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ABSTRACT

Physical activity is crucial in reducing the risk of civilisation diseases: type 2 diabetes, hypertension, obesity,

osteoporosis, cancer, and depression. An adequate level of physical activity during childhood prevents the

development of early atherosclerotic lesions, which result from obesity, hypertension, and dyslipidaemia, fre-

quently appearing amongst children. Most children do not meet the basic physical activity guidelines. Chil-

dren spend most of their time in a sitting position, which reduces their daily energy expenditure. Interactive

video games (IVG) can be an alternative and attractive form of spending free time, which may contribute to

reduction of children’s sedentary behaviour. The use of IVG in preventive health programs can become a way

to increase the level of physical activity and reduce cardiometabolic risk factors. The aim of this study is to

review the research on the impact of the IVG on the level of physical activity, sedentary behaviour, and energy

expenditure of healthy children.
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INTRODUCTION

Physical activity is crucial in reducing the risk of ci-
vilisation diseases, including: type 2 diabetes, hyperten-
sion, obesity, osteoporosis, cancer, and depression. The
beneficial effect of physical activity is related to its direct
impact on the body’s functions because it causes adaptive
changes that increase the efficiency of the human organ-
ism. Physical activity also indirectly affects the body by
modifying and reducing the impact of risk factors for
cardiovascular diseases [1]. An adequate level of physical
activity at young age protects against the development of
early atherosclerotic lesions, which result from obesity,
hypertension, and dyslipidaemia, which children nowa-
days frequently suffer from [2].

ADDRESS FOR CORRESPONDENCE:

Nowadays most children and adolescents do not
meet the basic guidelines for physical activity [3]. Chil-
dren spend most of their time in a sitting position, which
significantly reduces their daily energy expenditure; they
devote their free time to screen-based activities, such as
watching TV, using a computer, and playing inactive vid-
eo games [4]. The recommended level of physical activity,
necessary for the proper development of a child, should
be moderate, occurring at least five days a week, lasting
at least one hour [5]. International studies on health be-
haviours in school-aged children (HBSC) have shown
that as many as 80% of children aged 13-15 years did not
take moderate or vigorous daily physical activity (MVPA)
for at least 60 minutes. The majority of children (66% of
girls and 68% of boys) spent more than two hours a day in
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front of a TV screen [6]. The results of other studies, con-
ducted by a Canadian group of researchers, showed that
children spent approximately 7.8 hours daily in front of
computer or television screens [7]. Thus, the lack of suffi-
cient level of physical activity occurs, and the number of
overweight and obese children increases. Abnormal body
weight predisposes children to an increased risk of car-
diovascular diseases during adulthood [8]. To prevent the
development of risk factors of such diseases, the level of
children’s physical activity should be even higher than in-
ternational guidelines [9]. The vast majority of time spent
in a sitting position, especially in front of the screen, neg-
atively affects many health and behavioural indicators:
a change in body composition, deterioration of physical
fitness, low self-esteem, and problems with establishing
social contacts are observed [10].

Currently, up to 91% of children and adolescents in
developed countries use video games. Most often these
are inactive games during which the players assume a sit-
ting position and do not move their bodies. Such games
do not increase the level of physical activity. There is also
another type of games - interactive games. Interactive
video games (IVG) are a type of modern electronic games
that allow the player to interact physically with the image
displayed on the screen during various activities, such as
sport, physical exercises, dancing, or arcade games. IVG
can help to reduce the time spent in a sedentary position
while watching TV and playing inactive video games.
Researchers from around the world are constantly moni-
toring the health of the population and the level of phys-
ical activity. They are trying to develop innovative pro-
grams using IVG techniques as one of the ways to solve
the problem of inactivity during gaming, and to reduce
sedentary behaviour [11, 12]. Active games can be an al-
ternative and attractive form of spending free time, which
can contribute to the reduction of sedentary behaviour
in a group of healthy children. IVG technology can be-
come a complementary method to traditional forms of
children’s physical activity. It is possible that in the future
these techniques will be used as part of primary preven-
tion programs [13].

