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Abstract.

BACKGROUND: Primary school children spend quite a lot of time sitting in classrooms. For this reason, it is necessary to
make a scientific analysis of children’s body dimensions and compare them with the furniture dimensions where they sit.
OBJECTIVES: The main aim of this paper is to present anthropometric data for pupils in primary schools in the Republic
of Kosovo and give recommendations for school furniture design.

METHODS: Measurements were made in the public schools of four different regions in the Republic of Kosovo. The
study includes 720 children from 12 different elementary schools with first and fifth graders (6-11 years old). Twelve body
parts were measured: Stature, sitting height, shoulder height, lower leg length, hip breadth, elbow height, buttock-popliteal
length, thigh clearance, eye height, shoulder breadth, and knee height. The descriptive data are calculated in terms of average,
standard deviation, and Sth, 50th and 95th percentile.

RESULTS: We recommend that the competent authorities in the Republic of Kosovo consider improving the infrastructure
of primary schools in terms of furniture size according to the findings presented in this study.

CONCLUSIONS: The information presented in this paper on pupils’ anthropometry and the proposed dimensions for school
furniture can be used by various bodies in Kosovo including, but not limited to: Ministry of Education Science and Technology,
Ministry of Trade and Industry of Kosovo and furniture manufacturing industries as basic information for suitable furniture
design for primary school children, as well as school principals to help in furniture selection.
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1. Introduction quite a lot of time sitting on school benches. Being
seated on a bench for a long time usually leads to chil-
dren having a drooping posture, which consequently

causes extreme strain on the muscles, ligaments and

Growth is defined as physical body change [1] that
usually takes place from birth to the age of 18-23.

During this period, the human body undergoes sig-
nificant changes. For children in the Republic of
Kosovo, the age of six represents a great change in
their lives. At this age, they start school and spend

*Address for correspondence: Muharrem Sejdiu, UBT College,
Pristina, Republic of Kosova. E-mail: muharrem.sejdiu@ubt-
uni.net.

in particular the neck and spine disc [2—4].

Static posture and sitting in a bent position for
a long time, as elementary schoolchildren tend to
do, creates a conflict between the natural tendency
towards unrestricted physical movement and the need
to maintain a seated position for a longer period of
time [5].
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During school time, most activities such as reading,
writing and others are performed in a sitting position.
According to Castellucci et al. [6], children spend
approximately 25% of the day at school, and around
80% of that time they spend sitting down on seats
doing their school work.

In Kosovo, pupils from 1st to 5th grade spend about
one-fifth (around 22%) of the day in school benches.
Various authors have concluded that children during
their time in school for every 90 minutes, they are
seated for more than 60 minutes [7]. Considering
the fact that, while at school, children have to stay
seated for long stretches of time, the relevant author-
ities should take measures to ensure a comfortable
stay for children.

Discrepancies between pupils’ anthropometric
dimensions sizes of school furniture have been
reported in many countries such as the United States
[8], India [9], Indonesia [10], Turkey [11], Greece
[12, 13], Chile [14], United Arab Emirates [15],
Saudi Arabia [16], Korea [17] and elsewhere around
the world. Discrepancies between the dimensions
of school furniture and the pupils’ anthropometric
dimensions have been reported as a serious problem
for the abovementioned countries.

The discrepancy between pupils’ anthropometric
dimensions and school furniture causes serious prob-
lems for pupils. In this regard, researchers have given
their opinions. According to Murphy et al. [18], in
British schools, there is a correlation between fur-
niture inadequacy and pain in different parts of the
body (including neck, back, waist, etc.). Some coun-
tries decide to use certain sets of standards to define
the type of furniture dimensions that should be used
according to pupils anthropometric characteristics
[19].

These standards exist in Kosovo as well, and they
clearly define the type and dimensions of furni-
ture in accordance with the characteristics of pupils
(Kosovo Standardization Agency 2019, SK EN 1729-
1:2015/AC:2019). Due to the complexity of design
problems, innovative solutions for school furniture
should be found by establishing multidisciplinary
teams composed of orthopedic doctors, rehabilita-
tion experts, teachers, psychologists, constructors,
technologists, environmentalists, economists and, of
course, designers [20, 21]. Recent studies have shown
an increase in musculoskeletal problems in primary
school children [22].

