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Computer use by children at home and school is now common in many countries. Child computer exposure varies
with the type of computer technology available and the child’s age, gender and social group. This paper reviews the
current exposure data and the evidence for positive and negative effects of computer use by children. Potential
positive effects of computer use by children include enhanced cognitive development and school achievement,
reduced barriers to social interaction, enhanced fine motor skills and visual processing and effective rehabilitation.
Potential negative effects include threats to child safety, inappropriate content, exposure to violence, bullying,
Internet ‘addiction’, displacement of moderate/vigorous physical activity, exposure to junk food advertising, sleep
displacement, vision problems and musculoskeletal problems. The case for child specific evidence-based guidelines
for wise use of computers is presented based on children using computers differently to adults, being physically,
cognitively and socially different to adults, being in a state of change and development and the potential to impact
on later adult risk. Progress towards child-specific guidelines is reported. Finally, a set of guideline principles is
presented as the basis for more detailed guidelines on the physical, cognitive and social impact of computer use by
children. The principles cover computer literacy, technology safety, child safety and privacy and appropriate social,
cognitive and physical development. The majority of children in affluent communities now have substantial exposure
to computers. This is likely to have significant effects on child physical, cognitive and social development.
Ergonomics can provide and promote guidelines for wise use of computers by children and by doing so promote the
positive effects and reduce the negative effects of computer—child, and subsequent computer—adult, interaction.
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1. Introduction

Ergonomics aims to optimise the interaction between
people and technology. The development of personal
computers in the late twentieth century led to a major
change in the technology many people interacted
with. Considerable ergonomics research has focused
on the physical and cognitive impact of computer use
in adults, with the subsequent development of guide-
lines in an attempt to optimise the interaction.
However, limited ergonomics research has focused
on the interaction between children and computers.
This is despite a higher proportion of children using
computers than adults and a concern that habits
developed during childhood may track into
adulthood.

This paper aims to: 1) highlight the substantial
exposure that children have to computers; 2) review the
evidence for positive and negative impacts of computer
use in children; 3) argue the need for child-specific
evidence-based guidelines for wise computer use; 4)
present a set of guideline principles as the basis for
subsequent detailed guidelines.

2. Children have substantial and varied exposure to
computers

2.1. Computer use by childrven is internationally
common, fiequent and for substantial durations

Many children in the current generation have never
experienced a world without computers. An Australian
10-year-old child was born at a time when 42% of
Australian households already had a home computer
(Australian Bureau of Statistics 1998). A 2-year-old
Indian child was born into a country that had more
than 50 million Internet users (Computer Industry
Almanac 2006). It is therefore unsurprising that
children themselves are using computers for
substantial durations, frequently and from a young
age. Figure 1 shows the percentage of Australian
children using computers and the Internet in 2006
(Australian Bureau of Statistics 2006).

Children in Hong Kong aged from 12-16 years
reportedly average 2.5 h per day using a computer for
homework, surfing the Internet, communicating with
others and playing games (Ho and Lee 2001). USA
children of a similar age (11-14 years) average just over
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1 h per day outside school (Roberts et al. 2005).
Children use computers frequently. Recent Australian
statistics showed that 45% of 12-14 year old
Australian children used a computer every day, with
a further 46% using a computer between 2 and 6 d per
week (Australian Bureau of Statistics 2006). Even very
young children have been shown to be using
computers. In the USA, 27% of 5-6 year olds used a
computer for an average of 64 min on a typical day
(Rideout et al. 2003) and more than half of 5-year-old
Australian children use a computer each week (Straker
et al. 2006c¢).

2.2.  School computer use

School computer access is a priority in many countries,
with governments as far afield as Macedonia and
Australia currently aiming to provide one computer
for each child at school (see Figure 2). Common
computer tasks performed at school include word
processing, searching for information on the web,
using charts, graphs and educational software (Kent
and Facer 2004).

Children’s exposure to computer use at school varies
widely. Many schools have only one or two short
lessons per week, while other schools have fully
embraced the new information technology and have
implemented portable computer policies. At the latter
schools students have their own portable PC, such as a
tablet or laptop computer, which is transported to and
from school each day. This can result in very high usage:
two-thirds of students in such a school reported using
their tablet computer for more than 4 h per day in a
study of US children aged 16-18 years (Sommerich ez al.
2007). More than 3 h daily use was reported for 10-17
year old Australian children in schools with mandatory
laptop programmes (Harris and Straker 2000).
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Figure 1. Percentage of children using computer and
Internet by age group.

School computers may be shared by two or more
children, particularly in the younger age groups
(Sotoyama et al. 2002, Breen et al. 2007). This implies
that the screen may be angled to one or both viewers,
which has been shown to affect muscle activity and be
related to greater musculoskeletal discomfort in
university students (Szeto and Sham 2008).

2.3. Home computer use

Home computer access is also commonplace in many
countries, with substantial research relating to the
‘digital divide’ between those who have and do not
have access to computers (e.g. Kent and Facer 2004 —
UK, Roberts et al. 2005 — USA, Koivusilta et al.
2007 — Finland). Children without home access are less
likely to use a computer on a given day, in spite of
access often being available at local schools and
libraries (Roberts et al. 2005). Children regularly use
home computers for playing games, communication
(email, messaging and online chat), word-processing
and data entry, web surfing, downloading music
(including peer-to-peer file sharing) and commercial
purposes (see Figure 3).

According to Kent and Facer (2004), children view
computers as being inherently connected, with many
children believing that they would be unlikely to use
their home computer if it was not connected to the
Internet. This connectivity is further highlighted by the
use of instant messaging, which is an ongoing activity
concurrent with all other home computer use for many
children.

Figure 2. Use of computers at school.
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Figure 3. Use of computers at home.

