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Introduction and theoretical
background

Digital media permeates the everyday
lives of children and youth. The various
technologies may change, but their gen-
eral interpretation follows a similar pat-
tern with many positive attributes includ-
ing educational innovations or even rev-
olutions (Kerres, 2022). However, digi-
tal media is associated with opportunities
and risks, such as insufficient physical ac-
tivity or addiction (Kerres, 2022). Since
these can hardly be completely avoided,
they must be dealt with in a pedagogical
manner. Moreover, schools are tasked
with adequately preparing students for
life in present and future society, which
now also includes a deeply mediatized
world (Couldry & Hepp, 2013). Further,
school conditions can be both inhibitory
and beneficial (Gerick, Eickelmann, &
Labusch, 2018).

In this context, digital media and how
itshould be dealt withis currently adomi-
nant topic in discourse about schools and
teaching. Since it is usually not taught as
a separate subject, media education must
be included as part of traditional sub-
jects, which can have some advantages,
e.g., the consequent increased motiva-
tion by the addition of media of students
across subjects can be seen (Engen, Gi-
aever, & Mifsud, 2018). While science-
oriented research, for example, tend to
meet this challenge openly, in discus-
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sions regarding physical education (PE),
digital technology has mostly been con-
nected to topics such as lack of exercise.
Specifically, PE with its special feature as
an esthetic subject in terms of physicality,
playsa particular part in these discourses.
In addition to the original aims such as
promoting health and a physically active
life or learning sports-specific skills, PE
hastonowalso deal with media education
topics (Greve, Thumel, Jastrow, Krieger,
& StifSenbach, 2020). However, the vary-
ingdidactic designs of PE worldwide have
further complicated the handling of dig-
ital media. While only a few empirical
studies on digital media in PE have been
published in German-speaking countries
in recent years (Greve et al., 2022)!, there
has been a diversity of research in inter-
national publications focusing on topics
such as health, gamification, wearable
technologies, and cooperative learning
with digital media (Casey & Jones, 2011;
Goodyear, Casey, & Kirk, 2014). In ad-
dition to the emphasis on possibilities
and opportunities, there have also been
criticisms. While acknowledging digital
media as a useful tool in PE, some authors
have also noted that it is problematic in
this context. More specifically, van Hil-
voorde and Koekoek (2018) described
the omnipresence of digital technology
in our society as capable of undermining

! Thearticle was published onlinein 2020 andis
thereforeincludedin thereview.
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the goals of PE in many ways. How-
ever, they also listed the completely new
possibilities that are a result of new tech-
nologies, such as virtual or augmented
reality. These allow for new forms of
games with new ways of communica-
tion, social contacts, and, above all, dif-
ferent and new movement behavior (van
Hilvoorde, 2017). However, as some re-
searchers have highlighted, PE teachers
are often alone in class. Therefore, it
is necessary to plan the use of digital
media in a way that is easy to use and
geared towards a goal (van Rossum &
Morley, 2018). In particular, user be-
havior (e.g., obstacles when filming bod-
ies and movement and private text mes-
saging) when using personal mobile de-
vices may upset previously accustomed
classroom activities (Steinberg, Ziihlke,
Bindel, & Jenett, 2020). In this context,
Casey, Goodyear, and Armour (2017) ar-
gued that there is a considerable gap in
relation to the connection between digi-
tal technology and pedagogy. Pedagogy
in this case is considered the connec-
tion among ‘learners and their learning,
‘teachers and their teaching, and ‘knowl-
edge in context’ (Quennerstedt, Gibbs,
Almqyist, Nilsson, & Winther, 2016).
These areas can also be found in a similar
way in German-language sport pedagogy.
On the one hand, the curricula and edu-
cational plans provide educational goals
and content, while on the other, the stu-
dent as an individual subject should (and
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Table 1 Databases and search hits for main search

Database BiSp-surf  FIS ERIC PubPsych Web of Service
Search hits 413 898 924 312 1163

Total 3710

After removing the doubles 3355

Table 2 Databases and search hits for the follow-up search

FIS
48

Database
Search hits

BISp-surf
140

can) only form itself and is in focus. This
means that while a teacher can design
the learning environment and thus pre-
pare and support the learning process,
the completion of the learning process, is
dependent on the student acting accord-
ingly as a self-forming individual subject
(Groben & Prohl, 2012; Prohl, 2006).
Furthermore, therehavealsobeen similar
discourses internationally. For example,
Kirk (2012) argued that learning should
be approached in the physical, cognitive,
social and affective domains in a coher-
ent manner so that a physically active life
can be promoted. In addition, he identi-
fied the aforementioned domains as the
legitimate learning outcomes of PE, and
thus these will be used as categories when
reviewing studies in this paper.

Due to the topicality of this issue and
the multitude of aspects described re-
garding the use of digital media in PE
as well as the media pedagogic goals
in schools, empirical education research
is inevitably faced with the question of
which goals regarding the use of digital
media in PE can be identified. This is
where this review makes its contribution
by compiling findings on the possibilities
and limitations.

Methods

The aim of this systematic literature re-
view (Davies, 2000; Petticrew & Roberts,
2012) is to examine the material pertain-
ing to a particular area (Shulruf, 2010),
while the focus is on the examination of
potential methodological biases from the
perspective of the researchers (Shulruf,
2010). To undertake a systematic litera-
ture review of empirical studies on the use
of digital media in PE, Shulruf’s (2010)
five methodological steps were applied

ERIC

111

Web of Service
438

PubPsych
39

for data collection and analysis. Specif-
ically, the first four steps were used as
criteria for the inclusion or exclusion of
astudy, while the last step was used to an-
alyze the selected studies. This approach
recognizes the existing research and aims
to synthesize the results while simulta-
neously recognizing and considering the
researchers’ biases (Barr, Hammick, Kop-
pel, & Reeves, 1999; Boaz, Ashby, &
Young, 2002). Here, it should be noted
that the focus of a systematic literature
review should be on a specific question,
which is as follows for this study: Which
goals are pursued by empirical studies re-
garding the use of digital media in PE? To
answer this question, it was subdivided
into three research questions:
= Which media usage is empirically
verified?
== To what extent has the intended goal
been empirically achieved?
== What barriers to the use of digital
media can be derived from the
research?

