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ABSTRACT

Introduction. School furniture affects the sitting
position of students in the classroom, as well
as their health and learning. Therefore, it is
necessary to determine the existence of a potential
mismatch between school furniture dimensions
and students’ anthropometric characteristics,
as well as to propose dimensions based on
classroom actuality and the regulations in place
in both Galicia and the European Union.
Population and methods. An evaluator with
experience in anthropometry measured weight,
height, popliteal height, sitting shoulder height,
and sitting elbow heightusing an anthropometer
and then compared values with the chairs and
desks currently used. Analysis techniques were
descriptive (measures of central tendency),
single-factor analysis of variance, t test, x2
test (using the SPSS® software), and effect size
(Cohen’s d test). The significance level was
established at p < 0.05.

Results. The sample was made up of 108 Spanish
children in primary school (aged 6-12 years).
Of them, 91.7 % and 97.2 % use, respectively,
a chair and a desk that do not adjust to their
anthropometriccharacteristics and use furniture
thatislarger than whatthey need. Theregulations
for furniture dimensions currently in place for
thestudied population are notadequatebecause
the chairs and desks included are not adequate
for the first grades of primary school.
Conclusions. There is a high mismatch level
between school furniture and students’
anthropometric characteristics. We propose the
use of the European regulations for furniture
dimensions, with varying heights per grade or
adjustable furniture that can be adapted to the
anthropometric characteristics of all students.
Key words: education, ergonomics, anthropometry,
interior design and furniture, needs assessment.
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INTRODUCTION

Students spend approximately
6.5 hours a day at school? and,
between 70 % and 90 % of that time,
they are sitting.>* Such situation
increases the risk for musculoskeletal
problems at an early age, including
neck, back or shoulder pain, as a result
of a mismatch between students’
anthropometric characteristics and
school furniture dimensions.® In
addition, academic performance
may also be affected because an
uncomfortable body posture hinders
learning,®” thus increasing fatigue
and resulting in impaired attention,
which is critical for the learning
process.® Considering that school is
an ideal setting for the acquisition
of healthy habits that can continue
into adulthood,® it is necessary to
implement actions to identify ideal
school furniture dimensions. In
some countries, this situation has
been resolved through standards
for school furniture design, such as
Chile,’ Japan'® or Korea.!! In Spain,
the European Union (EU)' has
issued, relatively recently, guidelines
that remain to be implemented.
This results in outdated guidelines
regarding adequate school furniture
design and dimensions. An example
of this is the region of Galicia, where
a school furniture 2007 catalog for
primary school (PS) is available,™
but no dimension matches the EU
reference report.'?

This study has two objectives.
First of all, to determine the existence
of a potential mismatch between
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school furniture dimensions and anthropometric
measures in a group of students aged 6-12 years.
Secondly, to propose furniture distribution based
on classroom actuality and in accordance with the
Galicia and EU regulations.

POPULATION AND METHODS
Population

Study participants were students from a public
primary school located in a city of Galicia, in
the northwest region of Spain, during the 2019-
2020 school year. The sample was selected by
convenience to facilitate student recruitment.
All students aged 6-12 years who delivered the
informed consent signed by their parents or legal
guardians and their own authorization were
included in the study.

All relevant authorizations for the study were
requested from the school’s administration. The
study objectives, procedures, confidentiality
statement, and the investigator’s contact
information were described to all students
and their families before the study. The ethical
principles for medical research involving
human subjects established by the Declaration
of Helsinki'* were followed at all times. The
study was approved by the Ethics Committee of
the School of Education and Sports Sciences of
Universidade de Vigo under code 04/1019.

Assessments

Anthropometric measurements were taken
following the procedure established in other
similar studies.’ For the assessment, students’
measurements were taken on the right side
(except height and weight), with the participant
sitting on an adjustable-height chair with a
horizontal surface seat, with the legs flexed
at 90° and the feet resting on an adjustable
footrest. During the measurement process, the
participant was barefoot and wearing pants
and a T-shirt. Measurements were taken using
a Cescorf® anthropometer (60 cm) approved by
the International Society for the Advancement
of Kinanthropometry (ISAK), except for height,
which was measured using a portable Seca®
stadiometer (20-205 cm) and weight, for which a
Tanita UM-076® scale was used. Measurements
were taken twice by the same anthropometrist
and recorded in centimeters by an assistant.
This allowed to minimize errors resulting from
multiple anthropometrists taking measurements."®
Precision and repeatability were ensured by
training the anthropometrist, who had an ISAK

3 certificate and previous experience in this type
of assessment. Each parameter was measured at
least twice, and if values showed a difference of
more than 0.5 cm, an additional measurement was
taken. The following anthropometric measures
were considered to estimate ideal furniture
dimensions:'®

e Height: vertical distance from the floor to
the top of the head, with the subject standing
upright and looking straight ahead (Frankfurt
plane).

