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Abstract. Ergonomics in Schools has focused on micro-ergonomics issues such as mismatch between student body sizes and
their desks and chairs, the weight of schoolbags and the prevalence of musculoskeletal disorders amongst school students. \Very
little of this has been turned into practice. Although advances in this context are being made by the International Ergonomics
(IEA) Technical Committee (TC) on Ergonomics for Children in Educational Environments (ECEE), the UK Ergonomics Society
Special Interest Group on Ergonomics for Schools and the New Zealand Ergonomics Society Ergonomics/Human factors in
Education (EHFIE) Special Interest Group, there has been less focus on macro-ergonomics issues such as learning environments
ergonomics pedagogy and curriculum content/structure. This commentary reviews micro-ergonomics aspects of ‘Ergonomics i

schools’ and argues in favour of a new direction: macro-ergonomics for schools, or educational ergonomics in which ergonomist
seek to integrate ergonomics into national educational curricula in concert with Ministries of Education and also via inclusion of
ergonomics modules in teacher training.
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1. Ergonomics‘in and for’ Schools ing boards (or Boards of Trustees), government de-
partment officials (inspectors), equipment and learn-

There has been considerable activity worldwide on ing resource providers and, last but not least, par-
‘Ergonomics in schools’ (see [22]) but very little on ents. The ‘system’ within schools contains many
‘Ergonomics for schools’. It is differentiated from pre- different ‘elements’, ranging from micro to macro-
vious literature on ‘Ergonomics in Schools’ (see [22]) ergonomic in nature. These can include school equip-
as its emphasis is “for’ — not ‘in” schools. It is the tenet ment (e.g. desks, chairs, computers, laptops, books,
of this articlethat the emphasis on Ergonomics ‘for’ schoolbags, pens, uniforms, and equipment used for
rather than ‘in’ schools may help to play a significant sport and in the gymnasium and playground), work —
and meaningful role in shifting the emphasis from the (e.g. learning, teaching and playing) — spaces (e.g.
physical environment in schools by changing world- desk/chair/workspace arrangements, lockers), school
wide societal views and practices in favor of integrat- facilities/environments (e.g. classrooms, laboratories,
ing ergonomics/human factors within national school libraries, corridors, playgrounds staffroom, physical
educational curricula. factors such as heating, cooling, lighting, noise, build-
The people in schools are mostly children/youths/ ing design and the internet) and school organisation
students and teachers, but there are some other (e.g. subjects/topics, curricula, learning/teaching meth-
‘stakeholders’ such as principals, caretakers, govern- ods and pedagogy, school-day length and timing, study

durations, timetable, rest breaks, physical activities, de-
partmental structures, governance, school rules, per-
*Corresponding author. E-mail: kjacobs@bu.edu. sonal security, human rights, school and national poli-
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cies, educational priorities, internationalization, glob-
alization).

2. Micro-ergonomicsin schools

To date, only a moderate volume of research has been
undertaken on a limited number of these different ele-
ments. It has mainly focused on micro-ergonomics is-
sues such as the mismatch between the anthropometrics
of students and their desks and chairs [5,11,?,31,33].
Saarni etal. [36] report what several previous studies [5,
11,?,31,33] have shown - “a mismatch between . . . an-
thropometrics of schoolchildren and ... school furni-
ture” and that “schoolchildren sit in disadvantaged pos-
tures for a substantial part of school lessons” (p. 1561).
The latter is also reported by Geldhof et al. [10] and by
Breen et al. [2] and is implied in Tuttle et al. [45,46]
which focuses on buttock anthropometry for seat pan
design.

Savanour et al. [38] and Acosta et al. [?], both sug-
gest that the mismatch (“the lack of conformity ...")
between school furniture dimensions and schoolchil-
dren’s body sizes also occurs in developing countries.
The former also points out what is also common world-
wide: national and international standards for school
furniture have not yet addressed the need for better
matching. Savanour et al. [38] suggest that a range
of furniture sizes need to be provided in classrooms
to match pupils’ body sizes. Koskelo et al. [18] in a
controlled intervention study show that better match-
ing in the form of adjustable school desks and chairs
promote better sitting and standing postures, decreased
tension in the upper and lower back muscles, alleviate
pain and appear to be associated with better overall aca-
demic grades. The latter point is important. Koskelo et
al. [18] do not actually provide evidence of ‘improved
academic performance’, and do not claim to do so.
Their study merely suggests a relationship that needs
further investigation. It is poignant to note that it is the
approach adopted by Saarni et al. [18] that will help in
the examination of this important question. Saarni et
al.’s data was collected as a baseline for a longitudinal
intervention study which could shed some light on the
effects of improved seating on learning.