Moreover, the basis of this study is an
examination of specialist journals, edited
volumes, and dissertations that deal with
the use of digital media in PE specif-
ically. Overall, the literature reviewed
in this article includes empirical stud-
ies from 2009-2020 that cover primary,
secondary, and special-needs schools.

Research

To identify as much relevant literature
as possible (Shulruf, 2010), we searched
the ERIC, FIS, Web of Science, and
PubPsych databases as well as the BISp
research system using the following
terms: regarding digital media and tech-
nologies, we used the terms ‘mobile]
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‘digital, ‘smartphone, ‘handy, ‘tablet]
‘iPad, ‘android, ‘software, ‘notebook,
‘laptop, ‘computer, ‘handheld, ‘gaming),
‘exergames, ‘video, ‘technolog*, ‘media,
‘medien;, ‘virtual, and ‘augmented’. How-
ever, for the PubPsych database, we had
to separate the search term after ‘video
and divide the search into two parts
because the input field in the database
was not large enough to search for all
the terms at once. Meanwhile, for PE,
we used the terms ‘physical education’
and ‘Sportunterricht’ to avoid hits from
other sport settings. The last search run
in the main search took place on June 30,
2020.

B Table 1 shows the total number of
articles found using the aforementioned
process in the first search run in all
In the second step, dupli-
cates were removed using the reference
management program Citavi.

databases.

Selection of studies

The decision to include or exclude studies

was made on the basis of methodological

criteria (Shulruf, 2010). The abstracts of

the articles found were reviewed accord-

ing to the following criteria and, if found

suitable, selected for further processing:

== Empirical studies dealing with the
topic of digital media and technolo-
gies in PE were included.

== Studies in which the research subjects
were actors in PE were included.

== Studies in which the methodical
procedure of the study was clearly
and comprehensibly described were
included.

== Approaches and concepts for prac-
tical implementation and studies
dealing with the development of
measuring instruments were ex-
cluded.

== Studies published in journals and

edited volumes as well as dissertations

were included. However, abstract

volumes were excluded due to their

low information content.

Predatory journals were excluded.

== Articles written in German or English
were included.

The 3355 titles and abstracts from the
research in the databases were screened



using Abstrackr software to verify that
they met the inclusion and exclusion cri-
teria (Newman & Gough, 2019). This
step was independently undertaken by
five researchers, with each title randomly
assigned and screened twice by two dif-
ferent people. The resulting conflicts
were reconsidered and finally assessed
by a third person. After this assessment,
135 titles remained.

Each of these 135 studies was read
to confirm or reject its inclusion in the
review by assessing all of the aforemen-
tioned criteria. Afterwards, the studies
were coded to facilitate the task of analysis
by sifting through relevant material (Pot-
ter, 2009). The texts were given prelim-
inary notes about their nature, research
focus, and results, allowing us to filter
all (or a subset of) data on a particular
topic (Lee & Fielding, 2009). Next, we
compared the individual codes and con-
tents of the table and either combined
and classified them into subcategories or
discarded them. In order to avoid bi-
ases and increase the reliability of the re-
sults, all important decisions were jointly
made by the research team (Kitchenham,
2004). Following this procedure, we first
included 71 studies in the review. Next,
in a second, methodologically identical
searchin August2021, studiesfrom July1,
2020 to December 31, 2020 were added
(BFig. 1). Due to the limited search
options in some databases, the search
was conducted for the entirety of 2020.
@ Table 2 shows the search hits from each
database.

The hits were again sorted according
to the above criteria after reading the
titles and abstracts. In the end, 79 studies
remained and were subjected to a full-
text analysis. The full-text analysis and
sorting of studies from the first half of
2020 resulted in seven remaining studies,
which were integrated into the review.
Thus, a total of 78 studies were finally
included.

Risk of bias

Relevant information was extracted from
the publications and presented descrip-
tively (Bem, 1995; Doring & Bortz, 2016).
Here, the risk of bias was not an exclusion
criterion, as this would have resulted in

a significant reduction in the number of
eligible studies. In addition, with such an
exclusion, we would have had to aban-
don the goal of providing an overview
of research on digital media in PE. To
ensure the quality of the eligible studies,
the authors independently checked com-
pliance with the inclusion and exclusion
criteria for the individual studies.

Results

As not all studies could be described
fully in this article, the important in-
formation from the studies is summa-
rized in @ Table 3. The studies identified
for the systematic review examined the
goals and effects of digital media in PE
and were designed very differently. To
this end, they examined both teachers
and students. The number of people sur-
veyed ranged from 2 to 1421, which also
shows the considerable heterogeneity in
thestudydesigns. Thetypesofschoolsex-
amined were elementary, secondary, and
special-needs. More specifically, primary
schools are described in this context up to
grade 6 and secondary schools as grade 7
and above. Moreover, the studies were
assigned to different categories: (1) phys-
ical, (2) cognitive, (3) social, (4) affective,
and (5) school conditions. The aforemen-
tioned categories were derived from the
key learning outcomes of pupils accord-
ing to Kirk (2012) and supplemented by
those of school conditions (Gerick et al.,
2018). The subcategories were induc-
tively derived from the studies, in which
different types of media and digital arte-
facts were used for PE. These revealed
various possibilities and limitations, de-
pending on the subject of investigation,
and are explained in the following section
in order to focus on the result categories.

