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ABSTRACT
The purpose of this study was to determine, using a systematic review, whether the design and/or 
dimensions of school furniture affect the students’ physical responses and/or their performance. 
Of the review studies, 64% presented positive results, i.e. proven effects; 24% presented negative 
effects or no change/effect; and the remaining 12% showed an unclear effect. The compatibility 
between school furniture dimensions and students’ anthropometric characteristics was identified 
as a key factor for improving some students’ physical responses. Design characteristics such as 
high furniture, sit-stand furniture, and tilt tables and seats also present positive effects. Finally, we 
concluded that further research should be conducted exploring various aspects of those variables, 
particularly focusing on more objective measures complemented by controlled and prospective 
design.

Practitioner Summary: A systematic review of the literature presents a clearly positive effect of 
school furniture dimensions on students’ performance and physical responses. Similar results 
appeared when school furniture design was tested. However, studying the effects of design and 
dimensions together produced an unclear positive effect.
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1.  Introduction

Life as a student may be among the most sedentary of 
occupations (Zacharkow 1987), during which perma-
nent habits of sitting develop (Lueder and Berg Rice 
2008). Unfortunately, poor sitting habits acquired during 
childhood are quite difficult to change in adolescence 
and/or adulthood (Yeats 1997). Additionally, a group of 
authors (such as Grimes and Legg 2004; Harreby et al. 
1999; Trevelyan and Legg 2010) has shown an association 
between low back pain and sitting in children.

Students are exposed to the first systematic tasks or 
activities that human beings conduct in their lives while 
at school; thus, school is our first ‘workplace’. Legg and 
Jacobs (2008) mentioned that ‘systems’ within schools 
contain many different ‘elements’, some macro in nature 
(environment and organisation) and some micro in nature 
(school furniture, activities and school bags). de Bruin and 
Molenbroek (2010) proposed a diagram in which they 

included some of the relevant aspects of schools’ charac-
teristics. The new diagram proposed in this paper appears 
to justify considering a school a ‘workplace’ (Figure 1).

In schools, there is a conflict between children’s natural 
impulses towards physical movement and the need to main-
tain a prolonged sedentary position for educational purposes.

In normal school environments, many factors influence 
the students’ sitting posture. These factors include the 
anthropometric dimensions of schoolchildren as well as 
the measurement and design features of the school fur-
niture (Murphy, Buckle, and Stubbs 2007). Some variables 
must be considered in the interaction between school fur-
niture and students’ characteristics (Figure 1).

1.1.  School furniture design

In recent decades, the upright posture forced on students 
has required their sitting with the joints of their hips, knees 
and ankles at right angles. However, a ‘normal’ child can 
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forward-sloping seat) is based on the principles that most 
work activities require a forward-leaning posture, with no 
use of a backrest (Mandal cited by Lueder and Berg Rice 
2008). Some authors argued that this design would reduce 
the forward bending of the lower back (lumbar flexion). 
Furthermore, the backrest or lumbar support will have a 
beneficial effect only if the chair presents a negative seat 
or a backward-sloping seat (Mandal 1994). However, in 
practice, the backrest may facilitate the forward move-
ment of the buttocks and kyphosis of the lumbar spine to 
stabilise the trunk against the backrest (Bendix et al. 1996).

1.2.  School furniture dimensions

Students are often exposed to fixed-dimension furniture 
throughout their school life, with little opportunity for 
adjustability to suit their own changing anthropometry. 
This concern is rendered clear by the large number of 
studies published worldwide in which a clear mismatch 
between anthropometric characteristics and the dimen-
sions of the furniture under study has been identified 
(Parcells, Stommel, and Hubbard 1999; Cotton et al. 2002; 
Panagiotopoulou et al. 2004; Gouvali and Boudolos 2006; 
Chung and Wong 2007; Tunay and Melemez 2008; Brewer 
et al. 2009; Jayaratne and Fernando 2009; Agha 2010; 
Castellucci, Arezes, and Viviani 2010; Batistão et al. 2012; 
Jayaratne 2012; Dianat et al. 2013; Van Niekerk et al. 2013; 
Castellucci, Arezes, and Molenbroek 2014a).