Dockrell et al. [7] reportthat computer use in school
classrooms is extensive. This phenomenon was al-
so described in a keynote address at the IEA 2003
Seoul Congress [43] and is a worldwide phenomenon
mirroring adult life.  Dockrell et al. [7] also re-
port that school teachers consider their training (if

any) in computer ergonomics as lacking and point
out a need for ergonomics education for teachers.
In this case, however, their meaning is for teach-
er training in ergonomics that is synonymous with
computer workstation design, seated postures and
avoidance of risk factors for musculoskeletal discom-
fort, pain, injury, and disorders (MSDPID). A us-
er friendly and focussed pupil/teacher/parent learn-
ing tool for achieving part of this goal has recently
been developed by the New Zealand Ergonomics So-
ciety Ergonomics (NZES) in Schools Special Interest
Group (recently re-branded as the NZES Special In-
terest Group for Ergonomics/human Factors in educa-
tion (EHFIE)) in the form of an interactive website:
www.moveit.org.nz [3] A similar tool (MouseWise) has
recently been developed in parallel in the Netherlands:
www.mousewise.org [6]. The efficacy of neither of
these tools has, however, been properly evaluated.

There are many other issues associated with micro-
ergonomics in schools. The weight of schoolbags is
one example. Mackie and Legg [28] is one of many
articlesin the literature in recent years [1,4,24,27,29,
30,32,34,47,48] that examined the perennially topical
issue of heavy schoolbags, but is unique in its examina-
tion of the temporal pattern of schoolbag use in real-life
situations over 24 hour periods. Like many others how-
ever, it does not address the long term consequences, if
any, of carrying loaded schoolbags, let alone the com-
bined effects of mismatched seating. One major such
consequence is postulated to be an unacceptably high
prevalence of MSDPID both among adolescents and in-
to adulthood [?]. Although the evidence for this causal-
ity is still unproven, Jones et al. [16] show that a re-
habilitative exercise program can reduce the incidence
of non-specific low back pain among children [12,25,
39] and children working with computers [13]. A fun-
damental review of some of these issues was recent-
ly published [?]. Other micro-ergonomics issues in-
clude Havenith [14], who reports on energy expen-
ditures and clothing insulations among adolescents at
school, which can be used for development of climate
control systems.

Despite their recognized challenges, longitudinal
case-controlled ergonomics intervention studies are
needed if the musculoskeletal discomfort, pain, in-
jury and disorders (MSDPID) problems experienced
by schoolchildren identified in epidemiological stud-
ies are to be addressed. Very little of this has
yet been turned into practice, although excellent
advances to help redress this are currently being
made through the recent development of electronic
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web sites by the IEA Technical Committee on Er-
gonomics for Children in Educational Environments
(ECEE) (http://www.iea.cc/ergonomics4children/) and
the United Kingdom (UK) and New Zealand Er-
gonomics Societies’ Special Interest Groups on Er-
gonomics for Schools (www.ergonomics4schools.com
and www.moveit.org.nz). A recent example is of ‘Er-
gonomics in Schools’ being a highly prominent focal
theme in the New Zealand Ergonomics Society Con-
ference [3,8,15,17].

3. Macro-ergonomicsfor schools

Very little research (and even less practical applica-
tion) has focussed on macro-ergonomics issues such
as classroom environments, and more particularly on
ergonomics pedagogy, curriculum content and struc-
ture i.e. Ergonomics for schools. The current state
of knowledge about ergonomics for schools is limited.
There is insufficient knowledge of the interactions be-
tween the people in schools and the systems compris-
ing school environments to claim that we have an ad-
equately “fundamental understanding’ of ‘Ergonomics
for Schools’. In the pedagogy of school curricular de-
sign, ergonomics as a discipline in its own right has
received very scant attention despite the pioneering re-
ports about this by K.U. and M.F. Smith [40] and more
recently by T.J. Smith [41,42] in the USA and Andree
Woodcock [49-52] in UK.

The recently published special issue of Ergonomics
[22] was a start in redressing this paucity of knowledge.
Most — but not all — of the papers in the special issue
were concerned with micro-ergonomics issues. A no-
table exception was that of Guercin [?], who suggested
that adoption of an ergonomics approach through child-
centred design of a road safety education programme
could reduce the risk of pedestrian accidents amongst
children. Road safety around schools is a ‘hot’ topic in
which more research is needed [23,28].

