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Turkey review elucidating how this type of information is designed and investigated in
research studies. This scoping review of the literature examined 55 empirical
research articles with 71 separate studies regarding embodied instructional videos
to reveal their characteristics and design factors and provide key findings regarding
their effects. The results revealed that most videos included slides for the lecture
and demonstration of science subjects. The following design factors were
determined in embodied instructional videos: instructor demeanor, instructor visual
presence, generative activities, learner characteristics, content, instructional media,
and scene. The findings regarding their influence on learning supported existing
embodiment principles. They also uncovered the contributing or moderating effect
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prior knowledge and actions during learning, and the complexity of the video
subject. Overall, this review provides helpful information for practitioners based on
empirical evidence and indicates research gaps in the literature on embodied
instructional videos.
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Introduction

Instructional videos are multimedia learning materials with both visual (e.g., illustrations,
graphs, and animations) and auditory (e.g., sound effects and instructors’ voice)
information that can enhance the processing and learning of content (Lange & Costly,
2020). They have become quite widespread in classroom-based, blended, distance learning,
and massive open online courses (MOOCSs) (Belt & Lowenthal, 2021; Harrison, 2020; Pi
et al., 2021d; Polat et al., 2021). The low expense of video authoring, hosting, and
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streaming technologies and the accessibility of videos anywhere and anytime led
instructors to prepare and use instructional videos, especially in higher education (Fyfield
et al., 2019; Ou et al., 2019). However, students often encounter trouble sustaining their
attention and understanding the content of instructional videos when their content and
delivery are inefficiently organized (Tseng, 2021). Therefore, instructors need to be
recognizant of potentially problematic issues regarding the design of instructional videos
and eliminate them before using videos in their lessons (Lange & Costly, 2020).

Embodiment is one aspect of instructional video design that needs to be considered by
practitioners. It is concerned with instructors’ movements, gestures, and uses of
instructional tools and classroom space (Lim, 2021). Its function is to provide students with
social and attentional cues so that they can feel a social partnership with the instructor and
become oriented to follow visual content while watching instructional videos (Stull et al.,
2021). According to the embodiment principle, people learn more deeply when such cues
are integrated into multimedia learning environments (Mayer, 2014b). Moreover, social-
agency theory suggests that learners can feel more motivated for deep processing of verbal
and visual modes of information with these cues because they can perceive their interaction
with the computer as human-to-human conversation and develop a partnership with the
computer (Atkinson et al., 2005; Mayer et al., 2003). Furthermore, instructors’ embodiment
in videos including their tone of voice, body language, and facial expression were found to
be more important for students than the technical quality of videos (Harrison, 2020). Hence,
the embodiment is a critical design element in instructional video development to enhance
information processing, learning, and motivation (Pi et al., 2021d).

There is also an increasing trend in the number of studies examining embodiment in
instructional videos (Pi et al., 2021e; Schneider et al., 2021). Mayer (2021) synthesized the
research conducted by him and his colleagues and proposed four suggestions collected
under the embodiment principle. They supported instructors’ dynamic drawing, gaze
guidance, dynamic gestures, and the first-person perspective to improve learning from
videos. However, this synthesis has remained limited because it did not cover the whole
spectrum of existing research on embodied instructional videos. Moreover, Henderson and
Schroeder (2021) performed a systematic review study to examine the effect of on-screen
instructors in videos. They indicated contradictory research findings regarding whether
instructors should be present or absent in videos to enhance learning and decrease cognitive
load. They called for future review studies to deeply investigate the embodiment principle
and determine certain instructor behaviors and appearances beneficial for learning.
Therefore, a comprehensive synthesis of the studies on embodied instructional videos can
be helpful to fill the gaps in the literature. Accordingly, this scoping review of the literature

aims to analyze empirical studies regarding embodied instructional videos in terms of
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demographics, video characteristics, design factors, and outcome variables and indicate
how the design of these videos influences the learning process and outcomes.

Background

Embodiment in multimedia learning

Multimodal or multimedia learning occurs when learners construct knowledge from words
and pictures (Moreno & Mayer, 2007). However, aids for meaning making are not limited
to words and pictures in educational environments. They can involve instructors’
movements, gestures, and use of instructional tools and classroom space, especially in
teaching abstract subjects such as math (Alibali & Nathan, 2012). These nonverbal
communication resources are embodied modes in education or educational semiotics (Lim,
2021). It is necessary to consider embodied modes with their potentials and limitations and
how they can be integrated with words and pictures to benefit from multimodality or
utilization of different modes for the construction of meaning in learning (Jewitt et al.,
2016).

In the multimedia learning field, social-agency and embodied instruction theories explain
the learning mechanism with embodied modes. According to these theories, instructors are
considered social agents who provide social and attentional cues to learners with embodied
modes such as gestures, movements, eye contact, and facial expressions (Stull et al., 2021).
Social cues such as direct gaze help learners adopt the instructor as a social partner making
conversations with them (Mayer & DaPra, 2012). More particularly, social agency theory
suggests that learners will perceive the instructor with social cues in the multimedia
learning environment as a person giving an effort for learners to make sense of information
(Atkinson et al., 2005). As a result, learners can feel more motivated to select, organize,
and integrate relevant verbal and visual modes of information (Mayer et al., 2003).
Furthermore, this motivation that emerges from learners’ social response to the
instructional message with social cues yields increases in learning transfer according to the
social-agency theory (Mayer, 2014b). As attentional cues, embodied modes such as the
instructor’s gaze toward the whiteboard guides learners’ attention to the relevant part of
the multimedia message, which leads to higher cognitive engagement and learning (Stull
etal., 2021).

Different experiments that used pedagogical agents with embodied modes in multimedia
learning environments provided empirical evidence for supporting social-agency and
embodied instruction theories. For example, in Lusk and Atkinson’s (2007) study, a fully-
embodied pedagogical agent in the form of a parrot gazed in certain directions and utilized
gestures to grab learners’ attention to the specific parts of learning content about proportion

problems. Near and far transfer scores of the students learning with this agent were higher
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than the scores of the students not seeing the agent. Similarly, Wang et al. (2018) designed
an animated pedagogical agent using eye gaze, posture, and gestures to point to the relevant
part of the illustration on the board. In two separate experiments, the students learning
chemical synaptic transmission with these agents outperformed the control group in
retention and transfer tests. Moreover, their eye fixations during the learning process
indicated that they allocated more visual attention to the target parts of the illustrations. In
a recent study, Schneider et al. (2021) investigated the impact of gestures and facial
expressions of a real human instructor in video lectures. Both gestures and facial
expressions significantly improved university students’ retention and transfer of
knowledge about geysers. In addition, the instructor was perceived as the most learning-
facilitating and human-like when both embodied modes were available in the video lecture.

Instructional videos

One type of multimedia message is instructional videos that provide words with the
instructor’s narration and on-screen texts and visuals with slides and animations (Mayer,
2021). As we are in the Internet video age now, instructional videos have become quite
accessible in both informal and formal learning settings such as YouTube, Khan Academy,
and online college courses (Pi et al., 2021d). Emergency remote teaching during the
COVID-19 pandemic has also relied on instructional videos to support learning (Belt &
Lowenthal, 2021).

Mayer et al. (2020) categorized instructional videos into four types: (1) lectures that
instructors give for online courses, (2) demonstrations in which a procedural task is shown
step by step, (3) documentaries in which a narrator describes a film, and (4) shows that
display actors’ play in an educational episode. To classify instructional videos in terms of
their style, Chorianopoulos (2018) proposed two dimensions: human embodiment and
instructional media. Human embodiment involves the instructor’s hands, talking head, or
full body, whereas instructional media includes instruments, whiteboards, slides, animation,
or simulations (Chorianopoulos, 2018).

In the design of instructional videos, three demands on learners’ cognitive processing of
information need to be considered (Mayer, 2021). They are extraneous, essential, and
generative processing. Extraneous processing is brought by poor instructional design and
is not beneficial to supporting the instructional goal (Mayer, 2014a). Emphasizing
important materials, placing relevant text and graphics near to each other, and removing
extraneous materials are some strategies to reduce the extraneous load (Mayer, 2021). For
example, Rodemer et al. (2022) used a dynamic red dot that signaled or highlighted a
portion of the visuals corresponding to the content of the narration in an instructional video
about chemistry. It was found that students watching the video with this strategy had higher

retention scores and visual attention to the content than the control group in the study.
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Similarly, Craig et al. (2015) revealed that virtual humans pointing to the relevant items to
indicate the narrated content in the instructional video led to higher knowledge retention.

Essential processing emerges in the mental representation of the materials in working
memory (Mayer, 2014a). Segmenting videos into small parts, providing pre-training about
concepts, and presenting words as narration are suggested to manage essential processing
(Mayer, 2021). To illustrate, Biard et al. (2018) used segmentation to divide a video
demonstrating a medical and procedural task into sections based on the steps of the task.
The group watching the segmented video achieved higher scores in the procedural learning
test than the group watching the whole video without any pause. As a result, Biard et al.
(2018) inferred that such a segmentation was beneficial for constructing a relevant mental
model. Segmentation was also used with the strategies for reducing the extraneous load
(e.g., signaling and removing unnecessary content) in Ibrahim et al.’s (2012) study. The
combined use of these strategies in the design of instructional videos also resulted in higher
retention and transfer scores and lower perceived learning difficulty.