maintain this posture for no longer than 1–2 min (Mandal 
1981). Additionally, this posture can cause some biome-
chanical problems because a seated person has a hip joint 
flexion of approximately 60° and the pelvis has a sloping 
axis; therefore, the lumbar curve changes from a lordosis 
(standing position) to a kyphosis (sitting position) (Mandal 
1994). This conclusion is supported by Schoberth (cited 
by Murphy, Buckle, and Stubbs 2004), who observed an 
average 60° hip flexion and 30° lumbar flexion from X-ray 
examinations of 25 people sitting upright. Many research-
ers have attempted to improve the sitting position by 
modifying some aspects of school furniture. Zacharkow’s 
(1987) book includes some references to the relevance of 
the desk slope, such as those from Bennett (In requiring 
a child to sit erect at an ordinary desk while reading or 
writing, we are demanding a physical impossibility) and 
from Dresslar (I believe the chief defect in desks now on 
the market is that the desk top is too flat). This belief was 
supported more recently in an article by Motmans (2006) 
in which the author demonstrated that a desk with a 15° 
inclination reduced the forward head tilt and the neck and 
trunk flexion, independent of the table height.

The seat pan also represents an important element of 
school furniture because the pan carries approximately 
80% of the trunk weight (Mandal 1994). Seat height (SH) 
is important because increasing SH in addition to the for-
ward-sloping seat tended to increase lordosis (Freivalds 
2004). Regarding the seat angle, a positive angle (or the 

Figure 1. Diagram of school as a workplace situation.
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To avoid the mismatch problem, one of the best possi-
ble solutions is adjustability. Yeats (1997) argued that it is 
difficult to encourage proper posture early in life without 
the support of adjustable chairs, desks and tables in the 
classroom. However, scalability became a more realistic 
and cheaper solution and is somehow reflected in the 
increase in the number of published standards regarding 
school furniture in various countries, including Chile (INN 
2002), Colombia (ICONTEC 1999), the European Union (CEN 
2012), Japan (JIS 2011) and the United Kingdom (BSI 2006).

As mentioned, to define school furniture dimensions 
(Standard) or quantify the level of mismatch, it is impor-
tant to consider students’ features. For example, age 
is important not only because of growth rate but also 
because of the manner of growth; before puberty, the 
legs grow more rapidly than the trunk, and in adolescence, 
the growth spurt is largely in the trunk (Bass et al. 1999). 
Furthermore, students’ growth appears to be influenced 
by their socio-economic status. It has previously been 
observed that children of higher socio-economic status 
are, on average, taller than students of lower and medium 
socio-economic status (Castellucci, Arezes, and Viviani 
2010). Regarding gender differences, it can be observed 
that until the onset of puberty, males and females have 
similar rates of growth and that after puberty, males pres-
ent greater anthropometric values than females, with 
exceptions in some variables such as hip width (Lueder 
and Berg Rice 2008; Castellucci, Arezes, and Molenbroek 
2015).

As a result of the interaction between the independ-
ent variables mentioned above (school furniture design 
and dimension), some changes are expected to occur in a 
group of dependent variables, such as physical responses 
and the students’ performance (Figure 1). For example, 
Oxford (1969, cited by Grimes and Legg 2004) wrote that 
school children are repetitively exposed to the hazards 
of abnormal or awkward postures because of classroom 
furniture that is often too large or too small. Such size 
variations may also affect their academic performance, 
affecting learning, because uncomfortable and awkward 
body postures can decrease students’ interest in learning, 
even during the most stimulating and interesting lessons 
(Hira 1980).

Physically, when the SH is higher than the popliteal 
height (PH), the majority of students are unable to prop-
erly rest their feet on the floor, compressing vascular and 
neural structures along the popliteal space (Milanese and 
Grimmer 2004). However, a SH significantly lower than PH, 
more than 4 cm (UNESCO 2001), increases the compres-
sion in the buttock region (García-Molina et al.1992). In 
the case of seat depth (SD), the support of at least 80% 
of buttock-popliteal length (BPL) is required to avoid the 
extra pressure on the back of the thighs, which could 

