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Abstract.

BACKGROUND: Adequate school furniture is important to prevent musculoskeletal discomfort among students.
OBJECTIVE: The aim of the study was to assess the suitability of school furniture compared to body dimensions of students.
METHODS: A cross-sectional study included a total of 442 students from primary school, secondary school, and university.
Nine body dimensions along with five furniture dimensions were measured and equations for mismatch criteria were applied.
RESULTS: In primary school, differences in body dimensions were more evident among students of different age, while in
secondary school and university, differences between male and female students became more apparent. The mismatch for
desk height ranged from 100.0% at primary school to 48.0% at university. Similarly, the seat height mismatch was the most
evident in primary school (89.7%-94.6%), lower at university (52.0%) and the lowest in secondary school (18.0%). The seat
depth mismatch was present among all groups, ranging from 23.1% to 40.4%, and was in general more pronounced in males.
Seat to desk clearance mismatch was the most evident among secondary school students. In primary school, seat and desk
height were generally too high for most of students.

CONCLUSIONS: Specific differences in body dimensions among groups of students of different age and gender were
observed and a high student-furniture mismatch was identified in all educational institutions. Implementation of adjustable
school furniture, covering at least two size marks, is needed to provide ergonomic and healthy learning conditions and to
further enhance the comfort and well-being of students in the classroom.
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1. Introduction

Students spend a considerable amount of their
waking time in school, where sitting is their predom-
inant posture [1]. Literature shows that the onset of
age-related increase in sedentary behaviour appears
around six or seven years of age, which coincides with
the start of schooling [2]. Sedentary behaviour might
be associated with adverse health outcomes among
children and adolescents, including unfavourable
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body composition and decreased fitness [3], lower
insulin sensibility [4], decreased academic achieve-
ment, [3] and worse psychological well-being [5,
6]. In addition to sitting time, the quality of sitting
also affects individual’s health and self-esteem [7, 8].
Awkward posture and poor sitting habits acquired in
childhood could be difficult to change later in adult-
hood. Therefore, it is necessary to encourage good
postural habits of students, which could be done by
providing students with ergonomic furniture that fits
their body dimensions.

Growth pattern of school children differs [9] and
body dimensions among individuals of the same
age might deviate substantially. Despite that, school

ISSN 1051-9815 © 2022 — The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).


mailto:nejc.sarabon@fvz.upr.si
https://creativecommons.org/licenses/by-nc/4.0/

230 N.P. Loredan et al. / School furniture suitability

Fig. 1. Typical school furniture in Slovenia.

furniture comes in one size for all students in the
classroom (Fig. 1). Consequently, incompatibility
between students’ body dimensions and furniture
dimensions, defined as a student-furniture mismatch,
may arise [10]. Inappropriate school furniture results
in increased postural overload [11]. When the seat
height is too low, the compression in the buttock
region is increased, and when the seat height is too
high, pressure on vascular and neural structures is
increased [12]. Unsuitable school desk is associated
with neck and shoulder pain while too low backrest
might be one of the factors influencing lower back
pain [13, 14]. Awkward body posture of students,
resulting from inappropriate school furniture, might
also affect students’ attention and creativity [15]. On
the other hand, if the students are using a more suit-
able school furniture, better academic performance
can be achieved and musculoskeletal disorders can
be reduced [16].

In order to quantify the rate of student-furniture
mismatch, several equations have been proposed
[17-22]. Studies from different countries have shown
that the rate of mismatch in schools is high, ranging
between 60% and 99% for seat height, between 55%
and 99% for seat depth, and between 52% and 99%
for desk height [19, 20, 23-27].

When assessing suitability of a school desk and
chair, it is important to consider the activities that
students most often perform in the classroom, such
as reading, writing, and looking at the blackboard.
Using the existing furniture (Fig. 1), with flat and
non-adjustable desk and chair, students bent their
trunk and neck forward during writing and read-
ing [28]. Indeed, upright sitting with 90° in lower
extremity joints may not be the optimal posture to
sustain for long periods [29-31]. Mandal [30, 32] pro-
posed an improvement in standard school furniture
that included higher and sloping desktops and higher

and forward inclined seat pans. Later research has
shown that furniture proposed by Mandal was gen-
erally well accepted by students, and a more neutral
posture was maintained when sitting in the classroom
[33-35].

More recently, a student-centred approach has been
adopted [36] and ways to decrease sitting time of stu-
dents in the classroom have been investigated [37].
Layout of the classroom with furniture organised in
rows is being replaced by flexible learning spaces
that consist of a variety of furniture pieces and dif-
ferent layout options [38, 39]. Students’ well-being
in schools is influenced also by school environment.
For example, good lighting, including daylighting
and providing outdoor views from the classroom,
can enhance safety, improve health, and learning out-
comes of students [40].

Anthropometric data of Slovenian students are
scarce, and knowledge about the ergonomic suit-
ability of school furniture is lacking. Moreover, a
comprehensive evaluation of school furniture suit-
ability in all educational levels in Slovenia, including
primary school, secondary school, and university,
is not yet clear. To address the issue of student-
furniture mismatch in different student populations
(primary school, secondary school, and university
students), it is important to determine which sub-
groups exhibit critical mismatch levels and which
furniture dimensions need the most attention. The aim
of this study was to obtain anthropometric data from
Slovenian students, assess the relevant school furni-
ture dimensional characteristics, calculate the rates
of student-furniture mismatch in Slovenian primary
and secondary schools, and university, and to calcu-
late the recommended furniture dimensions, based on
student’s body dimensions. We hypothesised that: 1)
the student-furniture mismatch is present in all edu-
cational institutions, and ii) the most critical furniture
dimensions are seat and desk height.