Children tend to use computers more at home than
at school (Moseley et al. 2001, Kerawalla and Crook
2002, Kent and Facer 2004). Access is sometimes
shared at school but is often alone at home (Roberts
et al. 1999, Kerawalla and Crook 2002, Attewell et al.
2003). A total of 31% of US children aged 818 years
have a desktop computer in their bedroom and 12%
have their own laptop computer (Roberts et al. 2005).
These children spent twice as much time on a computer
(90 vs. 47 min) compared to those who did not have
their own computer.

2.4. Influence of technology on exposure

With the increasing portability of computers and the
development of wireless Internet connectivity, compu-
ters are starting to be used more at locations other than
school and home. Cyber cafes or Internet bars, which
enable computer users to play games alongside their
friends rather than alone at home, are popular with
Hong Kong teenagers (Szeto 2003). In total, 11% of
students from Forms 4-7 reported spending between 1
and 7 h per week in these locations and Szeto reports
that similar venues are popular in other Asian
countries as well.

Technological advancements have also led to the
miniaturisation of computer hardware. Laptop, tablet
and palmtop computers are now available in addition to
the traditional desktop PC. Smart phones and personal
digital assistants also enable portable Internet connec-
tivity. Given the differences in screen size, input devices
and configuration, the smaller, portable computers
obviously have different implications for posture and
any associated musculoskeletal stress, so will not be

addressed specifically in the current guidelines. Laptop
and tablet computers, however, are often used with an
external keyboard and mouse and can be used in a
similar posture to desktop computers, although they
may also be used in postures other than desk sitting
(Harris and Straker 2000, Sommerich et al. 2007).

2.5.  Influence of individual characteristics on exposure

Tasks performed on computers vary with age, with
increasing use for school-related work and a reduction
in leisure and computer game activities for older
children (Kent and Facer 2004, Roberts et al. 2005,
Australian Bureau of Statistics 20006).

There are also some gender differences in computer
task preference. Studies consistently show more game
playing by boys (Ho and Lee 2001, Kent and Facer
2004, Punaméki ez al. 2007). Girls tend to have a
greater communication component and this is
consistent with a higher ownership and greater daily
usage of mobile phones by girls (Punaméki ez al. 2007).

In addition to the age and gender differences, there
are also cultural differences in attitudes towards and
methods of interacting with computers, including
browsing websites, using search engines and menus
and communicating online (see review by Yan and
Fischer 2004).

In summary, many children have substantial
exposure to computers and use them for a variety of
tasks in a variety of environments using a variety of
technology.

3. Computer use has potentially positive and negative
impacts on child development

3.1. Potential for positive effects

Computer technology is likely to play an ever-
increasing role in the lives of children and adolescents.
This technology provides positive benefits, which
encompass the potential for increased learning
opportunities, rapid access to vast stores of
information, communication with family and friends,
access to an environment where physical attributes or
disabilities can be of minimal impact and training of
fine motor and visual skills. This section and section
3.2 review the available evidence on the effects of
computer use on children. Although the review was
undertaken in a structured manner, the range of study
types made use of a systematic review instrument
unwieldy.

3.1.1. Cognitive development
The effect of computers on learning and academic
achievement is of great interest to parents, educators
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and administrators, concerned that children should not
be left behind in the new ‘information age’. Whilst the
evidence is mixed, it does appear that computers can
enhance academic performance. Home computer
ownership has been shown to be positively related to
performance on standardised academic tests (Rocheleau
1995, Attewell and Battle 1999, Harrison et al. 2002,
Attewell et al. 2003, Borzekowski and Robinson 2005).
Effect sizes vary, with Harrison er al. (2002) and
Attewell er al. (2003) describing modest but positive
effects, while Borzekowski and Robinson (2005) report
a more substantial effect. This relationship is clearly
multifactorial and is likely to be affected by the type of
computer use, adult guidance and many other factors.
For example, Attewell et al. (2003) found that home
computer use of less than 8 h per week was associated
with better academic performance. However, children
who used a computer for more than 8 h per week did
not differ academically from non-users. Playing of
computer and video games has been associated with
poorer academic achievement (Moseley et al. 2001,
Roberts et al. 2005, Anand 2007).

One area in which computers have been a benefit to
learning is that of health education. A comprehensive
review by Lewis (2003) highlighted the efficacy of
computer-based education for improving the knowl-
edge and health outcomes of children with conditions
such as asthma and diabetes and this approach has
also been effective for cystic fibrosis (Davis et al. 2004).

With regard to sex education, a survey of 760
Canadian university students (Boies 2002) revealed
that more than 20% had received their first sexual
education material via the Internet. The anonymity of
the Internet may provide the opportunity to seek
information that a child or teenager would be hesitant
to ask in person. There is some suggestion that the
information obtained online by adolescent girls may
actually encourage better sexual decision making
(Subrahmanyam et al. 2000).

Used wisely, it does appear that computers can be
of benefit to learning. Wartella and Jennings (2000)
suggest that the increased interactivity of new informa-
tion technology compared to older media provides an
opportunity for enriched learning. However, the
development of strategies for integrating computer
technology into classroom teaching practice is in its
infancy (Shields and Behrman 2000). Computer guide-
lines need to encourage cognitive development.

3.1.2.  Social development

The computer can become a centre for the social
interaction of children with their peers and family. In
the school environment, computers have been found to
lead to group interaction and cooperation and to

facilitate communication (Orleans and Laney 2000,
Heft and Swaminathan 2002). In a study of home and
school computer use by more than 1800 children from
the UK, Kent and Facer (2004) reported that children at
school frequently worked in lessons where they were
surrounded by their peers and offered and received help
and guidance from these peers. At home, the relatively
recent phenomenon of instant messaging was used to
extend social interactions, with many children
messaging continuously throughout the entire session of
computer use. Instant messaging was used to chat, make
social arrangements and discuss homework. It therefore
appears that although the majority of children using a
home computer do so with little adult accompaniment
or supervision (Roberts ez al. 1999, Attewell et al. 2003),
children are adept at using the networked nature of the
modern computer environment to extend rather than
limit social interactions.