If, through improper anthropometric design, the
chair did not allow to the majority of users to, in fact,
have foot or back contact with other surfaces, body

instability would be increased, and additional mus-
cular force would have to be introduced in order to
maintain proper equilibrium. The greater the degree
of muscular force or control required, the greater the
fatigue discomfort [23]. According to chair height
researchers [23], “by and large, however, a tall per-
son would be far more comfortable using a chair with
alow seat height than a short person using a chair with
a seat height that is too high”. School furniture that
provides a comfortable sitting position for elemen-
tary school pupils and better concentration during
classes should be considered [24]. Other researchers
have also given similar views on the impact of furni-
ture ergonomics on improving the quality of learning
[25]. Anthropometric measurements are therefore an
important consideration in designing ergonomically
appropriate furniture for school children [26].

The availability of data on anthropometric mea-
sures, particularly for schoolchildren, is very limited
in the Republic of Kosovo, and as a result, school
furniture design is not based on anthropometric prin-
ciples and according to standards. Thus, the study is
focused on data collection to determine the potential
discrepancy of dimensions between school furniture
and the characteristics of primary school children in
the Republic of Kosovo.

2. Methods
2.1. Participants

The participants in the study were children from
four different cities in the territory of the Republic
of Kosovo (Table 1). The sample size was calculated
through Slovin’s formula (1) [28]:

n = N/(1+ Nle]*) (1

Where “n” is desired sample size; “N” is total pop-
ulation group, and “e” is the level of precision.

In our study, the level of precision is=+4%.
Therefore, N=622. According to equation 1, the cal-
culated sample size was 622. The number of children

involved in this study were 720. The study involved

Table 1
The number of children by grades in primary schools in the
Republic of Kosovo [27]

The number of children according to grades

I I 11 v v Total
Total 25,138 24,678 25,778 25,103 24,582 125,279
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Fig. 1. Regions in which samples were taken.

both males and females from public schools in four
different regions in the Republic of Kosovo (Fig. 1).

Ascanbe seen in Table 2, the percentage of females
15 49,9% and that of males is 50,1%. The sample size
for each grade is 144, and for each region 180.

2.2. Procedures

Permission to conduct the research was obtained
from the school authorities. Schools that declined
to participate were replaced by other schools in the
same study area. The schools were all selected ran-
domly (three schools in each region). Within each
of the 12 selected schools (out of 1058 primary
schools of Republic of Kosovo) (Ministry of Educa-

Table 2
The number of samples taken in
the study by region, age, and gender

Region Frequency Percent
Prishtina 180 25%
Ferizaj 180 25%
Gijilan 180 25%
Peja 180 25%
Total 720 100%
Frequency

Gender

F 359 49,9%
M 361 50,1%
Total 720 100%

Classes

Grades Frequency Percent
1 144 20%
2 144 20%

3 144 20%
4 144 20%

5 144 20%
Total 720 100%

tion, Science, Technology and Innovation, Statistical
Notes 2020/21; https://masht.rks-gov.net/statistikat),
60 children were selected randomly (approximately
half of them were male and half female) including 12
children for each grade, 1 to 5 (6—11years).

The division of classes from 1st to 5th grade was
done since these groups of pupils had the same shift
(i.e., the afternoon shift from 13:00-17:00). It is
worth noting that in the morning shift (08:00-13:00)
the same classrooms are used by 6th and 9th graders.

2.3. Measuring the dimensions of children and
school furniture

All anthropometric measurements were collected
while pupils were sitting in an erect position on
a bench, with knees bent at 90°. Like many other

Fig. 2. a. and b. Classroom’s furniture, c. and d. Process of measurements.
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Fig. 3. Anthropometric measurements: 1. Body stature, 2. Sit-
ting height erected, 3. Shoulder height, 4. Popliteal height, 5. Hip
breadth, 6. Elbow height, 7. Buttock-popliteal length, 8. Buttock-
knee length, 9. Thigh clearance, 10 Eye height, 11. Knee height,
12. Shoulder breadth.

Table 3
Body part measurements [32, 33]

Z
°

Measured body parts

Stature (body height)
Sitting height (erected)
Shoulder height, sitting
Popliteal height

Hip breadth, sitting
Elbow height, sitting
Buttock-popliteal length
Buttock-knee length
Thigh clearance

Eye height, sitting
Knee height

Shoulder breadth

PNANR LD~

—— = O
D= o

researchers, the body dimensions in this study
were also measured using traditional tools [29].
Anthropometric measurements of pupils were made
in April-June 2020. During the measurements, the
pupils were not wearing shoes, and 2,5 cm are added
for the shoes [30, 31]. In accordance with inter-
national norms of anthropometric standards (ISO
7250-1,2017), twelve parts of children’s bodies were
measured (Fig. 3, Table 3).