cause discomfort (Pheasant 2003). However, the SD can-
not be greater than 95% of the BPL because the student 
will not be able to use the backrest of the seat and, con-
sequently, will not be able to support the lumbar spine 
without compression of the popliteal surface (Milanese 
and Grimmer 2004). To avoid this situation, students will 
generally move their buttocks forward towards the edge 
of the seat, as suggested by Panagiotopoulou et al. (2004). 
This improper use of the backrest causes kyphotic pos-
ture (Pheasant 1991; Khalil et al. 1993). According to some 
authors (Evans, Courtney, and Fok 1988; Occhipinti et al. 
1993; Orborne 1996; Oyewole, Haight, and Freivalds 2010), 
students who use narrow seats are not be able to relieve 
the pressure on the buttocks and cannot avoid discomfort 
and mobility restrictions. Students who use a higher than 
recommended desk height are forced to flex and abduct 
their arms as well as elevate their shoulders. This posture 
may cause more muscle work load, discomfort and pain 
in the shoulder region (García-Molina et al. 1992). If such 
a posture occurs in only one upper limb, an asymmetrical 
spinal posture will result (Zacharkow 1987).

Despite the large amount of research regarding school 
furniture, it is not clear whether the application of the dif-
ferent size and/or design of school furniture improves 
the students’ performance and physical responses. 
Furthermore, Legg and Jacobs (2008) indicated that lon-
gitudinal case-controlled ergonomic intervention studies 
are required if the musculoskeletal discomfort, pain and 
injury problems experienced by schoolchildren identified 
in epidemiological studies are to be addressed. Therefore, 
considering the developed literature review, this paper 
seeks to determine whether the design and/or dimensions 
of school furniture affect the students’ physical responses 
and/or their performance.

2.  Methodology

A scientific publications database, SciVerse Scopus, was 
used to identify the field studies on the influence of 
school furniture on students’ performance and physical 
qualities. The authors used only SciVerse Scopus because 
that programme covers a wider journal range, assisting 
both in keyword searches and citation analysis (Falagas 
et al. 2008). The search terms used were ‘school furniture’, 
‘classroom furniture’ and ‘school workstations’.

The adopted inclusion criteria included only original 
studies written in English and published between January 
1980 and September 2014. The review was oriented 
towards the implication of the design and dimension 
of school furniture for students’ physical responses and 
their performance. Studies that merely presented the var-
iables but did not present any cause/effect or associations 
among the variables were not considered. Some examples 
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The results were grouped according to the specific 
dependent and independent categories (Table 1). To 
avoid misunderstandings, the dimension was placed in 
an independent variable category when a mismatch level 
was considered (using equations or checklists) or when 
the school furniture was adapted to the body size of each 
individual child. Conversely, dimension was not consid-
ered an independent variable when the school furniture 
design proposed high furniture or stand-sit workstations 
without considering the students’ body size or if dimen-
sion was not clearly mentioned in the article; in this case, 
the independent category variable was design. Finally, 
design and dimension of school furniture were consid-
ered together as independent variables when the school 
furniture presented a new type of design (ball chair, high 
furniture, slope desk or chair, stand-sit workstations, etc.), 
and the dimensions were adjusted to the students’ anthro-
pometric characteristics.

3.  Results

Table 1 shows the variables considered by the 25 stud-
ies that fulfilled the inclusion criteria for this review. The 
design and dimensions of school furniture were the most 
considered independent variables, followed by dimension 
and design.

Before presenting the results regarding the depend-
ent variables, it is important to mention the column with 
results presented in Tables 2–6. The effect of the independ-
ent variable was classified as (+) when the effect resulted 
in an improvement in the dependent variable, (−) when 
the effect was negative or no change was observed and 
(+/−) when the obtained results were not clear.

Considering the dependent variables, the overall results 
show that 64% of the reviewed studies presented positive 
(+) results, 24% presented negative (−) or no change, and 
the remaining 12% of the studies showed unclear results 
(+/−). For example, from Table 4, the study of Benden et al. 
(2013) showed positive results in discomfort but negative 
results in posture.

Regarding the independent variables, the level of posi-
tive results is nearly identical between design and dimen-
sions, with values of 86 and 75%, respectively. However, 
only 40% of positive results can be observed when the 
reviewed studies under consideration manipulated the 
dimension and design variables together.

Although 25 studies were reviewed, the number of 
dependent variables was greater because more than 
half of the studies (14 of 25) presented more than one 
dependent variable. The total number of dependent 
variables was 44; the most studied dependent variable 
was the physical response, tested 29 times, followed by 
studies that presented students’ performance, tested 9 

of this exclusion are papers by Dhara, Khaspuri, and Sau 
(2009), Panagiotopoulou et al. (2004), Reis et al. (2012), 
Rudolf and Griffiths (2009) and Savanur, Altekar, and De 
(2007). Several studies were not considered in this review 
because the considered sample comprised only university 
students (Straker et al. 2008) and secretaries (Mandal 1991) 
instead of younger school students.