2. Methods
2.1. Participant recruitment

We included students from all three sections of
education in Slovenia: primary, secondary, and ter-
tiary. Primary school in Slovenia comprises of nine
grades (from 1% to 9" grade), secondary education
can last for four years (from 1% to 4" grade) or five
years (3 years + optional 2 years), while tertiary edu-
cation follows the Bologna system.
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The study was conducted in the Slovenian Coastal-
Karst region, which comprises 38 primary schools,
ten secondary schools, and one university with seven
faculties. In this study, three primary schools, three
secondary schools, and one faculty with four study
programmes were contacted to participate in the
study. Finally, one primary school, one secondary
school and two study programmes agreed to par-
ticipate. The educational institutions included were
all public and represented typical educational institu-
tions in Slovenia. After school authorities approved
the collaboration, students and their parents received
a written invitation to participate in the study. The
invitation included all relevant information for the
study, the researcher’s contact details, and informed
consent to participate. For minor students from pri-
mary and secondary school, aged less than 18 years,
informed consent also needed to be signed by their
parents/guardians. Out of 550 students who volun-
teered to participate, 75 students were not present
at school on the day when the measurements were
taken, and 33 were excluded due to the incomplete
informed consent. The final sample consisted of 442
students from primary school (155 students), sec-
ondary school (139 students), and university (148
students). Students who volunteered were generally
healthy and had no physical or mental disabilities.
Gender was self-reported by the students. The study
was conducted in line with the latest revision of
the Helsinki declaration and approved by the Slove-
nian National Medical Ethics Committee (number of
approval 0120-347/2018/3). The study protocol was
pre-registered with clinical trials under the registra-
tion number ID NCT03653767. The data analysed in
the study were anonymous.

2.2. Anthropometric measurements

The anthropometric measurements were per-
formed manually with GPM anthropometric mea-
surement set (Gneupel Prazisions-Mechanik, Swiz-
terland). All measurements were taken by a trained
team of researchers who performed a pilot study to
assess intra-rater (degree of agreement of single rater
in one visit), inter-rater (degree of agreement among
two raters in one visit) and inter-visit (degree of agree-
ment of single rater in two separate visits) reliability
to ensure high-quality measurements [41]. Intra class
correlation (ICC) was interpreted as described by
Koo and Mau [42]. Intra-rater reliability was good
to excellent (ICC ranging from 0.85 to 0.99) for all
measurements performed. Inter-visit reliability was

moderate for scapular height (ICC 0.56) and thigh
thickness (ICC 0.62) measurements, while reliability
for other measures was good to excellent (ICC rang-
ing from 0.75 t0 0.99). Similarly, inter-rater reliability
was moderate for subscapular height (ICC 0.52) and
thigh thickness (ICC 0.61) measurements and good
for other measures (ICC ranging from 0.76 to 0.88).

Except for body height and body weight, all
anthropometric measurements were taken on the
participant’s right side, while wearing light clothes
and no shoes. During the measurement, students sat
upright on a chair with adjustable seat height and
without a backrest, having ankles, knees, and hips
bent at 90° and with feet completely on the floor.
The described body posture was defined using a
goniometer by identifying relevant bony anatomical
landmarks. Body height was measured in an upright
standing position. The anthropometric measures
included body height, body mass, popliteal height,
thigh thickness, elbow height, shoulder height, sub-
scapular height, hip width, and buttock-popliteal
length as these body dimensions are needed to cal-
culate the suitability of school furniture. Detailed
descriptions of body dimension measurements are
presented in Table 1. During a single visit, each mea-
surement was taken three times, and the average value
was taken for further analyses.

2.3. School furniture measurements

Measurement of the classroom furniture was taken
twice using a GPM tape and electronic inclinome-
ter (Baseline Evaluation Instruments, Fabrication
Enterprise Inc., USA), and average values were cal-
culated for further analyses. The furniture measures
included: seat height, seat depth, seat width, upper
edge of backrest, desk height, and seat inclination
as these furniture dimensions are used in further
calculations.

2.4. Student-furniture mismatch calculation

To determine the discrepancy between the body
dimensions of students and the dimensions of the
school furniture, the mismatch was calculated using
the equations proposed by Castellucci, Arezes and
Molenbroek [17]:

e equation for seat height: (popliteal height + shoe
correction)*cos30° <seat height < (popliteal
height + shoe correction)*cos5°
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Table 1

Description of measuring body dimensions in the study [17]

Body dimension

Measurement description

Stature

Shoulder height sitting
Elbow height sitting

Subscapular height

Popliteal height
Thigh thickness

Buttock-popliteal length

Vertical distance from the floor to the top of the head. Participant stands
erect, looking straight ahead.

Vertical distance from subject’s seated surface to the acromion.

Vertical distance from the subject’s seated surface to the olecranon (elbows
in a 90° flexion).

Vertical distance from the subject’s seated surface to the inferior angle of
the scapula.

Vertical distance from the floor or footrest to the popliteal region.

Vertical distance from the subject’s seated surface to the highest
uncompressed point of the thigh.

Horizontal distance from the posterior region of the buttock to the popliteal

region.

Hip width Horizontal distanc

e between the widest points of the hip.

e equation for seat depth: 0.80*buttock popliteal
length <seat depth < 0.95*buttock popliteal
length

e cquation for seat width: hip width <seat width

e cquation for upper edge of backrest: subscapular
height > upper edge of backrest

e equation for seat to desk clearance: thigh thick-
ness + 2 <seat to desk clearance

e equation for desk height: (seat height — (sinX°
*seat depth)) + elbow height sitting < desk
height < (seat height — (sinX° *seat depth)) +
elbow height sitting*0.8517 + shoulder height
sitting*0.1483

Because all the anthropometric measures were
taken while participants wore no shoes, shoe correc-
tion for the seat calculations were considered (based
on the measured sole of the students’ shoes). A
shoe correction of 0.5 centimetres was used for pri-
mary students (who wore slippers at school) and
two centimetres for secondary school and univer-
sity students (who most frequently wore sneakers at
school).

2.5. Statistical analysis

The data were transcribed into Microsoft Excel
(Microsoft 365, 2020) and analysed with SPSS Statis-
tics for Windows, Version 26 (IBM Corp., Armonk,
NY, USA) and R 3.6.1 (R Core Team (2019) using
R Studio 1.2.1335) using “tidyverse” collection of
packages. The data is presented as mean = standard
deviation, range (minimum and maximum), and
5% and 95™ percentile. To explore differences in
body dimensions among students, we have con-
ducted a two-way ANOVA with grade and gender

as factors. Independent 7-test were applied to deter-
mine the differences between individual groups.
For the effect size, partial eta squared (p>) was
included (small =0.01, medium =0.06, large =0.14)
[45]. Additional statistical analysis was performed
to calculate if reallocating school chair or desk from
one classroom to another would result in decreased
mismatch among primary school students. The sta-
tistically significant differences were accepted at the
significance level a <0.05.