* Shoulder height sitting (SHS): vertical distance
from the subject’s seated surface to the acromion.

e Elbow height sitting (EHS): measured with the
elbow flexed at 90°. It is the vertical distance
from the tip of the elbow (olecranon) to the
subject’s seated surface.

e Popliteal height (PH): measured with the
knees flexed at 90°. It is the vertical distance
from the floor to the posterior surface of the
knee (popliteal surface).

Collected anthropometric data were compared
to furniture dimensions to identify whether
there was an agreement or mismatch. Mismatch
was defined as the disagreement between
current furniture dimensions and students’
anthropometric characteristics based on the
following formulas to estimate ideal measures:"”
e Seat height (SH):

(PH + 2.5) cos30 < SH < (PH + 2.5) cos5.

e Desk height (DH):

(SH + EHS < DH < (SH + EHS x 0.7396 + SHS

x 0.2604).

Procedure
The chairs and desks used by students on a

daily basis were measured for their subsequent

analysis and comparison:"”

* Current chair height: vertical distance from the
floor to the middle of the front edge of the seat
surface.

* Current desk height: vertical distance from the
floor to the upper part of the front edge of the
desk.

Anthropometric measurements were taken in

2 consecutive days. Assessments were performed

during school hours, between 9 a.m. and 2 p.m.,

with first, second, and third grades tested on the

first day and the rest, the following day, during
the first week of April.

Statistical analysis
All statistical analyses were done with
the Statistical Package for the Social Sciences
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software, version 20.0®° (IBM-SPSS Inc., Chicago,
USA). A descriptive analysis, stratified by
grade, was done of each study target variable
using measures of central tendency (mean and
standard deviation). The Kolmogorov-Smirnov
test confirmed the sample’s normality. The mean
values of parameters obtained for the different
grades were compared using a single-factor
analysis of variance (ANOVA), applying a post
hoc Tukey’s b test if differences were statistically
significant (p < 0.05). Such mean values were also
compared between males and females, using a
t test for independent samples for quantitative
variables and a x? test for qualitative variables.
The t test was used to compare mean values
for related samples to check for differences
between ideal and actual furniture dimensions.
Qualitative variables were compared using
the x2 test. In addition, based on quantitative
variables, the effect size was analyzed using

Cohen’s d test (d < 0.2: null; d = 0.2-0.49: small;
d = 0.5-0.8: moderate; and d > 0.8: large). For all
statistical tests, a value of p < 0.05 was considered
significant.

RESULTS

A total of 110 students (66 boys and 44 girls)
enrolled in the school and aged 6-12 years
were invited to participate; of these, 2 were not
authorized by their family. The final sample was
made up of 108 students (mean age: 9.49 years;
52 % boys and 48 % girls). Their anthropometric
characteristics and the height of the school
furniture are described in Table 1. The results
showed significant differences in anthropometric
records by grade (p < 0.0005). No significant
differences were observed in each grade by sex.

Table 2 shows the mean chair and desk height
by grade used by students before the study
(actual height) and that subsequently established
as ideal height.