Digital videography was addressed in
18 of the studies. One usage type was
a form of video self-modelling (Casey &
Jones, 2011; O’Loughlin et al., 2013),
which Dowrick (2012) described as ‘a
form of observational learning with the
distinction that the observed and the ob-
server, object, and subject, are the same
person. This allows for a form of teacher-
independent video feedback, which Kok
et al. (2020) examined in comparison
to that which was dependent. In addi-
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Abstract

Digital media is currently one of the
defining topics in discussions about schools
and teaching. In this context, there has
been a wide range of research in physical
education (PE) in areas such as health,
gamification, and wearable technologies.
This raises the question of the goals pursued
by empirical studies regarding the use of
digital media in PE. The present systematic
review provides an overview of the state

of research in English and German on the
use of digital media in PE. To this end, the
included studies were those published
between 2009 and 2020 in journals or
edited volumes or as dissertations. They
were found in relevant databases, selected
based on criterion-guided screening, and
transferred to the synthesis. Overall, this
systematic review presents the possibilities
and limitations of digital media in PE and
highlights the goals regarding the use

of digital media in PE that are pursued

by empirical studies in the categories of
physical, cognitive, social, affective, and school
framework conditions. While benefits from
the usage of digital media in PE—such as

in terms of motivation or improving sport-
specific motor capabilities and skills—were
identified, barriers regarding the preparation
of PE teachers were also found. More
specifically, the benefits of using digital
media to achieve PE-related goals were in
the foreground in many of the selected
studies. However, only a few specifically
addressed learning via media, including
topics such as data protection and the effect
that viewing images has on students’ self-
concepts.

Keywords

Physical education - Systematic literature
review - Digital media - Technology -
Pedagogy - Media education

tion to providing feedback, it can also
serve as an option for assessment or as-
sessment support (Casey & Jones, 2011;
O’Loughlin et al., 2013; Weir & Con-
nor, 2009). Furthermore, another aspect
when dealing with digital videography
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Main research

Screening

N =3.355

Follow-up research

Screening

N =776

Full text analysis
N=135
Main research studies
N=T1

L ] *

Final study selection

N=T78

is the improvement of motor or cogni-
tive performance, which hasbeen investi-
gated in many studies, as described below
in the results.

Meanwhile, the use of exergames
in PE was investigated in 25 stud-
ies. In those classrooms, the Nintendo
Wii (Nintendo K.K., Kyoto, Japan) or
X-Box Kinect (Microsoft Corporation,
Redmond, WA, USA) were used with
various sport games, such as Wii Sports
and Kinect Ultimate Sports or other
similar games. A large number of the
studies focused on the Dance Dance
Revolution or other dance-based games
(Andrade et al., 2019; Burges Watson
et al., 2016; Chen & Sun, 2017; Fogel
etal., 2010; Gao et al., 2017; Gibbs et al.,
2017; Lwin & Malik, 2012; Quintas et al.,
2020; Reynolds et al., 2018; Rincker &
Misner, 2017; Sun, 2012; Ye et al., 2018).
Thus, studies on using exergames in PE
mainly focused on increasing physical
activity or involving students in the class-
room (Casey & Jones, 2011; Goodyear
et al,, 2014) while maintaining motiva-
tion and joy. Furthermore, heart rate
monitors and pedometers were another
tool widely used in the studies. They
were used to record fitness-specific data
and frequently in addition to exergames
to record physical activity (Gao et al.,
2017; Lee & Gao, 2020; Ye et al., 2018).

In addition to the options just men-
tioned, there were numerous apps that
were used for applied research in the
classroom, such as those in fitness for
recording data (Cheng & Chen, 2018),

Full text analysis
N=T79
Follow-up research Studies
N=7

Fig. 1 <« Selection
process

those for video evaluations and tagging
movements or game situations such as
Coach’s Eye (Koekoek et al., 2019; Kok
et al,, 2020), and those for creating me-
dia products (Greve et al., 2022; Stein-
berg et al., 2020). In addition, two stud-
ies worked with wikis to enable students
to also collaboratively learn outside the
sport hall (André & Hastie, 2018; Hastie
etal,, 2010), thus, opening up the bound-
aries of PE.

Physical

The studies from the first category exam-
ined the relationship between the use of
digital media in PE and physical activity
as well as the effects on motor skills or the
fitness of students. We identified 30 stud-
ies that could be categorized under this
topic, which are further described below.

Physical activity

Seventeen studies examined the relation-
ship between physical activity and digital
media. Twelve studies were conducted in
primary schools (Fogel et al., 2010; Gao
et al., 2017; Hansen & Sanders, 2010;
Lee, 2018; Lee & Gao, 2020; Reynolds
et al., 2018; Shewmake et al., 2015; Sun,
2012, 2013; Wadsworth et al., 2014) and
six in secondary schools (Huang & Gao,
2013; Lonsdale et al., 2017; Lwin & Ma-
lik, 2012; Nation-Grainger, 2017; Zhu
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& Dragon, 2016)>. Three studies ex-
amined this relationship qualitatively via
interviews or field notes (Engen et al,
2018; Hansen & Sanders, 2010; Sargent
& Casey, 2019), while 13 examined phys-
ical activity quantitatively with, for ex-
ample, the help of heart rate monitors,
step counters, or questionnaires (Zhu &
Dragon, 2016; Sun, 2012, 2013; Lee &
Gao, 2020; Lwin & Malik, 2012; Lons-
dale et al., 2017; Wadsworth et al., 2014;
Fogel et al., 2010; Gao et al., 2017; Shew-
make et al., 2015; Huang & Gao, 2013;
Lee, 2018; Reynolds et al., 2018). Finally,
one study was based on a mixed-methods
design (Nation-Grainger, 2017).