3. Results

Out of 442 students included in the study, 76%
were male and 24% were female, aged between 6
and 35 years. Student characteristics from primary
school, secondary school, and university are pre-
sented in Table 2.

3.1. School furniture dimensions

Different types of classroom furniture were
observed in primary school, secondary school, and
university. In primary school, one type of school
furniture was used for the 1% graders, one type
for the 2™ and 3™ graders, one type for the 4™
and 5™ graders, and one type for the 6™ to 9
graders. All students from secondary school used one
type of furniture, and all students from university
used one type of school furniture. The dimensions
of the existing school furniture and the calculated
range of acceptable furniture dimensions based on
the students’ anthropometry (5%, 50th, and 95"
percentile) and mismatch equations are depicted
in Table 3.
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Table 2
Participant characteristics by institution
Institution Body Body BMI Popliteal Thigh Elbow Shoulder Subscapular Hip  Buttock
height mass (kg/m?) height thickness height height height width popliteal
(em) (kg) (cm) (cm) sitting  sitting sitting (cm)  height
(cm) (cm) (cm) (cm)
Primary school Mean 146.2 403 18.4 39.1 11.2 18.5 46.8 35.6 30.5 41.8
(n=155,47,7% Std. Dev. 142 124 3.2 4.5 1.8 3.0 5.5 4.4 4.9 5.0
males, age 6-15)  Minimum 117.5 19.8 12.8 28.6 7.5 5.1 353 25.3 19.9 31.5
Maximum 184.0 82.7 30.4 49.3 21.3 28.5 60.2 47.6 443 54.0
Percentiles 5 1250 23.0 14.3 31.3 8.5 14.1 37.7 28.6 224 33.5
95 170.0 644 24.1 459 14.6 23.4 55.9 43.4 39.6 49.9
Secondary school Mean 1775 74.1 23.5 45.7 154 23.8 59.7 46.0 36.9 514
(n=139, 94,4% Std. Dev. 7.7 15.7 4.6 24 2.0 2.6 3.1 3.0 3.5 2.7
males, age 14-20) Minimum 151.0 47.7 16.9 36.3 10.0 16.6 51.0 37.8 29.4 43.4
Maximum 192.0 139.5 450 51.3 21.0 29.5 65.4 53.0 49.9 57.9
Percentiles 5 162.0 54.2 18.2 414 12.5 19.0 54.2 40.7 31.9 47.0
95 189.0 105.0 329 50.0 18.9 27.9 64.4 50.9 43.2 55.5
University Mean 170.3  66.2 22.7 432 14.5 24.5 58.6 46.2 40.1 49.2
(n=148,29,7% Std. Dev. 9.1 11.4 2.7 2.9 1.8 2.4 2.9 2.8 2.6 3.1
males, age 18-35) Minimum 153.0 458 16.4 37.6 11.1 18.2 52.2 40.4 33.7 41.1
Maximum 194.0 955 35.5 51.0 19.9 31.9 65.9 56.4 51.9 59.5
Percentiles 5 157.0 51.7 19.3 38.9 12.1 20.5 54.2 41.4 36.8 439
95 186.0 89.8 279 48.0 17.9 28.8 63.8 50.3 44 .4 54.5

3.2. Anthropometric measures

Descriptive statistics for the anthropometric mea-
sures of students grouped by grade level and gender
are presented in Tables 4-6. The 5" and 95% per-
centiles for all values are presented in Fig. 2. In
primary school, significant differences among stu-
dents of different ages were observed whereas no
significant differences among males and females
were found (Table 7). Conversely, among university
students, body dimensions differed mostly between
male and female students and no significant differ-
ences were found among students of different grade
levels. Total anthropometric dataset is available in the
Appendix.

3.3. Student-furniture mismatch

The student-furniture mismatch is presented in
Fig. 3 in percentages. In total, the mismatch for desk
height decreased from 100.0% at primary school to
48.0% at university. Similarly, seat height mismatch
was the most evident in primary school (up to 94.6%),
lower at university (52.0%) and the lowest in sec-
ondary school (18.0%). However, it must be noted
that in secondary school the seat height mismatch
largely differed between male (17.2%) and female
(40.0%) students. Due to the predominantly male stu-
dents from secondary school, these results should be
interpreted with caution. The seat depth mismatch

was comparable among all groups, ranging from
23.1% to 40.4%. Seat to desk clearance was suitable
for all students from primary school and university.
In contrast, more than 90% of secondary school stu-
dents did not have sufficient space for leg movement
under the desk. The backrest height was too high for
the majority of primary school students (except for
18t graders), and acceptable in secondary school and
university.

The percentage of students whose body dimen-
sions matched or mismatched the dimensions of
school furniture by institution, grade, and gender are
presented in Table 8. Gender differentiated results in
the Table 8 should be viewed with caution due to the
predominantly male students in secondary school and
mainly female students at university. Below, detailed
description of the mismatch results, based on grade
level and gender, are described.