TaBLE 1. Descriptive analysis and single-factor analysis of variance (ANOVA) of anthropometric values of students by grade

Grade Age interval Height Weight Popliteal height Elbow height = Shoulder height
(years) (cm) (kg) (cm) (cm) (cm)

1+ grade PS

n=11 6-7 122.1+5.5° 27.2+£3.9° 293+ 1.68 15.0 £ 2.0° 40.1x2.6¢

2n grade PS

n=13 7-8 126.6 + 6.0°° 32.3+9.2¢ 31.3+1.1° 155+24 42.3+2.9%

3 grade PS

n=19 8-9 130.3 + 6.8" 31.2+6.1¢ 32.6+22° 145+ 1.9 42.1+2.7%

4 grade PS

n=16 9-10 138.9 £8.7¢ 39.7 £13.8 35.7 £2.6° 154 +2.8 447 +3.8

5t grade PS

n=21 10-11 143.6 £ 7.5° 39.8 £9.4f 36.9 £2.0¢h 16.6 £ 1.6M 474 £2.7%

6% grade PS

n=28 11-12 150.1 + 6.7¢ 51.5+12.34 38.5+1.5" 182 +£2.3" 50.1 +2.7¢

ANOVA F 41.66 14.78 60.55 8.34 31.97
g/L 5 5 5 5 5
Sig. 0.00* 0.00* 0.00* 0.00* 0.00*

PS: primary school.

*p < 0.05.

Significance relation among academic grades:
215t and 2" show differences with the rest.
b2nd and 3 show differences with the rest.
¢4 and 5% show differences with the rest.
46" shows differences with the rest.

°1% to 3" show differences with the rest.
f2nd to 5% show differences with the rest.
81 shows differences with the rest.

h5% and 6% show differences with the rest.
15t to 5% show differences with the rest.
i2nd to 4™ show differences with the rest.
k5t shows differences with the rest.



Degree of mismatch between anthropometric characteristics and school furniture in a sample of Spanish students aged 6-12 years old: A pilot study | 389

Figure 1 describes the analysis of school
furniture mismatch by grade. Results
demonstrate the existence of a mismatch between
anthropometric characteristics and the height of
furniture in use. It was observed that 91.7 % and
97.2 % of study participants used a chair and
desk that did not adjust to their anthropometric
characteristics, respectively.

Students sit on a chair that is between 2 cm
and 8 cm larger than the size appropriate for them
and use a desk that is between 7 cm and 10 cm
taller than the ideal height.

In relation to ideal chair and desk dimensions,
as well as the minimum and maximum

recommended range, statistically significant
differences were observed among grades
(p <0.0005). No statistically significant differences
were noted in terms of participant sex, except
for the ideal chair height variable in 2" grade
(p = 0.007).

The analysis of the effect size (Cohen’s
d test) for the ideal chair height indicates
that the differences between both groups
are moderate (d = 0.74). The t test for related
samples between actual and ideal furniture
height after the anthropometric analysis shows
statistically significant differences (p < 0.0005) in
all comparisons. The effect size analysis (Cohen’s

TaBLE 2. Comparison among grades using a single-factor analysis of variance (ANOVA) of actual and ideal height of chairs
and desks and comparison by grade between actual and ideal height of chairs and desks (t test)

Grade Age Actual Ideal height t test Cohen’s Actual Ideal height t test Cohen’s
(years) height of of chair (cm) d test height of  of desk (cm) d test
chair (tm) Range of desk (cm) Range of
ideal chair t P d r ideal desk t P d r
height (cm) height (cm)
1¢gradePS 6-7 37.1+1.8 29.6+15" 9.041 .000* 4.5 09 597+£15 479+25 19.127 .000* 57 0.9
n=11 (27.5+1.4/ (44.6 2.4/
31.7+1.6) 51.1+2.6)
2*gradePS 7-8 37.8+20 31.4+1.0° 10.069 .000* 4.0 09 605+24 50.4 +2.6> 11.512 .000* 4.0 0.9
n=13 (29.2+0.9/ (46.9+£25/
337+1) 53.9+2.7)
3dgradePS 8-9 42.7+27 327+2.0° 11.227 .000* 3.8 09 648+29 50.8+3.0° 13.292 .000* 4.7 0.9
n=19 (304+£1.9/ (47.2+29/
35.0+£2.2) 54.4+3.2)
4horadePS 9-10 424+14 35.6+25° 11.579 .000* 3.4 0.9 66.0+0.0 54.8+4.8 9401  .000* 33 09
n=16 (33.1+£2.3/ (51.0+4.6/
38.1+2.6) 58.6 +4.9)
5 grade PS 10-11 429+1.3 36.7+1.8*¢ 15214 .000* 3.9 09 698+18 574+27¢ 17.195 .000* 54 0.9
n=21 (341+1.7/ (53.4+2.6/
39.3+1.9) 61.4+2.8)
6hgradePS 11-12 425+15 38.2+1.4¢ 11430 .000* 3.4 09 71.0+14 60.5+3.0° 18.611  .000* 45 0.9
n=28 (35.6+£1/ (56.4+29/
409 +1.5) 64.7 +3.0)
ANOVAF 60.55 101.03 42.49
g/1 5 5 5
Sig. 0.00* 0.00* 0.00*
*p <0.05.

