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ABSTRACT

The characteristics of school furniture are strongly associated with back and neck pain, referred by school-aged
children. In Portugal, about 60% of the adolescents involved in a recent study reported having felt back pain at least
once in the last three months. The aim of this study was to compare furniture sizes of the 2 types indicated for
primary schools, within 9 schools, with the anthropometric characteristics of Portuguese students, in order to
evaluate the mismatch between them. The sample consisted of 432 volunteer students. Regarding the methodology,
5 anthropometric measures were gathered, as well as 5 dimensions from the school furniture. For the evaluation of
classroom furniture, a (mis)match criterion equation was defined. Results indicated that there is a significant
mismatch between furniture dimensions and the anthropometric characteristics of the students.
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INTRODUCTION

The proposed activities in the classroom, such as reading, writing, observing, drawing and interpreting, are carried
out with students kept on sitting position for extended periods of time, as several previous studies have found
(Geldhof et al., 2007; Cardon et al., 2004; Murphy et al., 2002; Aagaard-Hansen & Storr-Paulsen, 1994). In
Portugal, a study found that students of the 4th year are about 70% of the time in a sitting position (Froufe, 2002). If
it is considered that the school-age children spend about 30% of their daily time in school (Linton, 1994), the time
they spend seated is considerable.

Recent studies reported that there are a mismatch between school furniture dimensions and schoolchildren’s
anthropometric measures (Castellucci et al., 2010; Gouvali and Boudolos, 2006; Panagiotopoulou et al., 2004;
Parcells et al, 1999). This mismatch seems to be the main cause of the back, legs, arms, neck, shoulders and feet
pain reported by students (Murphy et al., 2007; Parcells et al, 1999; Knight & Noyes, 1999; Mandal, 1994). In
Portugal, about 60% of the adolescents involved in a recent study, reported having felt back pain at least once in the
last three months (Assungdo, 2011). Therefore, the school furniture seems to be primarily responsible for these
constraints relating to sitting posture.
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In addition to posture, there are other studies that warn about the harmful effects of improper furniture, namely at a
cognitive level, such as hyperactivity, lack of interest and consequent worst learning outputs (Reis et al., 2002; Moro
et al., 1999; Mandal, 1994).

The aim of this study was to compare two furniture sizes indicated for primary schools, with the anthropometric
characteristics of Portuguese students, in order to evaluate the potential mismatch between them.

METHODS

Sample and study design

The variables for this study were the school furniture dimensions (seat and desk) and the students’ anthropometric
dimensions. The sample for the anthropometric study included 432 volunteer students (216 male and 216 females)
from 9 public schools belonging to the 1* cycle of the Portuguese educational system. The students aged 7 to 10
years old, with an average of 8.5 (+1.2) years old. This sample represents a confidence level of 87,6%. It should be
noted that the sample was a sample of convenience and so far, the measurements were taken only in the Northern
part of the country, near the city of Porto. The two types of furniture used in this study were those which are
approved by the Portuguese government for primary schools.

Dimensions of desks and chairs

The measures of school furniture considered for this study were those which, according to other studies (Garcia-
Acosta & Lange-Morales, 2007; Gouvali & Boudolos, 2006; Panagiotopoulou et al., 2004; Parcells et al., 1999;
Knight & Noyes, 1999; Molenbroek et al., 1996; Miller, 2000), are relevant for the comparison with the
anthropometric measurements of children, namely: seat height, seat depth, seat width and desk height.

Anthropometric measurements

According other studies analysed in the literature review (Garcia-Acosta Lange-Morales, 2007; Gouvali Boudolos,
2006; Panagiotopoulou et al., 2004; Molenbroek et al., 2003; Miller, 2000; Parcells et al., 1999; Knight and Noyes,
1999), the relevant anthropometric measures are shown in table 1.

Table 1: Anthropometric measures against furniture dimensions

Anthropometric measures Furniture dimensions
Popliteal height Seat height
Hip width Seat width
Buttock-popliteal length Seat depth
Elbow-seat distance Desk height
Thigh thickness Seat to desk clearance

The anthropometric measurements were collected using a validated anthropometric chair, developed by the first
author.

To gauge the results provided by anthropometric chair, reproducibility tests were carried out in the laboratory,
through a pilot study, using a portable anthropometer (Holtain) and a fixed or wall anthropometer (developed by the
University of Minho). The reproducibility study has shown the degree of concordance between the results of
measurements of the same variable anthropometric, where individual measurements are performed varying only the
measuring instrument, since the study was carried out by a single evaluator.

The measures were taken by a single evaluator, eliminating the error that could be introduced by the consistency
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factor measurements, i.e., the error that can be introduced when measurements are made by several evaluators.
During the sessions, the evaluator was aided of one data-recording assistant.