Finally, generative processing produced by the motivation to learn enhances the
interpretation of the presented materials (Mayer, 2014a). Generative learning activities that
require students’ active involvement in the learning process can be applied to promote this
kind of processing while watching instructional videos. For instance, Fiorella et al. (2020)
indicated that the students writing explanations concerning the content of video parts they
watched achieved higher retention and transfer scores than those just watching the video
lessons about the human kidney. In Pi et al.’s (2021b) study, students watched video
lectures teaching some English words in three conditions: (1) watching videos passively,
(2) creating sentences with each English word learned from the videos and reading them
loudly, and (3) creating sentences and reading them loudly in the presence of a peer. Pi et
al. (2021b) found that students had higher learning performance when they created
sentences, although they perceived that they invested more mental effort in this condition.
The embodiment or showing gesturing instructor is another way to promote generative
processing in instructional videos (Mayer, 2021) and is described in the following section.

Embodiment in instructional videos

The embodiment principle in multimedia learning posits that deeper learning occurs “when
on-screen agents display humanlike gesturing, movement, eye contact, and facial
expressions” (Mayer, 2014b, p. 345). Actual human instructors in videos are also
considered pedagogical agents. Similarly, their embodiment in instructional videos
involves on-screen instructors’ drawing, use of gestures, and maintenance of eye contact
(Stull et al., 2021).

Based on empirical evidence, Mayer (2021) proposed four specific embodiment

guidelines to enhance learning from instructional videos. First, the dynamic drawing
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guideline recommends that instructors draw graphics on a board in video lectures rather
than using previously prepared graphics (Mayer et al., 2020). Second, gaze guidance favors
instructors’ gaze shifts between the board and learners rather than continuous and direct
gazes at the learners (Mayer et al., 2020). Third, instructors’ dynamic gestures are advisable
compared to their still appearance (Mayer, 2021). Finally, the perspective principle
suggests video lectures with shootings from the first-person perspective rather than the
third-person perspective (Mayer et al., 2020). However, these design guidelines were
derived mainly from the studies conducted by Richard E. Mayer and his colleagues rather
than a comprehensive literature review (Mayer et al., 2020). This scoping review discusses
these guidelines by examining all available empirical evidence in the literature in the next
sections.

Prior reviews regarding embodiment in instructional videos

There is a lack of a scoping review that investigates embodiment in instructional videos
based on an overall analysis of related studies in the literature. Therefore, this study
considered prior reviews on the use of nonverbal behaviors of pedagogical agents in
multimedia learning environments to gain insights into the potential role of instructors’
embodiment in videos. For example, Davis’ (2018) meta-analysis study examined
pedagogical agents’ gesturing and revealed that it significantly contributed to the near
transfer of knowledge and retention of learning and decreased cognitive load compared to
the static image or no image conditions. However, in a recent study, Castro-Alonso et al.
(2021) did not find the moderating effect of the presence of gestures, eye gaze, and facial
expression on learning with pedagogical agents in multimedia environments. The authors
suggested that agents with and without social nonverbal communication had a similar
impact; hence, this result contradicted the embodiment principle. Nonetheless, the findings
of these studies on pedagogical agents involving some non-human or humanoid characters
with machine-generated voices are inadequate to discuss the design and potential influence
of real human instructors’ embodiment in videos.

Concerning the use of actual humans, Henderson and Schroeder (2021) reviewed
research that investigated the effects of on-screen instructors in videos. They revealed
mixed findings regarding their influence on learning and cognitive load, although they
found a few studies favoring instructor presence to increase students’ satisfaction. In a
recent meta-analysis study, Alemdag (2022) found that while instructor-present videos did
not significantly affect learning and social presence, they significantly increased students’
cognitive load and motivation. However, these studies were only concerned with the
presence or absence of instructors in videos. Both Henderson and Schroeder (2021) and

Alemdag (2022) suggested a future review study that will examine research on the
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embodiment principle or instructors’ specific behaviors and appearance, elucidate

components of embodiments, and synthesize their impact on learning.

Research aim and questions

Instructional videos with on-screen instructors have become prevalent in both formal and
informal online education in recent years (Chorianopoulos, 2018; Henderson & Schroeder,
2021). Moreover, there is a burgeoning interest in the research investigating the effect of
instructors’ embodiment with gestures, eye gaze, and facial expressions in videos (Pi et al.,
2021e; Schneider et al., 2021). The lack of a scoping review accumulating and synthesizing
relevant studies prevents researchers and practitioners from identifying research trends and
gaps (Arksey & O’Malley, 2005; Peters et al., 2015), understanding the design structure of
embodied instructional videos, and obtaining design suggestions for an instructional
material that evolved into an integral component of diverse online learning settings
(Henderson & Schroeder, 2021; Mayer et al., 2020). While multimedia learning principles
guide the design of instructional videos, they might not provide fine details about how
learning from transitional visual and audio information in a particular type of video can be
supported (Fyfield et al., 2022). Hence, there is a call for a review study to unveil available
evidence regarding the embodied instructional videos and explain the roles of instructors’
gestures and facial expressions or specific forms of instructor presence in learning
processes and outcomes (Alemdag, 2022; Henderson & Schroeder, 2021).

Considering the needs in the literature, this study aimed to review empirical research on
embodied instructional videos to portray the current state of this field and delve into the
design of such videos. It sought answers to the following research questions:

(1) What are the demographics of the research on embodied instructional videos?

(2) What are the video characteristics of the research on embodied instructional videos?

(3) What are the design factors investigated in the research on embodied instructional

videos?

(4) What are the outcome variables investigated in the research on embodied

instructional videos?

(5) What is known from the research on embodied instructional videos about the effects

of their design?

Method

This study is a scoping review that can map key concepts and essential sources and types
of evidence of research areas, especially complex and under-explored ones (Mays et al.,
2001). Scoping reviews are preliminary efforts before systematic reviews to determine the
breadth and depth of a study field, uncover how research on the field is conducted, identify

the main characteristics or factors of a concept, summarize available evidence to guide
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practices, and find knowledge gaps (Arksey & O’Malley, 2005; Munn et al., 2018; Peters
etal., 2015).

The scoping review stages proposed by Arksey and O’Malley (2005) and then elaborated
by Levac et al. (2010) guided this study. These stages are “(1) identifying the research
question, (2) identifying relevant studies, (3) study selection, (4) charting the data, (5)
collating, summarizing and reporting the results” (Arksey & O’Malley, 2005, p. 22). The
next sections give information about the stages followed after the research questions of this
study were determined.

Identifying relevant studies

In the identification of relevant studies for scoping reviews, both comprehensiveness of the
review and its feasibility are considered to provide adequate answers to research questions
(Levac et al., 2010). For this study, the most used databases containing primary sources in
the education field (Frankel et al., 2012) were selected to achieve the research aim. They
were Web of Science, Scopus, ERIC, and PsycInfo. The relevant resources were searched
in these databases on December 13, 2021. Title, abstract, or keywords fields of the database
search engines were filled with the following keywords and Boolean operators: video and
(instructor or lecturer) and (face or expression or eye or gaze or gesture or body or
movement or drawing or perspective or position). As limiters of the search, peer-reviewed
journals were selected to access quality articles. No time span was specified to obtain all
available sources. Early-access articles were also included in the results. Finally, the search
was limited to English full-text articles.

Study selection

The procedure proposed by preferred reporting items for systematic reviews and meta-
analyses guidelines for scoping reviews (Tricco et al., 2018) was followed for study
selection (Figure 1). First, articles identified through database search results were listed.
This list was enriched with additional studies after the citations used in all selected articles
were reviewed, as Peters et al. (2015) suggested. The manual literature search on instructor-
present videos in the Google Scholar search engine also provided relevant studies that were
incorporated into the list as additional records from other sources. Then, the duplicate
articles were removed from the list, which left 777 articles for eligibility assessment.
Second, their titles and abstracts were screened to select the relevant ones for this scoping
review. Inclusion and exclusion criteria in Table 1 were taken into account to identify them.
Consequently, 703 articles were excluded from the review list. Third, full texts of the
selected 74 articles were assessed to find the ones meeting the eligibility criteria. This step
resulted in 55 eligible articles investigating embodied instructional videos. Figure 1

explains the reasons why the remaining 19 articles were excluded from the review. It is
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Fig. 1 The flow diagram regarding the study selection
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also important to note that 14 articles included more than one experiment or study. Each

study in these articles was considered a separate study in the current review; as a result, 71

studies were used for charting and analyzing data and reporting results.

Table 1 Inclusion and exclusion criteria

Criterion Inclusion

Exclusion

Document type

An article published in a peer-reviewed

A non-peer-reviewed article

A review, editorial, or conceptual paper

An animated character or pedagogical
agent

journal
Type of study An original and empirical research study
Instructor A human instructor
Study focus Use of embodied modes of information

in instructional videos to enhance the

learning process or outcomes
Instructional video
produced before the study
implementation
Language Articles in English
Availability of full text Full text available

Use of instructional videos recorded or

Questioning only whether on-screen

in instructional videos

Use of student-created videos or
videoconferencing technologies for

synchronous communication between

instructors or learners
Articles not written in English
Full text not available

instructors should be present or absent
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Charting data

The selected studies were examined to chart or extract data related to (1) their
demographics, (2) video characteristics, (3) design factors, (4) outcome variables, and
(5) the effects of design factors. A spreadsheet program was used to record them in a table.
The additional file (see Supplementary information) provides a copy of the table in which
relevant data extracted for each study are presented.

First, the demographics of the studies were examined in terms of the year, learner group,
and location of participants. The learner group consisted of K-12 students, higher education
students, adults older than 18 using videos for informal education, and older adults about
50 years old.