3.3.1. Primary school

Desk height was too high for all male and female
students from 1! to 6™ grade of primary school,
whereas among 6 to 9™ graders, desk height mis-
match was more evident in males (93.3%) compared
to females (73.7%). Of these, desk height was too
high for all males and for 96.4% of females. Similarly,
seat height was too high for the majority of pri-
mary school students, ranging from 73.7%-100.0%.
In lower grades, seat depth mismatch was more
pronounced in males (26.3%—40.0%) compared to



Table 3

School furniture dimensions and recommended school furniture dimensions based on students’ body dimensio

Primary school

@@ 1% grade 213 grade 4™_5M orade

Existing 5™ %tile Mean 957 %tile Existing 5™ %tile Mean 95T %tile Existing 5™ %tile Mean 95™ %tile

furniture (cm) (cm) (cm) (cm) furniture (cm) (cm) (cm) (cm) furniture (cm) (cm) (cm) (cm)
Seat height (cm) 34 26.5-30.5 27.9-32.1 29.7-34.1 36.5 27.1-31.2 30.6-35.2 36.8-42.4 45.5 29.9-34.3 34.6-39.8 40.1-46.2
Seat depth (cm) 30 25.2-29.9 273-324 30.6-36.4 31 25.4-30.2 29.5-35.0 35.2-41.8 38 29.6-35.1 33.8-40.2 37.9-45.0
Seat width (cm) 31.5 >19.9 >24.5 >30.9 36.5 >21.7 >26.9 >34.0 38.5 >24.5 >30.9 >37.0
Upper edge of backrest (cm) 25 <274 <30.2 <333 325 <28.2 <31.7 <359 37 <315 <349 <383
Desk height (cm) 58 50.1-53.3 52.4-55.7 54.2-57.8 64.5 51.1-54.8 54.9-58.7 58.5-63.0 75 63.8-67.6 66.5-70.6 70.4-74.6
Seat to desk clearance (cm) 15.5 >11.0 >12.7 >14.4 25.5 >10.0 >12.3 >15.5 27.0 >9.7 >12.9 >16.6
Seat inclination (cm) -3.5 -3.5 -3.5
Primary school Secondary school University
6™—9™ orade 15-5™ grade 1523 grade
Existing 5™ %tile Mean 957 %tile Existing 5™ %tile Mean 95T %tile Existing 5™ %tile Mean 95™ %tile
furniture (cm) (cm) (cm) (cm) furniture (cm) (cm) (cm) (cm) furniture (cm) (cm) (cm) (cm)

Seat height (cm) 45.5 33.3-38.3 37.1-42.7 41.5-47.7 45 37.6-43.3 41.3-47.5 45.0-51.8 44.5 35.4-40.7 39.2-45.1 43.3-49.8
Seat depth (cm) 40 32.3-38.4 36.3-43.1 40.9-48.6 42 37.6-44.7 41.1-489 44.4-52.7 41 35.2-41.7 39.4-46.7 43.6-51.7
Seat width (cm) 41 >27.2 >33.2 >41.0 39 >31.9 >36.9 >43.2 47 >36.8 >40.1 >44.4
Upper edge of backrest (cm) 39 <34.7 <39.0 <45.7 36 <40.7 <46.0 <50.9 41.5 <414 <46.2 <50.3
Desk height (cm) 75.5 63.0-67.5 67.8-72.4 72.5-77.6 76.5 66.2-71.4 71.0-76.3 75.1-80.5 76 67.5-72.5 71.5-76.6 75.8-81.0
Seat to desk clearance 19.5 >11.9 >14.0 >17.1 15 >14.5 >17.4 >20.9 29.0 >14.1 >16.5 >19.9
Seat inclination (cm) -3.5 -3.0 =35

14 %4
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Table 4

Anthropometric characteristics of primary school female and male students

Primary Body Body BMI Popliteal Thigh Elbow Shoulder Subscapular Hip Buttock
school height mass (kg/m?) height thickness height height height width popliteal
(cm) (kg) (cm) (cm) sitting (cm) sitting (cm) sitting (cm) (cm) height (cm)
female male female male female male female male female male female male female male female male female male female male
1% grade Mean  121.1 127.0 22.0 295 150 182 312 322 98 11.5% 162 16.9 37.8 394 29.2 30.9 224 262 339 343
(females=4, Std.Dev. 5.3 2.9 24 7.1 0.6 3.8 14 14 0.9 1.1 1.6 1.1 2.3 2.2 2.8 1.3 14 44 1.6 2.7
males =35, Min. 117.5 1234 202 19.8 144 130 30.1 304 9.0 9.6 14.2 15.5 36.0 36.4 27.4 29.5 20.6 199 31.6 31.5
age=6-7) Max. 129.0 131.5 255 382 156 221 331 338 11.1 124 18.0 18.4 41.1 42.5 333 32.5 240 309 353 38.3
5 %tile
95 %tile
2nd_31d grade  Mean 1309 1349 28.6 335 166 182* 344 351 103 104 166 16.4 41.5 422 31.3 32.1 26.0 27.7 36.0 37.6
(females=19, Std. Dev. 4.7 10.1 6.6 8.0 3.0 2.5 1.8 3.2 1.6 1.4 2.2 2.3 2.9 3.7 2.2 2.4 39 3.7 2.3 34
males = 20, Min. 1225 1239 216 232 135 148 315 30.1 7.5 8.1 11.5 12.7 35.3 37.5 27.6 28.2 217 214 31.8 31.5
age=6-8) Max. 139.0 1655 440 532 228 233 369 425 135 13.0 195 20.2 459 51.8 35.1 36.9 333 360 408 45.6
5 %tile 1225 1240 21.6 233 135 149 315 302 75 8.1 11.5 12.8 35.3 37.5 27.6 28.2 217 215 31.8 31.5
95 %tile 164.8 53.2 23.3 424 13.0 20.2 51.7 36.9 35.9 45.5
4th 5th orade Mean  146.5 1448 418 380 19.2 180 400 389 11.6 10.3* 18.9 18.5 46.4 46.0 35.0 34.7 31.3 304 427 41.8
(females =20, Std.Dev. 8.5 6.6 1.1 7.0 3.8 2.5 3.6 3.6 1.9 1.8 1.9 1.7 3.1 2.6 2.3 2.1 4.6 3.6 3.5 2.9
males =19, Min. 131.0 134.0 255 28.7 149 146 340 28.6 7.7 7.7 16.0 15.8 40.6 41.5 31.5 30.5 23.8 250 352 37.0
age=8-10) Max. 167.0 157.0 642 50.8 264 232 492 446 146 159 228 22.6 52.2 499 38.3 38.3 374 36.6 535 47.4
5 %tile  131.2 25.7 14.9 34.0 7.8 16.0 40.7 31.5 23.9 354
95 %tile 166.5 63.9 26.4 49.0 14.6 22.8 52.1 38.3 37.4 53.1
6 9t grade Mean 156.7 157.6 48.0 473 194 18.7 41.7 43.0* 123 115 204 19.3 51.3 50.5 39.6 38.3 33.6 327 457 45.0
(females=38, Std. Dev. 9.1 11,5 11.8 11.5 38 2.0 2.3 2.7 2.1 1.3 39 2.0 4.6 3.8 4.1 3.1 43 3.7 3.2 3.5
males = 30, Min. 138.0 139.0 304 30.5 128 149 359 384 99 9.0 5.1 14.4 36.5 45.8 25.3 34.6 26.5 243 407 39.8
age=9-14) Max. 174.0 184.0 827 80.5 304 238 474 493 213 146 285 23.0 59.7 60.2 47.6 46.3 443 406 513 54.0
5 %tile 139.0 1412 314 319 13.1 155 37.1 388 10.1 9.3 13.5 15.8 43.7 459 34.2 34.7 27.1 26.0 40.7 40.0
95 %tile 1712 181.8 72.8 73.8 267 228 454 492 159 143 27.1 23.0 59.2 58.6 46.8 44.6 415 405 51.0 53.2

