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A B S T R A C T

The increased interaction with multimedia content has been recognized as a significant factor to
improve learners’ learning outcomes. As a result, interactive video lectures are increasingly being
adopted in digital learning contexts for increasing interactivity. However, conventional video
lecture lacks interactive learning activities (ILAs) that are an indispensable component of in-
teractivity. Interactive video lectures can provide learners opportunities to obtain timely con-
structive support to produce effective learning outcomes because of ILAs. In order to carefully
design and create ILAs for effective learning, instructors need to invest substantial efforts for
conceiving the content and interactions of ILAs. This study proposed an approach to design the
content of ILAs by leveraging collective intelligence (CI) gathered from the discussion forums
specifically related to the content of video lectures. When learners exercised ILAs, meaningful
interactions by speaking and gesturing worked as learning support to improve comprehension of
learning materials. To evaluate the effects of the CI-based ILAs, an experiment was conducted
with 90 university students, who were randomly and equally assigned to three different groups
(i.e., embodied interactive, non-embodied interactive, and conventional video lectures). The
results show that learners who learned with the embodied interactive video lecture performed
better in comprehension and retention of learning contents than the other two counter groups.
The findings also revealed that this approach does not impose any additional cognitive load on
learners. The design guidelines derived in this study can serve as reference for instructors to
create interactive video lectures with CI-based ILAs in digital learning contexts.

1. Introduction

Use of video lectures has significantly increased in recent years in online courses as a result of the improvements in the Internet
infrastructure to support high bandwidth streaming content. Literature suggests that video lectures contribute to better learning
performance, compared to only reading-based learning content (Bergmann & Sams, 2012; Deslauriers, Schelew, &Wieman, 2011;
Love, Hodge, Grandgenett, & Swift, 2013; Ronchetti, 2010; Song et al., 2014). Interactive video lectures are therefore being gradually
adopted in digital learning contexts such as flipped classrooms, massive open online courses, and electronic textbooks
(Bergmann & Sams, 2012; Deslauriers et al., 2011; Love et al., 2013; Ronchetti, 2010; Song et al., 2014). Interactive learning activities
(ILAs) embedded in between video clips provide the learner-content interaction and are essential for creating an interactive video
lecture. Constructive support can be designed and delivered to learners when learning with the ILAs. Through interactive video
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lectures, the learning experience with rich learner-content interactions can increase learners' engagement and enjoyment (Deslauriers
et al., 2011). Compared with reading-based content, video lectures have higher media richness, which helps learners comprehend
complicated learning concepts and improve their learning performance (Lajoie & Azevedo, 2006; Lajoie, 2000; Lan & Sie, 2010;
Nielsen, Heffernan, Lin, & Yu, 2010; Sun & Cheng, 2007). It also helps satisfying learners’ expectations for more interactive and
abundant learning experience than just learning solely with non-interactive video lectures (Deslauriers et al., 2011).

Previous research has identified that providing video lectures, with appropriate strategies and interactions, to learners can im-
prove their learning performance and satisfaction (Ronchetti, 2010; Zhang, Zhou, Briggs, & Nunamaker Jr, 2006). However, creating
an interactive video lecture is not just about recording a lecturing process; it involves a lot of effort from instructors and can be very
time-consuming and challenging (McFarlin, 2008). Regarding preparation, it requires rough storyboard development, spoken scripts,
pedagogical designs, segmentations, and creation of multimedia content and interactions within learning activities. For a practically
useful implementation, instructors also need an appropriate approach to combine all prepared content as an interactive video lecture
for effective learning, since an inappropriate approach could deteriorate the learning process and bring detrimental impact to
learners, for example, information overloading and distraction. During the process of creating interactive video lectures, the inter-
actions between learners and learning content merely depend on ILAs; meanwhile, conceiving and embedding ILAs’ design into an
interactive video lecture to achieve meaningful interactions for effective learning take a lot of efforts of instructors. Hence, how to
create an interactive video lecture with meaningful interactions is an essential issue for effective learning and worthy of investigation.

Compared with conventional video lectures, interactive video lectures include ILAs. However, conceiving the design of ILAs and
the appropriate methods for creating ILAs requires significant effort from instructors and then make learners benefit from watching
interactive video lectures. This study aims to improve learners' comprehension and retention of the learning contents by leveraging
the process of exercising meaningful interactive learning activities embedded in video lectures. Learners' new knowledge is con-
structed based on what and how well they learned the learning contents after watching interactive video lectures. Better compre-
hension and retention means that learners can adequately understand the meaning of learning concepts and construct their new
knowledge for further use. To achieve the purpose, this study explores two research questions. The first question is how to create
interactive video lecture for improving learners' comprehension of learning contents with more interactions by utilizing existing
reliable resources. The second question is “what is the effectiveness of the proposed interactive video lectures creation approach on
learners’ comprehension, retention, and cognitive load of the learning contents?”

In the next section, the literature related to this study is reviewed, and the development of the proposed interactive video lecture
in this study is described in detail. The research method of the experiment designed to evaluate the effects of the proposed interactive
video lecture is then presented. Next, corresponding data are analyzed for further discussion and implications, followed by con-
clusions.

2. Literature review

A comprehensive literature review is conducted as part of this study to explore a solution for designing ILAs by utilizing existing
reliable resources. The first step is to find out available educational resources to help instructors conceive and compose the design of
ILAs efficiently and reliably. Some potential resources might be there but have not been used as the interactive content yet. The
second step is to figure out appropriate technologies to help instructors create ILAs embedded in video lectures and also help learners
use ILAs meaningfully.

2.1. Collective intelligence in a discussion forum

ILAs are an indispensable component of an interactive video lecture. While designing ILAs, the purpose is to help learners
comprehend learning concepts through various interactions, and collective intelligence (CI) is a useful content source that can be
extracted valuable information for improving learning (Anderson, 2016; Dron & Anderson, 2014; Flanagin &Metzger, 2000; Tylor,
2015). CI, also known as universally distributed wisdom, is continuously accumulated and tuned by participants in online com-
munities at all times (Levy, 1999). The power of Internet has made CI more easily accessible. Information and ideas then become
rapidly, openly and globally interchangeable. In light of ongoing developments, experts in every domain (e.g., industry, society, and
culture) are eager to harness the power of CI(Anderson, 2016; Dron & Anderson, 2014; Leimeister, 2010; Woolley, Chabris, Pentland,
Hashmi, &Malone, 2010). However, relatively few research efforts have taken advantage of CI for improving learning. In online
asynchronous learning, interactions among participants (i.e., learners and instructors) typically happen in discussion forums, and the
knowledge generated there grows over time, which can contribute to CI. For example, when learners experience any difficulties
during the learning process, they can use a related discussion forum to try to find additional supporting material or to enlist
someone's help. Instructors are also able to assist the learners by replying to their posts in the discussion forums (Dringus & Ellis,
2005). Learners can, for instance, receive learning content in an online asynchronous learning environment through watching video
lectures assigned or provided by instructors. After watching the video lectures, they can interact with other students in discussion
forums to stimulate their thinking and understand the learning content better. CI accumulated in such discussion forums is of various
types of interactions that students undertake during the process of expressing reflections, sharing opinions, and having debates. Such
interactions in discussion forum are helpful for the learners to comprehend the learning content of video lectures. As a result of the
interactions, CI aggregates knowledge in a more complex, flexible, and dynamic form. For a diverse population, the power of CI can
be leveraged for developing interests, gain direct experiences, and stimulate interactions (McGonigal, 2008; Steinkuehler & Duncan,
2008). CI can also help make momentous decisions with better results instead of taking any opinions of selected individuals in a

I.-C. Hung et al. Computers & Education 117 (2018) 116–131

117



collaborative process (Maher, Paulini, &Murty, 2011). Therefore, CI is considered as potential and useful educational resources for
designing ILAs and helping learners comprehend the learning content from the perspective of social interactions among many online
participants, who watched the video lectures. After instructors design the content of ILAs by leveraging CI, the next step is to
determine the methods of creating the ILAs. Appropriate methods could bring helpful contextual information for learners to un-
derstand the learning content; inappropriate practices could lead to a negative influence on learning.