Second, video characteristics were analyzed in regard to video types, subject domain,
instructional media, setting for video watching, average video length, and treatment
duration. Prior classifications were used to identify characteristics; however, they were
refined based on the analysis results of this study. For example, video types were
determined with Mayer et al.’s (2020) categorization of instructional videos. However, a
new type (i.e., feedback videos) needed to be added to this categorization, including only
instructional videos in lecture, demonstration, documentary, and show types. Feedback
videos that provide information about the strengths and weaknesses of a learner’s
performance and remedial actions for performance improvement were missing in Mayer et
al.’s (2020) categorization. Different from the existing types of videos that present
declarative and procedural knowledge to teach a topic, feedback videos give evaluative
information about a learner’s performance. Moreover, the former ones are generally
designed for all learners in the target group, whereas feedback videos can be more
individualized and personalized because they mostly target one specific learner and her/his
performance (Henderson & Phillips, 2015). Therefore, it was necessary to extend Mayer et
al.’s (2020) categorization with feedback videos. Subject domains of the reviewed videos
included science, technology, engineering, math (STEM), and humanities and social
sciences, similar to previous reviews (Castro-Alonso et al., 2021; Davis, 2018). This study
also added the health category. Analysis regarding instructional media was constructed
according to Chorianopoulos’ (2018) classification for video style. It included animation,
slides, whiteboards, and instruments. New physical (e.g., model, flipchart, and virtual
reality headset) and digital media (e.g., screencast or screen capture) were added to this
classification based on the reviewed studies. Finally, time intervals regarding video length
were determined following Guo et al.’s (2014) recommendation of using videos less than
Six minutes.

Third, design factors in embodied instructional videos were determined. Conditions
manipulated in experimental studies or groups in causal-comparative studies were checked

to find and record a component of design factors. Fourth, to explain the role of design
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factors in learning from embodied instructional videos, outcome variables in the studies
were identified.

Finally, findings regarding the effects of the design factors in the embodied instructional
videos were analyzed. To this end, first, the studies were grouped and listed in a new table
according to the design factors determined in the findings of the third research question.
Then, the main results of the studies available for each outcome variable were written in
separate cells in the table. Such a data extraction helped the researcher compare the results
of different studies and determine the common or contradictory findings for a specific
design factor and outcome variable.

Collating, summarizing, and reporting the results

This stage of the scoping review includes “analyzing the data, reporting results, and
applying meaning to the results” (Levac et al., 2010, p. 6). In data analysis, descriptive
numerical summary and thematic analysis are applied (Levac et al., 2010). Similarly, this
scoping review analyzed study demographics and video characteristics descriptively and
summarized them in tables and charts. Moreover, the thematic analysis method was used
to collect design factors and outcome variables under overarching themes and provide a
better synthesis of findings regarding the effects of embodied instructional videos.

In thematic analysis, the phases proposed by Braun and Clarke (2006) were followed.
For example, in the analysis of design factors, each article was read and reviewed several
times as a first step for obtaining information about the specific facets of embodiment
design in instructional videos. Second, initial codes were generated based on the
experimental conditions or groups in the study. Third, the codes were categorized into
themes. The data-driven approach was mainly used in the coding. However, in the naming
of some design codes and themes, embodiment principles regarding the effective design of
instructional videos (Mayer, 2021; Mayer et al., 2020), gesture classifications (McNeill,
1992), dimensions of instructor presence in video courses (Yuan et al., 2021), and design
factors of pedagogical agents (Heidig & Clarebout, 2011) were considered to provide
themes consistent with the available terms in the literature. Fourth, themes, codes, and
related studies were examined together to evaluate their congruity. Finally, each theme was
refined and defined. The final set of design factors consisted of seven themes: instructor
demeanor, instructor visual presence, learner characteristics, generative activities, content,
scene, and instructional media.

As a result of thematic analysis, outcome variables in the reviewed studies were
categorized into learning processes measured while learners were studying and learning
outcomes measured after studying. The variables regarding learning processes were eye
movement, behavior, brain activity, and emotion. Learning outcomes were related to

learning, social presence/agency, affect, and perception of the cognitive process.
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Findings regarding the effects of embodied instructional videos were also organized
thematically according to the seven design factors. All positive, neutral, and negative
results were considered with a critical lens. The results supported by multiple studies were
reported to reveal the key conclusions about the influence of design factors. Gestures and
their effect on learning were examined in a noticeable number of studies (n = 17); hence,
gesture types and the number of studies (not) supporting their positive impact were also
specified in the analysis.

Finally, intercoder reliability in the data analysis was examined. The author of this
research organized a meeting with a doctoral candidate in the instructional technology
program to explain the coding list and analyze two studies together. Then, 12 studies
(16.90%) out of 71 were evaluated by the doctoral candidate as a second coder. This
percentage was higher than 10%, recommended for the sample size in intercoder reliability
analysis (Lombard et al., 2002). Cohen’s kappa values to measure intercoder reliability
were Kyear = 1, Kieamer = 1, and Kiocation = .89 for the demographics of the study; kiype = .75,
Ksubject domain = .54, Kmedia = 1, Kvideo length = .87, Kireatment duration = 1, and Kseting = .49 for video
characteristics; k = .83 for design factors; k = .76 for gesture types; and k = 1 for the effect
of gestures on learning. Except for moderate agreement in the subject domain and setting
for video watching, there were substantial and (almost) perfect agreements between the
author and second coder in all coding categories according to Landis and Koch’s (1977)
benchmarks. The disagreements between the coders were also resolved through their
discussion. The author took into account the second coder’s suggestions and made all

necessary revisions by analyzing the studies again.

Findings and discussion

Demographics of the studies

The first research question was related to the demographics of the research on embodied
instructional videos. The demographics of the selected studies were analyzed in terms of
the year, learner group, and location of participants.

Year

There were 71 studies published between 2006 and 2021. The highest publication occurred
in 2021 (n = 21) (Figure 2). Widespread instructional video use to support emergency
remote teaching during the COVID-19 pandemic (Belt & Lowenthal, 2021; Mayer, 2021)
might have surged research on embodied instructional videos in 2021.
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25

Number of studies

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

Fig. 2 The distribution of the studies by year

Learner group

Participants of the studies in this review were mainly higher education students (n = 65)
(Figure 3), similar to the previous reviews on video-based learning environments (e.g.,
Akcayir & Akgayir, 2018; Birgili et al., 2021). Participation of K-12 students and adults in
the studies was noticeably low. Teachers in K-12 education apply flipped and online
learning with instructional videos and use videos as in-class materials to support the
acquisition of declarative knowledge, show complex phenomena, and increase student
engagement and autonomy (Fyfield, 2022). Instructional videos in informal learning

Adults (2)

Higher education K-12(5)
(85)

Older adults (1)

Fig. 3 Learner groups in the studies and their frequencies

Note. Since one study (Ouwehand et al., 2015b) included different learner groups (K-12, higher
education, and older adults), the total frequency in the figure exceeds 71.
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environments and MOOCs are also a means for adult individuals to pursue life-long
learning. Therefore, there is a need for more research conducted with learner groups
including K-12 students and adults to investigate how embodiment in instructional videos

works for them.

Location of the participants

Students in the reviewed studies were from the USA (n = 34), China (n = 20), Germany
(n =7), Netherlands (n = 5), Spain (n = 2), Canada (n = 1), and France (n = 1). There was
one study that did not reveal the location of the participants. The high number of studies of
two leading scholars from the USA and China, Richard E. Mayer and Zhongling Pi,
brought about such a distribution regarding the locations of the participants. Researchers
in other countries need to contribute to the literature in embodied instructional videos to
enhance the transferability of findings to learners in different cultures.

Video characteristics of the studies

The second research question was related to the video characteristics of the research on
embodied instructional videos. Video characteristics were examined in regard to video
types, subject domain, instructional media, setting for video watching, video length, and

treatment duration with videos.

Video types

Three video types were identified in the research on embodied instructional videos: lecture
(n = 42), demonstration (n = 30), and feedback (n = 2). Some studies (n = 3) included both
lecture and demonstration videos. The finding concerning three video types revealed that
embodiment in instructional videos could be utilized to provide feedback in addition to its
common use for giving a lecture and displaying how to do a procedural task. It also
indicated scarce studies on embodied video feedback. Multimodal video feedback
including visual, verbal, and gestural information can be more effective in attending to and
comprehending feedback content (Henderson & Phillips, 2015; Hung, 2016). However,
there is a need for experimental studies that can prove the impact of multimodal video

feedback with embodied modes of information.

Subject domains

The subject domains of instructional videos were STEM (n = 43), humanities and social
sciences (n = 26), and health (n = 2) (Table 2). The prevalent subjects were related to
science topics (Nbiology = 11, Nphysics = 8, and Ncremisy =7) and foreign language learning

(n =9). Previous literature reviews on multimedia learning (Alemdag & Cagiltay, 2018;
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Table 2 Subject domains of instructional videos and their frequencies

3

Domain Subject
STEM Biology
Physics

[y
[

Chemistry
Math
Educational technology
Statistics
Mechanical/material engineering
Humanities and social sciences Foreign language
Geography
Communication
History
Psychology
Sociology
Teaching
Health Nursing
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Physical exercise

Mutlu-Bayraktar et al., 2019) also revealed more common use of STEM materials,
especially science materials, in the reviewed studies. Similar to pedagogical agents,
instructors’ ability to demonstrate tasks and use gestures to explain or highlight a concept
in videos can facilitate the acquisition of abstract science and math constructs and
procedures (Schroeder et al., 2013). Likewise, gestures involve a variety of semiotic
affordances that support the production, comprehension, and learning of a second language
(Gullberg, 2006). Therefore, researchers might have preferred videos on these subjects
more frequently.