In addition to the highly heteroge-
neous research methods, a variety of re-
sults and a mixed picture between pos-
sibilities and limitations emerged. In
the following section, studies involving
low physical activity are presented first.
Specifically, various studies examined the
effects of the use of mobile apps on phys-
ical activity in primary school PE and
found that it was not effective in improv-
ing physical activity and psychosocial be-
liefs in elementary school children in the
short term (Lee, 2018; Reynolds et al,
2018). In some studies, sedentary be-
havior increased when using digital me-
dia and light exercise behavior decreased
(Gao et al., 2017; Lee, 2018; Lee & Gao,
2020). In contrast, light physical activity
increased in comparison classes without
digital media (Lee & Gao, 2020). Unlike
light movement, intensive movement in-
creased in these studies (Gao et al., 2017;
Lee, 2018). In this context, Zhu and
Dragon (2016) showed that there was
only a small influence on the increase
in physical activity. Further, Huang and
Gao (2013) were also unable to detect any
increase in physical activity when using
an exer-dance game.

Meanwhile, Wadsworth et al. (2014)
found that the group playing adapted ten-
nis without digital media took a signif-
icantly higher number of steps as com-
pared to thosein an exergame. According
to the self-assessment of primary school
students, they liked the lessons with ex-

2 Because of studies that took place in both
elementary and secondary schools, there may
have been double counting.
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ergames better but also felt that they were
moving less than usual (Shewmake et al.,
2015). Additionally, Sun (2012) showed
that an exergaming unit in a primary
school did not meet the criteria for mod-
erate physical activity unlike the fitness
unit that was used as a comparison.

In contrast, a follow-up study in a sec-
ondary school, in which exergaming was
compared to traditional PE classes, found
that the children exercised more during
the exergaming unit (Sun, 2013). Some
studies have confirmed this possibility
and recorded an increase in light to heavy
physical activity (Fogel et al., 2010; Gao
etal., 2017; Lonsdale et al., 2017; Lwin &
Malik, 2012). Further, the results of the
qualitative study by Hansen and Sanders
(2010) showed that active play in PE can
be used to increase the physical activ-
ity levels of children. The students who
actively played during PE class demon-
strated a determination to play and a vol-
untary desire to engage in and persist
with technology-enhanced physical ac-
tivity. The case study by Sargent and
Casey (2019) showed that from the teach-
ers’ perspective, flipped learning (FL) in
conjunction with digital media optimized
teaching time and allowed for more ac-
tivity.

Finally, when comparing the stud-
ies that took place in primary schools
with those from secondary schools, slight
tendencies became apparent. The for-
mer generally found that physical activity
could not be improved or was even nega-
tively influenced, while the latter mostly
showed a positive development in phys-
ical activity. However, the number of
studies was too small to allow for con-
clusions to be drawn.

Improvement of sport-specific
motor capabilities and skills

Ten studies described the relationship
between the use of digital media and
the improvement of motor capabilities.
Two were conducted in primary schools
(Rincker & Misner, 2017; Sheehan &
Katz, 2012) and eight in secondary
schools (Chang et al., 2020; Kok et al.,
2020; Kretschmann, 2017; Nowels &
Hewit, 2018; Palao et al., 2015; Potdevin
et al., 2018; Rekik et al.,, 2019; Sohns-
meyer, 2011). Six studies examined the

improvement of motor capabilities and
skills quantitatively, and four were based
on a mixed-methods design. However,
qualitative studies on this topic were not
found.

More specifically, two of these stud-
ies described no difference between the
test and comparison groups, and there-
fore found no significant improvement or
deterioration in motor capabilities and
skills through the use of digital media
(Kok et al., 2020; Rincker & Misner,
2017). However, another study showed
that the group that used exergames in
PE achieved just as significant an im-
provement in terms of the capability of
balancing as the group that used a spe-
cific fitness program, while the control
group did not achieve this in normal PE
(Sheehan & Katz, 2012). Meanwhile, in
secondary schools, an improvement in
specific capabilities could also be demon-
strated through the use of exergames. In
three studies, Sohnsmeyer (2011) showed
that dealing with high-movement table
tennis increased game-specific respon-
siveness.

In addition to exergaming, we found
several studies that focused on the help
of video feedback. A quantitative study
found a significant improvement in mo-
tor skills when a gymnastics exercise was
learned with the help of video feedback
(Potdevin et al., 2018). Nowels and He-
wit (2018) were also able to show im-
provement in the learning of motor skills
through video feedback combined with
verbal feedback. Further, Palao et al.
(2015) used a mixed-methods design to
compare teachers’ verbal feedback, video
and teacher feedback, and video and stu-
dent feedback. They found that videoand
teacher feedback delivers the most pos-
itive overall results and significant im-
provements in motor skills. Rekik et al.
(2019) examined the effects of differ-
ent teaching media (videos and images)
for basketball. Learning with dynamic
videos provided more of an improve-
ment in game performance as compared
to that with normal images. Chang et al.
(2020) took this further by examining
the difference between video feedback
with normal videos and augmented real-
ity. First, the two groups’ running were
rated by teachers. Here, the experimen-
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tal group received significantly better rat-
ings for their running style. Overall, the
aforementioned studies confirm that us-
ing digital media in PE results in an im-
provement in motoric capabilities and
skills.

Physical condition

Six studies examined physical fitness and
howithas changed through the use of dig-
ital media in PE, with the aim of improv-
ing body-related performance parame-
ters. Four of these studies were carried
out in primary schools (Bendiksen et al.,
2014; Chen & Sun, 2017; Cheng & Chen,
2018; Nation-Grainger, 2017; Rincker &
Misner, 2017; Ye et al., 2018). Except
for Bendiksen et al. (2014), all studies in
this subcategory indicated the possibil-
ity of increasing the fitness of students
with the help of digital media. Specifi-
cally, in an intervention study, Ye et al.
(2018) showed that PE classes combined
with exergaming had a positive effect
on students’ BMI and fitness. Further,
in their comparative study, Cheng and
Chen (2018) also showed that the tra-
ditional PE classes that recorded fitness
data with the help of apps led to a greater
increase in fitness values than those with-
out apps. Chen and Sun (2017) demon-
strated that a 6-week program of active
videogames was an effective strategy to
improve children’s cardiorespiratory fit-
ness while maintaining the joy of PE. Fi-
nally, using a 6-week intervention study
at a secondary school, Nation-Grainger
(2017) was able to show that the use of
heart rate monitors on the wrists of those
in the test group and the resultant indi-
vidual feedback increased both calories
burned and distance run.