2.2. Embodied cognition for technology-enhanced interactive learning

When creating ILAs, meaningful interactions triggered by participating in ILAs are beneficial for improving understanding of
learning contents. In other words, meaningful interactions encompass effective designs of ILAs and appropriate methods for creating
ILAs. From the perspective of knowledge acquisition process, the pure cognitive system is affected by the regulatory system, and both
of the systems function as human cognition (Norman, 1980). The pure cognitive system includes memory and language processing.
When receiving external environmental stimuli, the regulatory system correspondingly responds to the pure cognitive system. Human
cognition is formed after a series of interactions among multiple information inputs (Gibbs, 2005). Literature of embodied cognition
suggests that central representations of human in cognition consist of mental simulations in the brain, bodily state, environment, and
situated actions (Barsalou, 2010).

External contextual information is also emphasized as the necessary input to help internal human mental processing. This would
be a fair starting point for contemplating what kinds of designs for ILAs would benefit mental processing and in particular knowledge
construction. The perspective of embodied cognition suggests a holistic design that incorporates all contextual information and
learners themselves into learning (Barsalou, 2008, 2010). Receiving external perception from environment plays an important role in
mental simulation, including mental projection and physical imitative reactions (Barsalou, 1999, 2010; Decety & Grezes, 2006;
Goldman, 2006). Literature of embodied cognition also states that bodily experience with proper learning designs can have positive
effects on learning outcomes (Antle, Corness, & Droumeva, 2009; Barsalou, 2008). Learners situated in a richly perceived environ-
ment are able to have embodied experience including expressing and exemplifying abstract concepts into reactions of the human
body. The previous study proved that conceptual knowledge is grounded in the body and links the semantic content of concepts with
the functions of the body in the real world (Gallese & Lakoff, 2005).

The research regarding technology-enhanced learning has typically adopted the mouse and the keyboard because they are still a
common way to interact with computers (Chao, Hung, & Chen, 2012; Chen, Kinshuk, Wei, & Liu, 2011; Huang, 2011; Hwang,
Wu, & Ke, 2011; Sun & Cheng, 2007; Yamada, 2009). However, the most common methods of exercising ILAs, such as simply clicking
on the mouse and typing with the keyboard, are barely related to the learning content, even knowledge construction (Chao, Huang,
Fang, & Chen, 2013). Mann (2002) referred a new type of human-computer interface as a natural user interface (NUI) that works
entirely without any interface metaphors, a set of specific manipulative information, such as visuals, actions, and procedures. To
promote the interactive learning, NUI technologies provide learners the means to directly interact with the learning content through
speech communications and bodily experiences or actions. For example, Yang, Chen, and Jeng (2010) constructed a physically
interactive learning environment (PILE) with video-capture virtual reality technology to help second-grade elementary school stu-
dents learn English vocabulary in a classroom by interacting with physical learning objects for better learning performance.
Macedonia, Muller, and Friederici (2011) found that learners can memorize new vocabulary better in a watching-and-performing
process by iconic (meaningful) gestures than by meaningless gestures. Chang, Chen, and Huang (2011) utilized Kinect sensor in
developing a system to motivate people with motor disabilities for increasing amount of exercises, training motor proficiency, and
improving the quality of life. Chang, Chien, Chiang, Lin, and Lai (2013) used Kinect sensor to assist college students in memorizing
the taxonomy of multiple intelligence by gesture-based PowerPoint presentations resulting in better retention. Chao et al. (2013)
successfully improved learners’ memorization of English vocabulary and phrases by applying body movements into the learning
process with the motion-sensing functionality of Kinect sensor instead of the mouse and keyboard operations.

In some learning circumstances, learners' understanding of problems can be turned into a concrete form by well utilizing gestures,
and their misunderstanding can also be corrected through offering the corresponding suggestions of their gesturing
(Novack & Goldin-Meadow, 2015). Research has indicated that even using unilateral hand clenching which is meaningless to the
learning content instead of using nothing can still have a certain extent of enhancement in learners' memorization because of in-
creased neuronal activity of the brain (Propper, McGraw, Brunyé, &Weiss, 2013). Hung, Lin, Fang, and Chen (2014) developed an
embodiment-based learning system to simulate fundamental optics experiments with the Kinect sensor. The learners with the system
were able to successfully bridge the gap between abstract concepts and the real world applications to learn fundamental optics better
because of bodily participation, multimedia materials, and simulation exercises. Another similar study of embodiment-based learning
has also shown that learners’ procedural knowledge regarding flag semaphore can be positively improved with enhanced attention
level and lower extrinsic cognitive load (Hung, Hsu, Chen, & Kinshuk, 2015). These results of embodiment-based learning demon-
strate that the holistic learning context can profoundly engage with the cognitive process and becomes closely related to knowledge
construction. Accordingly, the NUI technologies have potential to make interactions meaningful and benefit their learning outcomes
when learners use ILAs. By leveraging the CI and NUI technologies in this study, the foundation of designing ILAs is established, and
the development of interactive video lectures with these ILAs becomes feasible.

Hence, not only the gestures but also the concrete forms of knowledge for learners to present abstract learning concepts with
situated and meaningful actions can be considered as candidates for a holistic learning design. For example, speaking and gesturing
for specific purposes through external bodily reactions that become learning cues for knowledge construction are beneficial for the
cognitive process. Learning abstract concepts through real actions with corresponding contextual information as learning cues
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deepens learners’ impression and improves their understanding because of more external inputs involving in internal mental pro-
cessing for knowledge construction. Accordingly, the methods of creating ILAs should be carefully determined if they are beneficial
for comprehending the learning content in interactive video lectures.

3. Development of embodied interactive video lectures

Interactive video lectures have the potential to provide various types of interactions during the learning process. In this study, the
embodied interactive video lecture (EIVL) was named for the interactive video lectures with ILAs by leveraging CI and NUI tech-
nologies. After the foundation of designing ILAs is established, a practical framework and a corresponding learning system are
necessary for creating the EIVL. With a real instance of the EIVL, the successive evaluation process then becomes workable.

