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Abstract:

There is a wide-spread assumption that technology enhanced learning
environments, which are grounded on the notion of embodied cognition, can
promote learning. The current study reviews the empirical basis of this
assumption by examining literature published from 2008 to 2017 which
employs embodied learning environments in K-12 education. As part of this
study, we review a total of 41 empirical studies and we focus on the type of
embodied learning environments utilized, the research methods adopted for
their evaluation and the educational contexts in which they are implemented.
At the core of this review study, we investigate students’ learning gains whilst
examining the learning effectiveness of embodied learning environments, as
compared to other interfaces and instructional approaches. In general, the
review revealed positive outcomes from the use of embodied learning
environments in K-12. Most of the reviewed studies were contextualized in K-
12 STEM education, adopted gesture-based technologies and evaluated
students’ learning using retrospective measures grounded on pre-post
questionnaires. Cognitive learning outcomes were dominant in the reviewed
studies, while the evaluation of affective and psychomotor outcomes received
less attention. The majority of the reviewed comparative studies reported that
students in the embodied learning condition had increased learning gains,
when compared to their counterparts in the control group. However, these
findings should be treated with caution due to a set of methodological concerns
that this review identified. We conclude this chapter with a synthesis of our
findings in the form of emerged implications and we provide a set of
guidelines for future research and practice in the field of embodied learning
environments.
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1. INTRODUCTION

Embodied learning appears to have gained ground during the last decade,
seeking for the ways in which embodied cognition theory may be enacted
and applied in the field of education. Embodied learning, as an application
area of embodied cognition theory, constitutes a contemporary pedagogy
of learning, which emphasizes the use of the body in the educational
practice (Anderson, 2003; Wilson, 2002). As Nguyen and Larson (2015)
explain: “Learners are simultaneously sensorimotor bodies, reflective
minds, and social beings. Embodied learning provides a way through
which alternative forms of teaching and learning can be integrated and
accepted into the classroom™ (p. 342). As such, it is not surprising that
during the last decade there was a rapid development of educational
technologies, which enable embodied learning practices in education.

The widespread population of affordable motion-based technologies
and natural user interfaces (e.g., Wii, Xbox Kinect, Leap Motion) in
combination with the emergence of immersive interfaces based on mixed
or virtual reality, have opened the doors for the design of embodied
learning environments, grounded on the notions of motion, physicality and
interactivity (Enyedy, Danish, & DeLiema, 2015). In its essence, embodied
learning environments compose an emergent category of digital
environments, which integrate gestures or even full-body movement into
the act of learning (Johnson-Glenberg, Savio-Ramos, & Henry, 2014;
Ibdnez & Wang, 2015).

Johnson-Glenberg, Birchfield, Tolentino, and Koziupa (2014) have
suggested that a more rigorous understanding of embodied learning
environments is needed; they proposed a taxonomy of four levels with
current examples of educational technologies. According to the two lowest
levels of the taxonomy, embodiment is very limited to non-existed, given
that the gestural congruency is not a defining construct in the lesson,
neither there is a contribution of movement to the reification of the
educational content. These lowest levels of the taxonomy include desktop-
based simulations or videos that are often passively viewed in smaller
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displays (e.g., desktops or handheld devices), thus providing no
opportunities for sensorimotor engagement and immersion. In contrast, in
the two upper levels of the taxonomy, embodiment is observed in higher
degrees. At these upper levels, the gestural congruency is a defining aspect
of the educational experience, as the embodied learning environments are
equipped with motion tracking systems (e.g., Wii, Xbox Kinect, or Leap
Motion); as such, hand gestures or body movements are closely mapped to
the educational content which must be learned. These learning
environments typically include large screen displays, floor projections,
360° head-mounted displays (HMD), virtual reality or mixed reality
rooms, which are perceived as highly immersive. A more recent taxonomy
provided by Skulmowski and Rey (2018), further supports that such
learning environments enable high bodily engagement and embodiment
integration in the learning task, given that they allow a high coupling
between movement and the educational content to be learned. The present
review is concerned with these highest levels of the taxonomy; lower
levels of embodiment are not in the scope of this work.

As argued by Maliverni and Pares (2014), embodied learning
environments open up new possibilities due to their affordances to
promote psychomotor learning experiences, while also involving users
with their cognitive and affective aspects. At the same time, due to their
novelty and wide-ranging areas of applicability, embodied learning
environments are highly intriguing to researchers, instructional designers,
technology specialists and educators; however, their integration in
mainstream education is at very slow pace (Abrahamson & Sanchez-
Garcia, 2016). At the same time, the evidence of the potential effectiveness
of embodied learning activities is still sparse and fragmented (Maliverni &
Pares, 2014), whilst many psychologists and learning scientists are
concerned that such activities are nothing more than “bells and whistles”,
which may falsely be perceived as educational (Goldinger, Papesh,
Barnhart, Hansen, & Hout, 2016). It thus appears to be an urgent need to
synthesize existing empirical research on the topic, for drawing some
evidence-based conclusions about the effectiveness of embodied learning
environments.