Instructional media

A variety of instructional media were used in the reviewed studies (Table 3). The most
common ones were slides (n = 27) and whiteboards (n = 16). The animation was used in
only one study. The rare utilization of animations in embodied instructional videos raises
questions about how students pay attention when instructors use gestures and animations
because they are two dynamic and competing visual sources of information for learners.
Another relevant finding was the incorporation of screencasts into the embodied
instructional videos as media. Two studies in the educational technology domain used
screencasts to demonstrate how to use a software program. The instructor appeared near
the software image in these videos to explain the procedural information. Screencast videos
have become quite prevalent due to most people’s preference for watching the
demonstrations in these videos rather than reading documents about software usage

(Chorianopoulos, 2018). They are also widely used in computer science, especially in



Alemdag Research and Practice in Technology Enhanced Learning (2023) 18:29 Page 16 of 43

Table 3 Media in instructional videos and their frequencies

Instructional media n
Slides 27
Whiteboard 16
No media 11
Models 7
Instruments 5
Pictures 4
Flipchart 2
Virtual reality headsets 2
Not available 2
Screencast 2
Animation 1

Note. Since some studies (n = 8) used more than one type of media, the total frequency in the table
exceeds 71.

programming courses that show the instructor’s coding screen (Kokog, 2019). Similar to
the embodied videos with animations, the videos with screencasts can overload students’
limited cognitive capacity because of the combined use of dynamic screen activity and
moving images of the instructor modeling a task performance (Wouters et al., 2008).
Therefore, it is important to conduct more research studies that can guide the instructional
design of embodied videos with animations and screencasts for learners not to experience

cognitive load while watching these videos.

The setting for video watching

The settings where participants watched instructional videos are provided in Figure 4. In
the majority of the studies, settings were laboratory or testing rooms where learners
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Fig. 4 Settings for watching instructional videos and their frequencies




Alemdag Research and Practice in Technology Enhanced Learning (2023) 18:29 Page 17 of 43

individually watched the videos (n = 49). On the contrary, online environments (n = 6),
classrooms (n = 5), and lecture halls (n = 1) were used in fewer studies. Students watch
instructional videos online in flipped classrooms, MOOCs, and distance courses at their
convenient places. Therefore, the ecological validity of the laboratory experiments on
embodied instructional video design might be questionable. As contextual factors can
mediate the effect of design principles, there is a need for more studies on instructional
videos designed for authentic learning environments rather than laboratory settings
(Fyfield et al., 2019).

Video length and treatment duration

Average lengths of instructional videos were generally less than six minutes (n = 24) or
between six and 12 minutes (n = 21) (Figure 5). In regard to treatment duration,
instructional videos were presented in one session in most studies (n = 65). Other studies
allocated two (n = 1) and three days (n = 1) and one semester (n = 4) for the experimental
period. Therefore, a limited number of studies investigated the effect of embodied
instructional videos in multiple learning sessions or semester-long courses. Presenting
instructional videos for a longer experimental period is important to mitigate the novelty
effect that arises when the treatment is new and effective only in the initial time (Lodico et
al., 2010). It is more likely to occur when new technologies are introduced (Consolvo et
al., 2017), such as when virtual reality (VR) is used for embodied instructional videos.
However, when the treatment duration lasts several sessions, the learners are accustomed
to the new presentation of information, and their attention, efforts, and persistence due to
the novelty of the media tend to decrease (Clark, 1983). For example, Merchant et al. (2014)
found that learning gains declined when the number of treatment sessions for VR-based
instruction with games rose. Therefore, future research can extend the implementation
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Fig. 5 Average lengths of the instructional videos and their frequencies
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period of studies to increase learners’ experiences with the treatment and eliminate the

initial heightened learner activity due to the novelty effect.

Design factors in the studies

The third research question was related to the design factors investigated in the research on
embodied instructional videos. Design factors in the selected studies were categorized into
seven themes in this review: instructor demeanor (n = 43), instructor visual presence
(n = 15), generative activities (n = 10), learner characteristics (n = 10), content (n = 8),
scene (n = 8), and instructional media (n = 8). Figure 6 displays codes under each theme
with their frequencies. This section describes each theme, but the findings regarding the
fifth research question give more information about these factors while explaining their

effects on learning processes and outcomes.

Design factors

in embodied instructional
videos

Fig. 6 Design factors in the studies on embodied instructional videos
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The first design factor is instructor demeanor. It is related to how instructors behave and
look in instructional videos. Instructors’ gestures, gaze, facial expressions, and fluency of
their behaviors are some specific embodied cues regarding instructor demeanor (e.g.,
Carpenter et al., 2013; Ouwehand et al., 2015a, Pi et al., 2017a, 2019a, 2019b; Schneider
etal., 2021; Stull et al., 2021; Wang et al., 2019b). Second, instructor visual presence refers
to how the instructor’s appearance is formatted or organized in the video scene, such as in
terms of orientation, position, size, and duration (e.g., Pi et al., 2017b; van Gog et al., 2014;
Yi et al., 2019; Yu et al., 2021). Third, learner characteristics involve consideration of
learners’ demographics and cognitive and motivational characteristics in the design of
embodied instructional videos (e.g., Fiorella & Mayer, 2016; Lyons et al., 2012; Pi et al.,
2019a). Fourth, generative activities make instructors or learners physically and
cognitively productive during the video (e.g., Fiorella & Mayer, 2016; Fiorella et al., 2017,
2019). Fifth, the content of embodied instructional videos is related to the nature of the
content (e.g., complexity and knowledge type) and how texts and visuals are organized
(e.g., Fiorella et al., 2017; Gluhareva & Prieto, 2017; Pi et al., 2021a). Sixth, the scene is a
design factor that deals with how the video environment appears from the learners’
perspective (e.g., Boucheix et al., 2018; Jackson et al., 2006; Merkt et al., 2019). Finally,
instructional media such as whiteboards and VR headsets are the tools instructors or
learners use during video recording or watching (e.g., Hekele et al., 2021; Stull et al., 2018b,
2021).

Prior review studies questioned whether instructor presence is beneficial for learning
from videos (Alemdag, 2022; Henderson & Schroeder, 2021) and focused on only
instructors’ dynamic drawing, gaze guidance, gestures, and camera perspective (Mayer,
2021). There is a lack of study that indicates components of embodiment in instructional
videos (Henderson & Schroeder, 2021). This study provided a rich list regarding the design
factors of embodied instructional videos based on a scoping review of the literature. It
indicated that the development of embodied instructional videos is a more complex design
and research area. Instructor movements, appearance, and use of instructional media need
to be considered from different aspects with content elements and learner characteristics,
activities, and tools.

These results imply the importance of taking a broader perspective in the design of
embodied videos. They indicate that the design elements of these videos also involve
instructors’ facial expressions, fluency, positivity, amount and duration of visibility, and
use of whiteboards. Moreover, the current study emphasizes analyzing learners, content,
and media while selecting the embodiment as an instructional strategy. Such an analysis
can give information about which type of embodied cues might be more effective in a
particular learning context. Overall, this scoping review extends Mayer’s (2021)

embodiment principle by uncovering all design elements available in the literature.
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Researchers can also benefit from these design factors to provide detailed descriptions of
their embodied instructional videos and conditions under which participants watch them in
their studies. As a result, findings of similar research on instructional videos can be
compared considering the learning materials and conditions, and meaningful replication
and meta-analysis studies can be conducted (Fyfield et al., 2022). However, in a recent
systematic review, Fyfield et al. (2022) found that most studies had limited information
about the instructional videos used in the research. This review guides future studies by
presenting a comprehensive list that can indicate what to include in the description of
embodied instructional videos.

Outcome variables in the studies

The fourth research question was related to the outcome variables investigated in the
research on embodied instructional videos. Outcome variables in the selected studies were
collected under two main themes in this review: learning processes (n = 23) and outcomes
(n = 164) (Figure 7).

Learning processes

Measures regarding learning processes were related to learners’ eye movement (n = 16),
behavior (n = 3), brain activity (n = 3), and emotion (n = 1) while they were studying
instructional videos. First, eye movement measures included first fixation time to the

relevant content, number and duration of fixations on instructor and content area, and

Instructional
media, 8

Design factors

Instructor Generative
visual presence, activities, Learner Content,
Instructor demeanour, 43 15 10 char., 10 Scene, 8 8

Brain activity, 3

Learning processes

Eye movement, 16 Behavior, 3 Emotion, 1

Affect (Motivation/
Social presence/agency, Satisfaction/Emotion), Perception of cognitive
Learning, 64 35 33 process, 32

Learning outcomes

Fig. 7 Design factors with related learning processes and outcomes
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transitions between instructor and content. They were used to evaluate learners’ visual
search efficiency, cognitive processing of multimedia elements, and visual attention
distribution in instructional videos (e.g., Pi et al., 2021c, 2021d; Stull et al., 2021). Second,
behavioral measures consisted of time for restudying video content before testing
(Carpenter et al., 2013, Experiment 2), the correctness of imitation behaviors during video
watching (Jackson et al., 2006), and attrition and assessment taking rates in video lectures
(Kizilcec et al., 2015, Experiment 2). Third, learners’ brain activities were monitored
through functional magnetic resonance imaging (fFMRI) and electroencephalography (EEG)
devices to map the activation of brain regions and measure the amplitude of alpha and beta
powers during learning with different video designs (Jackson et al., 2006; Pi et al., 20214,
Experiment 1; Pi et al., 2021e, Experiment 2). Fourth, one study (Wang et al., 2019a)
tracked learners’ facial expressions during video watching to determine the arousal level

of their emotions.