Ho and Lee (2001) found that male computer users
who spent more time on computer-mediated
communication, surfing the Internet and doing
homework tended to have greater perceived social
support. Rocheleau (1995) also reported that heavier
computer users were similar to other students in social
activities. Research relating to computer users who
primarily play games has elicited mixed results. Orleans
and Laney (2000) found that networked computer
games provided a positive socialisation for teenagers;
however, Hong Kong teenagers (males) who used the
computer primarily for playing games tended to have
lower perceived social support (Ho and Lee 2001). A
review of the effects of computer game playing by
Subrahmanyam et al. (2000) concluded that moderate
game playing appeared benign in terms of social skills
and relationships, with some studies reporting mildly
positive effects and others finding no difference in social
skills between game players and non-game players.

The computer can also be used as an ‘equaliser’ in
social contexts. Computers can be used in the
classroom to help children with physical or learning
special needs keep up with their peers (Hasselbring and
Williams Glaser 2000). Online social network sites for
chronically ill children have also been effective in
reducing anxiety and loneliness (Battles and Wiener
2002) and promote socialisation of children with
others who have the same illness (e.g. www.
starbrightworld.org). The filtered nature of computer
networked social interactions can also be beneficial.
Wartella et al. (2000) suggests: “The emphasis on
shared interests rather than social or physical
characteristics can be empowering for all people, and
especially for members of disadvantaged social groups,
those who may be geographically isolated, or
physically disabled’. Computer guidelines need to
encourage social development.
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3.1.3.  Visual and motor development

According to Subrahmanyam et al. (2000), computer
applications, and especially computer games, tend to
be based on visual rather than verbal information
processing. Playing these games can increase children’s
visual processing capacity in areas, which are compo-
nents of the particular game. Such improved visual
processing may have applications for rehabilitation
(Green and Bavelier 2007).

Fine motor skills can also be improved with the
playing of electronic games. Yuji (1996) reported
evidence that electronic games improved children’s
fine motor performance. A review by Whitcomb (1990)
found that electronic game playing led to enhanced
eye—hand coordination, dexterity and fine motor
ability and increased reaction and movement speeds
in elderly subjects. Rosser et al. (2007) found a dose—
response relationship between video game experience
and laparoscopic surgery training performance (both
speed and accuracy). Computer-based games have
been effective in the rehabilitation of gross motor skills
in individuals following a stroke (Sveistrup 2004) and
for children with cerebral palsy (Reid 2002). Computer
guidelines need to encourage physical development.

3.2. Potential for negative effects

Concerns about the safety of children using computers
include physical effects (musculoskeletal discomfort,
visual problems and sedentariness) together with
content and online interaction concerns (inappropriate
content, cyber-bullying, financial security and the
potential for sexual abuse) and personal social impact
(withdrawal, addictive use of computers).

3.2.1. Child safety

The relative anonymity of computer use makes it
possible for users to portray themselves inaccurately
and gain the trust of children online. There have been
instances where adults have made contact with
children initially via the Internet, then travelled to
meet them in person. There are also current cases
whereby social networking sites popular with children
have been subject to lawsuits because of failure to
protect children by not verifying the ages of partici-
pants. There is some pressure to bring in credit card
checking as verification of identity, but it is not a
simple issue to decide who has the ultimate responsi-
bility for protecting children and how this can best be
achieved. Recent controversies also include privacy
issues, such as the difficulty of removing personal
accounts from the network once an individual has
‘unsubscribed’ and the tracking of purchases outside

the network system by network members. The
complexity of these privacy issues may be difficult for
more trusting children and teenagers to understand;
hence, they may be at higher risk than adults.

Similarly, children may be more likely than adults
to provide financial or other confidential information
online. Increasingly sophisticated financial scams occur
via email and the Internet and children may
inadvertently put family security at risk if they are
unaware of the tactics employed by these criminals.
Some of these scams are directly targeted towards
children. A recent case involved the hacking (and
‘phishing’) of a profile page for a music celebrity on a
social networking site highly popular with teens.
Clicking anywhere other than specifically on link
buttons led to downloading of ‘rootkit’ software,
which would allow future stealthy access to the
infected computer. Whilst law enforcement personnel
and technology companies attempt to develop
protection against these activities, it has been
recommended that parents and other caregivers
assume responsibility and provide education to the
children in their care (McColgan and Giardino 2005).

In recent years, considerable resources have been
devoted to children’s safety during Internet use — for
example, the Australian Federal Government recently
allocated $189 million (Australian) to create a
programme entitled ‘NetAlert — Protecting Australian
Families Online’ (www.netalert.gov.au). This
programme includes education, free filtering software
and increased funding to police personnel dedicated to
combating online child sexual exploitation. The US
Federal Bureau of Investigation have also published
guidelines for children’s safety during Internet use
(http://www.fbi.gov/publications/pguide/pguidee.htm)
and similar guidelines and programs have been
implemented by many other countries.

Other safety concerns include electrical hazards
and cord tripping or choking hazards. There have also
been reports of children being attacked to rob them of
a portable computer.

Aside from child safety, there are also important
equipment safety considerations including protection
of intentional or unintentional damage to hardware
and software.