Pares and Maliverni (2014) reviewed 31 studies focusing on full-body
interaction learning environments, published from 2003-2013. However, as
they have reported, their review did not result in some conclusive findings
about the educational value of embodied learning environments. This may
be attributed to the fact that their review was mostly based on conference
papers (26 out of the 31 studies), typically providing shorter debriefs of the
conducted research. At the same time, embodied learning environments
allowing interactions via gestures and hand movements were out of scope
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in the review of Pares and Maliverni (2014). In another study, Sheu and
Chen (2014), reviewed 59 studies for investigating the trends of gesture-
based computing research in education, published from 2001-2013.
However, Sheu and Chen (2014) investigated how the gesture-based
technologies were applied pedagogically aiming at identifying pedagogical
differences between the learning domains; the authors did not investigate
the impact of the embodied environments on students’ learning. In
addition, as their review focused particularly on gesture-based
technologies, full-body interaction learning environments were out of
scope.

The present review study examines the empirical research, which has
been published during the last decade, between the years 2008-2017 and is
concerned with students’ learning gains due to their participation at
embodied learning environments. As such, our effort addresses the need
for collecting and synthesizing empirical evidence regarding the learning
effectiveness of this emerging type of educational environments; this need
has not yet been addressed sufficiently by prior review efforts. In addition,
rather than focusing on a subset of embodied learning environments (e.g.,
gesture-based or full-body), the present review sets as a unifying axis the
notion of embodied cognition for capturing all of the empirical studies
related to the topic. More specifically, the present study examines the
empirical studies on embodied learning environments in K-12 education,
with the goal of investigating the following five research questions:

(1) What types of embodied learning environments (type of embodied
technologies, duration of embodied learning interventions) are utilized in
K-12 education?

(2) What are the educational contexts (learning disciplines, number and
age of students) in which embodied learning environments are used?

(3) What research methods (research designs and assessment techniques)
are used for evaluating students’ learning gains during the implementations
of embodied learning environments?

(4) What kinds of learning gains are evident as students participate in
embodied learning environments?

(5) Do students learn more through their participation in embodied
learning environments, as compared to other instructional methods and
interfaces?
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2. METHOD
2.1 Data collection

The studies analyzed in this literature review covered empirical research
published from 2008 to 2017. The published literature was surveyed using
four electronic databases: Education Research Complete [via EBSCO],
ERIC, JSTOR, and Scopus, which are considered among the most enriched
and popular academic databases. The retrieving keywords were classified
in two groups (Group 1. Approach type, Group 2: Interaction type), in
order to retrieve as many relevant articles as possible (Table 1). For
surveying the published research in the selected databases, we searched the
abstracts of the indexed studies by combining each keyword with the
following terms: “Students”, “Learners”, “Learning gains”, ‘“Learning
outcomes”, “Classroom” and “School”; this ensured that the retrieval
results would be mostly restricted in K-12 educational settings.
Table 1 Retrieval Keywords per Group

Group name Search term/ Phrases

Approach type “Embodied cognition”; “Embodied learning”; “Embodied
pedagogy”’;
“Embodied education”; “Embodied play”
Interaction “Embodied interaction”; “Full-body interaction”; “Whole-body
type interaction”; “Bodily interaction”; “Gesture-based interaction”;
“Touchless interaction”;
“Motion-based interaction”

After performing all possible combinations, we retrieved 306 unique
studies within the field of interest, namely technology-enhanced
environments for embodied learning in K-12 education. This corpus of
studies was subsequently filtered according to five selection criteria. In
particular, to be included in the corpus of the reviewed studies a study
ought to have met all five criteria: (1) Source type: The study should have
been published in English as a full paper in an academic journal; (2)
Research methods: The study should be empirical, providing primary or
secondary data derived from quantitative, qualitative, or mixed designs;
(3) Type of intervention: The study should report on the investigation of a
technology-enhanced environment for embodied learning (included in the
upper levels of the embodied taxonomy, as suggested by Johnson-
Glenberg et al., 2014); (4) Research focus: The study should be related to
the research focus of the present review, i.e. reporting on students’ learning
gains, (5) Participants: The study participants should be K-12 students.

After applying these selection criteria 24 eligible peer-reviewed,
journal articles remained in the review corpus. In addition, a
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complementary search in Google Scholar, and using the same selection
criteria, led to the retrieval of 10 more empirical studies. This initial corpus
was enriched by using the “ancestry” method (Cooper, 1982), according to
which we searched the references of the identified research articles for
empirical studies that could be included in the present review. This process
yielded 7 additional articles.

