairs with 

seats that are too high or too deep and on desks that are 
too high [26]. 

It is recommended to collect a significant anthropom-
etric data of the Saudi students. Then, the design and 
development of the table-chair combination must follow 
some standard procedures to present Saudi table and 
chair standards. In other words, full accommodation 
which students need would require ergonomically redes-
igned school furniture. Putting in mind that one set size 
fit one grade does not accommodate the variability of 
anthropometry even among children of the same age. Of 
course, the number of students that were employed in 
this work was not sufficient for determining the main 
effects with high level of test power. However, the trend 
of the conclusion was clearly detected. 

Finally, this study tested the suitability of the adjust-
able school furniture that is available in the local Saudi 
market. Based on the study results, it is time for Saudi 
furniture industry to review and provide the local schools 
with the most appropriate criteria of Saudi students’ an-
thropometric dimensions. 
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