Computer use guidelines therefore need to
encompass child and technology safety. Child safety is
clearly of paramount importance and the other
consequences of computer use may seem less
important. However, the current generation of
children is starting to use computers prior to
commencing school. By the time they enter the
workforce as young adults, these individuals will
have been using computers, many of them for several
hours per day, for more than a decade, while their
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minds and bodies are still developing. Thus, the impacts
on cognitive, social and physical development are
important.

3.2.2.  Inappropriate cognitive development

A US study of 1500 Internet users aged 10-17 years
found that 42% had been exposed to pornography on
their computer and two-thirds of this was unwanted
exposure (Wolak ez al. 2007). The use of filtering
software and attendance at an Internet safety course
presented by a police officer or similar offered some
protection. Talking about online pornography to a
parent or an adult at school was actually associated
with higher odds of exposure; however, this may have
been related to discussions occurring as a consequence
of the initial exposure. The use of file-sharing software
also increased the risk of exposure, while the amount
of Internet use was not related to the risk.

Some researchers have attempted to mitigate
concerns by comparing current computer issues with
historical (very similar) concerns relating to the
introduction of earlier forms of media such as radio,
television and films (e.g. Arrback 1997, Wartella and
Jennings 2000). However, the sheer scale of accessi-
bility may justify a greater level of concern with
computers. It is much simpler and less costly to access
inappropriate content online than in physical form,
such as print or DVD, and, as described previously, a
significant amount of exposure is unsolicited. Addi-
tionally, whilst television is subject to rating of its
sexual content, the Internet is not (Escobar-Chaves
et al. 2005).

Sexual content is not the only form of inappropri-
ate content that is easily available to children. A simple
search for topics ranging from how to make a weapon
or bomb to how to commit suicide will elicit thousands
of ‘hits’. The US school safety organisation ‘Safe
Havens International’ has described being able to
easily download bomb-making content through com-
puters located in school media centres, including a 200
page manual containing instructions for the manufac-
ture of napalm and car bombs (www.safehavensinter-
national.org). The US Department of Justice (1997)
concluded that information describing how to make
bombs was ‘literally at the fingertips of anyone with
access to a home computer equipped with a modem’.
Information on suicide techniques and how to cheat on
exams is similarly accessible. A search for ‘how to
cheat’ on the video-sharing website YouTube.com
returns more than 4000 video clips, as well as
suggestions for related search terms.

Computer use guidelines therefore need to mini-
mise the risk from inappropriate content likely to harm
cognitive development.

3.2.3.  Inappropriate social development

A review by Browne and Hamilton-Giachritsis (2005)
of the effects of violent media on children and
adolescents found a small but significant association
between aggression and exposure to media violence.
The evidence was more consistent for younger children
and in the short term. Funk (2005) also reported
evidence for a decrease in empathy in children who had
a preference for violent video games. Some individuals
appeared to be more susceptible, with personality and
lifestyle variables also influential.

According to Wartella et al. (2000), the interactive
nature of computer and video games makes them
particularly powerful media experiences for children.
Children can select not only the character but often
particular traits that are assigned to that character.
Players receive rewards such as points or further access
in the game for successful aggressive acts and choices.
These authors caution that there is only recent and
limited evidence that this reinforcement might teach
aggressive behaviour. The overall body of research,
however, does suggest that there is enough evidence to
warrant concern, particularly for some individuals.

A further concern relating to social development
and new technology is the phenomenon of cyber-
bullying (bullying using new technology such as mobile
phones, websites and email). Research is in its infancy
but this may be a particularly damaging form of
bullying because there is ‘a potential for a much wider
audience to be aware of the incident than in schoolyard
bullying’ (Campbell 2005). The simplicity of
transmission of electronic data including images and
text may perpetuate the original incident.

The ease with which data can be published and
transmitted electronically also facilitates a greater
forum for those who propagate racism and intolerance.
Whilst adults should have the experience to make
objective assessments of information that is available
online, children may be unable to assess the motives
behind such information (or misinformation) and may
believe that if the content has been published online it
must be correct. Children can have difficulty
distinguishing between fantasy and reality, with
reports of children believing that characters in
computer games are ‘a little alive’ (Turkle 1995).

For most computer and Internet users, the social
consequences of computer use appear to be positive.
However, a small proportion of users show behaviours
that could be classified as dependent or addictive and
may lead to social impairment, increased loneliness
and sleep disruption (Nalwa and Anand 2003). The
proportion of users classed in this category depends
upon the selection criteria; however, a Medline search
for “Internet addiction” returns more than 700 listings.
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The Chinese Government considers Internet addiction
to be problematic enough for its citizens that in 2007
they mandated that computer companies install anti-
addiction software into their games. Penalties such as
loss of points or game shutdown occur if warnings
about continuous play duration are ignored.

The HomeNet project was an interesting study of
93 North American families with new access to
the Internet, conducted between 1995 and 1998
(Subrahmanyam et al. 2000). Children and adolescents
were heavier users of the Internet than were their
parents. In the first year of computer and Internet
access, greater use of the Internet was associated with
declines in social well-being, including increased lone-
liness and depression. After the first year, there were
smaller declines or actual improvements in psychologi-
cal well-being. Possible reasons for this change included
the development of the Internet environment itself over
time (including the uptake of instant messaging), a shift
towards communicating more with those who had
stronger ties with the individual and technology
becoming more accessible, so that more of their friends
and family were available online.

Computer use guidelines need to minimise the risk
from content likely to harm positive social development.