Overall, a total of 41 studies met all the inclusion criteria and were
selected for this review; these articles are marked with an asterisk in the
reference section.

2.2 Coding and analysis

To answer the first three research questions, focused on (a) the types of
embodied learning environments (RQ1), (b) the educational contexts in
which these were implemented (RQZ2), and (c) the research methods
adopted for evaluating the implementations (RQ3), we conducted a content
analysis in the reviewed studies, without having any predetermined
categories in mind.

To answer RQ4, we coded the students’ learning gains reported in the
studies using a coding scheme grounded on Bloom’s taxonomy (1956), as
a well-accepted classification scheme for categorizing learning outcomes.
Traditionally, researchers have focused on the cognitive dimension of
learning outcomes (e.g., Bloom, 1956; Gagne, 1977). However, the
original taxonomy has been extended to include affective learning
outcomes (e.g., Krathwohl, Bloom & Massai, 1964; Krathwohl et al.,
2002) and psychomotor learning outcomes (e.g., Harrow, 1972; Simpson,
1966). In the present work, learning outcomes were categorized along the
cognitive, affective and psychomotor learning domains.

Table 2 presents the coding scheme employed for the classification of
the learning outcomes.

Table 2 Classification of the Learning Outcomes

Domain Definition Learning outcomes

Cognitive Relates to the o Information searching skills
intellectual ¢ Knowledge acquisition and
aspects of learning conceptual understanding

e Cognitive skills (e.g., visual and
auditory memory, attention, focus)

e Problem solving skills
(e.g., analysing, synthesizing,
summarizing, inferring)

o Metacognition skills (e.g., self-
regulation, self-assessment)
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Affective Relates to ¢ Motivational outcomes (e.g., interest
the emotional and curiosity, willingness to learn)
aspects of learning e Engagement (e.g., immersion, sense

of presence/flow, active participation)
e Social behaviors (e.g., social
interactions, collaboration)
o Attitudes and dispositions

Psychomotor Relates to o Physical skills (e.g., movement,
the physical aspects strength, balance, speed, control,
of learning coordination, agility)

Finally, to answer RQ5, we focused on the empirical studies
examining the learning effectiveness of embodied learning environments
compared to other instructional methods or interfaces. These studies were
categorized according to the reported learning effectiveness in three
categories: (a) Positive effect (increased learning gains in the embodied
learning condition), (b) Negative effect (increased learning gains in the
comparison or control group) and (c) No difference (equal learning gains
in both conditions).

3. FINDINGS

3.1 Overview of the reviewed empirical studies

A total of 41 empirical studies were identified, published from 2008 to
2017, reporting on the impact of embodied learning environments for K-12
students. A total of five studies were published between 2008 and 2010
(12.2%), another eight studies were published 2011-2013 (19.5%), while
twenty-eight studies were published 2014-2017 (68.3%). A considerable
peak in the published studies can be observed during the period of 2014-
2017, indicating the increasing interest on the topic. Most of the reviewed
studies (75.6%) were published in educational-technology related journals,
while the most prominent journals were “Computers & Education”,
“International Journal of Child-Computer Interaction” and “Computer
Supported Collaborative Learning”. What follows below is the
presentation of the main findings per research question.

3.2 Type of embodied learning environments (RQ1)

According to our analysis, the majority of the reviewed studies included
embodied learning environments grounded on gesture-based technologies
(n=30 studies, 73.2%), as opposed to full-bodied interactive learning
environments (n=11 studies, 26.8%). According to the reviewed corpus of
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studies, most of the full-bodied environments were grounded on mixed
reality settings, where students collaborated and interacted in multi-modal
learning environments using full body movements (e.g., Birchfield &
Johnson-Glenberg, 2010; Lindgren, Tscholl, Wang, & Johnson, 2016). On
the other hand, most of the gesture-based learning environments adopted
the Microsoft Xbox Kinect technology (e.g., Altanis, Boloudakis, Retalis,
& Nikou, 2013; Anderson & Wall, 2016; Hung, Lin, Fang, & Chen, 2014).
Table 3 presents the distribution of the different types of embodied
technologies employed in the reviewed studies.

Table 3 Distribution of Reviewed Studies per Embodied Technologies

Type Technologies N (%)
Gesture-based environments e Microsoft Kinect 19 studies (46.4%)

¢ Nintendo Wii 5 studies (12.2%)

o Web-based camera 3 studies (7.3%)

e Other 3 studies (7.3%)

30 studies (73.2%)

Full-body e Mixed reality 9 studies (21.9%)
environments technologies 2 studies (4.9%)

o Interactive floor 11 (26.8%)

Taking into account their duration, the embodied learning
environments included in the reviewed studies were classified as of short-
term and long-term duration. Those of short-term duration ranged from a
few minutes (e.g., Homer et al., 2014) to 70 minutes (e.g., Abrahamson,
2014). Those of long-term duration were composed by a set of at least 2
sessions (e.g., Tolentino, Birchfield, Megowan-Romanowicz, Johnson-
Glenberg, Kelliher, & Martinez, 2009) up to 26 sessions (e.g., Enyedy,
Danish, Delacruz, & Kumar, 2012). According to our analysis, half of the
reviewed studies included embodied learning environments of short-term
duration (n=20 studies, 48.8%), while n=16 studies included embodied
learning environments of long-term duration (39%), or did not provide
specific information on this aspect (n=5 studies, 12.2%).