Table 4
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2.4. Measuring the dimensions of furniture

The classroom furniture, which were taken in the
study, consist of the same designs but with few
changes in dimensions, as can be seen in Table 4.

2.5. Data validation

The internal consistency between items in a scale
was determined through Cronbach’s alpha. Cron-
bach’s alpha determined the internal consistency of
the collected and analyzed data. Since the alpha value
is high, all collected data and analyzed data were high
in consistency [29]. As can be seen in Table 5, internal
consistency is excellent [7].

2.6. Mismatch criteria

To determine the anthropometric criteria of furni-
ture, in addition to the data collected, the calculation
to determine the degree of their compatibility or dis-
crepancy must also be done. In calculating the data,
the theoretical and practical principles of ergonomics
have been considered. Using the combination of for-
mulas, the minimum and maximum limits are defined
so that any dimension that falls within these values is
considered appropriate [12].

The collected data were analyzed by means of
descriptive statistics. Values for minimum (min),
maximum (max), standard deviation (SD), percent-
ages 5Sth, 50th, 95th and mean are taken into
consideration.

Table 5
Calculation of Cronbach’s alpha includes 12 items

Reliability statistics

Cronbach’s alpha Cronbach’s alpha based No. of items
on standardized items
0,946 0,960 12

Dimensions of the classroom furniture measured in four regions taken in the study

No. Measured parts Dimensions of chairs (cm)

Chairs Ferizaj Prishtina Peja Gjilan
1 Chair height 85,5 79,5 85,5 80,5
2 Seat height 44,0 43,0 45,0 43,5
3 Seat depth 40,0 40,0 38,0 40
4 Seat width 40,0 40,0 38,0 40
5 Backrest height 41,5 36,5 40,5 38
No. Tables Dimensions of tables
1 Height (for all regions) 76
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2.6.1. Popliteal height (PH) - seat height criteria

Previous studies show that the seat height needs to
be adjusted according to the popliteal height [34, 35],
thus allowing the knee to be flexed so that the lower
leg forms a maximum of 30° angle relative to the
vertical axis. As shown in Equation (2), the seat height
needs to be lower than popliteal height so that the
lower leg forms a 5-30° angle relative to the vertical
and the shin-thigh angle is between 95° and 120°
[26]. While researching the literature other criteria
for determining seat height may be encountered [13,
21].

Various researchers have given different theories
regarding the height of shoes [10, 36]. In this study,
according to measures, a 2.5 cm for shoe correction
was added to the popliteal height. Therefore, the
match criterion was defined according to Equation
(2) [6, 37]:

(PH +2.5)C0OS30° < SH < (PH +2.5)C0S5° (2)

Where: SH - is seat height and PH - is popliteal
height.

To ensure clearance, Sth percentile data should be
used to determine the chair height [23].

2.6.2. Hip breadth (HB) - seat width criteria

Seat width discrepancy occurs when hip breadth
is greater than the width of the seat [38]. The seat
width should be large enough to accommodate users
with the largest hip breadth [31, 33, 35] and therefore
is designed for the 95th percentile of the hip width
distribution or the largest hip width [37,39—-41]. Gou-
vali and Boudolos [12] recommend that the seat width
should be at least 10% (to accommodate hip breadth)
and at the most 30% (for space economy) larger than
the hip breadth, which is shown in Equation (3):

110%HB < SW < 130%HB 3)

Where: SW - is seat width and HB - is hip breadth.

2.6.3. Buttock-popliteal length (BPL) - seat
depth criteria

According to Panero [23], 5th percentile of data
should be used. These will accommodate the greatest
number of users: those with shorter buttock-popliteal
lengths as well as those with greater lengths. If 95th
percentile of data are used, the design will accommo-
date the users with the larger measurements only, but
not those with smaller measurements [23].

The discrepancy is determined when the seat depth
is >95% or <80% of the buttock-popliteal length
[8]. Gouvali and Boudolos [12] have other opinions
regarding seat depth criteria. Thus, the match crite-
rion was determined by Equation (4):

80%BPL < SD < 95%BPL “4)

Where: SD is seat depth and BPL is buttock
popliteal length.