Two papers [41,42,49] were seminal, in that they
addressed fundamental macro-ergonomics issues in
teaching, learning, curriculum, school and classroom
design. Smith points to proven benefits of ergonomics
applications in industry and identifies the need to extend
this to educational systems and learning — “. .. which
design characteristics in the learning environment have
the greatest influence on variability in learning per-
formance?” and challenges us to apply this to “...
ergonomics interventions directed at design improve-
ments of learning environments to benefit learning”.

Woodcock also identifies the fundamental importance
of education and of applying ergonomics principles in
the design of curricula.

The most recent development in ergonomics for
schools was a workshop held at the Nordic Ergonomics
Society Conference in Reykjavik, Iceland [20]. It fo-
cussed on identifying the ways in which each of the
Nordic countries could encourage the integration of
ergonomics into the national educational curricula for
school aged children. Although Denmark already had
some legislation and an ‘Information Centre’ on this, it
was generally agreed by the workshop participants that
it was necessary for ergonomists to pro-actively engage
with their respective Ministries of Education and to
encourage the introduction of ergonomics educational
modules within teacher training colleges. None had,
however, actually tried this. However the Ministry of
Education in Norway was in the process of establishing
a joint project with the Norwegian Ergonomics Soci-
ety to identify optimal school and classroom designs
(personal communication, K.-I. Fostervold 2008). It is
interesting to note that there is already considerable in-
formation about this in the USA (www.edfacilities.org)
and that the initial response of the New Zealand Min-
istry of Education to a similar approach by the NZES
Ergonomics/Human factors in Education Special Inter-
est Group was very similar — little interest in integration
of ergonomics into the national curriculum but consid-
erable interest in applying ergonomics in the design
of the physical environment of classrooms and schools
(www.minedu.govt.nz/goto/performingclassroooms).
Lastly, considerable efforts are being made in Latvia to
integrate ergonomics into teacher education (personal
communication, J. Gedrovics 2008). Overview, future
activity and conclusion.

A more complete contemporary overview of the
status of research and practice in Ergonomics in
Schools may be obtained from the following sources:
Trevelyan, F. C. and Legg, S. J., 2006, Back pain in
school children — where to from here? Applied Er-
gonomics, Special Issue: Fundamental Reviews, 37
(1), 45-54; Brackley, H. M. and Stevenson, J. M.,
2004, Are children’s backpack weight limits enough?
A critical review of the relevant literature, Spine, 29,
2184-2190; the IEA Technical Committee Ergonomics
for Children in Educational Environments (ECEE) ses-
sions in IEA2003, 15th Triennial Congress of the Inter-
national Ergonomics Association, Ergonomics in the
Digital Age, August 24-29th, South Korea — includ-
ing a plenary keynote presentation by Straker, L. and
Pollock, C. 2003, “‘Delivering the power of computers
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to children, without harming their health’ (subsequent-
ly published (ibid 2004) as ‘Optimising the interaction
of children with information and communication tech-
nologies’ in Ergonomics, 48, 506-521) and in | EA2006,
16th World Congress on Ergonomics, Meeting Diver-
sity in Ergonomics, Maastricht, The Netherlands, 10—
14 July, 2006 - including a plenary keynote presen-
tation by Legg, S.J., 2006, Ergonomics in Schools, p
53 and which can be found on the IEA ECEE website
(http://www.iea.cc/ergonomics4children/).

Two future special issues of journals will also
deal with ergonomics amongst adolescents and youth:
Legg, S. J. and Bennett, C. (Co-guest editors), 2009,
Concerns for the Next Generation Workforce, Inter-
national Journal of Industrial Ergonomics, and; Som-
merich, C. (Guest editor), 2009, Ergonomics Issues
Concerning Children, Youths, and Students, WORK: A
Journal of Prevention, Assessment and Rehabilitation.

What should ‘Ergonomics for Schools’ seek to
achieve? The focus for ‘Ergonomics for Schools’
should shift from micro- to macro-ergonomics issues
such as the creation of greater knowledge about school
facilities and educational curricular design to optimise
learning and teaching — and then to apply this knowl-
edge, and how to have ergonomists actively interacting
with the education community to effectively communi-
cate and action the potential benefits of embracing the
principles and techniques of ergonomics for schools —
in short Educational Ergonomics’.
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