In sum, all studies that examined the
association between the use of digital
media and physical fitness of students
showed positive results. However, it
should be noted that digital media
should not be used to acquire physical
fitness without considering and address-
ing the related data protection issues.
Thus, its use for this purpose should be
well planned.



Cognitive

Twelve studies examined students’ in-
crease in knowledge when dealing with
digital media. In other words, their main
focus was learning with and through me-
dia. The objectives in these studies were
to increase knowledge of health issues as
well as tactics and play and take care of
obesity issues. However, a few studies in-
cluded learning about media using topics
such as data security. Four studies were
conducted in elementary schools (Lind-
berg et al., 2016; O’Loughlin et al., 2013;
Quintas et al., 2020) and nine studies in
secondary schools (Casey & Jones, 2011;
Chen et al., 2016; Gibbs et al., 2017; Jar-
raya et al., 2019; Osterlie & Mehus, 2020;
Palao et al., 2015; Rekik et al., 2019; Weir
& Connor, 2009).

In some studies, digital media was
used to counteract obesity either by cre-
ating motivating movement possibilities
for students or by imparting knowledge
about health-related aspects. Specifically,
in terms of conveying health aspects, dig-
ital media played a major role. Chen
et al. (2016) showed that a test group
with digital step counters on their wrists,
which supported learning, understood
more about energy balance (the balance
between calories consumed and burned)
than the comparison group. Here, the
step counters allowed for a more pre-
cise determination of the calories being
burned. Meanwhile, the study by Oster-
lie and Mehus (2020) showed that the use
of FL, consisting of an online video and
a separate plan for the lesson, led to more
cognitive learning, which in turn led to
students having higher levels of health-
related fitness knowledge (HRFK).

Besides health issues, some studies
have dealt with knowledge of tactics and
play. Specifically, Quintas et al. (2020)
showed the positive effects of exergaming
on basic psychological needs, some flow
dimensions, and academic performance.
Further, Sohnsmeyer (2011) used three
studies on a high-movement table tennis
game to show that both game-specific re-
sponsivenessandaction knowledge could
be improved.

Moreover, the use of video feedback
led to improved articulation and a deeper
understanding of throwing and catching

skills (Casey & Jones, 2011). Palao et al.
(2015) also showed that video feedback
in connection with that from teachers
provided a greater increase in knowl-
edge than teacher feedback on its own.
Thus, video feedback resulted in a signifi-
cant improvement in terms of knowledge
gained.

Video examples play an important
role in acquiring game- or sport-related
knowledge, as learning with dynamic
videos has been shown to outperform
that with static photos in terms of both
game understanding and performance
(Rekik et al., 2019). The results further
indicate less cognitive stress and an im-
proved attitude towards working with
videos instead of photos. When using
video examples, Jarraya et al. (2019)
examined, among other things, the con-
nection between the playback speed of
the videos and learning efficiency. There
were no significant differences between
low- and normal-speed presentation
when the complexity of the content was
low. However, for content with medium
and high complexity, learning with a slow
presentation speed was more efficient
than that with a normal presentation
speed (Jarraya et al., 2019).

In addition to learning with media,
a few studies have also addressed learn-
ing about media (Greve et al., 2022), and
their focus was mainly on learning about
the medium being used (Maivorsdotter
& Quennerstedt, 2019; Marttinen et al.,
2019; Weir & Connor, 2009). While Weir
and Connor (2009) mainly perceived the
advantages of digital media in subject-
related learning with media when using
video feedbackinsecondaryschools, they
also showed that students felt more con-
fident in dealing with digital media after
using video feedback. In addition, some
studies went beyond discussing the di-
rect use of the medium but also explored
media educational content, such as film
language or cinematic means (Goodyear
et al., 2014; Greve et al., 2022).

Further, we also identified studies that
showed various ways of expanding or
influencing the teaching-learning pro-
cess. Specifically, the forms of cooper-
ative learning in PE expanded through
the use of digital media and could be
positively influenced (Ma et al., 2018).
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Wikis, for instance, offered the possibility
of maintaining cooperation in extended
practice groups and independently of PE
classes (Hastie et al.,, 2010). In addi-
tion, new roles (Goodyear et al., 2014;
Greve et al., 2022) gave rise to new forms
of consultation and cooperation during
PE classes, which succeeded in improv-
ing student engagement. For example,
some students only participated if the task
related to social interaction (Goodyear
et al., 2014) or were only ready to work
with their peers due to the digital medium
(Finco et al., 2015). However, the num-
ber of such studies was too small and
addressed different topics and thus did
not allow for the comparison or drawing
of conclusions.

Social

Eleven studies described the use of digital
media as a good way to enable students
to participate in PE, encourage students
who would otherwise not take part to do
so, and make PE and its content more
attractive for students. Five studies took
a quantitative approach (Asogwa et al.,
2020; Fernandez Basadreetal., 2015; Fer-
nandez-Batanero et al., 2019; Fogel et al.,
2010; Trabelsi et al., 2020), while the re-
maining used qualitative (Burges Watson
et al, 2016; Engen et al., 2018; Finco
et al,, 2015; Goodyear et al., 2014; Greve
et al,, 2022) or mixed methods (Casey
& Jones, 2011). For instance, Casey and
Jones (2011) described how marginal-
ized students benefited the most from
video feedback because it made them
feel involved, while Asogwa et al. (2020)
showed that the use of digital media
could increase the engagement of hear-
ing-impaired students. Meanwhile, the
results of two other studies suggested that
new roles, such as being the camerap-
erson, were crucial for student engage-
ment (Goodyear et al., 2014; Greve et al.,
2022). For example, some girls only par-
ticipated fully in class if the learning con-
tent remained within the social and cog-
nitive dimension; in other words, if they
could hide behind the camera and did not
have to physically participate (Goodyear
et al., 2014). Furthermore, Trabelsi et al.
(2020) also found an improvement in en-
gagement among female students. Fogel
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et al. (2010) confirmed that exergaming
is a good method to help inactive chil-
dren be more physically active, and this
included PE as well. Meanwhile, Burges
Watson et al. (2016) showed that the use
of dancematshad noeffecton physical ac-
tivity but in some scenarios ensured that
students who were otherwise difficult to
reach could be included. Finco et al.
(2015) showed that students who were
normally unmotivated in PE had a posi-
tive attitude towards exergame practices
and were willing to work with other chil-
dren. Finally, Engen et al. (2018) also
described this in their study as a positive
side effect in PE.