2.6.4. Shoulder height (SH) - backrest height
criteria

It is considered appropriate when it is below
scapula [39, 41, 42] to facilitate mobility of the trunk
and arms [43]. As a result, the equation recommends
keeping the backrest lower than the scapula, or at
most on the upper edge of the scapula (60-80% of
shoulder height). Thus, the match criterion was deter-
mined by Equation 5 [12]:

0.6SH < BH < 0.8SH 5)

Where: BH - is backrest height, and SH - is the
shoulder height.

2.6.5. Desk height (DH) - desk height criteria

The minimum and maximum value of the desk
height was determined according to Gliem et al. [8].
To determine acceptable desk height is used the Equa-
tion (6).

hE = hEv+ U([1 —cos f]+ cos f[1 —cosb)] (6)

Where: hE - acceptable elbow rest height with
shoulder flexion and abduction [8], hEv - the vertical
elbow height, U=hS - hEv - is the upper arm length,
0 - is shoulder flexion, 3 - is shoulder abduction, hS
- the shoulder height.

According to Chaffin et al. [44], the minimum
and maximum acceptable angle of the shoulder dur-
ing writing is 0-25 degree for shoulder flection and
0-20 degrees for shoulder abduction. For flexion
angles, the corresponding cosines are 1 (0 degrees)
and 0.9063 (25 degrees) and for abduction angles, the
corresponding cosines are 1 (0 degrees) and 0.9397
(20 degrees). Given that the cosines are monotone
functions of the angles, a student’s minimum desk
height is determined by the vertical elbow height
alone, Equation 7.

hE=hEv+U[(1-1)+10-1)]=hEv ()
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The maximum desk height is determined by Par-
cells et al. [8]:

hE =hEv+ U[(1 —cos f) + cos f(1 — cosb)]
=hEv+ U[(1 —0.9063) 4+ 0.9063(1 — 0.9397)]
= hEv+ U(0.1483) = hEv + 0.1483AS
—0.1483h Ev = 0.8517h Ev 4 0.1483 Hs,
since U =hS — hEv.

The maximum and minimum height of the table is
calculated from the surface of the floor.

3. Results and discussion

The furniture in all schools that were the focus of
this study have approximately the same design and
dimensions. Statistical data for grades I-V, includ-
ing minimum values, maximum, standard deviation,
and the percentages of anthropometric data (5th, 50th,
95th) for different parts of the children’s bodies are
shown in Tables 6 and 7.

3.1. Seat height

As can be seen in Fig. 4, there is an absolute dis-
crepancy between the anthropometric dimensions of
the first graders and the height of the seat. In the sec-
ond grade, it is seen that only 0,7 % of children have
anthropometric dimensions which correspond to the
dimensions of the seat height. 99,3% of them do not
match the seat height. In the third grade, it is seen
that 2,8% of children have anthropometric dimen-
sions which fit the dimensions of the seat height,
while 97,2% of children do not fit these dimen-
sions. In the fourth grade, 9,0% of children fit to the
dimensions of the chair height, while 91,0% of these
children have smaller popliteal buttock dimensions
compared to seat height. The seat height dimensions
are slightly more proportional to the measurements of
fifth graders, where 28,5% of them have dimensions
that fit the height of the seat, while 71,5% of them
have inconsistencies of anthropometric dimensions.
In general, only 8,2% of children in grades [-V have
dimensions that fit the dimensions of the seat height.

Referring to data from the scientific literature
[23], the height of the seat should be such as to
accommodate 5% of the population considered. Rec-
ommendation for chair height of children attending
schools in the Republic of Kosovo are as follows:
for first grades 25,1-28,9 (2,8) cm, for second grades

26,6-30,6 (2,9) cm, for third grades 29,6-34,0 (2,4)
cm, for fourth grades 29,4-33,9 (3,0) cm, for fifth
grades 33,1-38,0 (2,3) cm.