3.24. Displacement of other activities

Given the increasing use of computers by children and
teenagers, there is concern that physical activity will
decline further and thereby impact future health,
particularly in view of the increased obesity of current
generations — as appears to be happening in adults
(Straker and Mathiassen 2009). Evidence for the
displacement of moderate to vigorous physical activity
by computer use is mixed. Straker et al. (2006¢) found
a negative relationship between computer use and
vigorous physical activity on weekends in 1600 young
Australian children. Amongst older (approximately
11-17 years) children from Hong Kong, computer
users exercised more frequently than non-users (Ho
and Lee 2001). Vandewater et al. (2004) found a weak
negative relationship between computer use and
moderate physical activity, but Burke et al. (2006)
found no relationship. Attewell et al. (2003) examined
this issue at greater depth and found that children who
spent less than 8 h per week using the computer did
not differ from non-users in relation to time spent
playing sports or watching TV. In contrast, children
who were heavy users (8 or more hours per week) spent
3h less per week on sport and outdoor activities
compared to children who did not use computers at all.

Displacement of physical activity by television
viewing has been more extensively studied. In a review
of 39 studies of children and youth, Marshall ez al.

(2004) concluded that the relationship between TV
viewing and physical activity was small (r = —0.129)
and negative and this has been supported by similar
reviews. Motl et al. (2006) recently reported a stronger
relationship between naturally occurring fluctuations
in TV viewing and physical activity. However, only one
randomised, controlled trial (Robinson 1999) has
evaluated the effect of an intervention to reduce
television viewing on physical activity. Whilst the study
was able to demonstrate a reduction in body fatness,
there was no effect on overall physical activity and it
has not been replicated.

The relationship between computer use and body
mass status has also generated conflicting results.
Kautiainen et al. (2005) conducted a self-report survey
of Finnish adolescents aged 14, 16 and 18 years. There
was an increased odds ratio for being overweight for
girls who used the computer for more than 1 h per day,
with a similar but non-significant trend for boys. When
analysed by age, the result was statistically significant
for 16-year-old girls only. Janssen et al. (2005) found
no association between obesity of adolescents from 34
countries and time spent on the computer but
overweight children spent more time watching
television. Lajunen et al. (2007) reported that having a
home computer was associated with a higher risk of
overweight amongst 17-year-old Finnish teens but
having a computer with an Internet connection was
not associated with weight status. Those who spent
more time on the computer had a greater risk of being
overweight. Other studies have not shown any
association between weight status and computer use
(Wake er al. 2003, Burke et al. 20006).

Studies of food advertising on children’s television
are abundant (see Kaiser Family Foundation 2004)
and this is one of the theorised pathways for a link
between television viewing and fatness. Some countries
have made it more difficult for companies to market
food to children via television; hence, companies are
now turning their attention to Internet advertising.
Many confectionery, cereal and ‘fast-food” companies
are now including product-related games on their
websites in order to engage children and gain brand
awareness. Whether this ‘hidden’ advertising will have
a similar effect to television advertising is yet to be
determined.

Newer forms of input for computer and video
games offer some promise for decreasing the sedentary
nature of computer and video games. Devices such as
the EyeToy (Sony Computer Entertainment,) Wii
(Nintendo) and dance mats require gross motor
activity to progress through computerised games.
These active input devices have resulted in increases
in energy expenditure, heart rate and ventilation
volume when compared to traditional interfaces
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(Lanningham-Foster et al. 2006, Graves et al. 2007,
Maddison et al. 2007, Straker and Abbott 2007).

Displacement of sleep time has also been associated
with computer use. Adolescents commonly use media,
including books, music, computer games and televi-
sion, as a sleep aid (Eggermont and van den Bulck
2006). However, with the exception of books, this
practice was actually associated with less sleep and
greater tiredness. Similarly, Punamaiki et al. (2007)
reported an association between intensive use of
information technology and poorer sleeping habits,
particularly during early adolescence. For boys, this
sleep disruption was related to digital games and
Internet use, whilst for girls mobile phone use was a
greater risk factor.

Computer use guidelines need to minimise the risk
of adverse displacement of physical activity.

3.2.5. Vision problems

Opinion is somewhat divided as to whether viewing a
computer screen is more visually demanding than
reading from printed paper (see Burns 1995, Yan et al.
2007). Concerns relating to children’s viewing of
computer screens have prompted organisations such
as the American Optometric Association to publish
recommendations for ‘visually friendly’ computer use.
However, surprisingly little scientific attention has
been devoted to this issue in children. A preliminary
field study of Scottish schoolchildren showed that
those who did use a computer were 1.4 times more
likely to fail a visual acuity screening test; however,
there was no dose-response effect (Kerr and Tappin
2002). Extensive viewing of near objects may strain the
visual system and result in structural change of the
orbit, in particular refractive changes causing myopia.
A study of children in Singapore found no evidence of
refractive changes associated with increased computer
viewing (Tan et al. 2000). In adults, a computer task
was shown to reduce eye-blink frequency by 69%
compared to passive watching of a video and the blink
frequency was also affected by the viewing angle
(Skotte et al. 2007). Computer use guidelines need to
minimise the risk of adverse visual effects.

3.2.6. Musculoskeletal problems

Pain and musculoskeletal discomfort have been
associated with computer use by adult populations
(Bergqvist et al. 1995, Marcus et al. 2002) and there are
indications that this may also be an issue for college
students (Katz er al. 2000, Hamilton et al. 2005,
Menéndez et al. 2007) and younger children (Harris
and Straker 2000, Jacobs and Baker 2002, Williams
2002, Szeto 2003, Straker et al. 2006a). Hakala et al.

(2006) conducted a survey study of 6003 Finnish
children aged 14, 16 and 18 years. A dose—response
relationship was reported for computer use and neck/
shoulder pain. However, there was a fairly high
threshold (>42 h weekly or >2-3 h daily) for the
occurrence of pain. Computer workstations can
influence gravitational moments, muscle capacity and
relative strain around the neck (Straker et al. in press).
Computer use has also been related to habitual posture
in adolescents (Straker ez al. 2007) and changes in
classroom furniture have been associated with posture
changes (Koskelo et al. 2007).