Affective

This category contains subcategories such
as motivation or attitudes caused by the
use of digital media in PE.

Motivation and situational interest
Besides physical activity, motivation,
and situational interest were among the
most researched topics in terms of digital
media in PE. The concept of situational
interest relates to specific actions led by
interest and is described as a unique situ-
ation-specific motivational state (Krapp,
1995). Therefore, it is relevant to the
study of active involvement. Specifically,
21 studies could be categorized under
this topic. Eight studies were carried out
in primary schools (Hansen & Sanders,
2010; Lindberg et al., 2016; Marttinen
et al., 2019; Quintas et al., 2020; Quin-
tas-Hijos et al., 2020; Sun, 2012, 2013;
Papastergiou et al., 2020) and 13 in
secondary schools (Chang et al., 2020;
Huang & Gao, 2013; Legrain et al., 2015;
Osterlie & Kjelaas, 2019; Marttinen et al.,
2019; Nation-Grainger, 2017; Osterlie
& Mehus, 2020; Potdevin et al., 2018;
Roure et al,, 2019; Zhu & Dragon, 2016;
Marin-Marin et al., 2020; Vega-Ramirez
et al, 2020; Moreno-Guerrero et al.,
2020). Specifically, five studies exam-
ined qualitatively—through, for example,
interviews or field notes—while nine ex-
amined physical activity quantitatively
and five were based on a mixed-methods
design. Overall, the majority of studies
reported increasing situational interest

or motivation through the use of digital
media.

As early as 2009, as a main finding of
their study, Weir and Connor noted that
the use of digital media was suitable for
maintaining student engagement. Fur-
ther, in their qualitative study in sec-
ondary schools, Marttinen et al. (2019)
confirmed that the use of digital media
was a motivating factor for students to
increase their physical activity. Marin-
Marin et al. (2020) also found a signifi-
cant difference and thus an improvement
in the motivational domain. In addition,
in their study, Moreno-Guerrero et al.
(2020) were also able to name the biggest
difference in the motivational areas for
students.

In their qualitative study, O’Loughlin
et al. (2013) showed that self-evalu-
ation, self-assessment, and self-regula-
tory learning through digital videogra-
phy led to increased motivation. Legrain
et al. (2015) and Vega-Ramirez et al.
(2020) also found increased self-deter-
mined motivation in PE. In their study
at a secondary school, Potdevin et al.
(2018) showed that the use of video feed-
back significantly reduced demotivation
between the first and fifth hour. Further-
more, other studies have demonstrated
the crucial role of teachers when using
video feedback in PE classes in terms of
improving the situational interest of stu-
dents. They found that this interest of
the group when there was a teacher and
video feedback was significantly higher
than in groups with only one of the two
(Roure etal., 2019). In addition, @sterlie
and Mehus (2020) also showed a decrease
in motivation among male students if no
additional explanation was provided by
a teacher.

The connection between exergames
and motivation has also been examined
in many studies. Quintas-Hijos et al.
(2020) found that gamification by means
of exergames increased motivation from
the students’ perspective. In their study
on active video games in PE, Hansen
and Sanders (2010) emphasized the above
finding and perceived a determination to
playas well as the voluntary desire to par-
ticipate in physical activities and to per-
sist with them. Sun (2012) examined stu-
dents’ motivation in a fitness unit that was
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run using exergames, finding that while
situational interest decreased over time,
it was consistently higher than in the fit-
ness unit without exergames. Further, in
their study using a previously developed
game, Lindberg et al. (2016) also con-
firmed that the motivation in the group
with exergames was very high. A de-
crease in motivation over time in both
groups was also shown by Sun (2013)
in her quantitative study on the use of
exergames in a secondary school.

Chang et al. (2020) examined the
effect of augmented reality on learning
motivation during a lesson about run-
ning and found that the experimental
group achieved significantly higher levels
of learning motivation than the compari-
son group. Meanwhile, Zhu and Dragon
(2016) examined physical activity as well
as the motivation to move. Their re-
sults point to less situational interest in
the test group with digital media than in
the comparison group. However, Nation-
Grainger (2017) found no differences in
motivation when comparing a group of
students using heart rate monitors on
their wrists with one without such de-
vices. In their study using a dance sim-
ulation in PE, Huang and Gao (2013)
also detected only moderate situational
motivation.

Opverall, many studies have indicated
that motivation and situational interest in
PE can be increased for a short period of
time. Inthelongterm, however, thereare
indications that situational interest de-
clines over time (Sun, 2012, 2013). This
may be due to the digital medium used or
to its novelty in PE. Further, even though
there have been studies and research on
this subject for over 10 years, its use in
everyday life at schools is still rare in
PE. It has also been shown that situa-
tional interest strongly depends on addi-
tional interactions with teachers (QDsterlie
& Mehus, 2020; Roure et al., 2019).