The searches resulted in a total of 581 registries 
(Figure 2). Titles and abstracts of articles were scanned 
independently by the three authors to identify relevant 
articles to retrieve in full text. In cases in which articles 
appeared potentially eligible but no abstract was availa-
ble, the full text of the paper was retrieved. Disagreements 
between authors were referred to the other two authors, 
leading to a deeper analysis of the paper; and a decision 
was then made regarding its inclusion. Full texts were 
independently reviewed for inclusion by the same three 
authors using a standardised data extraction form, and 
disagreements between authors were referred to the other 
two authors. Primary studies meeting the inclusion criteria, 
which were reported in included reviews, were identified 
and their data extracted.

Table 1. Summary of the reviewed studies.

Physical 
responses

Perfor-
mance

Performance and 
physical responses Total

Dimension 7 1 0 8
Design 4 1 2 7
Design and 

dimension
6 1 3 10

Total 17 3 5 25

Figure 2.  Diagram of the used search strategy and exclusion 
criteria.
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times. Another dependent variable that was considered 
in six of the reviewed studies but did not fit with the cat-
egories proposed in the present review was the variable 
‘preference’.

In all of the reviewed studies, the primary research 
approaches were quasi-experimental and experimental, 
observed in 10 studies each, followed by a cross-sectional 
study, used 5 times.

3.1.  Effect of classroom furniture on students’ 
performance

Of the studies that investigated effects on student perfor-
mance, only three were reviewed that met the inclusion 
criteria (Table 2). These studies used an experimental or 
quasi-experimental approach, and the dependent varia-
bles motor skill performance, writing quality, word produc-
tivity and academic performance were equally assessed 
one time each.

3.2.  Effect of classroom furniture on students’ 
physical responses

The effect of school furniture on the children’s physical 
responses was the most studied variable in the reviewed 
papers. Thus, and to fulfil the requirement of the publish-
ing process, Tables 3, 4 and 5 present the synthesis of the 
studies according to the independent variables categories.

In Table 3, the most studied dependent variable was 
discomfort/pain. The positive results included five of the 
seven reviewed papers.

Regarding design (Table 4), three studies presented 
positive results using various interventions such as a stand-
ing workstation, high furniture and tilted seat and table.

Table 5 represents the reviewed papers regarding the 
effect of the design and dimensions of classroom furniture 
on physical responses. The most studied dependent vari-
ables were posture and discomfort/pain. It is also impor-
tant to acknowledge that preference was considered three 
times, identical to the number of times the previously 
mentioned variables were considered.

3.3.  Effect of classroom furniture on students’ 
performance and physical responses

None of the reviewed studies that investigated the effect 
on students’ performance and physical responses (Table 6) 
presented dimension as an independent variable. Design 
was considered in two studies, and three studies were 
reviewed that met the inclusion criteria of design and 
dimension.
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(Smith-Zuzovsky and Exner 2004) and design (Schilling 
et al. 2003) were manipulated. A common particularity 
identified in two of the three papers was that the ana-
lysed population comprised children with behavioural 
(ADHD) (Schilling et al. 2003) or neurological problems 
(cerebral palsy) (Ryan, Rigby, and Campbell 2010); thus, 
the findings may have been affected by their different 
physiology or sensitivity. The results of Ryan, Rigby, and 
Campbell (2010) show no differences in legible word 
productivity when the design and dimension variables 
were manipulated. Contrary to these results, Parush, 
Levanon-Erez, and Weintraub (1998) concluded that 
ergonomic factors such as sitting posture and position-
ing significantly affect handwriting performance.

The two studies that observed an effect on performance 
presented a significant difference between the considered 
samples, not only because of the type but also because 
of the number of participants. Schilling et al. (2003) used 
only three subjects with ADHD seated on therapy balls. 
Because the sample was small and used different physiol-
ogy or sensitivity, the results should be read with caution. 
Furthermore, one may hypothesise that the therapy ball 
would facilitate ‘dynamic sitting’ because of children with 
ADHD increasing in-seat behaviour. However, the study by 
Kingma and van Dieën (2009), with a sample of 10 females, 
showed that the beneficial effects of more dynamics 
because of sitting on an exercise ball are questionable as 
far as the spine is concerned. Furthermore, the advantages 
of the physical loading of sitting on an exercise ball may 
not outweigh the associated disadvantages.