3.1. The embodied design

To improve learners’ comprehension of learning content, effective ILAs with appropriate exercising methods are essential when
watching an interactive video lecture. This study proposed and developed the EIVL by leveraging CI and NUI technologies to provide
learners with constructive support in which incorporates more contextual information for learning comprehension (Fig. 1).

For the EIVL, speech and gesture recognitions are utilized as technical foundations to provide learners meaningful interactions
through speaking and gesturing instead of clicking the mouse and typing with the keyboard. Based on the perspective of embodied
cognition, this study applies theories of situated learning and scaffolding to design ILAs as contextual scaffolds. Learners can obtain
constructive support depending on contextual information for helping their mental processing and knowledge construction.
According to the literature, six types of scaffolding functions (i.e., recruitment, reduction in the degree of freedom, direction
maintenance, marking critical features, frustration control, and demonstration) serve as the guidelines for designing and im-
plementing ILAs of an EIVL (Wood, Bruner, & Ross, 1976). The guidelines help learners accomplish learning tasks, make all inter-
actions meaningful, and lead to effective learning by providing learners appropriate assistance when watching an EIVL. A richly
perceived learning context improves learners’ understanding of learning content when proper learning strategies are applied
(Barsalou, 2008; Hung et al., 2014; Sadler, 2009). In such learning context, the situated interactivity indicates the extent of inter-
actions regarding how much benefit learners can obtain (Barab & Plucker, 2002; Hung & Chen, 2001). Higher situated interactivity
then means that learners perform the highly content-related ILAs incorporating sense, perception, and situated actions for knowledge
construction. With the appropriate technical and theoretical foundations, the composition of CI content and the types of ILAs in the
EIVL can be elaborated.

An interactive video lecture comprises the video-based content and ILAs. The video-based content is of high media richness for

Fig. 1. The framework of embodied interactive video lecture.
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conveying knowledge to learners efficiently. It is generally recorded when instructors give on-site presentations and usually includes
instructors' voice, lecture slides, visual aids, multimedia materials, surroundings of the lecturing environment, and interaction with
the on-site audience. Conceiving the design of ILAs is another difficult part of creating an interactive video lecture. The CI content
extracted from a discussion forum includes various types of online participants' contributions particularly based on the video-based
content, and therefore it is potentially helpful for learners to comprehend learning content. In an increasing order of complexity based
on the revised Bloom's Taxonomy (Krathwohl, 2002), the CI content in this study is categorized into four types, namely extended
reading, reflection, hands-on practice, and discussion. Each type of the CI content reflects different levels of difficulty on the cognitive
process. The ILAs can be designed by different types of the CI content for learners based on their prior knowledge and learning
outcomes.

To provide learners ILAs with constructive support, this study designs six types of ILAs based on the six scaffolding functions
(Table 1), and the ILAs are delivered to learners with characters of audiences and instructors for enriching learning context and
interactions. The character images of audiences and instructors were extracted from the participant's avatars in the discussion forum
and the photo of the speaker in the video lecture. The descriptions of the six ILA types are as follows: (1) Engaging starts the learning
with simple conversations at the beginning of an interactive video lecture; (2) Prompting provides learners with opportunities to make
reflections on the pop-up questions for simplifying a learning task and specifying the task demands; (3) Experiencing motivates
learners to pursue learning goals through performing hands-on exercises; (4) Facilitating accentuates important parts of learning tasks
or diminishes discrepancies between what learners have studied and related learning goals; (5) Demonstrating describes ideal cases or
examples to learners and strengthens learners' impressions on the learning topic; (6) Questioning assists learners in solving their
problems by asking questions extracted from CI content that a majority of online participants have ever concerned or demanded in
the discussion forum. Table 2 summarizes the fundamental guideline for designing the six ILAs. All of the six ILAs follow a regular
process in the order of four steps (When, Opening, Options/Exercise, and Replies/Pass). For each ILA, all of the content is based on the
redesigned CI content, and the timing of using this ILA type is the first step. Then, a character of audiences/instructors speaks to give
an instruction for the learner to ask questions. In the third and fourth steps, two situations would proceed. The first situation is that
the learner can choose one of two options by speaking for interaction, and the learner receives the corresponding response based on
his/her choice. The other situation is that a tiny exercise or a simple simulation is provided to the learner for performing, and the
learning receives the corresponding response when the learner successfully accomplished it.

3.2. Choosing collective intelligence content

For designing ILAs, two types of posts take advantage of CI and can be applied to filter potential useful content from a lot of posts
in a discussion forum. Firstly, top rated posts incorporate a specific recognition with other learners’ similar thoughts and agreement on
what the posts describe. Secondly, most replied posts involve the learners who contribute their opinions and reflections the most on
particular discussion threads for better understanding the learning content. Hence, the potentially useful CI content then can be
reviewed and utilized to design interactive learning activities.

A supporting system was developed for the EIVL. Based on the research design, a TED talk titled “My stroke of insight” by Dr. Jill
Bolte Taylor was adopted as the learning content. A stroke is a health issue, and majority of people are probably familiar with it.
Besides, Dr. Jill Bolte Taylor, a famous neuroanatomist at Harvard, can provide valuable professional insights from her experience of
having a stroke. This talk on TED.com has over 2700 comments from different people as the source of CI content to create ILAs. The
provision of appropriate ILAs can be useful as learning cues for learners to comprehend vague concepts regarding stroke (e.g., the
force and pressure of blood vessel).

On the other hand, the TED.com online discussion forum specifically related to this TED talk was utilized as the source of CI
content to design ILAs by the abovementioned filtering techniques. When learners watch an EIVL, they can see characters of real
people (i.e., instructor or audience) and interact with the characters through speaking and gesturing. Regarding exercising ILAs by

Table 1
Design of interactive learning activities for embodied interactive video lecture.

Interactive Learning
Activity

Scaffolding function Description

Engaging
(ILA Type 1)

Recruitment In the beginning, an instructor actively encourages the learner with a prolog, or an audience expresses
motivation for the content. Then, the learner makes a simple response to the instructor or audience
respectively.

Prompting
(ILA Type 2)

Reduction in degrees of
freedom

An audience actively asks the learner a question for reflection, and the learner has 30 s to think about
it. Then, the audience provides a thought related to the question.

Experiencing
(ILA Type 3)

Direction maintenance The learner performs a tiny exercise or a simple simulation related to the content with the guidance of
an instructor.

Facilitating
(ILA Type 4)

Marking critical features An instructor actively provides crucial learning concepts to the learner, and the learner can strengthen
the impressions on the learning concept.

Demonstrating
(ILA Type 5)

Demonstration An instructor provides an example, ideal case, or solution to interpret a learning concept, and the
learner can have a better understanding of the learning concept.

Questioning
(ILA Type 6)

Frustration control The learner can ask an instructor for assistance from a set of selected questions and receive a
corresponding answer when being in trouble with a learning concept.
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the embodied design, learners’ responses to the interactive learning content accompany real participation with meaningful spoken
scripts and actual bodily actions. When learners exercise ILAs and make their responses in tangible, verbal, or visible forms, the
learning support then become embodiments of learning cues. At the same time, learners can utilize the learning cues in concrete
forms for their mental processing and knowledge construction.