3.2. Seat depth

As can be seen in Table 4, the depth of the chair
ranges between 38,0-40,0 mm. In Fig. 5, it is shown
that only 2,8% of first graders have a body size that’s
appropriate to the dimensions measured in the field.
The remaining 97,2% of children do not fit into these
dimensions because the depth of the seat is too large.
4,9% of second graders have appropriate body dimen-
sions, while 94,4% of the dimensions do not fit the
depth of the chair due to it being too large. 12,7%
of third grade children have appropriate dimensions,
while 87,3% of them mismatch the dimensions in
terms of large chair depth. 16,2% of fourth grade
children fit the dimensions, while 83,8% of children
learn in seats that have high depth. 38,7% of fifth
grade pupils have anthropometric dimensions, which
fit the depth of the seat, 61,3% of them have smaller
dimensions compared to the depth of the seat.

Referring to scientific data [23], the depth of the
seat should be such as to accommodate 5% of the pop-
ulation considered. Recommendations for the depth
of the seat for children attending schools in the
Republic of Kosovo: for the first grade 23,4-27,8
(2,2) cm, for the second grade 25,6-30,4 (2,4) cm,
for the third grade 27,2-32,3 (2,1) cm, for the
fourth grade 28,8-34,2 (2,1) cm, for the fifth grade
29,4-35,0 (2,6) cm.

3.3. Seat width

In Fig. 6, 100% of first graders have a body size
smaller than the width of the seat, only 1,4% of sec-
ond graders have dimensions larger than seat width.
Amongst third graders it can be noted that 0,7% of
pupils have body dimensions which fit the width of
the seat, while 97,9% of them have smaller dimen-
sions compared to the width of the seat, 1,4% of pupils
have larger body dimensions than the seat width.
2,1% of fourth graders have body dimensions that
fit the width of the seat, 95,1% of them have smaller
body dimensions than the width of the seat and 2,8%
of them have dimensions higher than the width of the
seat. 2,8% of fifth graders have body dimensions that
fit the width of the seat, 91,0% have a body width
less than the width of the seat and 6,3% have body
dimensions larger than the width of the seat.



Table 6

Anthropometric measures of primary school pupils (cm)