** For a better understanding of this table, it is reported that although the shorter chair and desk height proposed according to the
furniture catalog for Galicia is 36 cm and 60 cm, respectively, the study school used kindergarten furniture for the first primary
school grades. Therefore, the table shows mean actual height values of classroom furniture that are lower than the lower values
proposed in the furniture catalog for the Spanish region.
Significance relation among academic grades:
a 1st shows differences with the rest.

b 2nd and 3rd show differences with the rest.
¢ 4th and 5th show differences with the rest.
d 5th and 6th show differences with the rest.
e 1st and 2nd show differences with the rest.
f 6th shows differences with the rest.

Effect size: d and 1, d < 0.2: null; d = 0.2-0.49: small; d = 0.5-0.80: moderate; and d > 0.8: large.
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d test) indicates that all differences were large
(d>0.8).

Table 3 shows the proposed ideal furniture
based on students’” anthropometric characteristics.
In order to establish it, the current catalogs
available for Galicia'® and the EU reference
document™ were taken into consideration.

Figure 2 shows the degree of adjustment
observed after reorganizing the school furniture at
the reference school based on the EU regulations
and the catalog for the region.

DISCUSSION

The objective of this study was to assess the
degree of furniture adjustment based on the
anthropometric characteristics of a group of
students and to propose height values according
to the classroom actuality and the Galicia and EU
regulations.

According to the assessments, there
is a mismatch between the anthropometric
characteristics of students and school furniture
dimensions; the percentage of students who use

FIGURE 1. Degree of adjustment of primary school (PS) furniture by grade. A: chair mismatch; B: desk mismatch

A " acé}iti;tment ® Chair mismatch
100
1)
o
g w
g‘n &0
‘E 50
y #
50
& o
10

o
1#grade PS 2 grade PS 3 grade PS 4" grade PS 5" grade PS 6™ grade PS

=~

Percentage (%)

u Desk ® Desk mismatch
adjustment
1=
0
B
-
L]
-]
#
£}
N
10

Q
1 gradePS 2" grade PS 3 grade PS 4" grade PS 5" grade PS 6™ grade PS

TABLE 3. Relation of recommended dimensions for the study school based on the requlations in place in the region of Galicia

and the European Union

Chair height Galicia Chair height EU Desk height Galicia Desk height EU
Grade Height Fre. Perc. Height Fre. Perc. Height Fre. Perc. Height Fre. Perc.
D42* 2 18.2
First C28* 6 54.5 C26 3 27.3 D48* 8 72.7 D46 7 63.6
C32* 5 45.5 C31 8 72.7 D54** 1 9.1 D53 4 36.4
Second C28* 1 7.7 DA48* 8 61.5 D46 6 46.2
eco Cc32™ 12 923 C31 13 100 D54 5 385 D53 7 538
C28* 3 15.8 C31 8 42.1 D48* 1 579 D46 7 36.8
Third c32* 11 57.9 C35 10 52.6 D54** 8 42.1 D53 12 63.2
C36 5 26.3 C38 1 5.3
32 3 18.7 C31 2 12.5 D48* 3 18.7 D46 3 18.8
Fourth C36 9 56.3 C35 8 50 D54** 6 375 D53 6 37.5
C40 4 25.0 C38 6 37.5 D60 7 43.8 D59 6 37.5
D64 1 6.2
fth C36 17 81.0 C35 11 52.4 D48* 1 4.8 D53 3 14.3
Fift C40 4 19.0 C38 10 47.6 D54* 10  47.6 D59 15 71.4
D60 10 476 D64 3 14.3
C36 10 35.7 C35 3 10.7 D54** 2 7.1 D53 1 3.6
Sixth C40 18 64.3 C38 23 82.2 D60 20 715 D59 18 64.3
C43 2 7.1 D66 6 21.4 D64 9 321
F 19.778 68.667 38.815 13.111
Sig. 0.000 0.000 0.000 0.004

EU: European Union.