3.3 Educational contexts (RQ2)

The educational contexts in which embodied learning environments were
used, varied substantially in terms of their learning disciplines as well as in
the number and age of the students involved. As shown in Table 4, the
majority of studies were in the domain of STEM education (27 studies,
65.9%), followed by special education (5 studies, 12.2%) and language
education (4 studies, 9.7%). The majority of the STEM-oriented reviewed
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studies were focused on mathematics (e.g., Abrahamson. 2014; Smith,
King, & Hoyte, 2014), physics (e.g., Hung et al., 2014), geology (e.g.,
Birchfield & Johnson-Glenberg, 2010) and biology (e.g., Andrade, Danish,
& Maltese, 2017). Finally, the rest of the studies (5 studies, 12.2%) were
related to other domains such as physical education, environmental
education, literacy and music.

Table 4 Distribution of Reviewed Studies per Domain/Discipline and
Target Student Ages

Domain/Discipline Target student ages N (%)

STEM education K-12 education 27 studies (65.9%)
e Mathematics (9) e Pre-/Primary school (13)

e Physics (5) e Middle school (7)

e Biology (4) ¢ High school (7)

e Geology (4)

Chemistry (3)
Multiple science topics

)
Special education K-6 education 5 studies (12.2%)
e Pre-/Primary school (5)
Language education K-6 & High school 4 studies (9.7%)
education

e Pre-/Primary school (3)
¢ High school (1)
Other K-6 & High school 5 studies (12.2%)
e Physical education (2) ~ education
e Environmental education ® Pré-/Primary school (4)
(D) ¢ High school (1)
e Literacy (1)
e Music (1)

The reviewed studies in the domain of STEM education, covered the
whole spectrum of K-12 system (namely Pre-/Primary school, Middle
school, High school). On the other hand, the reviewed studies in special
education covered only K-6 education, while the rest of the reviewed
studies, related to language education and other domains, were mostly
contextualized in K-6 settings rather in secondary education (Middle and
High schools).

Finally, the number of participants also varied significantly, ranging
from two students (Altanis et al., 2013), to one-hundred and fifty students
(Jagodzinski & Wolski, 2010). It is not surprising that the studies which
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focused on the investigation of the learning process, involved considerably
fewer students (e.g., Altanis et al., 2013; Anderson & Wall, 2016; Enyedy,
Danish, & DeLiema, 2015) and took the form of pilots or case studies, as
compared to quantitative or mixed design studies focusing on the
investigation of students’ learning gains (e.g., Hsiao & Chen, 2016; Jong,
Hong, &Yen, 2013; Lindgren et al., 2016).

3.4 Research methods (RQ3)

The empirical studies included in the present review were classified in
three main categories as of: (1) Experimental research, (2) Design-based
research and (3) Other types of research (see also Sheu and Chen, 2014).
According to the reviewed studies’ reported methods, the most of the
studies (17 studies, 41.5%) adopted an experimental research design,
followed by design-based research (13 studies, 31.7%) and other types of
research (11 studies, 26.8%). Table 5 presents an overview of the
distribution of the reviewed studies per research design.

Table 5 Distribution of Reviewed Studies per Research Design

Research Type Research design N (%)
Experimental research e Quasi-experimental 11 studies (26.8%)
design 4 studies (9.8%)
e Experimental design 2 studies (4.9%)
e Counterbalanced 17 studies (41.5%)
design
Design-based research e Multiple case studies 10 studies (24.4%)
 Mixed methods 3 studies (7.3%)

13 studies (31.7%0)

Other types of research e Pilot/Evaluation studies5 studies (12.2%)
Case studies 3 studies (7.3%)
Exploratory studies 2 studies (4.9%)
Feasibility studies 1study (2.4%)
11 studies (26.8%0)

The majority of the experimental research studies were grounded on
the quasi-experimental designs and employed pre-post research methods
without including a control group, or included a non-equivalent pretest-
posttest control group (e.g., Chiu, Delaegher, & Chao, 2015; Hsiao &
Chen, 2016). Most of the design-based research studies (n=10 studies,
24.4%) were grounded on a series of case studies, representing in most of
the cases a set of multiple iterations and evaluations of a given embodied
learning environment (e.g., Anderson & Wall, 2016; Malinverni Schaper,
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& Pares, 2016). Finally, when focusing on the miscellaneous types of
research, most of the studies had the form of pilots for evaluating the
impact of embodied learning environments on students’ learning (e.g.,
Altanis et al., 2013; Mandanici, Roda, & Canazza, 2016).