Learning outcomes

In terms of learning outcomes measured after studying, there were four main categories:
learning (n = 64), social presence/agency (n = 35), affect (motivation/satisfaction/emotion)
(n = 33), and perception of cognitive process (n = 32). First, learning outcomes were
assessed with objective test items regarding retention, transfer, comprehension, and
problem-solving (e.g., Fiorella & Mayer, 2016; Koumoutsakis et al., 2016; Pilegard &
Fiorella, 2021), observation of demonstration performance (e.g., Fiorella et al., 2017,
Experiments 1 & 2), and questionnaires regarding perceived learning (e.g., Carpenter et al.,
2013, Experiments 1 & 2). Second, social presence/agency referred to learners’ feeling of
presence in the learning environment created by instructional videos and their perceptions
of instructors’ characteristics and interactions with learners (e.g., Beege et al., 2020,
Experiments 1 & 2; Wang et al., 2019b; Witt & Kerssen-Griep, 2011). Third, affective
outcomes involved measures of motivation, satisfaction, and emotions felt for learning with
specific designs of instructional videos (e.g., Carpenter et al., 2013, Experiments 1 & 2;
Waller et al., 2021; Yuan et al., 2021). Fourth, measures regarding perceived mental effort,
mental load, difficulty, and attention during learning with embodied videos provided
inferences about students’ perceptions of cognitive process (Beege et al., 2020,
Experiments 1 & 2; Ouwehand et al., 2015a, 2015b; Yi et al., 2019).

Compared to the learning outcomes, learning processes have been less investigated in the
reviewed studies. Learning process measures include neurocognitive and
psychophysiological measures (e.g., eye movements and brain activity) that can overcome
the subjectivity of self-rating measures and provide inferences about cognitive functioning
based on physiological states during video watching (Kruger & Doherty, 2016). Such

measures are recommended to examine the attentional and cognitive processes and identify
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the specific instructor behaviors that can enhance learner engagement (Wang et al., 2020).
Considering the increasing utilization of these measures in the multimedia learning field
(e.g., Alemdag & Cagiltay, 2018; Ozel et al., 2021), future studies can prefer analyzing the
influence of design factors in embodied instructional videos with both learning outcome
and process variables to provide multiple types of evidence for design suggestions.

The influence of design factors in embodied instructional videos

The fifth research question was related to the findings regarding the effects of the design
of embodied instructional videos. This section explains each design factor displayed in
Figure 6 and its potential impact on the learning process and outcomes by providing
examples from the reviewed studies. As a result, design considerations are proposed based
on the prevalent study findings.

Instructor demeanor

Only instructor presence in videos might not be adequate to enhance learning (Mayer et al.,
2020). Indeed, social cues regarding instructor demeanor such as gestures, gaze, and facial
expressions are necessary to direct students’ attention to relevant content and promote
learning (Polat et al., 2021). In this scoping review, the most investigated factor regarding
instructor demeanor was gestures. There were 17 experimental studies that compared the
effects of gesture-absent and gesture-present instructional videos on learning. The 13
studies (Table 4) reported at least one positive and significant effect of a specific type of
gesture in a learning test or condition.

Table 4 The frequencies regarding the effect of specific gestures on learning and related studies

Gesture

Effect Deictic Beat Metaphoric Iconic Mixed
Positive 7 3 1 1 1
effect (Beege et al., (Gluhareva & (Schneider et al., (Carlson et al., (Pietal., 2019a)

2020, Prieto, 2017; 2021) 2014)

Experiments 1 Pietal., 2021d,

& 2; Experiment 2;

Koumoutsakis Pietal, 2021e,

etal., 2016; Experiment 1)

Pietal, 20173,

2019a, 2019b,

2021a,

Experiment 2)
No positive 4 3 - - -
effect (Fiorella & (Beege et al.,

Mayer, 2016, 2020,

Experiment 1;
Ouwehand et

Experiments 1 &
2;
Pietal, 2021d,

al., 20153,

2015b; Experiment 1)
Yeo et al.,,

2017)

Note. Three studies investigated the effects of more than one type of gesture.
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Instructors’ dynamic gestures are recommended by Mayer (2021), but what type of
gestures promote learning from videos is unknown. Therefore, gesture types found
beneficial for learning in these studies were also analyzed to determine the conditions of
this recommendation. According to McNeill’s (1992) classification, they were deictic
gestures that indicate or point to an object, event, or direction (n = 7), beat gestures or
rhythmic movements of hands (n = 3), metaphoric gestures that convey an abstract
metaphor (n = 1), iconic gestures that represent a concrete object or action (n = 1), and the
mixed group including both metaphoric and iconic gestures (n = 1) (Table 4). Despite some
conflicting results, deictic gestures mostly contributed to the learning in the relevant studies.
In addition, the positive effect of deictic gestures was noted in regard to students’ eye
movements during the learning process. Four studies (Ouwehand et al., 2015a; Pi et al.,
2017a, 2019a, 2019b) revealed that learners used less time to find the visual area the
instructor addressed and dwelled longer on content in instructional videos with deictic
gestures. The positive impact of such gestures on attention allocation and learning
outcomes was also pronounced in the research on multimedia learning environments with
animated pedagogical agents, especially when deictic gestures pointed to the specific visual
area corresponding to the narration (Li et al., 2019). This type of gesture provides signaling
or cueing that highlights where to look at visual content (Li et al., 2019). Overall, these
results advocate the use of dynamic gestures to enhance learning similar to Mayer’s (2021)
embodiment principle, but they also draw attention to the gesture type. Based on the
available evidence in the literature, this review can highlight pointing gestures to enhance
learning performance, visual search efficiency, and attention to content during the learning
process. More research studies are needed to investigate the effects of other types of
gestures and their boundary conditions.

In terms of the influence of instructors’ gaze, some findings revealed that fixed or direct
gaze could cause less attention to the content area but more attention to the instructor than
guided, shifted, or directed gaze during the learning process with instructional videos (e.g.,
Pi et al., 2019b, 2020a, 2020b; Wang et al., 2019b). For example, Wang et al. (2019b)
investigated the effect of gaze guidance when the instructor switched her looking between
the camera and content area in slides in declarative and procedural knowledge types. They
found that the learners allocated more visual attention to the content in both knowledge
types, made fewer transitions between the content and instructor, and attained higher social
presence and learning in instructional videos with gaze guidance. There were also
contradictory results in the reviewed studies. Stull et al. (202 1) revealed that the instructor’s
fixed gaze at the only camera was more favorable for learners’ attention toward the content
on whiteboards than gaze shifts, and there was an interaction effect between whiteboard
type and gaze behavior in terms of learners’ attention to the instructor. Moreover, Pi et al.

(2021c) indicated that learners watching videos with the instructor’s direct gaze and
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surprised face allocated more attention to instructional slides than those watching videos
with gaze guidance. On the whole, this study can provide some evidence supporting Mayer
et al.’s (2020) gaze guidance principle. However, considering the conflicting findings,
more research studies are needed to determine when gaze guidance is more beneficial for
both attentional distribution and learning. The effect of the instructors’ gaze might change
based on instructional media and other embodied cues in the video.

Another embodiment cue related to instructors’ demeanor was facial expressions that
were not indicated in Mayer’s (2021) embodiment principle for instructional videos.
Specific facial expressions are easily identifiable cues of certain emotions (Carroll &
Russell, 1996). Emotional designs in multimedia learning were found effective in
enhancing learning outcomes, positive affect, intrinsic motivation, and mental effort in the
recent meta-analysis by Wong and Adesope (2021). Except for Pi et al.’s (2021c¢) study
that favored the neutral face rather than the surprised face in the instructional videos with
guided gaze, three studies in this scoping review also revealed the positive impact of facial
expressions on learning. Happy face promoted learning in the direct gaze condition (Pi et
al., 2020a); facial expressions enhanced retention and transfer in the videos both with and
without gestures (Schneider et al., 2021); and the group with a heightened level of
expressiveness outperformed conventional level group on medium-level recall (Wang et
al., 2019a).

Instructors’ demeanors were also investigated in terms of fluency, immediacy, and
positivity. The common finding was that they led to a more positive evaluation of
instructors as social agents. Fluent instructors were perceived as more organized,
knowledgeable, prepared, and effective (Carpenter et al., 2013, Experiments 1 & 2;
Toftness et al., 2018, Experiments 1 & 2). Instructors with high immediacy were deemed
more competent and caring (Kerssen-Griep & Witt, 2015; Witt & Kerssen-Griep, 2011).
Moreover, the instructors with positive emotions were appraised as more credible,
engaging, and facilitating (Lawson et al., 2021, Experiments 1 & 2). In addition to
instructors’ gestures, facial expressions, dynamic drawings, and use of objects and contents
in videos, natural and frank instructor behaviors are prioritized by learners to enhance the
effectiveness of instructional videos (Fidan & Debbag, 2022). The findings of this scoping
review based on students’ perceptions also imply that fluent and intimate instructors can

be more favorable social agents in instructional videos.

Instructor visual presence

Instructor visual presence referred to the arrangement of on-screen instructors in terms of
the visible body part, duration of presence, orientation, facial attractiveness, position, size,
and proximity. Concerning visible body parts, five studies investigated whether it is

necessary to display the instructor’s face or body in addition to hands in demonstration
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videos. Fiorella and Mayer (2018) assert that mere instructor presence might interfere with
learners’ focus on the content of the instructional message and cause extraneous cognitive
load. In contrast, it can also promote a social connection between instructors and learners
(Fiorella & Mayer, 2018).

In line with the interference hypothesis, van Wermeskerken and van Gog (2017) and van
Wermeskerken et al. (2018) found that learners paid less attention to the demonstration
area in the videos when the instructor’s face was visible. Moreover, face visibility neither
enhanced nor hindered learning in the first viewing of instructional video in other studies
(van Gog et al., 2014; van Wermeskerken & van Gog, 2017; van Wermeskerken et al.,
2018). On the contrary, using only the hand as an embodiment cue was found more
effective in enhancing the transfer of learning than the appearance of the full body (Fiorella
& Mayer, 2016, Experiment 4). Therefore, showing only the instructor’s hand might be
adequate to use embodiment in demonstration videos if other body parts do not have a
specific visual function.