Percentiles are calculated for sample size >20. *p <0.05, **p <0.01.
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Table 5
Anthropometric characteristics of secondary school female and male students
Secondary Body Body BMI Popliteal Thigh Elbow Shoulder Subscapular Hip Buttock
school height mass (kg/m?) height thickness height height height width popliteal
(cm) (kg) (cm) (cm) sitting (cm) sitting (cm) sitting (cm) (cm) height (cm)
female male female male female male female male female male female male female male female male female male female male
1% grade Mean 163.5 1746 59.6 722 225 23.6 406 452 127 152 238 23.1 56.8 58.1 447 447 348 37.00 477 51.0
(females=2, Std.Dev. 17.7 7.6 52 151 29 43 6.0 2.5 0.7 2.1 3.6 2.7 2.0 3.2 1.0 2.8 0.6 39 6.0 3.2
males =47, Min. 151.0 159.0 559 477 204 177 363 404 122 100 212 17.5 55.4 51.0 44.0 37.8 344 294 434 44.4
age=14-16) Max. 176.0 189.0 63.2 114.1 245 351 448 513 132 194 263 28.4 58.2 65.4 454 49.7 352 472 519 57.9
5 %tile 161.0 49.7 18.1 40.5 11.8 18.3 52.1 39.2 31.3 46.1
95 %tile 187.6 106.7 32.5 50.2 18.5 28.0 64.6 49.5 46.0 56.0
2" grade Mean 167.0 177.7* 542 70.6 194 224 435 459 126 152 263 22.7* 60.6 58.8 47.0 46.3 39.6 358 49.1 51.4
(females=2, Std.Dev. 1.4 6.5 2.3 12.5 1.1 39 2.1 2.0 0.1 1.8 2.3 2.4 1.7 2.5 0.7 3.2 0.3 2.9 2.2 2.2
males =31, Min. 166.0 1650 52.6 53.1 18.6 17.5 420 422 125 12.1 246 16.6 59.4 534 46.5 39.0 394 307 476 47.7
age=15-17) Max. 168.0 190.0 558 105.0 20.2 328 450 506 126 198 279 27.1 61.8 63.9 47.5 53.0 39.8 423 50.6 55.5
5 %tile 165.0 53.2 17.9 42.2 12.6 17.4 53.9 39.8 30.8 479
95 %tile 188.2 100.1 31.9 50.3 19.2 26.6 63.2 51.8 41.8 54.8
3 grade Mean 171.0 180.6 62.7 728 214 223 450 467 141 153 242 23.9 58.1 60.5 433 46.4 38.0 36.1 51.7 52.0
(females=1, Std. Dev. 5.0 11.7 33 2.5 1.9 2.7 33 2.9 2.3 2.7
males = 10, Min. 173.0 54.3 16.9 42.6 11.6 17.6 53.6 40.5 31.3 48.9
age=16-18) Max. 188.0 93.1 26.7 50.9 18.7 26.4 65.1 494 394 57.0
5 %tile
95 %tile
4™ grade Mean 181.1 81.8 25.0 46.3 16.4 25.2 61.8 46.7 38.0 52.0
(females=/, Std. Dev. 5.8 17.7 5.7 2.3 1.9 2.2 1.9 2.7 3.7 2.4
males =39, Min. 168.0 55.0 17.0 41.1 12.8 20.5 57.7 40.9 30.7 454
age=17-19) Max. 192.0 139.5 45.0 51.0 21.0 29.5 64.5 52.8 49.9 56.7
5 %tile 172.0 57.5 17.8 42.0 13.5 21.4 58.6 42.7 33.2 47.7
95 %tile 190.0 124.0 38.1 50.0 20.0 28.6 64.5 52.1 44.6 56.6
5t grade Mean 179.4 71.4 22.1 45.6 14.7 24.7 61.3 48.3 35.7 51.7
(females=/, Std. Dev. 12.2 14.2 2.9 14 1.9 2.2 3.5 3.0 2.8 2.1
males n=7, Min. 157.0 56.8 18.2 43.6 12.6 21.4 56.1 435 31.9 48.1
age=18-20) Max. 189.0 95.0 27.2 47.3 17.0 27.6 63.9 50.9 40.0 54.0
5 %tile
95 %tile

Percentiles are calculated for sample size >20. *p <0.05, **p<0.01.
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Table 6
Anthropometric characteristics of university female and male students

University Body Body BMI Popliteal Thigh Elbow Shoulder Subscapular Hip Buttock
height mass (kg/m?) height thickness height height height width popliteal
(cm) (kg) (cm) (cm) sitting sitting sitting (cm) height
(cm) (cm) (cm) (cm)
female male female male female male female male female male female male female male female male female male female male

1% grade Mean  165.7 180.5** 61.0 78.1** 222 24.0% 419 46.2** 13.8 162** 243 243 577 608 458 47.2* 39.9 40.0 483 51.7**
(females=63, Std. Dev. 6.3 5.2 8.3 9.6 2.8 2.5 2.0 1.8 1.5 1.6 24 2.8 2.6 2.6 2.5 2.7 2.8 24 3.0 2.2
males =27, Min. 153.0 170.0 458 600 173 192 376 427 11.1 127 204 182 522 559 404 40.4 337 364 429 479
age=18-22) Max. 181.0 1940 955 912 355 285 475 510 199 193 306 289 656 654 526 51.3 519 452 595 559