It was observed during the review conducted for this 
study that few authors have focused on the effects that 
school furniture characteristics may have on school activ-
ity performance, particularly using large samples, with the 
exception of Smith-Zuzovsky and Exner (2004). There are 
several reasons for this situation. First, it can be difficult to 
get all teachers to participate. Another factor that could 
reduce the validity of these studies is the several extrane-
ous variables associated with school activity performance, 
which may also influence the results, such as the well-known 
Rosenthal and Hawthorne effects and socio-economic 
and psychological factors that may affect pain perception 
(Murphy, Buckle, and Stubbs 2007). Finally, another reason 
may be the explanation of Koskelo, Vuorikari, and Hänninen 
(2007), who stated that the type of studies with physiolog-
ical and other follow-up measurements are possible only 
in small schools because, for example, the Finnish curricula 
today include many elective subjects, which are taught in 
specialised classrooms. The students in large schools gen-
erally move several times per day to different classrooms, 
which often are located in different buildings. This situation 
is corroborated by the studies of Saarni, Rimpela et al. (2009).

4.  Discussion

The purpose of this study was to assess, by a critical 
review, whether school furniture characteristics, spe-
cifically dimensions and design, affect students’ perfor-
mance and/or various physical responses such as posture, 
reported pain, discomfort or other similar physical con-
ditions. Reviewing the 25 papers selected according to 
the defined criteria indicates that there are some positive 
signs because 68% of the reviewed papers present positive 
results. These results are consistent with the review from 
Grimes and Legg (2004), who examined the literature on 
student posture in classroom environments and indicated 
that student posture, anthropometrics and furniture; com-
puter use; pain reporting; and vision may influence the 
prevalence of musculoskeletal disorders among students. 
However, these results are different from the findings pre-
sented by Yeats (1997), who demonstrated only the effec-
tiveness of ergonomic school furniture on schoolchildren 
in the single study reviewed. One possible explanation for 
this difference may be that 23 of the 25 reviewed papers 
in the current study were published after 1997.

Contextual factors varied greatly across the studies 
reviewed. However, the primary reason for engaging in this 
research was to determine whether school furniture affects 
the well-being of children – in scholastic performance, 
related measures or in their physical characteristics. In 
this section, the primary review findings are discussed 
separately according to each dependent variable, i.e. the 
effects on student performance, the effects on physical 
responses and the effects on performance and physical 
responses combined.

The authors realised that the diverse nature of the stud-
ies and the variables used in the reviewed studies were 
quite different, even when testing similar variables, and 
that different approaches have their strengths and weak-
nesses. Furthermore, there are many differences regarding 
the timeframe. For example, Benden et al. (2013) used a 
quasi-experimental design with a 30-min timeframe, and 
Troussier et al. (1999) used a case-control study with a ret-
rospective comparison during four or five years of inter-
ventions. Despite the large differences in timeframes, the 
majority of the studies took less than six months (20/25 
studies). Some features of the studies are also discussed 
for each dependent variable.

4.1.  Effects on students’ performance

Two of three studies concluded that performance was 
improved when students were seated in conditions 
different from ‘normal’ school furniture; the third did 
not observe any changes. The positive results were 
obtained when the independent variables dimension 
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school furniture standards must be updated over time 
because of the positive secular trend (Castellucci et al. 
2014b).

Regarding design and physical responses, three of the 
four reviewed studies presented positive results. The mod-
ification of table and chair tilt presented positive results 
(Gonçalves and Arezes 2012). This result is reinforced by 
the study presented in Table 5 from Aagaard and Storr-
Paulsen (1995). Additionally, the idea of high furniture and 
standing workstations appears to be beneficial regarding 
discomfort/pain. Furthermore, the standing workstation 
results could be supported by the fact that being seated 
for a long period of time on school furniture is associated 
with reports of musculoskeletal discomfort and pain 
(Fallon and Jameson 1996).

The four reviewed studies (Linton et al. 1994; Gonçalves 
and Arezes 2012; Benden et al. 2013; Hinckson et al. 2013) 
have some weaknesses that could have contributed to 
those results; thus, a small sample size, no random alloca-
tion of participants to experimental groups, a small obser-
vation time and lack of training on proper posture criteria 
were required.