The aim of this study is to review the research on the
assessment of the impact of IVGs on the level of physical
activity, sedentary behaviour, and energy expenditure of
healthy children.

INTERACTIVE VIDEO GAMES - IMMEDIATE
PHYSICAL ACTIVITY EFFECTS

The evaluation of the one-off effect of IVG on the
healthy children’s bodies included the study of: energy
expenditure (EE), physical activity level (PA), heart rate
(HR), and oxygen uptake (VO2). The levels of these pa-
rameters were compared while playing interactive and
inactive video games.

ENERGY EXPENDITURE

A relatively short 20-minute IVG session effectively
increases the energy expenditure (EE) of healthy children.
The level of activity during an IVG is comparable in in-
tensity to activities such as walking, jumping, or running
[12]. Thanks to IVG, children become more active, and
the level of this activity corresponds at least to low-in-
tensity walking. Studies have even reported a fourfold
increase in energy expenditure during the game session
and the achievement of physical effort at an intensive level
[11, 12, 14-20].

The level of a child’s total energy expenditure during
the game depends on the involvement of individual body
parts in the sequence of movements. Games that engage
both upper and lower limbs symmetrically cause a greater
energy expenditure of a child; in the ones which favour,
e.g. a dominant limb, lower total energy expenditure is
observed [21]. The range and frequency of movements
performed during IVG in the group of adults and chil-
dren were also analysed; it was shown that children, re-
gardless of the type of the game, moved much more, and
the range of movements was more extensive compared
to adults [11].

The amount of energy expenditure during an IVG
presented in the form of a metabolic equivalent task
(MET) was also assessed. The research results confirm
that a one-oft intervention with the use of the IVG gener-
ated a higher energy expenditure in children compared to
the inactive game. Most of the children playing the IVG
demonstrated a moderate level of physical activity [18, 22,
23]. The boys’ energy expenditure was greater than girls’;
this was due to their greater involvement in the game
[24]. It is recommended that the daily level of physical
activity of children is between 3 and 6 MET [25, 26]. Re-
search shows that IVGs increased the energy expenditure
of children from 2 to 5 MET, which was a sign of light or
moderate level of physical activity [19, 27]. McNarry et al.
proved that IVG increased children’s energy expenditure
even above 6 MET, which corresponded to a vigorous in-
tensity of physical activity [24].

Research by Graves et al. also showed that IVGs cause
children to expend more energy compared to inactive
games; however, the amount of energy spent was not as
large as during traditional sport activities. Graves et al.
concluded that the intensity of physical exercise during
IVG was not sufficient to ensure the recommended level
of daily physical activity of the examined children [16].
Mellecker et al. evaluated the intensity level of various
IVGs in relation to the recommended level of physical
activity. Researchers report that if an IVG is to be used to
increase the physical efficiency, individual differences in
the level of achieved effort and the initial level of physical
efficiency should be taken into account [28].

Pediatria Polska — Polish Journal of Paediatrics 2019; 94 (3)

199



Aleksandra Kowaluk, Marek Wozniewski

OXYGEN UPTAKE

VO2 was analysed during a single IVG session. The
results of the study show that during the game children
reached values of VO2 that indicate a moderate level of
physical effort [28]. Compared to inactive video games,
IVGs significantly increase the amount of a child’s VO2,
which may be evidence of the IVG’s impact on improv-
ing the body’s efficiency. IVGs cause changes in the VO2
parameter similar to those occurring during traditional
physical activities in natural conditions [19, 23].

McNarry et al. conducted a one-off IVG intervention,
in which they evaluated peak VO2. The results show that
IVG can contribute to the increase of energy expendi-
ture, thus increasing the efficiency of the circulatory-re-
spiratory system. Researchers report that gender and the
initial level of a child’s physical efficiency are particularly
important in determining future IVG interventions to in-
crease the level of physical activity and cardiorespiratory
system fitness [24].

Studies that evaluated the impact of opponent-based
games on VO2 showed that the presence of another player
did not increase the VO2. Boys showed a greater increase
in VO2 during IVGs compared to girls [23]. Indirect cal-
orimetry methods confirm the beneficial effect of IVGs
to a greater extent than accelerometer methods. Active
games can significantly reduce the time spent in a sitting
position, and thus affect the health indicators [29].