In the beginning, learners can see a basic layout embedded with related playback functions (Fig. 2). Learners can access these
functions through speaking and gesturing. The content of ILAs extracted from CI is redesigned and presented with text and audio said
by the characters. When ILAs are in progress, the video-based content is paused automatically so that the learners can continue
watching after completing the learning activities without missing any part of the video.

First, the engaging activity presents a character of instructor or audience who greets the learner with a brief introduction and
expresses the motivation regarding the learning content at the beginning of the EIVL Then, the learner can speak to the character with
one of the available options listed at the bottom of the screen and continue watching.

Second, the prompting activity presents a character of the audience who actively asks the learner a question, and the learner has
30 s for reflection before answering (Fig. 3). In order not to impose too much pressure on the learner during reflection time, the
countdown appears on the screen for only the last 5 s and updates once per second. The learner then responds to the character's
question with one of the available options and continues watching.

Third, the experiencing activity presents a character of the instructor who requests the learner to perform a tiny exercise or a
simple simulation related to a learning concept (Fig. 4). This activity transforms the learning concept into actual bodily motions
through gesturing. During the period of performing, the embodied experience becomes learning clues to assist the learner's mental
processing for knowledge construction.

Fourth, the facilitating activity presents a character of the instructor who actively provides the learner a crucial learning concept.
The learner then chooses one of the available options about the crucial learning concept and speaks the selected option out in a
concise sentence. This activity allows the learner to organize his/her thoughts according to what the character says. This repeating
process enables the learner to strengthen his/her impression of the crucial learning concept.

Fifth, the demonstrating activity presents a character of the instructor who provides an example or ideal case for interpreting a
learning concept. With the example or ideal case, the learner obtains the knowledge regarding what and how the concept can be
applied for when the character provides further analysis and explanation. After the exemplifying process, the learner can have a
better understanding of the learning concept through speaking out the summary of the example or ideal case in a concise sentence.

Finally, the questioning activity presents a character of the instructor who provides the learner an opportunity to ask a set of
selected questions with corresponding answers. The learner can ask all available options as many times as he/she wants to clearly
understand the learning concept which would be obscure to him/her. The selected questions and corresponding answers are all

Table 2
Guidelines for designing the six interactive learning activities.

Interactive Learning
Activity

Character Procedure Description

Engaging
(ILA Type 1)

Instructor/Audience [When] at the beginning
[Opening] the impression of this topic for catching learners' attention
[Options] what and how is this topic about
[Replies] the brief descriptions of this topic

Prompting
(ILA Type 2)

Instructor/Audience [When] during the playing period
[Opening] a specific question for reflection to help the learner refine or restructure a concept
[Options] descriptions in different perspectives to the reflection question
[Replies] a summary of the concept

Experiencing
(ILA Type 3)

Instructor/Audience [When] during the playing period
[Opening] the brief information of a tiny exercise or a simple simulation for a concept
[Exercise] the instruction regarding how to perform the exercise or simulation
[Pass] compliments to the learner and a summary of the concept

Facilitating
(ILA Type 4)

Instructor/Audience [When] during the playing period
[Opening] the information of a crucial concept
[Options] descriptions in different perspectives to the crucial concept
[Replies] a summary of the crucial concept

Demonstrating
(ILA Type 5)

Instructor/Audience [When] during the playing period
[Opening] an example, ideal case, or solution to interpret a learning concept
[Options] descriptions in different perspectives to the concept
[Replies] a summary of the concept

Questioning
(ILA Type 6)

Instructor/Audience [When] during the playing period
[Opening] an instruction or a statement to allow the learner asking selected questions as assistance for a

concept
[Options] the answerable questions for a concept
[Replies] the explanations to the answerable questions

Note: [When]-the timing using this ILA type; [Opening]- selected CI content redesigned as the speaking or instruction of the characters (instructors and/or audience)
for the learner to ask questions; [Options]-the two options selected from CI content and the learner speaks one of the options for interaction; [Replies]- the two options
of responses selected from CI content; [Exercise]- a tin practice or a simple simulation selected from CI content for the learner to exercise; [Pass]-the responses of the
tiny practice or the simple simulation given after the learner accomplished it.
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Fig. 2. A basic layout when watching an embodied interactive video lecture.

Fig. 3. An example of the prompting interactive learning activity.
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extracted from the CI content which signifies that a majority of the other learners had frequently had the same problems.

4. Methods

Based on the abovementioned design framework and the developed learning system, a real instance of the EIVL was created with
the ILAs for the learning content selected from a TED talk. An experiment was then conducted to evaluate the learning outcomes on
comprehension, retention, and cognitive load of learning contents after the learners learned with the EIVL.

4.1. Experimental design

Literature suggests that applying embodied learning approaches can provide learners more contextual information and situated
actions as learning clues to obtain better learning performance and knowledge retention (Barsalou, 2008, 2010; Chang et al., 2013;
Chao et al., 2013; Hung et al., 2014, 2015; Kuo, Hsu, Fang, & Chen, 2014). On the other hand, previous studies also pointed out that
the effectiveness of an embodied learning approach enables learners to have better knowledge retention (Chao et al., 2013;
Chen & Fang, 2014; Kuo et al., 2014). To evaluate the learners’ performance with the EIVL, the comprehension can reflect how well
learners learned depending on how much learning content they comprehend after watching the video-based learning content. Be-
sides, the retention is also important and need to be assessed to understand how much learning performance learners can retain as
time goes by after learning.

Because a learner's working memory is limited, learning performance can be deteriorated with too much extraneous cognitive
load (Sweller, van Merrienboer, & Paas, 1998). Literature suggests that high richness of media might simultaneously bring a higher
cognitive load to learners (Moos, 2009). Overall cognitive load (mental effort) consists of intrinsic, extraneous, and germane cog-
nitive loads (Paas, Tuovinen, van Merriënboer, & Aubteen Darabi, 2005; Sweller, 2010; Sweller et al., 1998). The intrinsic cognitive
load is affected by the difficulty of learning content and the amount of learners' prior knowledge, whereas the intervention of learning
designs could barely change it. The extraneous cognitive load is generated by an inappropriate learning design which results in
additional cognitive processing without any learning benefits; the germane cognitive load is catered by suitable instructional design
and is beneficial for learning. Because germane and extraneous cognitive loads are the two sides of a coin, lowering the extraneous
cognitive loads could promote the germane cognitive load and then yield a better learning performance. The overall cognitive load
should maintain moderate, and the extraneous cognitive load should be the lower the better.

Therefore, an experiment with the between-subjects design was then conducted to evaluate the effectiveness of the EIVL on
learners’ comprehension and retention of learning contents. The EIVL comprises a video lecture, ILAs based on CI content as con-
textual scaffolds, and higher situated interactivity supported by NUI technologies. To carefully investigate the contribution of each
factor, the experimental design includes embodied interactive video lecture (EIVL), non-embodied interactive video lecture (NIVL),

Fig. 4. An example of the experiencing interactive learning activity.
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and conventional video lecture (CVL) as shown in Fig. 5. In terms of exercising ILAs, the EIVL applies NUI technologies to support
content-related interactions, and the NIVL uses the mouse as a means for controlling learning process. The CVL as the control group
focuses on providing learning content without considering ILAs, which means that the learners only watch a video lecture for
learning.