Studies referring to the effects of the design and 
dimensions of classroom furniture on physical responses 
(Table 5) were expected to have high levels of positive 
results because design and dimension were examined 
independently. However, only one of the reviewed stud-
ies presented positive results. One explanation may be 
that 3 of 6 of the reviewed studies came from the same 
authors, Saarni, Rimpela et al. (2009), Saarni, Nygård et al. 
(2009), Saarni, Nygård, Rimpelä et al. (2007) and the study 
description was nearly identical (Table 5). Only one of the 
mentioned studies presented positive results regarding 
posture, using OWAS for the evaluation. Conversely, the 
variables discomfort, posture (digital goniometer), pref-
erence and musculoskeletal strain did not present differ-
ences between the two studied conditions. It is important 
to note that the three studies shared identical limitations, 
which can affect the results, and there was no random 
allocation of intervention, high experimental dropout 
and reduced exposure to ergonomic furniture in the 
intervention group because of teaching arrangements. 
Finally, an important issue was that these authors advised 
the participants not to self-adjust the furniture to avoid a 
conflict between anthropometrics and workstations. The 
matches between the elbow-floor height and desk height 
and the matches between the trunk-thigh angle and the 
chair height for each participant were checked on average 
every 2 months.

Schröder (1997) concluded that the furniture with a 
higher seat and desk and equipped with a horizontal bar 
serving as a foot rest allowed less variation of posture, a 

In the future, it would be interesting to see long-term 
prospective studies that assess performance associated 
with the use of new and improved furniture in school pop-
ulations, assessing student performance as well as some 
behavioural issues.

4.2.  Effects on physical responses

The effect of school furniture on children’s physical 
responses was the most studied variable in the reviewed 
papers. Physical responses include discomfort/pain, elec-
tromyography (EMG), energy expenditure and posture, 
which were studied either as a component of the entire 
body or as a specific body segment (i.e. trunk, neck, head 
and legs). Considered in Tables 3–6, the most studied 
dependent variables related to physical responses were 
posture and discomfort/pain, assessed 12 times; followed 
by energy expenditure and EMG, assessed 2 times; and 
physical examination, assessed once. Posture assessment 
techniques were generally conducted using observational 
analysis by video recordings, which later were analysed 
using postural analysis methods or biomechanical strain 
criteria such as joint angles.

With few exceptions, such as the work of Brewer et al. 
(2009) and Skoffer (2007), nearly all of the studies reviewed 
observed that a change in school furniture dimensions 
(better fit or match) resulted in an improvement in pos-
ture, EMG and discomfort/pain (Table 3). However, Skoffer 
(2007) noted that

the idea function limiting LBP was positively associated 
with sitting on an adjustable chair at school. Using an 
adjustable chair as a cause of LBP is not probable. Rather, 
the explanation of this finding could be that the school-
children most bothered by pain had requested or had 
been offered an adjustable chair.

However, another explanation that could change the 
results and was not considered by the author is whether 
the students knew how to adjust the school furniture. This 
point is important because students do not automatically 
sit properly in ergonomically designed furniture; children 
require proper instructions and adjustment (Linton et al. 
1994).

The positive overall results obtained when the school 
furniture dimensions fit the students’ anthropometric 
measure (six of eight studies) indicate the necessity to pay 
closer attention to the students’ anthropometric character-
istics and to use adjustable furniture with proper instruc-
tion. However, implementing adjustable chairs and tables 
within every classroom is an expense that many school 
budgets may not be able to assume (Shinn et al. 2002). 
Because adjustability may be an expensive solution, scal-
ability using school furniture standards became a cheaper 
solution. Furthermore, to avoid high levels of mismatch, 
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without a foot rest to avoid less variation in posture, as 
presented in the study of Schröder (1997). If the saddle 
chair is not possible, the seat must be presented in two 
sections: (1) the rear section being horizontal and (2) the 
front section slanting at an angle of 15°. This type of seat 
is similar to the type used by the University of Nottingham 
and presents a series of advantages, including decreased 
spinal loading and reduced discomfort (Corlett and Gregg 
1994).

Finally, as mentioned in the introduction and presented 
previously by Grimes and Legg (2004), improving school 
working conditions should include an integrated ergo-
nomics approach involving micro and macro ergonomic 
factors. However, the results of this review are supportive 
of the conclusions that classroom furniture design and 
dimension are key factors, not only for physical responses 
but also for student performance.