5 %tile 156.0 171.6 509 60.0 19.1 197 384 430 11.6 133 204 18.6 535 562 410 41.3 36.4 36.6 438 479

95 %tile 177.6 193.6 767 912 279 282 450 50.7 164 192 290 283 624 653 499 50.9 455 446 539 556
2" grade Mean 1659 180.3** 63.0 754" 229 232 41.6 464" 140 148 247 256 576 60.8* 458 47.3 40.8 39.1 48.1 50.3*
(females=32, Std. Dev. 6.5 44 8.9 8.2 3.0 1.9 2.2 24 14 1.5 2.1 3.0 2.0 3.0 33 2.8 2.7 2.1 3.1 1.7
males =12, Min. 157.0 173.0 50.7 648 164 198 383 41.7 115 126 219 219 535 567 412 40.7 377 358 41.1 464
age=19-35) Max. 184.0 186.0 92,5 865 306 255 462 505 172 168 297 319 629 659 564 49.8 48.6 427 541 522

5 %tile  157.0 50.8 17.8 38.4 12.0 22.1 53.9 41.4 37.8 422

95 %tile  179.5 85.2 30.3 45.8 17.0 29.1 61.8 55.2 474 53.5
3 grade Mean 167.1 184.0 57.7 81.2* 20.6 239" 428 472** 138 168" 240 254 576 61.7% 455 47.8 40.0 403 48.7 53.0*
(females=9, Std. Dev. 4.9 7.7 5.1 9.9 1.0 1.1 1.8 3.1 0.9 1.9 2.2 1.6 2.6 2.9 2.9 2.7 2.4 1.5 1.7 2.1
males =35, Min. 159.0 172.0 515 673 193 227 392 428 128 146 206 234 542 582 425 44.4 373 390 456 494
age=20-22) Max. 1730 1910 650 936 222 257 460 502 155 19.5 278 274 61.6 656 50.2 50.9 444 428 50.6 55.1

5 %tile

95 %tile

Percentiles are calculated for sample size >20. *p <0.05, **p <0.01.
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Fig. 2. The 5" and 95™ percentiles of the students’ measured body dimensions.

females (15.8%-25.0%) while in higher grades, the
seat depth mismatch became more noticeable among
females (26.3%) in comparison with males (23.3%).
Backrest height was suitable for all students from the
15t grade and unsuitable and too high for the major-
ity of students from higher grades of primary school.
Seat width and seat to desk clearance were suitable
for all primary school students, except for three and
one student from 6 to 9™ grade, respectively.

3.3.2. Secondary school
In secondary school, all classrooms are furnished
with the same type of school furniture and students

shuffle among the classrooms. Desk height was
unsuitable and mainly too high for about half of all
secondary school students (54.0%). The desk height
mismatch was twice as large among students from
lower grades (1% and 2"%) compared with students
from higher grades (3'9-5"). The seat height was
unsuitable and too high for approximately one fifth
of all students (14.0%-20.7%). Again, the mismatch
was more pronounced among students from lower
grades compared to students from higher grades and
twice as higher among females compared to males.
On the other hand, the seat depth mismatch was evi-
dently higher among male (38.5%—41.1%) compared



Table 7
Effect of gender, grade, and their interaction on body dimensions of students in primary school, secondary school, and university

Buttock popliteal

Hip
width

Subscapular
height sitting

Shoulder height

Elbow height

Thigh
thickness

Body BMI Popliteal

mass

Body
height

Institution

length

sitting

sitting

height

np2

np2

np2

np2

np2

np2

np2

np2

np2

np2

Primary school

0.00

095 0.00 0.95
0.00** 0.46 0.00**
043 0.06 0.09

00
68
08

0.

0.47
0.00**

0.00
0.72
0.05

0.63
0.00**

0.02
0.

0.08

0.00**

0.02
0.21
0.08

0.14

0.02

0.15 0.02 0.56 0.00 0.83 0.00 0.14

0.00** 0.75 0.00** 0.51 0.02*

Gender * Grade 0.12 0.09 039 0.06 048 0.05 0.12

Secondary school

Gender
Grade

0.75
0.09

0.

33

0.74  0.00**

0.09

0.12 0.00**

0.

0.21

0.05 0.46

0.54

0.21

0.02

049 0.00 0.14
0.10 0.06 0.1
0.24 0.02 0.66

00
05

0.

0.57
0.14
0.54

0.00
0.17
0.02

0.63
0.00**

0.01
0.11

0.04 021
0.01

0.05 0.03*
0.04 0.03*

0.01

0.00** 0.07 0.08 0.02 046 0.00 0.01*

Gender
Grade

0.02

0.

0.08 0.00**

0.00

0.08 0.12 0.05 0.23

0.08 0.06 0.03*

Gender * Grade 0.99 0.00 094 0.00 0091

University

0.01

1

0.0

0.37

0.43

0.84

0.00 0.54
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0.17
0.03

0.46 0.00 0.00**
0.97 0.00 0.15
024 0.02 041

05
00
00

0.

0.01*

0.20
0.00
0.00

0.00**

0.01
0.02
0.01

0.18
0.26
0.52

0.20
0.04
0.05

0.39 0.00**

0.02

0.00"* 0.46 0.00** 0.36 0.00** 0.06 0.00**

Gender
Grade

0.

0.98
0.88

0.85
0.79

0.08

098 0.00 0.58 0.01 0.28

0.39 0.01

0.01

0.

0.80 0.00 0.12 003 0.18 0.02 0.83 0.00 0.03*

Gender * Grade
*p<0.05,*p<0.01.

to female (0.0-25.0%) students. Space under the desk
was too small for the majority of students from all
grades. The backrest was suitable for all secondary
school students. The differences between males and
females should be regarded with caution due to the
notable gender imbalance among secondary school
students.