* Proposed measure recommended, but which is not currently available in the furniture regulations for the region of Galicia

(kindergarten or primary school). The heights of 28 cm and 32 cm for chairs and 42 cm, 48 cm, and 54 cm for desks are included
based on a logical sequence of the expected change in dimensions.
** Height as per the furniture catalog for the region of Galicia recommended for kindergarten (3-5 years old).
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a chair and a desk that are too large for them
is extremely high. Such mismatch may lead to
anatomical and functional disorders and learning
difficulties and is in line with the reports of
studies conducted in different continents.’ In
North America, it was observed that students
used an inadequate chair in up to 92 % of cases
and an inadequate desk in 95.1 % of cases.'® High
mismatch levels have been observed in Asian
populations,’® where 92.5 % and 100 % of students
used inadequate chairs and desks, respectively.
In South America, in Chilean schools, more than
70 % of students used an inadequate chair and,
in 100 % of cases, the desk height was wrong.?
Pert also reported high levels of mismatch.*
In Europe, studies conducted in the north of
Portugal® reported a 96 % mismatch in relation
to chairs and 76 % in relation to desks.
Regarding Spanish standards, there is no
state regulation in place, so the EU guidelines
should be adhered to;'? however, they are not
being followed. The reasons behind this may be
that, on the one side, education responsibilities
have been transferred, so each region is free to
determine the type of furniture used in their
schools. On the other side, according to the study
results, regional administrations are not following
any anthropometric criterion for proposed
dimensions, and school furniture design and
dimensions guidelines are outdated because the
currently valid regulations in Galicia were passed
in 2007. The hurdle of facing an investment in
new furniture due to its high cost may also be
a reason.”? The results obtained in this study

suggest that, for the target population, the EU
catalog'? should be followed to establish furniture
height, which helps to adapt both chairs and
desks to students’ characteristics. Thus, 5 chair
heights (26, 31, 35, 38, and 43 cm) and 4 desk
heights (46, 53, 59, and 64 cm) would be required.
With the current catalog used in Galicia,® total
adjustment is possible only in 5" and 6" grade of
PS (10-12 year old students). For the remaining
grades, furniture not designed for PS should
be used. The most prominent example that is
worth noting is that all 1% grade students of PS
use inadequate furniture. If 1** grade of PS was
assigned the furniture established by regulations
to kindergarten, only 45.5% of students would
fit in their chairs and 9.1 % in their desks. The
remaining students would not find a chair and a
desk that is appropriate for their anthropometric
characteristics in the furniture catalog of Galicia.
If the school had furniture that met the EU
regulations, all students may have access to
an adequate distribution. In turn, statistically
significant differences were observed in chair
and desk height that should be used by students
per grade, so it was not possible to establish a
single height by grade or age; instead, we propose
furniture dimensions by level of maturation.
These findings are consistent with the conclusions
obtained in other studies®*?* and evidence the
variability in anthropometric characteristics of PS
students. It is necessary to have 2 or 3 different
chair and desk heights available in each grade or
adjustable furniture.??

FIGURE 2. Level of primary school (PS) furniture adjustment according to the reference catalog for Galicia and the European

Union. A: chair height. B: desk height
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Limitations

This study has some methodological
weaknesses, including a reduced sample size,
from a single public school, or the comparative
analyses between the different small groups,
both in terms of analysis by grade or by sex.
These limitations should therefore be taken into
account because they restrict result interpretation
and transference, given that this sample is not
representative of the region. In addition, no
instrument was used to look for musculoskeletal
diseases. However, the findings may be indicative
of a similar problem in Spain and other countries,
so further studies with larger samples of students
are required.

CONCLUSIONS

There is a mismatch between the
anthropometric characteristics of students
and school furniture dimensions, with a high
percentage of students using chairs and desks that
are too big for them.

The current furniture catalog used in the
region is inadequate because it does not meet
anthropometric adjustment criteria. However, the
height indicated in the European Union catalog
correctly adapts to the reference sample, so it
is necessary to use varying height furniture by
grade or adjustable furniture that adapts to the
anthropometric characteristics of all students. B
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