HEART RATE

Evaluating the heart rate (HR) during the game proves
that traditional video games cause a minor change in this
parameter and lower energy consumption in comparison
to IVGs. Active games increase the HR by as much as
59%, and energy expenditure by 224% in boys and girls,
compared to energy expenditure at rest. The level of
physical activity reached during an IVG is comparable to
moderate intensity exercise [30].

ENERGY INTAKE

Researchers also assessed the children’s energy intake
(EI) and subjective appetite in the case of free access to un-
healthy snacks during active and stationary video games.
The research showed that the phenomenon of increased
energy intake in the form of snacking was more often
observed during an inactive video game. The amount of
energy expenditure during IVG was not large enough
to compensate for the increased consumption of snacks.
During the meal consumed 1 h after the end of the game,
the children did not show any greater energy intake, both
after the inactive and interactive video game [15]. Other
studies showed no differences in snacking during an active
and inactive video game. By snacking, children provided

a similar amount of energy during both games. Research
has shown that the component of game activity did not
reduce the consumption of snacks [31]. Therefore, it is
necessary to restrict the children’s access to snacks during
the game in order to maintain its health aspects.

INTERACTIVE VIDEO GAMES VS. DIFFERENT
FORMS OF PHYSICAL EFFORT

Studies compared the effects of IVGs with other
forms of physical effort, e.g. treadmill walking, and it was
proven that IVGs caused a comparable or better effect in
terms of the analysed parameters: energy expenditure,
heart rate, percentage of heart rate reserve, and perceived
effort [14, 17]. In other studies, training with the use of
IVGs resulted in a lesser effect than training on a tread-
mill. Lower values of children’s energy expenditure and
heart rate during IVGs were observed [18].

INTERACTIVE VIDEO GAMES
AND PSYCHOLOGICAL PARAMETERS

The researchers also analysed the effect of single-play-
er and opponent-based IVGs. Competitive IVGs resulted
in a better psychological response both in the child’s emo-
tional involvement and in the degree of perceived effort
[32]. In addition, the child’s energy expenditure during
the opponent-based game was greater compared to games
played alone [27].

Studies evaluating preferences regarding game selec-
tion proved that IVGs were eagerly chosen by children
as an attractive form of entertainment and spending free
time. Moreover, IVGs stimulate an increased level of
physical activity. When children have a choice, they prefer
IVGs to traditional inactive games [18].

INTERACTIVE VIDEO GAMES - PHYSICAL
ACTIVITY INTERVENTIONS

Studies using IVGs to promote increased levels of
physical activity also evaluated the effects of long-lasting
interventions. Such interventions aimed to create lasting
changes in the children’s everyday behaviour by reduc-
ing unhealthy habits and shortening the amount of time
spent in a sitting position.

INTERACTIVE VIDEO GAME INTERVENTION -
CHANGE OF UNHEALTHY HABITS

Research showed that IVG interventions had a pos-
itive effect on reducing the frequency of light physical
effort in favour of vigorous effort. In addition, the re-
searchers observed a reduction in the weekly time spent
by children in front of a screen by increasing periods of
daily physical activity [33-38]. Extending the daily time
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that children spent being active caused higher values of
moderate to vigorous physical activity [4, 39]. IVG inter-
ventions reduced the amount of time that children spent
on inactive video games, which resulted in increased
physical activity during the day [40].

INTERACTIVE VIDEO GAME INTERVENTION
AND IMPROVEMENT OF THE BODY'S EFFICIENCY

The results of the studies confirmed the beneficial
effects of long-term exercise programs using IVGs on
maximum oxygen uptake (VO2 max) [34, 41]. This
demonstrates the impact of IVGs on improving chil-
dren’s cardiorespiratory fitness [4, 42]. High values of
VO2 max are maintained for a relatively long time, as
shown by a follow-up study conducted 30 weeks after
the end of the IVG intervention — more evidence of the
beneficial effect of IVGs on the physical efficiency of
children [35].