3.3.3. University

In university, the majority of classrooms are fur-
nished with the same type of school furniture and
students shuffle among the classrooms. Desk height
was unsuitable for almost half of students (48.0%).
Of these, it was too high for 91.5%. The desk height
mismatch was more evident among female (51.9%)
compared to male (38.6%) students. Similarly, the
seat height mismatch was four times higher among
female (67.3%) in comparison with male students
(15.9%). On the other hand, the seat depth was
more unsuitable for males (54.5%) than for females
(16.3%). The seat width was too narrow for two
(1.9%) female students, the backrest and seat to desk
clearance were acceptable for most of the students.

4. Discussion

To the best of our knowledge, this was the
first study to comprehensively address the student-
furniture mismatch in Slovenian primary school,
secondary school, and university. Confirming our
hypotheses, the student-furniture mismatch was
present in all educational institutions with the high-
est levels of mismatch for the desk (48.0%—-100.0%)
and seat (18.0%—-94.6%) height. Space for legs under
the desk was the worst in secondary school, and the
backrest was the most unsuitable in higher grades
of primary school. Seat depth mismatch was present
across all educational institutions (23.1%-40.4%).

Body measurements varied substantially within
primary school, secondary school, and university
students. Although body dimensions are supposed
to increase with age, body height and popliteal
height were higher among secondary school stu-
dents compared to university students (Table 2).
When comparing the 5" and 95™ percentile values,
the differences were less noticeable. This could be
explained by predominantly male students in sec-
ondary school and mainly female university students.
As already mentioned, gender imbalance among sec-
ondary school and university students is a limitation
of this study. On the other hand, this reflects the
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Fig. 3. Student-furniture mismatch. Students are grouped based on the type of the school furniture.

actual situation in Slovenian educational institutions
included in this study. The results of this study suggest
that students in secondary school may not necessarily
have smaller body dimensions than students at univer-
sity. Moreover, students from later grades in primary
school, secondary school, and university may have,
to some extent, comparable body dimensions.
Significant differences in all body dimensions were
observed among primary school students of differ-
ent grades and only few differences between male
and female primary school students were observed
(Table 7). This suggests that in primary school the
same type of furniture can be used by boys and girls

in the same classroom. In the last grades of primary
school, differences in body dimensions and conse-
quently also the mismatch becomes more apparent
among genders, indicating that different sizes of fur-
niture are needed.

In secondary school, body dimensions also dif-
fered among students of different ages. Specifically,
the mismatch for desk and seat height was almost
twice as high in younger students from 1% and 2"
grade compared with older secondary school students
from 3™ to 5™ grade. Currently, the same type of
furniture is used by all secondary school students,
however, the results of this study suggest at least



Match and mismatch percentages by grade level and gender

Table 8

Seat height Seat width Seat depth Upper edge of backrest Seat to desk clearance Desk height
Total Female Male Total Female Male Total Female Male Total Female Male Total Female Male Total Female Male
(P) () () () (B (B (B) (B) () () (%) (%) () (%) (%) (B)  (B) (W)
Primary school 1%t grade
Match 1.1 0.0 200 100.0 100.0 100.0 66.7 100.0 60.0 100.0 100.0 100.0 100.0  100.0 100.0 0.0 0.0 0.0
Mismatch ~ 88.9 100.0 80.0 0.0 0.0 00 333 00 400 00 0.0 0.0 0.0 0.0 0.0 100.0 100.0 100.0
2nd_31d grade
Match 205 263 150 100.0 100.0 1000 744 842 650 359 316 40.0 100.0  100.0 100.0 0.0 0.0 0.0
Mismatch  79.5 737 845 0.0 0.0 00 256 158 350 641 684 60.0 0.0 0.0 0.0 100.0 100.0 100.0
4th _ 5t orade
Match 5.1 100 0.0 100.0 100.0 100.0 769 80.0 73.7 205 25.0 15.8 100.0  100.0 100.0 0.0 0.0 0.0
Mismatch  94.6 90.0 100.0 0.00 0.0 00 231 200 263 795 750 84.2 0.0 0.0 0.0 100.0 100.0 100.0
69t grade
Match 19.1 53 16,7 941 921 100.0 76.5 737 767 70.6 60.5 433 100.0 974 100.0 26.5 263 6.7
Mismatch 809 947 833 59 79 00 235 263 233 294 395 56.7 0.0 2.6 0.0 735 737 933
Secondary school ~ 18-5" grade
Match 82.0 600 828 763 600 776 612 80.0 604 100.0 100.0 100.0 10.1  60.0 9.0 46.0 60.0 455
Mismatch 18.0 400 172 237 40.0 224 388 200 396 00 0.0 0.0 89.9  40.0 91.0 540 400 545
152" grade
Match 79.3 500 80.8 768 500 782 622 750 615 100.0 100.0 100.0 11.0 750 7.7 329 750 308
Mismatch ~ 20.7 500 192 232 500 28 37.8 250 385 00 0.0 0.0 89.0 25.0 92.3 67.1 250 69.2
31d_5t grade
Match 86.0 100.0 857 754 100.0 750 59.6 100.0 589 100.0 100.0 100.0 8.8 0.0 8.9 649 0.0 66.1
Mismatch 140 0.0 143 246 00 250 404 00 41.1 0.0 0.0 0.0 91.2  100.0 91.1 351 100.0 339
University 1513 grade
Match 48.0 327 841 98.6 981 100.0 723 837 455 953 952 95.5 100.0  100.0 100.0 520 48.1 614
Mismatch 520 67.3 159 14 1.9 00 277 163 545 47 4.8 45 0.0 0.0 0.0 480 519 386
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two sizes of furniture should be used in secondary
schools.

A different pattern was observed in university stu-
dents where differences in body dimensions became
more apparent between genders while fewer differ-
ences were observed among students of different
ages. Seat height mismatch was four times higher
among females compared to males and desk height
mismatch was almost twice as high in females com-
pared to male university students. Hence, also at the
university level, different sizes of furniture are needed
mostly due to differences between genders.