Grade level

I 1I I v A% All grades
Min Max Mean SD Min Max Mean SD Min Max Mean SD Min Max Mean SD Min Max Mean SD Min Max Mean SD
Stature
Girls 110,6 1448 122,7 6,6 110,0 1480 128,6 64 1240 151,0 1349 63 1264 1542 1398 6,5 130,5 1659 1476 7.8 1100 1659 1348 109
Boys 108,2 168,0 124,1 9,0 1102 146,6 129,5 6,7 123,6 1498 1355 6,0 121,0 1620 1385 7,1 131,1 1572 1450 6,8 1082 1680 1344 10,2
Sitting_height
Girls 54,1 745 63,1 35 590 755 660 36 610 77,7 691 36 620 780 70,7 34 665 835 750 44 541 835 688 55
Boys 525 710 639 38 540 800 662 44 532 768 693 39 614 780 70,1 40 61,7 798 73,1 4,1 525 80,0 685 5.1
Eye_height
Girls 40,7 632 513 39 468 604 539 37 396 640 569 39 500 662 592 36 427 766 632 52 396 766 569 58
Boys 390 590 51,6 4,1 422 630 540 42 515 671 574 32 493 670 580 35 403 693 614 45 390 693 565 52
Shoulder_height
Girls 33,7 484 403 3,1 360 505 419 32 370 553 440 32 390 524 457 27 399 576 488 3,6 33,7 576 441 473
Boys 32,0 490 40,1 3,6 323 473 415 34 388 520 442 28 382 560 453 3,1 374 628 476 3,6 32,0 628 437 473
Elbow _height
Girls 10,1 223 151 27 11,3 21,0 152 20 105 222 167 24 126 230 181 22 145 250 190 26 10,1 250 168 29
Boys 10,2 21,1 150 2,1 100 200 152 23 11,5 232 166 24 134 240 176 22 11,8 245 17,7 27 100 245 164 26
Thigh_clearance
Girls 6,0 18,0 92 20 65 150 10,0 1,6 7.1 19,8 10,7 19 170 190 107 19 7.7 200 11,9 23 6,0 200 10,5 21
Boys 5.5 19,0 95 23 60 150 10,1 1,7 7.0 15,8 10,6 2,0 7.6 193 108 21 72 16,8 11,3 2,1 5.1 19,3 10,5 2,1
Popliteal_height
Girls 26,5 40,1 33,7 3,0 290 432 356 3,1 330 444 383 26 330 485 401 33 370 490 426 24 265 490 380 43
Boys 28,5 41,1 34,1 3,1 290 448 363 3,1 340 452 385 25 31,5 452 394 3,1 360 483 420 26 285 483 380 39
Knee_height
Girls 31,0 453 393 277 355 504 415 30 383 530 444 28 375 532 455 35 43,6 567 499 3,0 31,0 56,7 441 47
Boys 345 470 40,2 32 340 495 420 30 396 524 446 3,1 37,0 520 451 35 410 550 489 33 340 550 441 44
Buttock_popl_length
Girls 264 412 33,6 24 305 405 354 25 310 445 376 23 30,7 460 396 25 360 482 421 28 264 510 377 40
Boys 285 410 33,7 26 31,0 423 353 24 315 450 37,5 25 31,0 482 389 22 348 480 409 3,1 285 482 372 3,6
Buttock _knee_length
Girls 32,6 47,1 40,0 2,6 363 498 42,1 28 387 530 444 29 40,7 543 46,7 27 425 60,0 499 38 32,6 600 446 4,6
Boys 340 48,0 398 28 348 520 419 29 380 550 443 28 380 600 458 28 390 572 487 38 340 60,0 44,1 43
Shoulder_breadth
Girls 240 345 294 25 266 397 31,3 27 250 39,1 32,7 27 288 424 340 26 284 440 359 33 240 440 32,7 3,6
Boys 26,0 40,0 30,6 32 260 430 31,7 27 280 397 335 25 280 425 347 30 290 450 36,1 34 260 450 333 3,6
Hip_breadth
Girls 17,1 343 236 29 220 330 257 22 21,5 402 278 35 230 384 281 32 230 400 301 35 17,1 402 27,1 38
Boys 17,0 335 243 31 206 400 262 33 225 350 275 26 205 384 287 32 220 388 295 36 17,0 400 272 3,7
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Table 7
Calculation of anthropometric data (5th; 50th; 95th centile)
Grade level
I 1T 1 v v All grades
Sth 50th 95th Sth 50th 95th Sth 50th 95th Sth 50th 95th Sth 50th 95th Sth 50th 95th
otile otile otile otile otile Yotile Yotile otile Yotile Yotile Yotile Yotile Yotile otile otile tile tile %tile
Stature
Girls 113,0 122,4 133,6 120,4 128,0 138,8 126,3 1354 148,1 129.,4 140,0 150,0 134,7 1475 160,6 117,0 1345 154,2
Boys 111,7 123,0 136,3 116,9 130,1 141,0 125,8 135,0 145,7 126,7 139,2 149,4 133,9 145,6 155,5 118,0 134,2 151,8
Sitting_height
Girls 57,8 63,0 68,6 60,0 66,0 71,9 63,2 69,5 75,8 65,0 70,6 76,3 68,1 75,1 82,7 60,0 69,0 78,8
Boys 57,1 64,3 69,0 58,2 66,0 733 63,4 70,0 74,7 62,3 70,6 76,7 63,9 73,6 78,8 60,0 68,6 76,8
Eye_height
Girls 44,6 51,3 56,9 473 533 60,0 51,0 57,1 63,2 53,4 59,2 65,1 55,2 63,0 72,0 47,5 56,7 67,0
Boys 44,7 52,1 58,1 46,9 54,0 60,5 52,5 57,2 63,3 51,8 58,0 63,6 54,7 60,8 68,1 47,7 56,7 65,8
Shoulder_height
Girls 35,6 39,8 472 37,1 42,0 47,1 38,5 44,0 48.4 41,0 45,5 50,5 43,1 48,7 56,6 375 44,0 51,2
Boys 343 40,0 473 344 41,9 46,3 39,5 44,0 49,6 40,5 45,0 49,5 42,0 48,0 534 36,2 44,0 50,0
Elbow_height
Girls 11,1 14,9 21,0 12,2 14,7 19,0 12,5 16,8 21,0 14,7 18,0 22,0 15,1 19,0 24,0 12,5 16,6 22,0
Boys 11,1 15,0 18,6 10,7 15,5 18,7 12,4 16,5 20,3 13,9 17,5 21,2 12,9 17,7 22,1 12,3 16,2 20,6
Thigh_clearance
Girls 6,3 9,1 12,2 7,4 10,0 12,4 7,8 10,5 13,2 7,8 10,7 13,5 8,5 11,5 16,0 7,3 10,4 14,0
Boys 6,1 9,3 14,0 6,9 10,1 12,6 73 10,4 14,6 8,1 10,6 15,2 8,1 11,0 15,1 7,0 10,3 14,3
Popliteal_height
Girls 27,9 335 38,8 30,4 355 41,0 34,4 38,0 43,3 34,0 40,0 46.4 38,3 42,8 46,0 314 38,0 45,0
Boys 29,4 339 39,7 30,7 36,0 41,6 34,0 38,3 43,0 34,0 40,0 44,0 37,7 42,1 46,2 31,0 38,0 44,5
Knee_height
Girls 35,1 39,0 44,1 37,0 41,0 472 40,0 44,0 49,3 39,0 45,7 51,3 44,0 50,5 54,7 37.3 43,9 52,0
Boys 35,1 40,1 46,7 354 42,0 46,7 40,0 44,0 50,3 38,6 45,8 50,2 43,7 49,3 54,2 37,0 44,0 52,0
Buttock_popl_length
Girls 29,2 335 37,2 31,6 35,5 40,0 339 37,3 41,9 36,0 39,4 44.4 37,0 42,0 46,4 31,3 37,5 45,0
Boys 29,7 334 40,0 31,9 35,0 40,2 338 37,6 423 35,5 39,0 42,2 359 41,0 46,9 31,5 37,0 43,2
Buttock _knee_length
Girls 36,2 40,0 44,7 37,6 41,7 47,5 39,9 443 50,0 42,1 47,0 52,2 43,6 49.4 56,1 38,0 44,3 535
Boys 36,0 39,8 45,1 37,0 41,7 47,6 40,5 43,9 50,0 42,0 45.8 49,5 42,9 48,6 55,3 37,0 43,8 52,0
Shoulder_breadth
Girls 25,0 29,0 34,1 27,6 30,5 37,2 28,6 33,0 37,7 30,0 34,0 39,4 30,7 36,0 41,4 27,0 32,5 39,0
Boys 26,0 29,9 37,2 27,0 31,5 353 29,6 33,0 38,0 29,7 34,8 40,0 31,3 35,8 42,0 28,0 33,0 40,0
Hip_breadth
Girls 19,3 235 28,3 22,8 25,1 30,9 22,1 274 332 24,0 28,1 35,3 25,5 29,1 37,8 21,7 26,5 34,0
Boys 20,4 24,0 31,4 22,0 25,5 31,8 234 27,0 33,0 24,1 29,0 344 243 29,1 38,0 22,0 27,0 34,0
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Mismatch between body and seat height
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mMatch = High mismatch = Low mismatch