Enjoyment

In conjunction with gamification and ex-
ergames in particular, the connection be-
tween the use of digital media and enjoy-
ment was examined in five studies. Apart
from one mixed-methods study (Quin-
tas-Hijos et al., 2020), only quantitative
studies have been used to deal with this



topic (Andrade et al., 2019; Kok et al.,
2020; Shewmake et al., 2015). Here, var-
ious questionnaires and scales, such as
the Brunel Mood Scale, were used for
this purpose.

Specifically, Andrade et al. (2019)
showed that the use of exergames im-
proved the class atmosphere during
lessons. Quintas-Hijos et al. (2020)
found that a lesson with exergames could
be an effective strategy to improve car-
diorespiratory fitness in children while
maintaining the enjoyment of physical
activity. Here, the gamification method
generated more enthusiasm, while the
exergame itself made motor learning
more fun (Quintas-Hijos et al., 2020).
Shewmake et al. (2015) examined the
degree of perceived enjoyment in ele-
mentary schools with and without the
use of exergames and found that the stu-
dents liked the former to a significantly
greater extent. However, in their study
on self-controlled video feedback during
shotput, Kok et al. (2020) were un-
able to show any difference in perceived
enjoyment.

Attitudes and self-efficacy

The studies in this subcategory examined
the relationship between the use of digital
media and changes in self-efficacy and
attitudes towards PE topics. They found
that the use of digital media can signif-
icantly influence students™ attitudes to-
wards physical activity. For example, par-
ticipants in exergames-based PE tended
to develop positive behavior and atti-
tudes as well as a better understand-
ing of their perceived learning progress
(Koekoek et al., 2019; Lwin & Malik,
2012). Further, the use of exergames
had a greater influence on younger stu-
dents than older ones. Attitudes were
also more positively influenced with the
help of audio augmentation. Relaxation
and expression were positively influenced
as were social interaction and perceived
competence. However, in the event of
failure, there was negative reinforcement
(Ma et al., 2018). Meanwhile, Kok et al.
(2020) examined self-efficacy in dealing
with digital media—more precisely with
video feedback. Their main finding was
that video feedback only improves stu-
dents’ self-efficacy if the video feedback is

controlled by the student and not others
(Kok et al., 2020). Penney et al. (2012)
were able to show that the use of digital
media and the digital recording of stu-
dent results, in particular, in the form
of video recordings, for example, was
perceived by students as authentic and
meaningful.

School conditions

The studies in this subcategory examined
the conditions in school when digital me-
dia was used in PE. Most of the studies
had teachers as a sample. Their results
indicated that teachers tended to have
positive attitudes towards digital media
(Gibboneetal., 2010; Legrain et al., 2015;
Tou et al., 2020). However, there were
differences regarding age, experience and
gender: for example, women used digi-
tal media more often than men (Bisgin,
2014; Rojo-Ramos et al., 2020).

More specifically, Penney et al. (2012)
showed that teachers perceived the use of
digital media as a valid means of assess-
ing the capabilities, knowledge, and un-
derstanding of students. Quintas-Hijos
et al. (2020) found that teachers viewed
exergames as a good opportunity to in-
crease students’ motivation. In addition
to direct forms of feedback using digi-
tal media—for example, digital videog-
raphy—Gibbs et al. (2017) found that
digital media also provided more time
and consequently gave teachers the op-
portunity to give feedback, among other
things.

This category also includes studies
that show limitations and challenges on
a structural level, thus, making barriers
to the use of digital media clear. This
includes, for example, a high time re-
quirement or lack of training. A total of
13 studies presented results on this topic:
six were quantitative in nature (Aktag,
2015; Bisgin, 2014; Fernandez-Batanero
et al., 2019; Hill & Valdez-Garcia, 2020;
Legrain et al., 2015; Rojo-Ramos et al,,
2020), four adopted a qualitative ap-
proach (Baek et al, 2018; Marttinen
etal, 2019, 2020; Steinberg et al., 2020),
and two used a mixed-methods de-
sign (Kretschmann, 2015; Robinson &
Randall, 2017).
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They found that the lack of resources
was often a major reason for not includ-
ing digital media in PE. Specifically, re-
garding barriers influencing the use of
digital media, teachers named class size
as well as lack of access to media, sup-
port, time, expertise, and budget (Hill
& Valdez-Garcia, 2020; Legrain et al,
2015; Robinson & Randall, 2017). The
given resources also influenced the way
in which digital media were used in the
classroom (Marttinen et al., 2020).

Moreover, in a survey, teachers did
not consider themselves well prepared
for the use of digital media in PE and be-
lieved that specific training was necessary
for their use (Ferndndez-Batanero et al.,
2019). Besides the lack of training, teach-
ers stated that they used digital media less
(Baek et al., 2018; Legrain et al., 2015)
because they had never experienced digi-
tal media in their own lessons as students
(Baeketal., 2018). Inaddition, there were
differences in terms of gender and age.
Women used digital media more often in
PE and felt better prepared for its use than
their male colleagues. Further, the older
the teachers were, the less that technol-
ogy was used (Ferndndez-Batanero et al.,
2019; Hill & Valdez-Garcia, 2020; Rojo-
Ramoz et al.,, 2020). Finally, knowledge
of the medium used also played a role
in the studies. For example, the better
the computer skills of sport teachers, the
likelier it was that they also used them
in PE (Kretschmann, 2015; Rojo-Ramoz
et al., 2020) and the lesser the anxiety
before use (Aktag, 2015).