INTERACTIVE VIDEO GAMES IN THE SCHOOL
ENVIRONMENT

Numerous studies evaluated the effects of IVG inter-
ventions in the school environment. The effects of ordi-
nary exercises during physical education (PE) lessons
were compared with IVGs. The research showed that
IVGs generated higher physical activity, which resulted
from the child’s greater involvement in the more attractive
game [39, 43]. Moreover, PE classes enriched with IVG
elements had beneficial effects on children’s behaviour:
a positive attitude to such classes and an increased will-
ingness to participate was observed [44]. Other studies
evaluating the effect of IVGs in the school environment
showed that the games were less effective compared to
fitness exercises. However, the interest and involvement
of children in IVG sessions was much higher compared
to the fitness sessions. This showed the influence of active
games on increasing the willingness of a child to partici-
pate in various forms of physical activity, offered by IVG
programs [45]. However, in order for IVG to affect health
parameters, an appropriate level of intensity of the game
must be taken into account.

Research by Garde et al. and Mc Dougall et al., assess-
ing the effects of free access to IVGs in the school envi-
ronment, confirmed the benefits of such interventions.
Children eagerly undertook physical activity in the game
form and consequently, increased their daily distance
travelled and extended their daily activity. During the
intervention period, children took 11% more steps per
day compared to the period before the intervention, and
attained physical activity at a moderate or vigorous level.
Free access to IVGs in schools can effectively change chil-
dren’s sedentary behaviours and reduce the risk of over-
weight and obesity. Even short periods of activity using

an active video game can significantly help the children
to achieve the recommended daily norm of physical ac-
tivity [46, 47]. Therefore, an active video game can be an
effective method of engaging children in physical activity
in the school environment [48].

FACTORS AFFECTING THE LEVEL OF INTEREST
IN THE GAME

The aspects of novelty and children’s interest in the
game have a significant impact on the increased level of
physical activity during long-lasting IVG interventions.
At the beginning of the intervention, children considered
the game as a new experience and showed a significant
increase in the level of physical activity compared to the
starting values. Their interest in active video games di-
minished with the participation time. When a game was
already known and ceased to be attractive, children lost
interest and the level of their activity decreased. Studies
comparing the effects of training with the use of a tra-
ditional stationary bicycle and its interactive version
were conducted - the research confirmed that children
preferred using an IVG to increase the level of physical
activity, and IVGs increased this level more effectively
compared to a stationary bicycle. However, this was ob-
served particularly in the initial phase of the intervention
[49, 50].

Research that assessed the impact of feedback during
an IVG on the level of the MVPA indicator and satisfac-
tion with the activity undertaken was conducted. It was
shown that children, even without receiving feedback
about game achievements, displayed the same level of sat-
isfaction with the game and the level of MVPA as in the
game with feedback [51]. Effective strategies are needed
in order to encourage children to voluntarily participate
in daily physical activity in the form of IVGs. Self-initia-
tion and choice of activity are the factors determining the
strength of motivation to take up an activity. Enjoyment,
proficiency, and achievement also influence the child’s
interest in an activity [3]. However, it should be noted
that the effectiveness of this method may diminish when
a child becomes familiar with the game [4, 52-54].

INTERACTIVE VIDEO GAME INTERVENTIONS
AND PSYCHOLOGICAL PARAMETERS

IVG interventions have a positive effect in terms of
psychosocial functions. Children who participated in IVG
sessions showed significantly higher self-esteem, social
support, and self-efficacy [36].

Other studies showed that the lack of motivation and
appropriate incentives for the child to undertake phys-
ical activity related to IVG would not bring the desired
effect. IVGs used by children only in the home environ-
ment did not sufficiently increase the level of physical
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activity. Children who had a choice of sedentary video
games and IVGs chose inactive games more often [55].
To effectively increase the level of their physical activity
at home, parents should be willing to play an active game
together with their children. Such participation in IVGs
can effectively change children’s sedentary behaviour and
contribute to promoting social behaviours in the family
[50]. Other studies also confirmed that the co-player’s
participation was important in a child’s decision to play
the game because they were more likely to engage in IVGs
when it was possible to play with other people, especially
with their peers [55].