Fig. 4. Mismatch percentage for seat height according to grades
I-V.

Mismatch beween body and seat deepth
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mMatch ®Toodeep = Shallow

Fig. 5. Mismatch percentage for seat depth according to grades
-V.

Mismatch beween body and seat width
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Fig. 6. Mismatch percentage for seat width according to grades
I-V.

Ansari et al. [45] recommend that the width of
the seat should be such as to accommodate 95% of
the population considered. Recommendations for the
width of the seat for children attending schools in
the Republic of Kosovo: for the first grade 32,9-38,9
(3,6) cm, for the second grade 34,0—40,2 (3,4) cm,
for the third grade 36,3—42.,9 (3,7) cm, for the fourth

Mismatch beween body and backrest height
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40%

20%
1

0%
GradeI  GradeII GradeIIl Grade VI GradeV  Total

mMatch ®=Too height =Too low

Fig. 7. Mismatch percentage for backrest height according to
grades [-V.

grade 38,3-45,2 (3,8) cm and for the fifth grade
41,5-49,1 (4,3) cm.

3.4. Backrest height

In general, there is agreement between researchers
that the primary purpose of the backseat of chair
is to provide lumbar region support [46, 47]. Ade-
quate lumbar support is the most crucial element of
a backrest. Inadequate lumbar support places excess
pressure on the spine. Figure 7 shows that 6,3% of
children fit the backrest height, while 93,8% of first
graders do not fit the backrest height because it is too
high. Amongst second-grade pupils, it is noted that
10,4% of children fit the dimensions of the backrest
height, while 89,6% have smaller dimensions com-
pared to backrest height. The third graders fit 24,3%
of dimensions, while the inconsistency to the back-
rest height is 75,7%. The fourth graders fit 46,5% of
dimensions, while the inconsistency to the backrest
height is 53,5%. 79,9% of fifth graders have dimen-
sions that fit the height of the backrest, while 20,1%
of them have dimensions smaller than the backrest
height.