Discussion

This review presents the goals pursued
by empirical studies regarding the use of
digital media in PE as well as the cur-
rent state of research on the possibilities
and limitations of this use. We found
that the studies use different technolo-
gies that have changed over time and will
continue to change. It also became clear
that a research focus is needed that not
only refers to software and hardware but
also takes a didactic perspective. This is
reflected in PE as described by Kerres
(2022) for studies in the area of digital
media in schools.
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In addition to the understanding of
the digital medium and its influence, the
understanding of PE influences the use of
digital media, and the studies reveal very
different understandings of PE. There are
some at the international level that are
similar to that of the German discourse
(Prohl, 2006; Kirk, 2012, 2013), but most
studies focus on the physical condition
and activity and the functional use of dig-
ital media. The emphasis on theseareasin
the literature could possibly be explained
by experience in the use of digital media
in professional sports. Video feedback,
for example, hasbeen used for along time
in the club sport settings. Due to tradi-
tional understandings of PE, this practice
has often been introduced into schools,
especially PE. Further, this feedback can
be a great way to improve sport-specific
capabilities and skills. When using it,
however, the teacher must consider that
seeing oneself can have an impact on one’s
self-image. Nevertheless, onlya few stud-
ies paid attention to these effects, and they
found that students had the desire to look
good in the videos (Casey & Jones, 2011;
Greve et al., 2022) and that hierarchies of
desirable bodies were unconsciously pro-
duced by the teachers (van Doodewaard,
Knoppers, & van Hilvoorde, 2018). Thus,
these effects, which can play a role unre-
lated to the improvement of performance,
must be reflected on by teachers when
using digital media. Meanwhile, mutual
filming and its associated new roles and
tasks offer the opportunity to make more
students enthusiastic about sport-specific
topics. In this context, the functional use
of digital media to achieve the goals of
PE—learning with media—was the focus
of a large number of the studies. How-
ever, only a few studies showed a specific
interest in learning about media as well,
addressing questions of data protection,
legal aspects, or other media education
topics. In interventions with digital me-
dia, including those not involving PE,
students did not seem concerned about
issues such as data protection related to
the use of smartwatches (Engen et al.,
2018). At this point, the opportunities
for children tolearn somethingabout me-
dia were often not used by setting goals
related to digital media use in PE. This
is often based on the expectation that

digital media is to be used as a tool to
increase performance and activity.

As Marttinen et al. (2019) reported,
the use of digital media for teaching and
learning still has a long way to go. While
digital media as a tool for use in PE is
becoming more widespread, the didactic
perspective hasremainedlessilluminated
inthe empirical context. Thisis where the
gap between the use of technology in PE
and the didactics behind it becomes vis-
ible. On the one hand, curricula specify
objectives and content in relation to dig-
ital media, while on the other, the pupil
at the center and as an individual sub-
ject can only educate themselves. This
means that the teacher can design the
learning environment with digital media
and thus prepare and supportthelearning
process. However, the completion of the
learning process depends on the student
as a self-forming individual subject act-
ing accordingly (Grében & Prohl, 2012;
Prohl, 2006). Here, the advantage of digi-
tal media is that it plays a major role in the
everyday world of the students and thus,
as can be seen in this review, increases
the motivation for the self-educational
process among students. In this way, the
use of digital media influences the educa-
tional and didactic goals of PE. In addi-
tion, the possibilities of using digital me-
dia to adapt learning materials and con-
tent in PE to enable students to learn were
made clear in this review. Despite this fo-
cus on physical activity and the mixed re-
sults in this regard, it is worthwhile to use
digital media to integrate students who
would otherwise not participate atall into
classes (Goodyear et al., 2014) or to en-
hance learning through self-assessment
and self-regulatory learning (O’Loughlin
et al,, 2013). Additionally, digital media
can also create a connection between the
media world inside and outside of school
and were often used successfully as mo-
tivational aids to increase activity, moti-
vation, and enjoyment. However, when
using exergames in PE, for example, there
is a high level of effort in terms of prepa-
ration and high costs in the purchase of
equipment, which is certainly a limiting
factor for its implementation in PE. In
this context, students also mentioned the
bulkiness of the devices and the lack of
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their accessibility at home as problems
(Marttinen et al., 2019).

Limitations

For this overview of the research results
on the use of digital media in PE, cer-
tain inclusion and exclusion criteria were
used, which formed an important condi-
tion for the development of this system-
atic review. Since certain search terms
were required for this process, it is con-
ceivable that important studies that did
not include any of the above-mentioned
search terms in their titles, abstracts, or
keywords were not included in the sys-
tematic review. Furthermore, this review
only included English and German texts
and excluded, for example, thelarge num-
ber of studies that have been published in
Spanish. However, country-specific pe-
culiarities in the education systems, and
especially in the perceptions of PE, limit
the transferability of individual study re-
sults across national borders.

Here, it should also be noted that the
authors from the working group of this
systematic review were involved in one
of the listed studies.

Conclusion

While there are benefits of using digital
media in physical education (PE)—for
example, in motivating or improving
sport-specific motor capabilities and
skills—barriers in terms of the prepara-
tion of PE teachers was demonstrated in
this review. Thus, for its successful use,
teachers need better training and prepa-
ration, since the effect of digital media
in PE depends largely on presentation
in an appropriate form and additional
instructions given by the teacher (Qster-
lie & Mehus, 2020; Roure et al., 2019).
The main focus should consequently be
on preparation and training in terms
of didactic, methodological, and media
educational content, as the tools being
used will continue to change over time.
In addition, the studies reviewed also
emphasized that teachers need to use
digital media to focus on thinking crit-
ically about media content (De Aratjo,
Knijnik, & Ovens, 2020) and that they
need to be provided with a reflexive



approach to the use of digital media
(Bodsworth & Goodyear, 2017). The
understanding of PE also strongly affects
how and why digital media are used
in PE: Is PE about performance in the
sense of sport-specific skills, or is it
also about learning beyond them? For
these reasons, preservice teachers should
already be trained during their studies
to use digital media in ways that go
beyond performance-oriented goals in
PE. Moreover, the focus of the examined
research reflects the understandings of
PE. Most studies were centered on im-
proving physical performance or activity
and rarely went beyond this. Thus, addi-
tional insights into students” experiences
with and learning about media in PE
have not yet been considered. In this
context, learning with and about media
as well as about the influence of digital
technologies on the body and one’s own
sporting activities must be addressed in
research and school in order to meet the
demands of school.
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