4.2. Participants

An experiment was conducted with 90 postgraduate and undergraduate students recruited from a university in southern Taiwan.
They were equally and randomly assigned into the three groups. The demography of the participants regarding their gender (Fig. 6)
and age (Fig. 7) is shown in Table 3.

4.3. Instruments

A pre-test and two comprehension tests were adopted to assess learners' prior knowledge and learning outcomes respectively. Two
experts had verified the questions and answers of the pre-test and two comprehension tests. The pre-test comprised of a listening part
and a meaning part, and each part has 15 critical vocabularies that later appeared in the learning content. In the pre-test, the
participants were asked to demonstrate how well they understand spoken English and the meaning of vocabularies. Participants’
language ability and prior knowledge about the learning content were measured by the pre-test scored on a 0–30 point scale.

To assess learning performance, participants’ comprehension was measured by two comprehension tests (i.e., post-test and de-
layed test) scored on a 0–100 point scale. In the two comprehension tests, the participants were asked to demonstrate how well they
understand the connotation of the learning concepts. In other words, the participants needed to comprehend the nature and meaning

Fig. 5. Experimental design.

Fig. 6. The descriptive statistic of the participants' gender.
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of the learning content; otherwise, they could not answer all questions by merely memorizing terms. The post-test took place im-
mediately after watching the video lecture, and the delayed test was conducted seven days after the learning. The two comprehension
tests had the same 20 multiple-choice questions items, but the sequence of presenting questions and options was different to diminish
the carry-over effect caused by memory and practice.

To understand the influence of interactive technologies on learners, a cognitive load questionnaire was used as the self-reported
measurement with 9-point Likert scale including two constructs (mental effort and perceived difficulty). The overall cognitive load
was measured through mental effort with a question item (Paas, 1992). On the other hand, the extraneous cognitive load was
measured through perceived difficulty with five question items (Amadieu, Mariné, & Laimay, 2011). The same learning content
accompanies the same difficulty of knowledge which cannot be changed by instructional designs, and the differences of learners’
prior knowledge were able to be statistically controlled by the pre-test result. Therefore, the intrinsic load was not taken into
consideration.

4.4. Experimental procedure

The experimental procedure is shown in Fig. 8. A six-minute introduction, including equipment settings, was initially given to the
participants, to let them know the procedure and the purpose of the experiment. A pre-test was then taken in another four minutes.
Next, participants in each group spent 30 min on the learning process (Fig. 9). Although the control group did not exercise ILAs, the
learners in this group were able to freely review the learning content using the playback functions during the learning period. After
learning, the post-test and the cognitive load questionnaire were conducted, which took 10 min and 2 min respectively. After one
week, the delayed test was then conducted in 10 min to evaluate the retention.

5. Results of comprehension, retention, and cognitive load

An experiment was conducted to evaluate the effectiveness of the EIVL on learning outcomes. The next step was to analyze the
collected data including the pre-test, the post-test, and the delayed test. A total of 90 participants were collected. Each group had 30
valid samples for the subsequent analyses.

To understand the learners' comprehension and retention after watching different video lecture types, the scores of pre-test, post-

Fig. 7. The descriptive statistic of the participants' age.

Table 3
The demography of the participants.

Variable Group A Group B Group C

Gender
Male 14 (46.67%) 16 (53.33%) 14 (46.67%)
Female 16 (53.33%) 14 (46.67%) 16 (53.33%)

Age
Mean 23.23 22.93 21.67
SD 4.47 3.75 4.16
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test, and delayed test were tested by one-way ANOVA as follows. First, Levene's test for the pre-test suggested homogeneous variances
adequate for subsequent ANOVA analysis (F = 0.03, p = 0.97), and the result (Table 4 and Fig. 10) shows no significant difference
among the three groups for participants' prior knowledge (F = 1.94, p = 0.15).

Then, Levene's test for the post-test suggested homogeneous variances adequate for subsequent ANOVA analysis (F = 1.24,
p = 0.29), and the result (Table 5) shows a significant difference for participants' comprehension when learning with different video
lecture types (F= 9.02, p < 0.001, partial eta-squared = 0.17). A post hoc test by Tukey HSD method was accordingly conducted to
understand the relationship between the three groups, and the result shows that experimental group A outperformed control group C
(p < 0.001), and experimental group B outperformed control group C (p < 0.05) as well. But, no significant difference was found
between the two experimental groups.

Finally, the same analyses as post-test were conducted for the delayed test. The data of delayed test also met the assumption of
homogeneous variances and adequate for subsequent ANOVA analysis according to Levene's test result (F = 3.00, p = 0.06). The
ANOVA result (Table 6) shows a significant difference for participants' retention (F = 8.47, p < 0.001, partial eta-squared = 0.16).
A Tukey HSD post hoc test was accordingly conducted to understand the relationship between the three groups, and the result shows

Fig. 8. Experimental procedure.

Fig. 9. A learner watching an EIVL and exercising an interactive learning activity.

Table 4
The result of one-way ANOVA test in the pre-test.

Variable Group N Mean S.D. F

Pre-test Exp A 30 21.17 2.93 1.94
Exp B 30 19.67 2.88
Ctl C 30 20.47 3.05

Note: Exp - Experimental group, Ctl - Control group.
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Fig. 10. The graph of the pre-test results.

Table 5
The result of one-way ANOVA test in comprehension.

Variable Group N Mean S.D. F Partial Eta Squared Post-hoc Test
(Tukey HSD)

Post-test Exp A 30 55.33 10.42 9.02∗∗∗ 0.17 A > C∗∗∗

Exp B 30 50.00 10.26 B > C∗

Ctl C 30 42.83 13.37

Note: Exp - Experimental group, Ctl - Control group, *p < 0.05, ***p < 0.001.

Table 6
The result of one-way ANOVA test in retention.

Variable Group N Mean S.D. F Partial Eta Squared Post-hoc Test
(Tukey HSD)

Delayed test Exp A 30 55.00 13.26 8.47∗∗∗ 0.16 A > B∗

Exp B 30 46.83 9.05 A > C∗∗∗

Ctl C 30 42.33 13.44

Note: Exp - Experimental group, Ctl - Control group, *p < 0.05, ***p < 0.001.

Fig. 11. The graph of the results by comparing the two comprehension tests.
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that experimental group A outperformed experimental group B (p < 0.05) and control group C (p < 0.001) as well. But, no
significant difference was found between experimental group B and control group C. The comparison between the results of the two
comprehension tests is illustrated in Fig. 11. According to the mean values in Tables 5 and 6, the floor or ceiling effects are not of
concern to explain the results.

For understanding participants' load of cognitive processing with different video lecture types, a self-reported cognitive load
measurement was conducted with two constructs (mental effort and perceived difficulty). For the mental effort, Levene's test sug-
gested homogeneous variances adequate for subsequent ANOVA analysis (F = 0.172, p = 0.84), and the result (Table 7) shows no
significant difference between the three groups for participants' overall cognitive load (F = 2.75, p = 0.07).