The optimal duration of instructor presence was also investigated in three studies. The
two studies (Vi et al., 2019; Yu et al., 2021) favored intermittent instructor presence to
improve learning gains compared to continuous teacher presence. However, there were
contradictory findings concerning cognitive load. While Yi et al. (2019) revealed lower
cognitive load in intermittent presence, Kizilcec et al. (2015) and Yu et al. (2021) indicated
higher cognitive load when instructors appeared at certain times. Therefore, it is essential
to note that while intermittent instructor presence can be more beneficial for learning than
continuous presence, it might cause more cognitive load. However, there is a need for more
studies to determine when and how long the instructors should appear in videos to enhance
learning without imposing cognitive load.

Learner characteristics

It is essential to determine the boundary conditions for whom instructional videos are more
beneficial for learning (Fiorella & Mayer, 2018; Mayer, 2021). Learners’ cognitive,
metacognitive, motivational, and emotional characteristics can mediate the impact of
pedagogical agents on learning (Heidig & Clarebout, 2011). In this scoping review, the
significant main effect of prior knowledge on learning retention or transfer was found in
four studies (Fiorella & Mayer, 2016, Experiments 1, 2, 3, & 4). The remarkable finding
in two studies (Fiorella & Mayer, 2016, Experiment 1; Pi et al., 2019a) was that the learners
with a low or medium level of prior knowledge benefited from instructional videos with
dynamic drawing and gestures more to enhance learning transfer, although there was no
significant difference for the learners with high prior knowledge. These findings support
the expertise reversal principle in multimedia learning, positing that design guidelines

effective for novice learners might not be effective for learners with high prior knowledge
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(Kalyuga, 2014). Concerning other learner characteristics, it was indicated that less
technological efficacy was related to less perceived learning from instructor-present videos
(Lyons et al., 2012). Older adults were also disadvantageous in learning from instructional
videos compared to young adults (Ouwehand et al., 2015b). Therefore, learner
characteristics, especially prior knowledge, can be a critical moderator of the effect of

embodied instructional videos on learning.

Generative activities

Generative learning refers to learners’ active involvement in making sense of instructional
material by selecting, organizing, and integrating incoming information (Fiorella & Mayer,
2015). One of the generative learning strategies is learning by the enactment related to
students’ task-related movements during learning (Fiorella & Mayer, 2015). Concerning
this strategy, there were findings supporting learners’ imitation of models during or after
watching demonstration videos to enhance learning (Fiorella et al., 2017, Experiment 1;
Stull et al., 2018c, Experiments 1 & 2). In addition, Jackson et al.’s (2006) MRI study
revealed that learners’ imitation of physical movements in the instructional video led to
higher signal change in the extrastriate body area mainly activated in the visual perception
of body parts.

This review also considered some instructor movements (e.g., drawing) as generative
activities because instructors become physically active to produce learning content while
the video is recorded. Three studies (Fiorella & Mayer, 2016, Experiments 1 & 2; Fiorella
et al., 2019, Experiment 1) reported that instructors’ drawing on a whiteboard while
explaining or demonstrating a science topic led to higher retention or transfer scores than
showing already-drawn visuals. Moreover, in one study (Swenson et al., 2021), most
students favored hand-written content rather than pre-written content. Signaling, temporal
contiguity, and segmenting principles of multimedia learning explain why observing
instructor drawing can be better for learning (Fiorella & Mayer, 2016). Instructors’ hand
guides learners’ attention to the relevant visuals (signaling) that are drawn synchronously
with verbal information (temporal contiguity) and shown one by one at a time (segmenting).
Overall, it might be inferred that both instructors’ and learners’ generative activities in

demonstration videos can promote learning.

Content

The content of instructional videos also varied in nine studies in terms of task or visual
complexity, face-threat mitigation, knowledge type, and speaking rate. The complexity of
the multimedia material moderates the effort allocated for processing and integrating
textual and visual information (Schmidt-Weigand et al., 2010). Correspondingly, the

moderating effect of content complexity on learning from embodied instructional videos
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was noted in four studies about gestures and the first-person perspective. Pi et al. (2021d,
Experiment 2) found a positive impact of instructors’ head nods and beat gestures on
retention and transfer performance in instructional videos with simple visual complexity.
On the other hand, three studies determined that first-person perspective (Fiorella et al.,
2017, Experiment 1), beat gestures (Gluhareva & Prieto, 2017), and pointing gestures (Pi
et al., 2021a, Experiment 2) had a significant effect in instructional videos with tasks in
high visual complexity or task difficulty. Instructional design becomes more critical when
complex materials impose a high working memory load because of their intrinsic nature
(Pass & Sweller, 2014). The use of multimedia design principles in the design of such
materials can help learners not to exceed their working memory capacity to process and
learn the information, although it might not be urgent to utilize the principles in materials
with light intrinsic cognitive load (Pass & Sweller, 2014). Therefore, it appears that the
design of instructional videos with beneficial embodiment can be more effective for
learning content with high complexity.

Scene

The use of cameras is advantageous for displaying a task from different viewpoints, which
might not be possible in face-to-face settings (Fiorella & Mayer, 2018). Viewpoints of
videos or camera perspectives were first-person, third-person, or mixed in the reviewed
studies. Viewing instructors’ behaviors from the first perspective in demonstration videos
was found more effective in enhancing learners’ performance and completion times in
circuit building and physical movement tasks than viewing from the third-person
perspective (Fiorella et al., 2017, Experiments 1 & 2; Jackson et al., 2006). Jackson et al.’s
(2006) MR study also indicated a more direct mapping of behaviors in the first perspective
without further visuospatial transformation. Unlike previous studies, Boucheix et al. (2018)
investigated the impact of mixed-use of two perspectives in the video that demonstrated
how to insert an indwelling catheter in a patient to better mimic real-life learning situations
in nursing education. They found that learners’ demonstration performance in mixed
perspectives was higher in the steps that required multiple views than the performance of
the first-person perspective and control groups. Based on these findings, this review
corroborates Mayer’s (2021) perspective principle and proposes that demonstration videos
should include shootings from the first-person perspective. It saves learners from
transforming the representations in the third perspective into their own perspective
(Fiorellaetal., 2017). First-person perspective in instructional videos can also help learners
feel as they perform actions shown in the video and become more immersed in the learning
environment, as in digital games and virtual reality applications (e.g., Denisova & Cairns,

2015; Gorisse et al., 2017). However, it might be better to alternate between the first-person
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and third-person perspectives to show actions from different viewpoints in instructional

videos.

Instructional media

Two new technological tools were used in the reviewed studies as instructional media. The
first one is transparent videos that provide access to the instructor’s face while writing and
drawing (Stull et al., 2021). The educational affordances of these videos enable learners to
see the full content on the board easily with social cues and gaze guidance (Stull et al.,
2018a). The second one is VR which shows 360° videos for viewers to see everything in
the range of camera perspective via special headsets and feel more immersed and present
in the learning environment (Violante et al., 2019). Six instructional media studies
compared videos with conventional or transparent whiteboards, and two of them compared
two-dimensional and VR videos. The main effect of whiteboards on learning was reported
in three studies favoring the transparent whiteboard (Fiorella et al., 2019, Experiment 2;
Stull et al., 2018a, Experiments 1 & 2). However, three studies (Hekele et al., 2021; Stull
etal., 2018b, 2021) failed to indicate the main effect of the whiteboard or VR. Furthermore,
the results regarding learners’ motivation and feeling of social partnership with instructors
were inconsistent in the reviewed media studies, and the new media did not lead to a
significant decrease in mental load. Therefore, the effect of instructional media to improve
embodiment and enhance learning from instructional videos is equivocal. According to
Clark (2001), who advocates the significant impact of the instructional method on learning,
future studies can investigate the role of media in enhancing cognitive efficiency such as
learning time.

Overall, this study analyzed how design factors concerning the embodied instructional
videos influenced learning processes and outcomes by reviewing empirical research in the
literature. Figure 8 provides a summary of the findings. In particular, it suggests specific
design considerations that can guide the development and use of embodied instructional
videos to enhance learning.

Mayer (2021) recommended showing gesturing instructors through the embodiment
principle based on the results of his empirical studies. A recent systematic review by
Fyfield et al. (2022) also corroborated the use of the embodiment principle to enhance
learning from instructional videos as a result of the analysis of 11 studies. However, there
was a lack of a comprehensive review study concentrating on embodiment in instructional
videos and its effect on learning (Henderson & Schroeder, 2021; Mayer et al., 2020).
Moreover, boundary conditions under which embodiment instructional videos work in an
optimal way are unclear (Doherty, 2022; Fiorella & Mayer, 2018; Mayer, 2021). This
scoping review examining 71 studies provides detailed information about the influence of

specific embodied cues and learning conditions, as shown in Figure 8. Although there is a
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—{ Instructor demeanor I

*Instructors’ gestures can promote learning in instructional videos, but their effect might change based on
gesture type. Especially the use of pointing gestures can be beneficial for learning performance, visual
search efficiency, and attention to content.

*Gaze guidance can better direct learners’ attention towards the content area in instructional videos, but
there can also be learning conditions favoring fixed gaze.

*Facial expressions without distracting emotions can benefit learning in instructional videos.

*Fluent and intimate instructors can be more favorable social agents in instructional videos.

—{ Instructor visual presence I

*The instructor’s hand can be adequate to use embodiment in demonstration videos if other body parts
do not have a specific visual function to show.

sIntermittent instructor presence can be more beneficial for learning than continuous presence, but it
might cause more cognitive load.

Learner characteristics

sLearner characteristics require attention in the design of instructional videos, and beneficial embodiment
can be more effective for learners with low prior knowledge.