Previous studies recommend that the height dimen-
sion of the backrest should be 5% [48] of population
of the study. Recommendations for backrest height
for first grade pupils are 20,9-27,8 (2,4) cm, for the
second graders 22,1-29,4 (2,3) cm, for third graders
23,5-31,3 (2,1) cm, for the fourth graders 24,6-32,8
(2,0) cm, for the fifth graders 25,6-34,1 (2,6) cm.

3.5. Desk height (minimum and maximum)

As one of the most important pieces of furniture,
the desk height should be appropriate for children
to feel comfortable while working on it. Field mea-
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Mismatch beween body and table height
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Mix7
1254 11 1193 5

Fig. 8. Mismatch percentage for table height according to grades
I-V.

M7

1263 4

surements show that the desk height is 76,0 cm. The
definition of the 95th percent of the desk height is
taken according to the recommendations of Rosyidi
et al. [36]. Figure 8 shows that the height of the desk
exceeds all the heights of the measurements, conse-
quently there is no pupil who has body dimensions

F7
1269 65 1272 65 1271 69 1208 63 1240 64 1219 73

1244 5
52 1286 57 1287 53 1287 55 1227 49 1225 47 1226 48
59

Mix 8
1320 6

that fit the current dimensions of the school desks 3@
(Table 8, Fig. 9). -~

Recommendations for student desk heights are: " RE
for the first grades 56,5-66,9 (3,2) cm, for the sec- =3 o
ond grades 58,5-67,7 (3,0) cm, for the third grades -
61,2-68,2 (2,9) cm, for the fourth grades 64,0-69,4 _Blens
(3,0) cm, for the fifth grades 67,4-71,2 (3,3) cm. =EldF g

11

4. Conclusions

Mix 9
1370

The main purpose of this study is to analyze the
discrepancy between anthropometric dimensions of
children and dimensions of school furniture in the
Republic of Kosovo.

The data in this research show results obtained
from 720 children of grades 1-5 (ages 6—11 years).
Although the study included 144 children for each
grade, the good sample distribution (divided into the
4 largest regions of the country) allows us to con-
sider that the paper represents an inclusiveness and
that it can be a good indicator and can be regarded as
a general study for all countries.

The results speak of a noticeable discrepancy
between the anthropometric dimensions of the chil-
dren and the dimensions of the furniture (chair and
table) in which they sit during their classes. High
mismatching was found in the height and depth of
the chair and in the height of the work desk, which
are considered critical dimensions when sitting on

7

M9

1361

F9 M
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

1427 7
The Netherlands [50] 1471 66 1460 68 1466 67

1392 64 1418 55 1405 61
1372 70 1375 70 1374 65

1379 6

Table 8
Comparisons of average stature between children of the same ages in Chile, Belgium and Kosovo (F-Female; M-Male)
MI10 Mix 10
1430 7 1429 7

F10

1458 74 1435 72 1447 72

them. Also, significant discrepancies were found in 2 SZ o
the width of the chair and at the height of the chair 9 § = %
backrest. <Z|0OENM
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Comparison of stature between pupils' in: Dutch, Chile and Kosovo
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Fig. 9. Comparison of stature according to data for countries: Kosovo, The Netherlands, Chile.

The use of poorly designed school furniture
increases the possibility of pupils’ health problems.
Moreover, this phenomenon affects pupils of young
ages more.

Based on anthropometric measurements made of
pupils, new dimensions have been recommended that
primary schools in Kosovo should use. Based on data
from other researchers who point out the importance
of matching school furniture dimensions to children’s
body size and given the other design requirements
and financial limitations for 1058 (Ministry of Educa-
tion, Science, Technology and Innovation, Statistical
Notes 2020/21; https://masht.rks-gov.net/statistikat)
primary schools of Kosovo, we consider that where
it is possible, these data should be considered to
improve school facilities continuously.

5. Future research

The results presented in this paper are a good start-
ing point to continue with further research in the
future. The impact of furniture discrepancy in chil-
dren’s health problems in primary schools and the
role of ergonomic furniture in improving the quality
of learning in primary schools would be of particular
interest to society in general. Also, it would be inter-
esting to review the standard SK EN 1729-1:2015 /
AC: 2019, which defines the dimensions of school
furniture for primary school students in Kosovo and
harmonize it with the research findings.
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