In terms of the assessment, the most common measurement were pre-
post questionnaires for evaluating students’ learning outcomes (30 studies,
73.2%), followed by interviews with the students (17 studies, 41.5%) and
observations via field notes and annotations, or video-/audio-recordings of
the learning sessions (16 studies, 39%). Assessment methods grounded on
students’ log files and subsequent learning analytics were identified in 9
studies (21.9%), while other evaluation methods grounded on students’
artifacts, students’ and teachers’ comments or teacher reports were noted
only in 3 studies (7.3%). It is also worth mentioning, that a total of 13
studies (31.7%) were grounded exclusively on retrospective and subjective
measurements for the evaluation of embodied learning, using pre-post
questionnaires (e.g., Birchfield & Johnson-Glenberg, 2010; Jagodzinski &
Wolski, 2014; Kuo, Hsu, Fang, & Chen, 2014).

3.5 Learning gains (RQ4)

All reviewed empirical studies reported that embodied learning
environments can have a positive impact on at least one of the Bloom’s
taxonomy strands: (a) Cognitive learning outcomes, (b) Affective learning
outcomes, and (c) Psychomotor learning outcomes. A study would be
classified according to all types of the learning outcomes reported (e.g., a
study reporting two types of learning outcomes would be classified two
times, one time for each respective learning outcome). Table 6 provides an
overview for the distribution of the learning outcomes reported in the
reviewed studies.

Table 6 Distribution of Reviewed Studies per Research Design

Domain Learning outcomes N (%)
Cognitive ¢ Information searching skills -
o Knowledge acquisition / conceptual
understanding 35 studies (85.4%)

o Cognitive skills (e.g., visual and
auditory 2 studies (4.9%)

memory, attention, focus)

¢ Problem solving skills (e.g., analysing,
synthesizing, summarizing, inferring)  ____

¢ Metacognition skills (e.g., self-
regulation, self-
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assessment)

Affective e Motivational outcomes (e.g., interest
and curiosity, willingness to learn) 6 studies (14.6%)
e Engagement (e.g., immersion, sense of
presence/flow, active participation) 10 studies (24.4%)

e Social behaviors (e.g., positive social
interactions, collaboration) 2 studies (4.9%)

o Attitudes and dispositions 1study (2.4%)

Psychomotor e Physical skills (e.g., movement,
strength, balance, speed, control, 5 studies (12.2%)
coordination, agility)

Cognitive learning outcomes were the dominant outcomes across the
majority of the reviewed studies (35 studies, 85.4%), especially those
contextualized in STEM education. These studies reported an increase in
students’ knowledge acquisition on a variety of topics related to
mathematics (e.g., Smith et al., 2014), biology (e.g., Andrade et al., 2017),
chemistry (e.g., Tolentino et al., 2009) or physics (e.g., Enyedy, Danish,
Delacruz & Melissa, 2012). Some of the reviewed studies also reported
that students were engaged with effective inquiry learning processes in the
embodied learning environments employed (Tolentino et al., 2009) or that
the embodied learning technologies were adopted for augmenting the
inquiry-based learning process (Anderson & Wall, 2016). However, none
of the reviewed studies reported on cognitive learning outcomes related to
students’ information searching skills, problem-solving or metacognition
skills (e.g., self-regulation), which are often achieved in inquiry-based
learning settings. Finally, only two of the reviewed studies (4.9%) reported
on cognitive learning outcomes related to short-term memory and visual
processing (Kourakli et al., 2017) or to students’ spatial rotation skills
(Tolentino et al., 2009).

Next, a total of 15 studies (36.6%) reported on students’ affective
learning outcomes. In particular, most of the reviewed studies reported on
students’ engagement with the learning process (e.g., Ibanez & Wang,
2015; Lindgren et al., 2016; Tolentino et al., 2009) as well as on students’
increase of motivation for participation in the task (e.g., Hwang, Shih, Yeh,
Chou, Ma, & Sommool, 2014; Yang et al., 2012). Only a limited number
of studies reported on the contribution of embodied learning to students’
attitudes and dispositions (e.g., Lindgren et al., 2016) or students’ social
behaviours, such as positive social interactions and collaboration (e.g.,
Mora-Guiard, Crowell, Pares, & Heaton, 2017; Malinverni, Mora-Guiard,
Padillo, Valero, Hervas, & Pares. 2017).

Finally, only a total of five studies (12.2%) reported data on
psychomotor learning outcomes. These studies were contextualized in the
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field of special or physical education. These studies reported on the
contribution of embodied learning to students’ physical skills, such as
movement, strength, balance, speed, object control, coordination and
agility (Altanis et al., 2013; Hsiao & Chen, 2016; Kourakli et al., 2017; Li
et al., 2012; Vernadakis et al., 2015).