Some schools have adopted mobile computers such
as laptops and notebooks, which travel with the child
to and from school each day and are used in both
locations. Children’s use of these portable computers
has been associated with musculoskeletal discomfort
(Harris and Straker 2000, Sommerich et al. 2007).
Computer-related discomfort in childhood and
adolescence may be of particular concern as the
musculoskeletal system and posture are still
developing. There is, therefore, the potential for any
problems during childhood to become an ongoing
issue in adulthood. The widespread adoption of
computer technology by children is by definition a
recent phenomenon so it is unknown how any
problems will track into adulthood. However, there is
some longitudinal evidence that low back pain during
childhood is a risk factor for low back pain in
adulthood (Harreby et al. 1995). Computer use
guidelines need to minimise the risk of adverse
musculoskeletal effects.

In summary, reviews of the effects of ICT for
children confirm that a great number of children are
using computers at home as well as at school, with
much of the home use taking place in the absence of an
adult. Exposure to the violent content found in many
computer games can increase aggression, at least in the
short term. Internet use by teenagers and children is
providing access to sexual content and pornography.
There is also emerging cross-sectional evidence that
musculoskeletal symptoms and vision problems can
result from computer use. Valuable aspects of
computers include communication capabilities and
access to vast sources of information. Perhaps the most
notable feature of research is how much is still
unknown, although this is unsurprising given the
extremely rapid changes in technology and its use.

Much more comprehensive research is available
concerning television; however, computer use is both
similar and different. Existing controls related to
television include rating of content and scheduled
programming, whereby certain content can only be
shown during certain hours. By its nature,
access to Internet content may be more difficult to
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regulate — content is available at any time of the day or
night and uploading content to a website is accessible
to almost anyone.

Children are likely to be particularly at risk because
of their immaturity — young children have a blurred
line between fantasy and reality, lack of contextual
exposure to evaluate the ‘truth’ of content, motives
behind advertising, etc. In a 10-year review of the
effects of media on children, Villani (2001) concluded
‘The cost of ignoring the impact of the media on
children and adolescents will be enormous, both in
absolute dollars and in the immeasurable cost of
human pain and suffering’.

4. Child specific guidelines are needed

4.1. Adult guidelines for safe and appropriate
computer interaction have been developed nationally and
internationally

Concerns about the physical effects of computers on
adults resulted in the development of international and
national standards and guidelines including the Inter-
national ISO 9241, European Community Council
Directive 90/270/EEC, North American BSR/HFES
100 and Australian National Code of Practice for the
Prevention of Occupational Overuse Syndrome. Other
guidelines that have been developed for adults include
workplace guidelines for appropriate task and content
and government guidelines for appropriate content
(for example, the illegality of production, distribution
and possession of child pornographic images).

Guidelines for children’s use of computer are fewer
and it is arguable that there should be guidelines to
assist all those concerned with optimising the interac-
tion of children with computers.

4.2. Child computer tasks and patterns of use are
different

Adult guidelines are oriented towards work tasks and
the work environment but computing tasks performed
by children may be significantly different from these
adult work tasks. Game playing consistently emerges
as the most common use of computer time in studies of
children’s computer tasks (Shields and Behrman 2000,
Wartella er al. 2000, Roberts et al. 2005). Instant
messaging is another activity that is highly popular
with children aged 8-18 years (Roberts et al. 2005).
Whilst it is entirely possible that adults using
computers at home engage in these activities, it is
unlikely that they form the predominant component of
the average adult’s computing day. Children’s school
computing tasks are also likely to differ from adults’
work tasks — for example, they may frequently have to
look at a teacher and/or display board as well as the

computer. Collaboration between children at nearby
workstations and sharing workstations between
children can also be a component of school computer
use (Kent and Facer 2004).

‘Media multitasking’ has emerged as a
characteristic behaviour among children using
computers (Kent and Facer 2004, Roberts et al. 2005,
Foehr 2006). In a study of more than 1000 US children
aged 8-18 years (Foehr 2006), one-third of children
who used a computer at home were also listening to
music, using a telephone, reading or using some other
form of media. There has sometimes been a tendency
to assume that results of television research can be
generalised to computer use (particularly in relation to
displacement of other activities); however,
multitasking is a further difference between the two.
Television viewing was the least ‘multitasked’ form of
media, while computer use was the most multitasked.
Keeping an instant messaging program open
throughout all other computer use was also shown to
be common among British children (Kent and Facer
2004).

4.3. Child computer use environments are different

Whilst adults are likely to have their own personal
workspace, chair and computer at work, children often
share computers with one or more other individuals at
school (Sotoyama et al. 2002, Breen et al. 2007). In
addition, there is ample evidence to show that many
children are using school computers at workstations
that are unsuitable for their morphology (Oates et al.
1998, Zandvliet and Straker 2001, Sotoyama et al.
2002, Dockrell ez al. 2007). The physical effects of this
discrepancy may currently be mitigated by the
relatively short duration of use at school (Oates et al.
1998, Sotoyama et al. 2002). However, neck, upper
back and lower back pain have all been associated with
school furniture features (Murphy et al. 2007). About
10 years ago, Laeser et al. (1998) lamented the lack of
comprehensive standards from which educational
administrators and product designers could base
decisions regarding computer environments for
children; unfortunately, this situation appears to have
changed little in the subsequent decade. Compounding
the problem, schools tend to place more emphasis on
the quality of computer equipment rather than the
workstation environment (Zandvliet and Straker
2001), presumably as a result of budget considerations.
It has been argued that schools provide an opportunity
for educating children about computer use (Pollock
and Straker 2008).