Generative activities

*Bothinstructors’ and learners’ generative activities in demonstration videos can promote the learning
process and outcomes.

—[ Content }

*Beneficial embodiment can be more effective for learning from instructional videos with high complexity.

Scene I

|

+Demonstration videos should include shootings from the first-person perspective, and it might be better
to alternate between the first-person and third-person perspectives to show actions from different
viewpoints.

- ~

—L Instructional media J

sInstructional media may not be a strong factor to improve embodiment and learning from instructional
videos.

Fig. 8 Summary of the findings regarding the influence of design factors in embodied
instructional videos

need for more empirical studies testing the validity of these design considerations, they can
be helpful for practitioners and researchers to develop effective embodied instructional

videos.

Practical implications

This study reviewed research on embodied instructional videos to analyze the
characteristics of such videos, determine their design factors, and synthesize the prevailing
results regarding the influence of their design on the learning process and outcomes. As a
result, seven design factors were identified: instructor demeanor, instructor visual presence,
generative activities, learner characteristics, content, instructional media, and scene. These
diverse factors imply a need for a comprehensive analysis of design cases for embodied
instructional videos. In particular, practitioners need to consider both instructors’
embodiment and learners, content, and context while deciding how to enhance the effect

of instructional videos on the learning processes and outcomes with the embodiment. A
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detailed list of design considerations related to seven factors and their influence on learning
processes and outcomes is provided in Figure 8.

The key findings regarding the impact of embodied video design support four
embodiment principles: dynamic drawing, gaze guidance, dynamic gestures, and the first-
person perspective (Mayer, 2021; Mayer et al., 2020). This review also brought new
considerations to enhance learning with specific design decisions. These considerations
suggest instructors’ use of deictic gestures, facial expressions without distracting emotions,
and fluent and intimate behaviors. In addition, the display of only instructors’ hands in
demonstration videos can be recommendable if other body parts do not have a specific
visual function. Furthermore, students’ imitation of the models in demonstration videos is
advisable to promote generative learning. Finally, learners with a low level of prior
knowledge and subjects with high task and visual complexity can be important conditions
in which embodied instruction in videos can have a greater influence on learning. Previous
experiments support the higher effect of some embodied cues such as gestures on low
knowledgeable learners (e.g., Fiorella & Mayer, 2016, Experiment 1; Pi et al., 2019a) and
complex materials (Gluhareva & Prieto, 2017; Pi et al., 2021a, Experiment 2).

Recommendations for future research

This study also has several recommendations for future research. First, as most of the
reviewed studies were conducted with higher education students, researchers can consider
other learner groups in the subsequent studies. For example, they can involve K-12
education students or older adults to discuss the generalizability of the existing findings
and determine the specific needs and capabilities of a learner group regarding embodied
instructional videos.

Second, concerning video characteristics, video lectures and demonstrations were
common instructional video types. However, video feedback was identified in a few studies.
Future research can use video feedback to indicate how learners build information on the
product they generated with instructor embodiment. Moreover, the least selected
instructional media in the reviewed studies were animations and screencasts. It is
suggestible for the researchers to investigate the effect of these media because they
generally provide transient pieces of information which might be more difficult for learners
to follow while watching embodied modes of communication. In addition, it is
recommendable to use embodied instructional videos in real learning settings for a more
extended period to enhance the ecological validity of the findings and prevent novelty
effects.

Third, regarding design factors, instructor demeanor and visual presence were the most
investigated factor. The presence/absence of specific cues regarding these factors was the

common research concern in the reviewed studies; on the contrary, the combination of the
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instructors’ embodied cues has been analyzed in fewer studies. As real teaching requires
the use of different embodied cues (Pi et al., 2021¢), it is necessary to integrate more than
one cue in future instructional videos.

Fourth, it is also possible to see symbolic cues such as colored boxes and words to signal
or highlight a portion of visual content in addition to embodied cues in instructional videos.
For example, Moon and Ryu (2021) utilized both a pedagogical agent’s gestures and
colored boxes in video instruction. In such a case, they found lower learner attention on the
content area and lower learning comprehension. Therefore, prospective studies need to
investigate the combined effect of instructors’ embodied cues and symbolic cues on the
learning process and outcomes to elucidate the interplay between the cues in instructional
videos.

Fifth, there were design factors pertaining to learners, content, and context; however, the
number of studies that examined the interaction effect of these factors and instructor
demeanor and presence was limited. This situation prevents the researchers from providing
design recommendations with boundary conditions. Therefore, it is critical for future
studies to consider for whom, what, and in which context a particular instructional video
design can benefit learning. The use of learning process measures is also suggestable to
provide a more fine-grained analysis of learning events in embodied instructional videos.

Sixth, this study reviewed research on instructional videos that provided asynchronous
lectures, demonstrations, and feedback. Another common way to deliver video lectures in
online and blended education is by using video conferencing technologies (Belt &
Lowenthal, 2021). These technologies enable synchronous interaction among instructors,
students, and content, and students can demonstrate their use of embodiment with their
cameras. Because of the aforementioned affordances of video conferencing technologies,
the role and influence of instructors’ embodiment might be different in synchronous video
lectures. Future studies can investigate embodied instruction in these learning
environments in detail.

Finally, embodied instructional videos can also be used for fostering online discussions,
although this scoping review did not find a related study. For example, instructors’ gestures
can highlight what students should pay attention to while discussing a topic. Facial
expressions might indicate instructors’ emotions and reactions concerning the quantity and
quality of online discussions. The use of instructional videos can promote students’
interaction, social and teaching presence, and positive perceptions regarding online
discussions (Belt & Lowenthal, 2021). However, there is a need for studies that can provide
empirical evidence for the potential benefits of embodied instructional videos in online

discussions.
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Limitations

There are some limitations of this research. First, only English articles published in peer-
reviewed journals were included in this review. Conference papers and theses in other
languages can also be examined to increase the research scope in future studies.

Second, this scoping review indicated that some authors contributed to the research on
embodied instructional videos with several studies. While this situation increased the
number of related studies, it might have caused biased results due to the increased
possibility of the participation of learners with similar characteristics, the use of the same
learning materials, and the measurement of the same design, process, and outcome
variables. The current study invites different researchers to conduct replication studies in a
variety of contexts and investigate the less explored study areas of embodied instructional
videos to widen the breadth of this field.

Third, an overall effect size was not calculated in synthesizing the results regarding the
effect of instructors’ gestures because scoping review studies aim to give a general
overview of the available evidence in a broad research field rather than investigating the
effectiveness of a particular treatment or practice (Peters et al., 2015). However, scoping
reviews can indicate whether there is adequate evidence in the literature that can answer
the questions of the prospective systematic reviews (Munn et al., 2018). Considering the
number of sources identified in this review, the following studies can perform a meta-
analysis and analyze how the effects of different types of gestures change as a function of
study-level covariates.

Finally, the design considerations proposed in this study were based on the prevalent
findings regarding the influence of design factors in the reviewed studies. More research is
needed to obtain more robust conclusions by systematically analyzing the effect of a
specific design factor on an outcome variable. This scoping review exploring the nature of
evidence in the field of embodied instructional videos can be a precursor to future
systematic reviews (Munn et al., 2018).

Conclusion

In parallel with the regaining popularism of instructional videos in formal and informal
learning environments in the last years, the number of research studies increased to
determine when an instructional video results in better learning (de Koning et al., 2018).
One proliferating research area in instructional video design has been the use of
embodiment (Pi et al., 2021e; Schneider et al., 2021). Mayer (2021) provided design
principles for embodied instructional videos based on the findings of their research studies.
This study went further by conducting a scoping review of the literature on embodied

instructional videos and presenting a comprehensive synthesis. The results emphasize
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different aspects of instructor movements, appearance, and use of instructional media and
take into account content elements and learner characteristics, activities, and tools in the
design of embodied instructional videos. While this study supports existing embodiment
principles to enhance learning, it also reveals the contributing or moderating influence of
instructors’ deictic gestures, facial expressions, and intimate behaviors, students’ prior
knowledge and actions during learning, and the complexity of the video subject. Overall,
this scoping review advances prior understandings about the embodiment in instructional
videos and presents a rich repertoire of design factors. Future research and practices on
instructional videos can benefit from the design considerations to produce more effective
videos, refine them for specific conditions, and extend them by considering the research
gaps revealed in this study.
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ID  Author Learner Location Video subject Video type Instructional Video Treatment  Setting Design factors Learning Learning
group media length duration process outcome
(avg)

1 Alibali et al. K-12 USA Math Demonstration Whiteboard NA 1 session NA Gesture NA L
(2013) (mixed)

2 Beege et al. Higher Germany Statistics Lecture No media 10 min 1 session Lab Proximity, NA L, SPA
(2017) education orientation

3 Beege et al. Higher Germany Geography (exp. Lecture Pictures 9 min 1 session Lab Gesture (beat NA L, SPA, A,
(2020), exp. 1 education 1), history (exp. 2) and deictic) PCP
and 2

4 Boucheix etal.  Higher France Nursing Demonstration Instruments 11 min 3 days NA Perspective NA L, A
(2018) education

5 Carlson et al. Higher USA Physics Lecture Pictures NA 1 session NA Gesture NA L
(2014) education (iconic), prior

knowledge

6 Carpenteretal.  Higher USA Biology Lecture No media 1 min 1 session Lab Fluency Behavior L, A, SPA
(2013), exp. 1 education (exp. 2)
and 2

7 Fiorella and Higher USA Physics Demonstration Whiteboard 1 min 1 session Lab Prior NA L
Mayer (2016), education knowledge,
exp. 1,2, 3, gesture
and 4 (deictic)