3.6 Comparison studies (RQ5)

This review indicates that 15 studies have examined the learning potential
of embodied learning environments, as compared to other interfaces (3
studies, 7.3%) or forms of instructional methods (12 studies, 29.3%).
Despite the diversity in their research design (e.g., type of embodied
learning environments, educational context, assessment) these comparison
studies investigated whether there is a significant difference in students’
learning outcomes between the experimental group (grounded on
embodied learning instruction/interface) and a control or comparison
group.

According to the results of the reviewed studies, there were only two
studies (4.9%) which reported results in favor of the comparison group.
For instance, in the study of Jong, Hong, and Yen (2013), the results
indicated that kindergarten children, who used a touch-based interface for
learning mathematics, outperformed their counterparts in the embodied
condition who used a gestured-based interface. Likewise, Anderson and
Wall (2016) reported that, in contrast to a traditional hands-on inquiry
activity, middle school students exhibited lack of engagement and
collaboration during an inquiry-based activity structured around a Kinect-
based intervention for learning physics. According to their observations,
Anderson and Wall (2016) found that the students in the experimental
condition were disengaged with the learning aspect of the inquiry as they
perceived their interactions with Kinect as a gaming rather than as a
learning experience.

In contrast, the rest of the 13 reviewed studies (86.7%) reported that
students in the embodied learning condition had increased learning gains,
compared to students in the control or comparison group. For instance,
three of the studies reported that the embodied learning approach could
result in better retention when compared to the traditional instructional
approach (Kuo, Hsu, Fang, & Chen, 2014; Vernadakis et al., 2015). Two
other studies indicated that students in the experimental group had
increased learning gains when compared to their counterparts in the
comparison group who used non-embodied interfaces, such as desktop-
based computers with a keyboard and a mouse (Hung et al., 2014;
Lindgren et al., 2016). Moreover, a set of studies on the evaluation of
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SMALIlab, as a full-body collaborative learning environment, adopted a
counterbalanced research design and demonstrated that whenever students
were in the SMALLab condition, they learned significantly more than their
counterparts in the regular instruction condition.

4. DISCUSSION, IMPLICATIONS AND FUTURE
STUDIES

There is a wide-spread assumption that embodied learning environments,
which are grounded on physicality, motion and interactivity, open up new
possibilities in the field of education and can promote student learning.
The current study reviewed the empirical basis of this assumption by
examining 41 empirical studies employing embodied learning
environments in K-12 education, published in relevant journals during the
last decade (2008-2017). As part of this review study, we focused on the
type of embodied learning environments utilized, the research methods
adopted for their evaluation and the educational contexts in which they
were implemented. In its core, the present review has examined the
findings of published empirical studies for embodied learning
environments as they related to: (a) students’ learning gains and (b) the
learning potential of embodied learning environments, as compared to
other instructional approaches and interfaces. In general, the review
revealed positive outcomes from the use of embodied learning
environments in K-12. In the next lines, our findings are synthesised and
discussed the form of emerged implications, providing a set of guidelines
for future research and practice in the field of embodied learning.

4.1 Design ‘open’ and freely-available applications for
embodied learning technologies

First, our analysis has indicated that the majority of the reviewed studies
included embodied learning environments grounded on gesture-based
technologies, rather than full-bodied interactive learning environments. In
particular, most of the embodied learning environments were based on the
use of Kinect cameras. According to Sheu and Chen (2014), this finding
could be attributed to the affordability of gesture-based technologies as
well as how these technologies can be easily set up and used by educators
in typical classroom settings, assuming relevant software is available.
While full-bodied learning environments such as SMALLab (e.g.,
Birchfield, & Johnson-Glenberg, 2010, Johnson-Glenberg, Birchfield, &
Sibel, 2009; Tolentino et al., 2009) are based on extensive hardware
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installations in dedicated rooms (i.e., labs), the newer generation of
gesture-based technologies has made embodied learning pedagogy in the
typical classroom. Indeed, gesture-based technologies (e.g., Wii, Kinect,
Leap-motion) continue to become commercially available whilst being
portable, robust, and affordable. In terms of software, we are facing an
explosion of efforts to design gesture-based technologies and develop
applications for such technologies, especially in the areas of STEM (e.g.,
Dahn, Enyedy, & Danish, 2018; Walkington, Chelule, Woods, & Nathan,
2018). Yet, for a wide adoption of embodied learning in education, future
work could focus on the design of ‘open’ and freely-available applications
for portable and affordable gesture-based technologies, which school
teachers could easily link to units of the everyday curriculum.