At home, most children use a computer while
sitting at a desk but other locations such as a kitchen
or dining table or sitting at a sofa are also used
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(Ramos et al. 2005). With portable computers such as
laptops and notebooks, a substantial proportion (35—
66%) of use takes place away from a desk or table
(Harris and Straker 2000, Sommerich ez al. 2007). In
countries with a high population density, space
limitations may dictate the location of the home
computer (Szeto 2003). Although it is assumed that
much of children’s home computer use occurs using
furniture and workstations designed for adults, there is
very limited actual evidence to support this
assumption. Jacobs et al. (2003) assessed home
computer workstations for a sample of US children
aged 12-15 years and examined the association
between workstation parameters and musculoskeletal
pain. It can be inferred from this study that adult-sized
furniture was used by several of the children, as there
was an association between the occurrence of pain and
the student sitting without the feet flat on the floor. No
other studies of home workstation ergonomics for
children could be located. This is clearly an area of
concern, as children use computers for longer
durations at home compared to school (Moseley
et al. 2001, Kerawalla and Crook 2002, Kent and
Facer 2004).

4.4. Children are different to adults physically,
cognitively, socially

Children’s motor skill development has been shown to
affect their ability to operate input devices at various
ages, with younger children having greater difficulty
operating a mouse or joystick compared to a touch-
screen or key push (Scaife and Bond 1991). Mastery of
all four input devices occurred at about 8 years of age;
however, there was substantial individual variation at
each age. Adult and child motor skills in using input
devices may therefore be different.

Effects of size differences between adults and
children when using a computer have been studied in
5- to 8-year-old children and their same-sex parent by
Blackstone et al. (2008). Despite adjusting the set-up to
allow for their smaller size, children worked with
substantially greater ulnar deviation and less wrist
extension than their parents. The children applied
twice the relative force to operate the mouse buttons.
Proportional head mass is also a developmental
difference between adults and children and it has
been suggested that this may affect the physical
ramifications for children viewing different display
heights (Straker ez al. 2008a).

Yan and Fischer (2004) reviewed the literature
concerning cognitive and social differences in learning
to use computers and concluded that very little was
known about developmental differences between chil-
dren and adults in this context. It is reasonable to

assume, however, that social and cognitive immaturity
may offer less protection for children compared to
adults when interacting with the computer. For
example, the American Optometric Association
(undated) suggests that absorption in a task and lack
of knowledge may lead children to ignore visual
symptoms related to computer use because they believe
everyone sees the way that they do. It has also been
argued that the relationships between risk factors and
musculoskeletal outcomes may also be different for
children than adults (Harris et al. 2005).

4.5. Children are growing and developing so there may
be a greater potential to be affected

Heavy use of computers while children are still
developing may incur different problems from adults.
In the online CybErg discussion hosted by Straker

et al. (2006a) as a forum for children’s guideline
development, development of the cervical spine,
growth plates and the fact that children were in a
‘physical building’ rather then ‘physical support’ phase
were all proposed as relevant adult—child differences.
In addition, there may be more potential to change in a
developing individual, both in terms of physical
structure and habits and the mental approach to
computers (Straker et al. 2006b). Cognitive
development may also affect the consequences of
exposure to certain forms of media content. One of the
concerns relating to violent video game use is the
relatively late development of the prefrontal cortex
(Funk 2005). After adolescence, the preference for
violent video game content diminishes.

4.6. Child computer use may impact on adult risk|
computer use

There is concern that musculoskeletal problems in
childhood could carry forward to adulthood. The
development group for the European guidelines for
prevention in low back pain (Burton ef al. 2006)
highlighted the importance of researching such
tracking into adulthood for low back pain and
proposed that: ‘From a physiological point of view,
poor lifestyle habits and prolonged static sitting during
school age on unadjusted furniture may play a role in
the origin of LBP ...". These authors also
recommended that study with a follow-up into
adulthood was necessary to determine whether loads
incurred in childhood due to unadjusted furniture or
heavy book-bags could affect the incidence of adult
pain. There is some longitudinal evidence to suggest
that low back pain during childhood is a risk factor for
low back pain in adulthood (Harreby et al. 1995).
Whilst computer-related musculoskeletal discomfort is
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also prevalent higher up in the spinal column and in
the upper extremities (Hiinting et al. 1981, Faucett and
Rempel 1994, Bergqvist et al. 1995, Sillanpédd et al.
2003), similar principles are likely to apply.

4.7. Available child guidelines

Existing guidelines relating to children and computer
use were reviewed by Straker er al. (2006b). These
guidelines were found to be limited, particularly in the
area of physical interaction. Available guidelines
originated from sources varying from technology
companies and those with a commercial interest,
through to government departments to self-help and
community groups, such as parenting support groups.
Many of them appeared to be based on ‘common
sense’ rather than actual evidence and these ‘common
sense’ guidelines can be conflicting — for example, with
regard to recommendations for or against drop-down
keyboard trays. There may also be trade-offs between
the costs and benefits of ICT use (Straker and Pollock
2005); for example, better learning outcomes at the
cost of poorer skeletal development. Guidelines should
assist users to balance these outcomes.

4.8. Pathway to develop evidence-based child specific
guidelines

A pathway for the development and implementation of
evidence-based guidelines for children using computers
has been detailed by Straker and Pollock (2005). This
pathway included peer review of research and guide-
lines, as well as review by target audiences. Widespread
promulgation was recommended along with specific
education targeted towards children, responsible
adults, education authorities and the ICT industry. It
was suggested that continued monitoring of guidelines
over time and amongst different populations would be
essential, particularly in view of the rapidly changing
nature of ICT hardware and software. It was also
suggested that guidelines should aim to be based on
general principles rather than specific technology, to
allow for expected technological developments.