All the anthropometric measurements were taken with the subject seated in erect position in the anthropometric
chair, with the knees bent at an angle of 90°, and the feet resting on an adjustable footrest. The exception to this, was
the stature, which was performed with the individuals standing upright and in a relaxed position, using the
measuring tape attached to the anthropometric chair. During the measurement process, the individuals were barefoot
and wearing shorts and t-shirts.

The measurements were collected in accordance with ISO 7250:1996, considering namely the following
dimensions:

Popliteal height: measured with 90° knee flexion, as the vertical distance from the foot resting surface and the
popliteal space (posterior surface of the knee);

Buttock-popliteal length: measured with 90° knee flexion, as the horizontal distance from the posterior surface of the
buttock to the popliteal surface;

Hip width: the horizontal distance measured in the widest point of the hip in the sitting position;

Elbow-seat distance: taken with a 90° angle elbow flexion, as the vertical distance from the bottom of the tip of the
elbow to the subject’s seated surface;

Thigh thickness: the vertical distance from the highest uncompressed point of the thigh to the subject’s seated
surface.

Application of the measures

To evaluate the match/mismatch of school furniture, using the applied anthropometry and according to ergonomic
principles, some compatibility criteria were defined. These criteria establish the minimum and maximum between
each furniture dimension that is considered suitable or a match (two-way equations) or, for situations in which only
a maximum or minimum value is required, equations one-way.

Popliteal height (PH) and seat height

Considering the anthropometric assumptions, the seat height must be adjusted to the popliteal height (Molenbroek &
Kroon-Ramaekers, 2003; Dul & Weerdmeester, 1998; Helander, 1997) so that the feet are perfectly laid on the floor.
There is incompatibility if the seat height is greater than 95% (high mismatch) or less than 88% popliteal height (low
mismatch) (Parcells et al., 1999). That is, the seat height must be in the range of values between 88% and popliteal
height 95% (compatibility) (equation 1).

88% PH < Seat height < 95% PH 1)

Hip width (HW) and seat width

In order that a subject is able to sit comfortably, the seat must be wide enough to accommodate subjects with wider
hips (Pheasant & Haslegrave, 2006; Mondelo et al., 2000; Helander, 1997; Evans et al., 1988). Thus, the
compatibility criterion is given by the equation 2.

HW < Seat width )

Buttock-popliteal length (BPL) and seat depth

In order that a subject is able to sit comfortably, the seat should allow the subject to seat with their legs flexed at 90°
(or higher) without compressing the popliteal area and, at the same time, be able to support the lumbar support back
on.

For this, the seat depth is must be lower than the buttock-popliteal length (Pheasant & Haslegrave, 2006; Milanese
& Grimmer, 2004; Helander, 1997). However, if the depth of the seat is too small for the gluteus-popliteal length
(CGP), the thighs will not have the proper support. So, the compatibility criteria is according to equation 3 (Parcells
et al., 1999):
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80% BPL < Seat Depth < 95% BPL 3)

Elbow-seat distance (ESD) and desk height

The desk height is strongly related to the seat height, since this dimension is considered to a sitting work and must
be analyzed as an interconnected system. The desk height depends on the seat height. Thus, the desk height will be
the sum of the elbow-seat distance with the seat height.

Desk height (from the seat) must be between the elbow-seat distance and 3 to 5 cm below this anthropometric
dimension (Pheasant & Haslegrave, 2006; Poulakakis & Marmaras, 1998). Assuming the most extreme value of this
last condition, the criteria for compatibility is translated by the equation 4.

ESD < Seat to desk height < ESD+5 @)

Thigh thickness (TT) and seat to desk clearance

The clearance required between the seat and the desk must to allow free movements of the legs and, for this, must be
at least higher than the thigh thickness (Garcia-Acosta & Lange-Morales, 2007; Molenbroek & Kroon-Ramaekers,
2003). This clearance is considered comfortable if exceed the knee-height in 2 cm (Parcells et al., 1999).

Based on these considerations, the compatibility is defined in equation 5.

TT+ 2 < Seat to desk clearance (5)

RESULTS AND DISCUSSION

From the previous equations, the dimensions of the existing classroom furniture and the children anthropometric
dimensions, we can infer about the percentage of match or mismatch. For the case when the two-way equations are
applicable, if the furniture dimension is below the minimum value it is considered that there is a “low mismatch”; if
it is above the maximum value it is considered to be a “high mismatch”. Between the maximum and minimum
values is the percentage of children for whom the seat is compatible (“match™).