4.2 Conduct more technology integration research

Based on this review, a large number of embodied learning environments
were employed in the context of out-of-school activities or in laboratory
settings for experimental purposes (e.g., Homer et al., 2014; Lindgren et
al., 2016). Fewer embodied learning environments, mostly in studies of
long-term duration, were integrated in the educational curricula, taking the
form of an alternative teaching approach (e.g., Anderson & Wall, 2016;
Birchfield & Johnson-Glenberg, 2010). In order for this field to grow and
become a more mainstream one, future studies should be more oriented in
the later, i.e., the integration and evaluation of embodied learning
environments in authentic school settings, taking into account the school
curricula, both content- and time-wise. Design based research seems to be
the pathway to design, enact, and evaluate such technology and pedagogy
innovations in authentic classrooms. Indeed, approximately one third of
the reviewed studies (31.7%) adopted a design-based research approach, as
they focused on the design and evaluation of embodied learning
environments; yet more work is needed to address issues of technology
integration including opportunities but also difficulties (e.g., classroom
orchestration, technological setup, learning design) surrounding embodied
learning.

4.3 Extend embodied learning research beyond STEM

Focusing on the educational contexts in which embodied learning
environments were adopted, the majority of studies were in the domain of
STEM education and covered the whole spectrum in K-12 system (namely
Pre-/primary school, Middle school, High School). The prevalence of
embodied learning environments in STEM education could be attributed to



16 Chapter # - will be assigned by editors

the fact that, while STEM-related knowledge and skills can be difficult to
acquire, “fundamental STEM knowledge is itself shaped by the embodied
nature of the human mind” (Abrahamson & Lindgren, 2014). While future
studies should continue focusing on the integration and evaluation of
embodied learning environments in STEM education, efforts should also
expand to other educational domains and disciplines. For instance,
embodied learning appears to have value in the domain of special and
inclusive education (Kosmas, loannou & Retalis, 2018; Sheu & Chen,
2014). In particular, the review study of Sheu and Chen (2014), which was
also expanded in adult populations, has indicated that gesture-based
technologies could have a pivotal role in supporting learners with both
physical and cognitive difficulties to conquer daily life skills or specific
job tasks and engage in physical rehabilitation and other behavior skills
training. As such, Sheu and Chen have concluded that gesture-based
technologies, and mainly Wii, have significant implications in special
education for disabled individuals and those with special needs. In this
spirit, embodied learning might enable the creation of inclusive learning
environments providing equal learning opportunities and tools for both
mainstream and special education students.

4.4 In-situ measurements

Despite these efforts, the assessment techniques employed in the reviewed
articles were characterized by the frequent use of self-reported
guestionnaires, which requires reflection in relation to the theoretical
groundings of embodied cognition. For instance, a total of 13 studies
(31.7%) evaluated embodied learning grounded exclusively on
retrospective and subjective measurements, using pre-post questionnaires
(e.g., Birchfield & Johnson-Glenberg, 2010; Jagodzinski & Wolski, 2014;
Kuo, Hsu, Fang, & Chen, 2014). This finding is also aligned with the
previous review of Maliverni and Pares (2013) who argued that such a
retrospective assessment is contradictory with the very nature of embodied
learning, given that it fails to capture the situated construction of meaning
and the bodily-based knowledge, as this is produced in-situ. Instead, such
retrospective assessment techniques adopt a subjective and post-
interventional measurement of the embodied phenomenon based on a
stimulus—response model of learning (Kozma, 1994), which has been
already deemed as inadequate for evaluating the media effects. Taking into
account these findings, future studies should take into consideration the
use of in-situ measurements, such as log files capturing students’
movements, video- and audio-recording capturing student’ utterance and
gestural actions, as well as task-based interviews providing useful insights
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on how the embodied learning process is unfolded. Such efforts could also
result in an evidence-based development of a coding framework, providing
a set of indicators for capturing and analyzing the embodied learning
phenomenon. On the other hand, rather that retrospectively measuring
learning and indirectly attributing students’ learning gains on the embodied
experience, future research could invest on the development and validation
of psychometric instruments for capturing the embodied phenomenon i.e.,
the embodied degree of the learning experience.

4.5 Beyond conceptual understanding

All of the studies included in this review investigated students’ learning
outcomes and indicated positive findings, in terms of promoting students’
cognitive, affective and psychomotor learning gains. However, when
taking into account the Bloom’s taxonomy (1956), our analyses indicated
lack of sufficient evidence in support of all learning strands. Instead, most
of the reviewed studies examined students’ cognitive learning outcomes, in
terms of conceptual understanding in the context of STEM education. This
finding could be attributed to several reasons. For instance, despite the
curriculum reform efforts observed during the last decades, students’
preparation for high-stakes testing forces an emphasis on conceptual
understanding rather than on promoting other types of learning outcomes
(Falk & Drayton, 2004). Another plausible explanation could be current
assessment  practices  which, similarly, emphasize conceptual
understanding (NRC, 2011) and fail to assess other aspects of learning.
Our findings indicate a need for further investigation of the potential of
embodied environment to facilitate students’ learning beyond conceptual
understanding, taking into account potential learning outcomes in the
affective and psychomotor domains. Besides, as argued by Li and Tsai
(2013), in order to explore the advantages of an innovative learning
approach over other instruction methods, student outcomes should be
compared extensively for all of the learning strands.