4.9. Progress towards evidence-based child specific
guidelines

Activities that have been performed to date have
included review of available guidelines, review of
scientific literature, conduct of research to fill knowl-
edge gaps and promotion of international debate and
review.

Internet sites relating to child computer use guide-
lines were identified (Straker e al. 2006b). Four basic
types were found: 1) fraud protection; 2) social

protection; 3) education/software selection; 4)
workstation set-up. These guidelines were produced by
a range of authors including technology companies,
government departments, professional organisations,
individuals with an interest in the area and self-help
and community groups.

Scientific literature has been searched using
electronic databases and reference lists of found
articles. Information related to computer exposure has
been summarised in the current paper and information
related to specific guidelines will be reviewed in specific
guideline papers.

Specific research has been conducted to fill identified
gaps in knowledge. The influence of display height
(Straker et al. 2008a) and forearm support (Straker et al.
in press) on posture, muscle activity and their exposure
variability (Straker e al. 2009b) was investigated in
children. Variability of adult posture and muscle
activity was also compared to that of children aged
10-12 years and 5-6 years (Maslen and Straker 2009).
An evaluation of tablet computers has also been
conducted (Straker et al. 2008b).

International debate has been facilitated with a
keynote presentation at the International Ergonomics
Association Congress in 2003 (Straker and Pollock
2003), with publication in Ergonomics (Straker and
Pollock 2005) and the subsequent presentation and
discussion forum at the CybErg 2005 international
conference (Straker et al. 2005), with publication of the
paper and discussion in the International Journal of
Industrial Ergonomics (Straker et al. 2006a,b). The
CybErg 2005 discussion included the need for a shared
conceptual model, facilitating cognitive development,
task variety, reasonable postures during sedentary
tasks, touch typing and responding to discomfort. The
purpose of this peer review was to identify invalid or
obsolete assumptions and guidelines and identify gaps
in the available evidence.

5. Evidence-based guidelines

Based on the activities to date, it was clear that there
was a need for child-specific evidence-based guidelines
for wise use of computers. It was also clear that there
was a body of knowledge available to inform these
guidelines, but that this evidence base was limited.
However, the present authors thought it was
imperative that current knowledge was published and
promulgated as soon as possible, given the extent of
computer use by children. However, it is also
important to realise that this area is still very much
under-researched, as an inevitable consequence of the
pace of social and technological change and the wide
spectrum of physical, cognitive and social
ramifications of computer use.



08:16 6 November 2009

[University of Queensland] At:

Downloaded By:

Ergonomics 1397

Table 1. Principles of wise use of computers by children.

No. Principle

1 Ensure computer literacy

Children have a right to know about the positive and negative aspects of computer use.
Teach children (and those around them, responsible for them, contributing to child—computer interaction) appropriate

skills for wise computer use.
Wise use of computers requires educated children.

2 Ensure technology safety

The computer technology needs to be adequately protected against unintentional hardware or software damage by a child
user. The computer also needs to be protected against intentional damage by an upset child, bully, hacker or virus/worm

program.

Wise use of computers needs to ensure appropriate protection of technology.

3 Ensure personal safety and privacy

The child needs to be kept safe from electrical hazards, cord tripping/choking hazards and violent theft. The child needs
to be kept safe from personal identify theft, financial fraud and inappropriate financial transactions. The child needs
to be kept from participating in illegal activities such as music and video piracy and other unethical or undesirable
behaviours such as plagiarism and gambling. The child also needs to be kept safe from people with paedophilic or other

abuse intent.

Wise use of computers needs to ensure adequate safety of each child.

4 Encourage appropriate social development

Computer use provides opportunities for positive social experience. ‘Netiquette’ guidelines encourage children to learn and
use socially acceptable rules of social interaction. Computer use allows children to find new friends and break out of
current constraints on their interactions, such as their physical appearance. However, computer interaction can expose
children to observation of and participation in violence, religious/cultural/gender intolerance, bullying and pornography.
Children need to be kept from obsessive ‘addictive’ computer interaction.

Wise use of computers needs to protect from negative social influences and promote positive social development.

5 Facilitate appropriate cognitive development

Computer use provides opportunities for positive cognitive development in the areas of literacy, numeracy, problem solving
and subject-specific content through the use of age appropriate software and content. However, computer use,
particularly with Internet access, provides opportunities for children to access potentially inappropriate content such as

drug use, bomb making and suicide methods.

Wise use of computers needs to protect from negative content and promote positive cognitive development.

6 Facilitate appropriate physical development

Desktop and laptop computer use provides opportunities for fine motor skill development. However, computer use may
also result in visual strain, poor postures, prolonged postures and actions, displacement of physical activity and loss of

gross motor learning experiences.

Wise use of computers needs to protect from potentially damaging physical stresses and promote positive physical

development.

Given the extensive knowledge available, the
present authors propose to present the guidelines in
several parts: this initial paper with the general
principles to be followed by papers reviewing the
specific evidence for specific principles. The principles
are an evolution of the draft guidelines previously
reported (Straker and Pollock 2005, Straker ez al.
2006b) and discussed at international conferences. The
principles provide overarching guidance, but may be
difficult to operationalise. The subsequent more
detailed papers will provide more easily operationa-
lised content within this framework.

Table 1 presents six general principles for wise use
of computers by children. Principle 1 enshrines the
right to knowledge for children using computers.
Principles 2 and 3 encompass technical and personal
safety issues. These have been the focus of most
guidelines to date (Straker et al. 2006b). Principles 4, 5
and 6 encompass the physical, cognitive and social

development issues and will each be the focus of a
subsequent paper.

It is hoped that these guidelines will provide both
useful and current information for educators, parents,
workstation and hardware designers and children
themselves. It is also an aim that the information
contained herein provides a stimulus for further
research into this important area.
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