For the perceived difficulty, the Cronbach's α reliability coefficient of perceived difficulty was acceptable (α = 0.87). Since a
significant Levene's test suggested heterogeneous variances among the three groups, the Welch (F = 1.70, p = 0.19) and Brown-
Forsythe (F = 2.02, p = 0.14) tests were employed (Table 8). The result shows no significant difference among the three groups for
participants' extraneous cognitive load.

6. Discussion

6.1. Interpretation and implications of comprehension, retention, and cognitive load

Learners’ comprehension and retention reflect their learning performance on how well they learned from video lectures. The
result of the pre-test indicates that the prior knowledge of all learners did not show significant differences before the experiment.
Accordingly, the effectiveness of comprehension and retention between the three groups can be identified and explained based on
related statistical results. The post-test result shows that EIVL and NIVL significantly outperformed CVL in comprehension, but no
significant improvement was found between EIVL and NIVL. Because ILAs can provide constructive learning support based on the CI
content, the learners with EIVL and NIVL had better understood the nature and meaning of learning content right after watching the
video lecture. On the other hand, the learners with CVL did not outperform the learners with EIVL and NIVL due to the lack of
constructive and instantaneous support from ILAs.

Regarding retention, the delayed test result shows that EIVL significantly outperformed NIVL and CVL in retention, but no
significant improvement was found between NIVL and CVL. Because both EIVL and NIVL encompassed ILAs, learners' memory about
the learning content was fairly strong right after watching the video lecture, and the learners can easily reconstruct or retrieve the
knowledge for comprehension. As time goes by, learners inevitably had a decrease in the amount of memory recall, especially without
any reinforcement. Compared with NIVL and CVL, the learners with EIVL had better retention because higher situated interactivity
brings more contextual information as learning cues by embodying the CI content into concrete spoken scripts and bodily actions in
the ILAs. For the learners with NIVL, they lack the embodied design with concrete experience for exercising ILAs, and then the
learning cues for memory recall and knowledge reconstruction become relatively limited. As a result, the retention of the learners
with NIVL decreases more quickly than the counterpart with EIVL, and did not outperform the learners with CVL in retention after a
week. Such result of smoothly information decay demonstrates a better outcome of integrating newly constructed knowledge to
learners’ long-term memory which echoes the finding that Macedonia and Klimesch (2014) found in their study as well.

For the questionnaire of mental effort and perceived difficulty, the results indicate that the learners’ overall and extraneous
cognitive loads did not show significant differences when watching the video lecture. These results are also consistent with previous
studies and confirm that EIVL is effective for improving learning outcomes by carefully controlling related variables of the learning
design (Hung et al., 2014; Hwang & Chang, 2011; Hwang et al., 2011). Regarding practical applications, these results prove that the
learners with EIVL and NIVL can have better comprehension and retention without imposing an additional extraneous cognitive load
on them.

Table 7
The result of one-way ANOVA test in mental effort.

Variable Group N Mean S.D. F

Mental effort Exp A 30 6.67 1.15 2.75
Exp B 30 6.17 1.58
Ctl C 30 5.83 1.39

Note: Exp - Experimental group, Ctl - Control group.

Table 8
The result of Welch and Brown-Forsythe test in perceived difficulty.

Variable Group N Mean S.D. Welch Brown-Forsythe

Perceived difficulty Exp A 30 4.71 1.47 1.70 2.02
Exp B 30 4.92 0.85
Ctl C 30 5.33 1.29

Note: Exp - Experimental group, Ctl - Control group.
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According to all of the results, the finding suggests that EIVL can help learners improve their comprehension and retention when
watching video lectures. Moreover, the ILAs with the embodied design can provide learners higher situated interactivity with more
learning clues and benefit retention. Because learners exercising ILAs with the embodied design can obtain more learning clues as the
sources for their mental processing, the effectiveness of EIVL presenting better retention of learning contents is also similar to the
previous studies (Chao et al., 2013; Kuo et al., 2014; Macedonia & Kriegstein, 2012; Macedonia &Mueller, 2016).

Two contributions can be identified as the whole new interactive learning experience and the CI-based approach for designing
interactive learning activities. A traditional lecture conveys knowledge to on-site learners at the same physical place and time; a video
lecture is recorded from a traditional lecture for other online learners watching at different places and times. Although on-site
learners and the instructor can interact with each other in the same physical place, online discussion forums would be another
important learning context with more interactions for further understanding and reflection of the learning topics. The EIVL combined
all of the abovementioned learning contexts into a new interactive learning experience. Moreover, the framework of EIVL also
provides instructors a guideline for designing interactive learning activities by leveraging CI and NUI technologies.

For the future studies, two research directions are suggested as follows. First, the result of the post-test (immediate test) in this
experiment did not show a significant difference between EIVL and NIVL, but EIVL significantly outperformed NIVL in learners'
retention based on the result of the delayed test. This finding also reveals that the situated interactivity of EIVL remains room for
further improvement. If the future design of EIVL could equip with higher situated interactivity, learners' comprehension in the post-
test (immediate test) would be more likely to improve more. Second, after reviewing the recording files of this experiment, the
learners with EIVL have to exercise ILAs through speaking English scripts and gesturing, but they experienced a process for repeatedly
making learning system recognize their voice responses and gestures twice or thrice. Such repetitions occurred because of the
learners' unclear pronunciation and inadequate sitting distance between the learner and the motion-sensing device. The former
situation could result from the learners' insufficient English speaking fluency, and the later situation is because the learners sat
without keeping sufficient distance from the motion-sensing device. When learners finally accomplished ILAs by repeated tries, this
process would require their additional cognitive processing for troubleshooting. Although all of the learners in this experiment have
reached a certain level of English proficiency, Chinese is their first language and speaking in English is likely to be a psychological
barrier when they would feel embarrassed for their not so correct pronunciation. Therefore, matching the language of ILAs' content
with learners’ first language and increasing the precision of the motion-sensing devices would be likely to improve the outcomes and
experience of the learning with EIVL.

6.2. The REUSE guidelines for choosing appropriate content while creating EIVLs

According to the experience of creating EIVLs and conducting this experiment, this study summarizes the REUSE (relevance,
expertise, understanding, scaffolding, and embodying) guidelines for choosing appropriate EIVL content as follows. Relevance means
that the video content should be relevant to learning needs and beneficial for knowledge construction. When learners are aware of the
relevance, such awareness accompanies with a positive motivation and the following learning then becomes truly meaningful.
Expertise demands that the instructor must present professional impression and specialize in the learning topic of a video lecture for
assuring the content correctness and effective learning. Understanding means that the video content encompasses sufficient CI content
to interpret learning concepts from multiple perspectives for improving comprehensive thinking and knowledge construction instead
of only a limited viewpoint. Scaffolding relates to the fact that the video content comprises of concepts of knowledge that would be
obscure to learners. Besides, appropriate learning support can benefit learners’ new knowledge construction when exercising ILAs
with scaffolds. Finally, embodying concerns the practical implementation of design ILAs that the video content accompanies enough
and useful CI content for learners to understand the learning topic. Then, learners can have real participation, with meaningful
spoken scripts and actual bodily actions in the learning environment, through exercising ILAs and obtain contextual information as
learning clues for their mental processing and knowledge construction.