4.6 Address methodological concerns in experimental
designs

A significant corpus of the empirical studies was grounded on
experimental research, adopting a pre-post research design in order
to gather empirical evidence for supporting the learning
effectiveness of embodied learning environments. These
experiments compared or contrasted the potential of embodied
learning environments as compared to other forms of instruction
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methods and interfaces. In particular, we have identified fifteen
empirical studies, with the thirteen of them (86.7%) reporting that
students in the embodied learning condition had increased learning
gains, when compared to students participating in the control group.
However, these promising results in favour of embodied learning
should be treated with caution, taking into account at least two main
methodological concerns related to their: (a) sampling and (b)
research design.

First, in many of the reviewer studies, the number of
participants was relatively small. Therefore, as reported by some
researchers, (a) the statistical power was not always sufficient for the
analyses conducted (Johnson-Glenberg, Birchfield, Megowan-
Romanowicz, & Snow, 2015), (b) the samples were not sufficient to
verify and generalize the positive findings identified (Hwang et al.,
2014), and (c) there was not enough statistical power to investigate
aptitude by treatment interactions, taking for instance into account
the role of students’ prior knowledge (Johnson-Glenberg et al., 2014;
Johnson-Glenberg et al., 2015). Future, experimental studies should
make use of larger samples, which would allow the generazability of
the findings as well as the investigation of aptitude by treatment
interactions (McLeod, Cronbach, & Snow, 1978), taking into
consideration a set of additional students’ characteristics (e.g., digital
skills, attitudes towards computers).

Second, in many studies, the experimental studies took place in
complex educational settings, which made it difficult to identify the
driving forces behind the observed learning gains. Researchers in a
set of comparison studies investigating the learning effectiveness of
the SMALLab, have reported that they could not define if their
positive findings could be attributed to the embodied approach, to
student collaboration, to the technological affordances, to the
experienced novelty effect, or even to the interaction of all these
factors. Future studies should therefore be grounded on research
designs that allow more firm explanations on the learning
effectiveness of embodied learning environments. Future studies for
instance, could compare the learning impact of gesture-based
learning environments with full-bodied ones; researchers could
retain collaboration, embodied technologies and novelty in both
conditions and isolate the impact of embodiment, given that full-
body learning environments are considered as more embodied. On a
different vein, future studies could compare the effectiveness of
digital and not-digital embodied learning environments (see Tran,
Smith Buschkuehl, 2017, for a relevant discussion). In this case,
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researchers, could retain embodiment, collaboration and novelty in
both conditions and isolate the digital aspect for investigating the
impact of digital embodied technologies. If such experimental work
provides evidence in favor of embodied learning, then technology-
enhanced environments for embodied learning could be the future of
education.

5. LIMITATIONS

The papers included in the present review study were limited to journal
articles indexed in the four databases (Education Research Complete [via
EBSCO], ERIC, JSTOR, and Scopus) as well as in Google Scholar, or
were identified via the ancestry method, and were published from 2008 to
2017. Future reviews could extent this review and include conference
papers retrieved from relevant databases (e.g., ACM, IEEE). Despite the
relatively limited number of studies included in this review study, we have
followed a well-designed sampling process, grounded on a set of carefully
selected criteria, in order to result in a systematic and coherent review
study. Finally, future review studies could also be expanded on the use of
embodied learning environments in higher education, by adult populations,
and in other domains (e.g., medical training, physical therapy, sports and
exercise science).

6. CONCLUSIONS

To sum up, research on technology-enhanced environments for embodied
learning is a nascent but growing research area. This review has examined
the literature on K-12 empirical research employing embodied learning
environments. In general, the review revealed positive outcomes from the
use of embodied learning environments in K-12. Analyses indicated that
embodied learning seems to primarily promote cognitive learning
outcomes in STEM education. Future research should be expanded in
other types of learning outcomes (e.g., affective and psychomotor ones).
Also, future research should be based on more objective and in-situ
measurements, rather than in subjective and retrospective measurements,
which are incongruent with the epistemological grounds of embodied
cognition. At the same time, research should investigate the effectiveness
of the embodied learning environments, as compared to other educational
approaches and interfaces, using larger samples to allow for firm statistical
analyses and generalizable conclusions. Finally, future studies should be
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grounded on research designs that enable empirical substantiation on the
positive contribution of embodied learning environments, by controlling
the effects of other variables such as student collaboration.
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