Carneiro, Gomes and Rangel [46] suggested five
sizes of school furniture to accommodate students
between 6 and 10 years of age. If we compare the pro-
posed furniture dimensions with current Slovenian
school furniture in primary school, we find that Slove-
nian furniture is larger, especially the seat height. This
discrepancy is also reflected in mismatch calcula-
tions, which showed that the seat height was too high
for the majority (79.5-95.9%) of 1% to 5™ graders.
In our study, the seat and desk heights were the most
unsuitable for students at all levels of education. This
is comparable with the findings from Agha [19] who
found a mismatch up to 99% for seat and desk height
among primary school students, observations by van
Niekerk et al. [47] who reported seat height to be
unsuitable for the majority of secondary school stu-
dents, and results by Baharampour et al. [24] who
found a mismatch higher than 90% for seat and desk
height among university students. In our study, seat
depth was too shallow for 23% to 38% of the stu-
dent population, indicating that adjustable seat depth
is desired. Bahrampour et al. [48] suggested that seat
depths could be based on the fifth percentile of the
study population, which to some extent contradicts
the mismatch calculations. The rate of seat to desk
clearance mismatch was the highest in secondary
school, which can be explained by the fact that only
desks in secondary school had iron shelves embed-
ded under the desk. Shelves embedded under the desk
are practical for book storage but take up space for
free movement of the legs. A modified desk design
should be considered to provide enough space for the
legs and a place to store books.

The latest standard for school furniture in Slove-
nia SIST EN 1729 provides different desk and chair
sizes based on stature and popliteal height, which
has been shown to be a more appropriate measure
when defining seat height [49]. The SIST EN 1729
standard is partly suitable to Slovenia’s population;
especially desk and seat height are often too high.

Similarly, Guelfi et al. [50] reported furniture con-
forming to EN 1729 to be too large for an average
Italian student. Nevertheless, the results of our study
suggest that the issue is not entirely in the standard
requirements. When comparing students’ measured
stature and popliteal height with the standard size
mark of the furniture, the size mark of the furniture
used in the classrooms is generally too large. Due to
the anthropometric variability of students attending
the same grade, at least two size marks of furniture
should be available in the classroom. For example,
in the 1%t grade of primary school, school furniture
in size marks 2 and 3 should be available to provide
suitable furniture to all students. Moreover, differ-
ent size marks of furniture are recommended based
on measured stature height or popliteal height. For
example, in the 2" and 3™ grade of primary school
furniture size marks 3 and 4 are recommended based
on the stature height, while size marks 2-5 are rec-
ommended based on the popliteal height. To meet
the requirements of the heterogeneous anthropomet-
ric dimensions of students, using different size marks
of furniture in the same classroom should be con-
sidered and regular popliteal height measurements
should be performed to ensure that appropriate school
furniture is used [49]. However, changing and mov-
ing school furniture between classrooms could be
time-consuming and inconvenient.

SIST EN 1729 also includes requirements for
adjustable chairs and desks which should cover at
least two size marks. If the furniture would follow
these requirements, the mismatch could be decreased.
Also, adjustable school desks are a more convenient
way of setting the appropriate seating height for the
students. As suggested by several authors, adjustable
school furniture (chairs and/or desks) can prevent
poor posture and ensure the well-being of students in
the classroom [47, 50, 51]. Previous research has sug-
gested adjustable school furniture solutions [52, 53],
while its regular use in Slovenian schools is not yet
common [15]. Thus, further development and effort
are needed to achieve long-term implementation.

Dimensional compatibility is only one of sev-
eral factors that influence the health and well-being
of the students while in the classroom. Focusing
only on micro-ergonomics, such as the suitability
of school furniture, may have limited impact. To
mitigate the negative effects of classroom sitting,
enhancing physical activity levels among students
in schools by implementing in-class activity breaks,
physical education classes, active transport before
and after school, can be a successful strategy [54,



N.P. Loredan et al. / School furniture suitability 243

55]. Moreover, a more comprehensive evaluation of
the indoor school environment as a whole is needed.
In this context, policy-based support could help to
ensure healthy indoor environments for students in
schools. We believe it is worthy to educate students
about the importance of good sitting posture and
frequent sitting interruptions as well as emphasize
the importance of restorative indoor environments in
order to counterbalance the negative health effects of
remaining seated for long periods of time. Finally, it
is essential to ensure teachers are prepared to accept
changes in the school environment as they are the
ones who encourage and motivate students to change
existing habits or introduce new ones.

4.1. Limitations

The study’s main limitation is that our sample was
a convenience sample, rather than nationally repre-
sentative. For primary school, the sample size was
relatively small, and for secondary school, the sam-
ple was gender-unbalanced. Furthermore, only three
schools were included in our study (one primary, one
secondary and one university), and there is a possi-
bility that school furniture differs between Slovenian
schools. Despite the limitations, this is, to best of our
knowledge, the first study aiming to comprehensively
evaluate school furniture suitability in Slovenia.

5. Conclusion

The results of this study provide useful insight
into the ergonomic suitability of school furniture
in Slovenian primary school, secondary school, and
university. A high student-furniture mismatch has
been observed at all educational institutions. Desk
and seat height were the most inappropriate furni-
ture dimensions and were in general too high for the
students. The mismatch for desk height decreased
from 100.0% at primary school to 48.0% at univer-
sity. Similarly, seat height mismatch was the most
evident in primary school (89.7%-94.6%), lower
at university (52.0%) and the lowest in secondary
school (18.0%). Seat depth mismatch was compara-
ble among all groups, ranging from 23.1% to 40.4%,
and was in general more pronounced in males. Seat
to desk clearance was the most evident among sec-
ondary school students. Backrest height was too high
for the majority of primary school students (except
for 1t graders), and acceptable in secondary school
and university.

The results showed anthropometric variability
among students of different ages, gender, and educa-
tional levels. Differences among students of different
ages were the most apparent in primary school stu-
dents, while at the university level, differences in
body dimensions became more evident between male
and female students. Students from secondary school
were on average taller and had higher popliteal
height compared with university students, indicat-
ing that to some extent, body dimensions among
students from different educational levels can be
comparable. To improve the suitability of school
furniture we suggest adjustable school furniture, cov-
ering at least two size marks, to be introduced in
schools jointly with restorative indoor environments
to provide ergonomic learning conditions and further
enhance the comfort and well-being of students in the
classroom.
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