7. Conclusions

This study leverages collective intelligence (CI) available in online discuss forum to help instructors create meaningful interactive
learning activities (ILAs) to be embedded in video lectures for improving learners' comprehension and retention. According to the
abovementioned positive results, the embodied interactive video lecture (EIVL) is proven as effective learning by leveraging CI and
NUI technologies. During the period of watching EIVLs, learners experienced a whole new interactive learning with well-designed
ILAs by applying the CI-based approach. Learners can benefit their new knowledge construction from the increased interactivity of
interactive video lectures which are therefore increasingly adopted in flipped classrooms, massive open online courses, and electronic
textbooks (Bergmann & Sams, 2012; Deslauriers et al., 2011; Love et al., 2013; Ronchetti, 2010; Song et al., 2014). Although the
effectiveness of interactive video lectures is foreseeable, creating them still needs instructors to invest a lot of effort (McFarlin, 2008).
The main contribution of this study is to incorporate CI content in the design of ILAs for video lectures and to provide learners
interactive learning experience by applying NUI technologies. The precision of the motion sensor and microphone array in Microsoft
Kinect version 1 was identified as a limitation in this study. Although EIVL was the best in the 1st and 2nd comprehension test, the
precision issue could undermine the benefit from EIVL. The creation approach of EIVL provides instructors a useful design of ILAs,
and the methods for exercising ILAs also leverage NUI technologies to create meaningful interactions depending on learning context.
Learners then can obtain contextual scaffolds with meaningful spoken scripts and actual bodily actions as learning cues for improving
their learning comprehension and retention in the process of interaction. For educational applications, this paper presents two CI-
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based filtering approaches and the RESUE (relevance, expertise, understanding, scaffolding, and embodying) guidelines for choosing
appropriate CI content and video-based content while creating EIVLs. Moreover, the details of six ILA types are elaborated clearly for
the learning design and the practical conduct.

Acknowledgements

This research was supported in part by Ministry of Science and Technology of Republic of China (Taiwan) under project numbers
MOST 103-2511-S-110-002-MY3, MOST 104-2511-S-110-007-MY3, MOST 104-2511-S-110-009-MY3, and MOST 106-2917-I-564-
065. This research was also supported by Research Center for Cognition and Gesture-Based Computing of National Sun Yat-sen
University, Taiwan. The first author would like to express his deepest gratitude to Dr. Thomas A. Furness III at Department of
Industrial & Systems Engineering in University of Washington, Seattle, WA, USA for his insights and suggestions at the early de-
velopment stage of the human-computer interface.

References

Amadieu, F., Mariné, C., & Laimay, C. (2011). The attention-guiding effect and cognitive load in the comprehension of animations. Computers in Human Behavior,
27(1), 36–40. http://dx.doi.org/10.1016/j.chb.2010.05.009.

Anderson, T. (2016). Theories for learning with emerging technologies. In G. Veletsianos (Ed.). Emergence and innovation in digital learning: Foundations and applications.
Edmonton, Canada: Athabasca University Press.

Antle, A. N., Corness, G., & Droumeva, M. (2009). What the body knows: Exploring the benefits of embodied metaphors in hybrid physical digital environments.
Interacting with Computers, 21(1), 66–75. http://dx.doi.org/10.1016/j.intcom.2008.10.005.

Barab, S. A., & Plucker, J. A. (2002). Smart people or smart contexts? Cognition, ability, and talent development in an age of situated approaches to knowing and
learning. Educational Psychologist, 37(3), 165–182. http://dx.doi.org/10.1207/S15326985EP3703_3.

Barsalou, L. W. (1999). Perceptual symbol systems. Behavioral and Brain Sciences, 22, 577–660.
Barsalou, L. W. (2008). Grounded cognition. Annual Review of Psychology, 59(1), 617–645. http://dx.doi.org/10.1146/annurev.psych.59.103006.093639.
Barsalou, L. W. (2010). Grounded cognition: Past, present, and future. Topics in Cognitive Science, 2(4), 716–724. http://dx.doi.org/10.1111/j.1756-8765.2010.

01115.x.
Bergmann, J., & Sams, A. (2012). Flip your classroom: Reach every student in every class every day. Washington, DC: International Society for Technology in Education.
Chang, Y. J., Chen, S. F., & Huang, J. D. (2011). A kinect-based system for physical rehabilitation: A pilot study for young adults with motor disabilities. Research in

Developmental Disabilities, 32(6), 2566–2570. http://dx.doi.org/10.1016/j.ridd.2011.07.002.
Chang, C.-Y., Chien, Y.-T., Chiang, C.-Y., Lin, M.-C., & Lai, H.-C. (2013). Embodying gesture-based multimedia to improve learning. British Journal of Educational

Technology, 44(1), E5–E9. http://dx.doi.org/10.1111/j.1467-8535.2012.01311.x.
Chao, K.-J., Huang, H.-W., Fang, W.-C., & Chen, N.-S. (2013). Embodied play to learn: Exploring Kinect-facilitated memory performance. British Journal of Educational

Technology, 44(5), E151–E155. http://dx.doi.org/10.1111/bjet.12018.
Chao, K.-J., Hung, I.-C., & Chen, N.-S. (2012). On the design of online synchronous assessments in a synchronous cyber classroom. Journal of Computer Assisted Learning,

28(4), 379–395. http://dx.doi.org/10.1111/j.1365-2729.2011.00463.x.
Chen, N.-S., & Fang, W.-C. (2014). Gesture-based technologies for enhancing learning. In R. Huang, Kinshuk, & N.-S. Chen (Eds.). The new development of technology

enhanced learning: Concept, research and best practices (pp. 95–112). Berlin, Heidelberg: Springer Berlin Heidelberg.
Chen, N. S., Kinshuk, Wei, C. W., & Liu, C. C. (2011). Effects of matching teaching strategy to thinking style on learner's quality of reflection in an online learning

environment. Computers & Education, 56(1), 53–64. http://dx.doi.org/10.1016/j.compedu.2010.08.021.
Decety, J., & Grezes, J. (2006). The power of simulation: Imagining one's own and other's behavior. Brain Research, 1079(1), 4–14. http://dx.doi.org/10.1016/j.

brainres.2005.12.115.
Deslauriers, L., Schelew, E., & Wieman, C. (2011). Improved learning in a large-enrollment physics class. Science, 332(6031), 862–864. http://dx.doi.org/10.1126/

science.1201783.
Dringus, L. P., & Ellis, T. (2005). Using data mining as a strategy for assessing asynchronous discussion forums. Computers & Education, 45(1), 141–160. http://dx.doi.

org/10.1016/j.compedu.2004.05.003.
Dron, J., & Anderson, T. (2014). Teaching crowds: Learning and social media. Edmonton, Canada: Athabasca University Press.
Flanagin, A. J., & Metzger, M. J. (2000). Perceptions of Internet information credibility. Journalism &Mass Communication Quarterly, 77(3), 515–540. http://dx.doi.