5.  Limitations of this review

A probable limitation of this review includes the search 
process itself, which may not have allowed the identifica-
tion of all studies showing the effects of the design and/
or dimensions of school furniture on students’ physical 
responses and/or their performance. The wide variety of 
research approaches adopted by the reviewed studies also 
rendered it difficult to summarise and obtain relevant find-
ings for topics such as performance, in which subjective 
methods were primarily used to analyse the corresponding 
effect.

6.  Conclusion

The results of the review provide a clearer picture of one of 
the school micro ergonomics variables. Twenty-five studies 
considering the effect of school furniture design and/or 
dimension characteristics on the students’ performance 
and physical responses were reviewed.

Of the studies that tested only school performance, two 
of three presented positive results. Those findings should 
be considered with caution, primarily because of the small 
sample sizes involved and the participants’ characteristics, 
which included either behavioural or neurological issues.

Of the studies that assessed children’s physical 
responses, most studies reviewed observed that a change 
in school furniture dimensions resulted in an improvement 
in posture, EMG and discomfort/pain, with the latter being 
the most studied dependent variable. Proper care should 
be taken when using adjustable furniture because a lack of 
knowledge regarding proper settings and/or out-of-date 
standards may contribute to negative effects.

Only five studies analysed the effects on both student 
performance and physical responses. All of these studies 

condition that is identified as a risk factor for lower back 
pain (Kumar and Mital 1992).

4.3.  Effects on both student performance and 
physical responses

Only two studies from the same group of authors (Benden 
et al. 2011; Blake, Benden, and Wendel 2012) took a differ-
ent approach, which was to assess the effect of furniture 
in energy expenditure. These authors tested to determine 
whether the use of sit-to-stand school furniture caused an 
increase in caloric consumption. Both studies identified 
a significant effect when using furniture different from 
the furniture traditionally assigned to children, specifi-
cally furniture that encouraged stand-sit with stools. The 
authors also observed a positive effect in child behaviour 
and classroom performance. However, it is important to 
mention that no objective tool was used to assess students’ 
performance.

Only three studies presented the four categories of var-
iables. These studies point to a more comprehensive per-
spective on school furniture studies because these studies 
consider both the physical and the academic effects that 
school furniture can have on students, thus contributing 
to focus and assessment interventions in a more holistic 
and structured manner.

All of the studies present positive results but different 
intervention designs. Koskelo, Vuorikari, and Hänninen 
(2007) used an adjustable saddle chair and a desk adjust-
able in height and tilt. This furniture follows the principles 
of Mandal, presented early in the introduction section. The 
only limitation of the study was that there was no random 
allocation of participants to either control or experimental 
groups.

Wingrat and Exner (2005) indicated that the experi-
mental chairs were advantageous to the students for at 
least two reasons: (1) the chairs were smaller so the stu-
dents could place their feet on the floor and (2) the chairs 
were designed to support the curvature of the student’s 
spine with the convex back rest, which then allowed for 
a more neutral pelvic position. The second reason may 
not be consistent with the opinion of Bendix et al. (1996), 
who indicated that the backrest may facilitate the forward 
movement of the buttocks and kyphosis of the lumbar 
spine to stabilise the trunk against the backrest. Mandal 
(1982) also argued that the need for lumbar support is one 
of the four fallacious design principles of sitting.

The featured design principles must enforce the 
changes in posture (Dynamic Sitting) from sitting to stand-
ing, including half-standing positions. To complete this 
mission, the desk has a tilt angle, a slight concave curve 
in the front and an adjustable height. A high saddle chair 
is desirable; however, both feet must be on the floor and 
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presented positive relevant results, specifically an increase 
in energy expenditure and better academic performance 
in class behaviour and attention span.

The overall results indicate that some school furniture 
findings must be highlighted: the school furniture must 
fit student anthropometric characteristics, and the desk 
must have the possibility of a tilt angle and a slight concave 
curve in the front, with a high saddle chair also desirable.

The considered papers focused on assessing the effects 
of school furniture in terms of the physical responses. Only 
a few studies examined the effect on performance or both 
physical responses and performance. Further research 
should be conducted detailing the dependent variables, 
specifically using more objective measures, such as aca-
demic performance complemented with controlled and 
prospective design, to ultimately clarify the positive effects 
of school furniture on performance.
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