The seat height is considered by several authors as the starting point for the design of school furniture, being the
"anchor" of the school set size (Garcia-Acosta & Lange-Morales, 2007; Molenbroek & Kroon-Ramaekers, 2003).
The analysis of the charts in Figure 1, we can infer that the seat is too high for children between 6 and 7 years (with
a share of more than 93% mismatch). The highest percentage of compatibility (44%) are observed in the 8-9 years
children. For children belonging to the age group 9-10 years, it turns out that the mismatch is due essentially to the
fact that the seat height is too low.

Seat height - Fumiture type 2

100% — — — — —
80% [— — —— — —
60% [— — — — —
40% — — — — —
0% | —
0% _:-:
67 7-8 89 9-10 67 7-8 89 9-10
years | yewrs | years | years years | years | years | years
High mimaich | 93.2% | 654% | 29,0% | 14.9% High mismetch | 100,0% | 98,5% | 90,2% | 75.3%
mMach 6,8% | 28,3% | 44.3% | 37.5% W Makch 0,0% 1.6% 95% | 21.5%
m Lowmismetch | 0,0% 64% | 26.8% | 47.7% B Low mismatch 0,0% 0,0% 0,4% 3.3%

Figure 1: Percentages of match/mismatch of seat height
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According to the results presented in Figure 2, there is, in younger children (6-7 years), still a significant percentage
(around 60%), for which the seat is too deep, i.e. the buttock-popliteal length of these children is less than the
minimum value compatible with the seat depth, and so it is incompatible. In this situation, there is a pressure on
popliteal area that causes constriction of the blood vessels, preventing blood circulation to the legs and feet
(Pheasant & Haslegrave, 2006; Panero & Zeinik, 2002).

The seat width has a high percentage of compatibility with the width of the hips. The highest percentage of
incompatibility is on the group ages 9-10 years, in which there are 11,5% of children that have a width of hips
higher than the seat width. For these children, the use of a narrow seat will, most likely, result in discomfort and
restrictions on their mobility (Helander, 1997; Evans et al., 1988).

Seat width - Fumniture type 1 and 2 1$ﬁ
100% 60%
80% 40%
60% 205%
40% 0%
20% 6-7 7-8 89 8-10
0%
67 | 78 | 89 | 910 : YeIs | YeEs | yeas | Yeas
years YeFS years Yeas Hd’] mgTEtCh 58,5% 30,9% 9,3% 1.8%
W Match 100,0%| 100,0%| 97.2% | 88,5% W Match 405% | 674% | 794% | 69,6%
® Migvetch| 00% | 00% | 28% | 11L5% B Lowmismeich | 0.0% 18% | 114% | 287%

Figure 2: Percentages of match/mismatch of seat width and depth

In this study it was found that the two types of desks used in Portuguese primary schools are too high for children
who use them. Figure 3 shows the percentage of children whose elbow-seat distance is less than the minimum value
required for the compatibility of this measure with seat-to-desk clearance.

Desk heigh

67 7-8 89 910
Veds | yeas | yeds | yeds
Highmismeich| 0,0% | 00% | 00% | 00%
W Match 0,0% 0,0% 0,0% 0,0%

M Lowmismetch | 100,0% | 100,0%| 100,0% | 100,0%

Figure 3: Percentages of match/mismatch of desk height

The clearance between the seat and the bottom of the table has more than 70% of compatibility with the seat and
desk type 1, being greater than 98,9% in the case of the seat and desk type 2, in oldest children (figure 4).
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Seat to desk dearance - type 1 Seqt to desk dearance - type 2

100% 100%
80% B80%
60% 60%
40% 40%
20% 20%
0% 0%

67 7-8 89 9-10 67 7-8 89 9-10

years | years | years | years years | years | years | years

W Match 99,6% | 97.3% | 93.4% | 74,5% B Match 100,0%| 100,0%{ 100,0% 98,9%

B Misretch | 04% | 2,7% | 6,7% | 25.5% mMismetch | 0,0% | 00% | 0,0% | 11%

Figure 4: Percentages of match/mismatch of seat to desk clearance

CONCLUSIONS

With the anthropometric measurements, namely those that have an impact on sizing of school furniture, and using
compatibility criteria used in similar studies between anthropometric measurements and dimensions of furniture, an
analysis was made of two types of furniture used in the primary schools, whose models were previously approved by
the Portuguese Ministry of Education. The obtained results reveal that in these schools, and particularly in schools
considered in the sample, there is a significant percentage of incompatibility between the students’ body dimensions
and the furniture that are used at the schools. It turns out that most of the children are seated on chairs whose seat is
too high or too low, combined also with tables that are too high. From all the relevant furniture dimensions, only the
seat width and the free space between the thigh and the lower part of the desk presented a high compatibility
percentage. This finding is similar to that of other studies analysed in the carried out literature review. It is also
important to highlight that, in all situations, the analyzed furniture had fixed dimensions and were not adjustable.
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