(exp.1),
drawing (exp.
1,2, and 3),
body part (exp.
4)

8 Fiorella et al. Higher USA Physics Demonstration Instruments 1 min 1 session Lab Perspective, NA L, PCP
(2017), exp. 1 education learning by
and 2 enactment

(exp.1),
complexity
(exp.1),
learning by
explaining
(exp. 2)

9 Fiorella et al. Higher USA Biology Lecture Whiteboard 12 min 1 session Lab Drawing NA L, PCP,
(2019), exp. 1 education (exp.1), SPA, A
and 2 whiteboard

(exp. 2)
10 Geetal (2021) Higher China Foreign language Lecture Slides, 22 min 1 session Multimedia Instructor NA L, SPA, A
education animation classroom presence
(disregarded),
scene image

11 Gluhareva and Higher Spain Foreign language Lecture No media 7 min 1 session Lab Gesture (beat), NA L

Prieto (2017) education complexity
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12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Hekele et al.
(2021)

Hirata et al.
(2014)
Jackson et al.
(2006)

Katsioloudis et
al. (2013)

Kerssen-Griep
and Witt
(2015)
Kizilcec et al.
(2015), exp. 2

Koumoutsakis
et al. (2016)
Lawson et al.
(2021), exp. 1
and 2

Londe and
Cziraky (2009)
Lyons (2012)

Merkt et al.
(2019), exp. 1
and 2
Ouwehand et
al. (2015a)
Ouwehand et
al. (2015b)

Perez-Navarro
etal. (2021)
Pietal.
(2017a)
Pietal.
(2017b)
Pietal.
(2019a)

Higher
education

Higher
education
Adults

Higher
education

Higher
education

Adults

K-12

Higher
education

Higher
education
Higher
education

Higher
education

Higher
education
K12,
higher
education,
older
adults
Higher
education
Higher
education
Higher
education
Higher
education

Germany

USA

USA

USA

USA

NA

USA

USA

USA

USA

Germany

Netherlands

Netherlands

Spain
China
China

China

Mechanical/
Material
engineering
Foreign language
Physical exercise
Mechanical/
Material

engineering
Communication

Sociology

Math

Statistics

Foreign language

Psychology

Biology

Math

Math

Physics

Educational
technology
Educational
technology
Educational
technology

Demonstration

Lecture

Demonstration

Demonstration

Feedback

Lecture

Demonstration

Lecture

Lecture

Lecture

Lecture,
demonstration

Demonstration

Demonstration

Lecture,
demonstration
Lecture
Lecture

Lecture

Instruments,
Virtual reality
(VR) headset
No media

No media

Instruments

No media

NA

Whiteboard

Slides

No media

NA

Flipchart,
models

Slides

Slides

Whiteboard
Slides
Slides

Slides

9 min

NA

5 sec

NA

3-4 min

NA

NA

10 min

10 min

NA

13 min

2 min

NA

NA

7 min

7 min

7 min

1 session

2 days

1 session
1 session
1 session
One

semester

1 session

1 session

1 session

One
semester

1 session

1 session

1 session

One

semester
1 session
1 session

1 session

Lab

NA

Lab

NA

Lab

Online

Mixed

Lab

Mixed

Online

Lab

Lab

Lab

Online

Lab

Lab

Lab

VR

Gesture,
speaking rate
Learning by
enactment,
perspective
Perspective

Immediacy,
face-threat
mitigation
Duration,
learning
preference
Gesture
(deictic)
Positivity

Body part

Instructor
presence
(disregarded),
technological
efficacy
Scene image

Gaze, gesture
(deictic)
Gesture
(deictic), age

Body part

Gesture
(deictic)
Size

Gesture
(deictic, iconic,
and
metaphoric),
prior
knowledge

Eye
movement

NA
Brain
activity,

behavior
NA

NA

Behavior

NA

NA

NA

NA

NA

Eye
movement
NA

NA

Eye
movement
NA

Eye
movement
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L, PCP

NA

SPA

L, SPA,
PCP

L

L, PCP, A,
SPA

L

L, SPA, A

L, PCP, A,
SPA

L, PCP

L, PCP

L, PCP

L, PCP,
SPA, A
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29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Pi et al.
(2019b)

Pi et al.
(2020a)
Pietal.
(2020b)
Pietal.
(2021a), exp. 1
and 2

Pi et al.
(2021c)

Pi et al.
(2021d), exp. 1
and 2

Pi et al.
(2021e), exp. 1
and 2

Pilegard and
Fiorella (2021),
exp. 1 and 2

Schneider et al.
(2021)

Stull et al.
(2018a), exp. 1
and 2

Stull et al.
(2018b)

Stull et al.
(2018c), exp. 1
and 2

Stull et al.
(2021)
Swenson et al.
(2021)

Toftness et al.
(2018), exp. 1
and 2

van Gog et al.
(2014)

van
Wermeskerken
and van Gog
(2017)

Higher
education
Higher
education
Higher
education
Higher
education

Higher
education
Higher
education

Higher
education

Higher
education

Higher
education

Higher
education

Higher
education
Higher
education

Higher
education
Higher
education

Higher
education

Higher
education
Higher
education

China
China
China

China

China

China

China

USA

Germany

USA

USA

USA

USA

USA

USA

Netherlands

Netherlands

Biology
Geography
Geography

Foreign language

Geography

Biology

Foreign language

History (exp. 1),
biology (exp. 2)

Geography

Chemistry

Chemistry

Chemistry

Biology
Mechanical/
Material
engineering
Communication

Math

Chemistry

Lecture

Lecture

Lecture

Lecture

Lecture

Lecture

Lecture

Lecture

Lecture

Demonstration

Demonstration

Demonstration

Lecture

Demonstration

Lecture

Demonstration

Demonstration

Slides
Slides
Slides

Slides

Slides

Slides

Slides

No media

Pictures

Whiteboard

Whiteboard
Whiteboard,
models

Whiteboard

Slides,
whiteboard

Slides

Models

Models

8 min

7 min

7 min
2-5 min
(exp. 1),
13 min
(exp. 2)

8 min

7 min

2-5min

1 min

1 min

20 min

20 min
20 min

(exp. 1),
50 min
(exp. 2)
14 min

10 min

31 min

2 min

4 min

1 session

1 session

1 session

1 session

1 session

1 session

1 session

1 session

1 session

1 session

1 session

1 session

1 session

1 session

1 session

1 session

1 session

Lab
Lab
Lab

Lab

Lab

Lab

Lab

Lab

Lab

Classroom

Lab
Classroom

(exp. 1),
lecture hall
(exp. 2)
Lab

Online

NA

Lab

Lab

Gaze, gesture
(deictic)
Gaze, facial
expression
Gaze,
orientation
Gesture (beat,
deictic, and
iconic),
complexity
(exp. 2)
Gaze, facial
expression
Gesture (beat),
complexity
(exp. 2)
Gesture (beat)

Gesture
(metaphoric,
iconic, and
beat)

Gesture
(metaphoric),
facial
expression
Whiteboard

Whiteboard

Learning by
enactment

Gaze,
whiteboard
Whiteboard,
drawing/
writing
Fluency

Body part

Gaze, body
part

Eye
movement
Eye
movement
Eye
movement
Brain
activity
(exp. 1)

Eye
movement
Eye
movement
(exp. 1)
Brain
activity
(exp. 2)
NA

NA

NA

Eye
movement
NA

Eye
movement
NA

NA

Eye
movement
Eye
movement
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L, SPA
PCP

L, PCP,
SPA, A

L (exp. 1),
PCP (exp.
2)

L, SPA, A

L, PCP,
SPA

L, PCP,
SPA, A

L, PCP,
SPA, A
L, PCP,
SPA, A

L, PCP,
SPA, A
A, PCP

L, SPA, A
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46

47

48

49

50

51

52

53

54

55

van
Wermeskerken et
al. (2018)

Waller et al.
(2021)
Wang et al.
(2019a)
Wang et al.
(2019b)

Witt and
Kerssen-Griep
(2011)

Yeo et al.
(2017)

Yietal. (2019)

Yu (2021)

Yuan et al.
(2021), exp. 1
Zhang et al.
(2021)

K-12

Higher
education
Higher
education
Higher
education

Higher
education

K-12

Higher
education
Higher
education
Higher
education
Higher
education

Netherlands

Canada

China

China

USA

USA

China

China

China

China

Chemistry

Psychology
Teaching

Educational
technology

Communication

Math
Educational
technology
Foreign language
History

Psychology

Demonstration

Demonstration
Lecture

Lecture,
demonstration

Feedback

Demonstration
Demonstration
Lecture
Lecture

Lecture

Models

VR headset
Slides

Slides,
screencast

No media

Slides
Screencast
Slides
Slides

Slides

4 min

5 min

14 min

6 min

3-4 min

20 min

4 min

NA

9 min

5 min

1 session

1 session

1 session

1 session

1 session

1 session
1 session
One

semester

1 session

1 session

Lab

Lab

Lab

Lab

Lab

NA
Multimedia
classroom
Online
Online

Lab

Body part,
autism
spectrum
disorder
VR

Facial
expression
Gaze,
knowledge
type
Immediacy,
face-threat
mitigation
Gesture
(deictic)
Duration

Duration
Facial

attractiveness
Position

Eye
movement
NA
Emotion

Eye
movement

NA

NA
NA
NA
NA

Eye
movement
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L

A, PCP
L, SPA, A,

PCP
L, SPA

SPA

L

L, SPA,
PCP, A

L, PCP

L, SPA, A

LA

Notes. Exp. = Experiment, NA = Not available, L = Learning, SPA = Social presence/agency, A = Affect (motivation/satisfaction/emotion), PCP = Perception of cognitive process.
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