SUBJECTIVE EVALUATION OF THE GAME -
INTERVIEW WITH PARENTS AND CHILDREN

Five studies based on a thorough interview with chil-
dren and their parents, who subjectively rated IVGs, were
conducted. Children chose IVGs more often, primarily be-
cause of the possibility of activity during the games, which
were also more social. They declared a preference to play
IVGs with another player having similar skills, but when it
came to inactive games, they usually played alone. Parents
also preferred IVGs due to the fact that it increased the
level of physical activity of their children and their greater
motivation to practice specific outdoor sports after learn-
ing the rules during the virtual game [56-59].

Research that assessed how children and their parents
perceived IVGs, and what the barriers associated with
the use of this type of games were, was also conducted.
The children took part in a 30-minute IVG session, and
immediately after the game, focus group interviews were
conducted. Both children and parents saw the positive
aspects of an active game and stated that this was a good
way to increase the level of fitness and physical activity.
Older children noticed much greater health benefits of
an interactive game. As the most common barriers, par-
ents mentioned the cost associated with the purchase of
the IVG kit and the lack of convenient conditions for this
type of game at home. Other concerns included the prob-
ability of a child replacing outdoor physical activity with
IVGs. However, parents recognised that physical activity
with the use of new technologies was better than passively
spending time in front of a screen [60].

CONCLUSIONS

Nowadays, the lack of children’s physical activity is an
important health problem. It can be solved only through
a comprehensive approach consisting of education and in-
terventions that use attractive forms of daily physical activ-
ity. Primarily, it is necessary to promote traditional health
attitudes with full stimulation of physical development, such
as physical education, sports, and recreation. Systematic
trainings shape the body and help maintain physical fitness,

whereas team sports help to develop social attitudes. Mod-
ern technologies, including IVGs, can be a valuable supple-
ment to traditional forms of physical activity.

Nowadays, when the popularity of inactive video
games is constantly growing, the promotion of active
games can effectively encourage the group of healthy
children to take physical activity independently. Active
video games should not be promoted as the only form of
activity, but they are common in many homes and educa-
tional institutions. Children use these games very often,
and because of their popularity IVGs need to be consid-
ered for the benefit of children’s health.

Preliminary reports present IVGs as an effective meth-
od of promoting independent physical activity. Studies
comparing IVG effects with other forms of physical exer-
cise showed that active games generated increased ener-
gy expenditure of children, which corresponded to mild,
moderate, or even intensive physical activity levels [11, 12,
14-20]. IVGs are an accessible and active form of spend-
ing free time in a home environment. Most studies con-
firm that children who had IVG systems were more likely
to choose active games instead of inactive ones [56-59].
Thanks to active video games, the children changed their
daily habits and limited the time spent in a sedentary po-
sition during inactive video games. This had a beneficial
effect on increasing children’s energy expenditure and
improved their physiological parameters. In addition,
a beneficial impact on VO2 during one-off interventions
with IVGs has been observed [19, 23, 24, 29]. To improve
the overall physical fitness of a child, longer-term IVG
programs should be applied [4, 34, 35, 41, 42]. However,
studies have shown that the level of interest in active vid-
eo games decreases with the time of participation in the
game. Such a phenomenon is not observed so often in the
traditional forms of physical activity. When the interac-
tive game is not new and attractive anymore, children lose
interest and the level of their activity decreases [49, 50].
Therefore, various IVG programs should be implement-
ed. Peers or parents should also be involved, to encourage
children to continue this form of activity. This will prevent
an excessive drop in interest, because children prefer team
games with competitive elements [27, 32, 36, 50, 55].

Nowadays, when children are functioning in a virtu-
al space, traditional forms of physical activity should be
promoted as a basic method for stimulating psychomotor
development. Modern technologies should only be com-
plementary activities. In the future, it will be seen wheth-
er IVG programs can have a beneficial effect on increas-
ing the daily physical activity of children and limiting the
time spent in a sedentary position.
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