org/10.1177/107769900007700304.
Gallese, V., & Lakoff, G. (2005). The Brain's concepts: The role of the Sensory-motor system in conceptual knowledge. Cognitive Neuropsychology, 22(3–4), 455–479.

http://dx.doi.org/10.1080/02643290442000310.
Gibbs, R. W. (2005). Embodiment and cognitive science. New York, NY: Cambridge University Press.
Goldman, A. I. (2006). Simulating minds:The philosophy, psychology, and neuroscience of mindreading. New York, NY: Oxford University Press.
Huang, W. H. (2011). Evaluating learners' motivational and cognitive processing in an online game-based learning environment. Computers in Human Behavior, 27(2),

694–704. http://dx.doi.org/10.1016/j.chb.2010.07.021.
Hung, D. W. L., & Chen, D.-T. (2001). Situated cognition, Vygotskian thought and learning from the communities of practice perspective: Implications for the design of

web-based e-learning. Educational Media International, 38(1), 3–12. http://dx.doi.org/10.1080/09523980121818.
Hung, I.-C., Hsu, H.-H., Chen, N.-S., & Kinshuk (2015). Communicating through body: A situated embodiment-based strategy with flag semaphore for procedural

knowledge construction. Educational Technology Research and Development, 63(5), 749–769. http://dx.doi.org/10.1007/s11423-015-9386-5.
Hung, I.-C., Lin, L.-I., Fang, W.-C., & Chen, N.-S. (2014). Learning with the body: An embodiment-based learning strategy enhances performance of comprehending

fundamental optics. Interacting with Computers, 26(4), 360–371. http://dx.doi.org/10.1093/iwc/iwu011.
Hwang, G.-J., & Chang, H.-F. (2011). A formative assessment-based mobile learning approach to improving the learning attitudes and achievements of students.

Computers & Education, 56(4), 1023–1031. http://dx.doi.org/10.1016/j.compedu.2010.12.002.
Hwang, G.-J., Wu, P.-H., & Ke, H.-R. (2011). An interactive concept map approach to supporting mobile learning activities for natural science courses.

Computers & Education, 57(4), 2272–2280. http://dx.doi.org/10.1016/j.compedu.2011.06.011.
Krathwohl, D. R. (2002). A revision of Bloom's taxonomy: An overview. Theory Into Practice, 41(4), 212–218. http://dx.doi.org/10.1207/s15430421tip4104_2.
Kuo, F.-R., Hsu, C.-C., Fang, W.-C., & Chen, N.-S. (2014). The effects of Embodiment-based TPR approach on student English vocabulary learning achievement,

retention and acceptance. Journal of King Saud University - Computer and Information Sciences, 26(1, Supplement), 63–70. http://dx.doi.org/10.1016/j.jksuci.2013.
10.003.

Lajoie, S. P. (2000). Computers as cognitive tools: No more walls, Vol. II. Mahwah, NJ: Lawrence Erlbaum Associates, Inc.
Lajoie, S. P., & Azevedo, R. (2006). Teaching and learning in technology-rich environments. In P. Alexander, & P. Winne (Eds.). Handbook of educational psychology (pp.

803–821). (2nd ed.). NJ: Erlbaum.
Lan, Y. F., & Sie, Y. S. (2010). Using RSS to support mobile learning based on media richness theory. Computers & Education, 55(2), 723–732. http://dx.doi.org/10.

1016/j.compedu.2010.03.005.
Leimeister, J. (2010). Collective intelligence. Business & Information Systems Engineering, 2(4), 245–248. http://dx.doi.org/10.1007/s12599-010-0114-8.

I.-C. Hung et al. Computers & Education 117 (2018) 116–131

130

http://dx.doi.org/10.1016/j.chb.2010.05.009
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref2
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref2
http://dx.doi.org/10.1016/j.intcom.2008.10.005
http://dx.doi.org/10.1207/S15326985EP3703_3
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref4
http://dx.doi.org/10.1146/annurev.psych.59.103006.093639
http://dx.doi.org/10.1111/j.1756-8765.2010.01115.x
http://dx.doi.org/10.1111/j.1756-8765.2010.01115.x
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref7
http://dx.doi.org/10.1016/j.ridd.2011.07.002
http://dx.doi.org/10.1111/j.1467-8535.2012.01311.x
http://dx.doi.org/10.1111/bjet.12018
http://dx.doi.org/10.1111/j.1365-2729.2011.00463.x
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref12
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref12
http://dx.doi.org/10.1016/j.compedu.2010.08.021
http://dx.doi.org/10.1016/j.brainres.2005.12.115
http://dx.doi.org/10.1016/j.brainres.2005.12.115
http://dx.doi.org/10.1126/science.1201783
http://dx.doi.org/10.1126/science.1201783
http://dx.doi.org/10.1016/j.compedu.2004.05.003
http://dx.doi.org/10.1016/j.compedu.2004.05.003
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref17
http://dx.doi.org/10.1177/107769900007700304
http://dx.doi.org/10.1177/107769900007700304
http://dx.doi.org/10.1080/02643290442000310
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref20
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref21
http://dx.doi.org/10.1016/j.chb.2010.07.021
http://dx.doi.org/10.1080/09523980121818
http://dx.doi.org/10.1007/s11423-015-9386-5
http://dx.doi.org/10.1093/iwc/iwu011
http://dx.doi.org/10.1016/j.compedu.2010.12.002
http://dx.doi.org/10.1016/j.compedu.2011.06.011
http://dx.doi.org/10.1207/s15430421tip4104_2
http://dx.doi.org/10.1016/j.jksuci.2013.10.003
http://dx.doi.org/10.1016/j.jksuci.2013.10.003
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref30
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref31
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref31
http://dx.doi.org/10.1016/j.compedu.2010.03.005
http://dx.doi.org/10.1016/j.compedu.2010.03.005
http://dx.doi.org/10.1007/s12599-010-0114-8


Levy, P. (1999). In R. Bononno (Ed.). Collective intelligence: Mankind's emerging world in cyberspace. Cambridge, MA: Perseus Publishing.
Love, B., Hodge, A., Grandgenett, N., & Swift, A. W. (2013). Student learning and perceptions in a flipped linear algebra course. International Journal of Mathematical

Education in Science and Technology, 45(3), 317–324. http://dx.doi.org/10.1080/0020739X.2013.822582.
Macedonia, M., & Klimesch, W. (2014). Long-term effects of gestures on memory for foreign language words trained in the classroom. Mind, Brain, and Education, 8(2),

74–88. http://dx.doi.org/10.1111/mbe.12047.
Macedonia, M., & Kriegstein, K. v (2012). Gestures enhance foreign language learning. Biolinguistics, 6(3–4), 393–416.
Macedonia, M., & Mueller, K. (2016). Exploring the neural representation of novel words learned through enactment in a word recognition task. Frontiers in Psychology,

7(953), 1–14. http://dx.doi.org/10.3389/fpsyg.2016.00953.
Macedonia, M., Muller, K., & Friederici, A. D. (2011). The impact of iconic gestures on foreign language word learning and its neural substrate. Human Brain Mapping,

32(6), 982–998. http://dx.doi.org/10.1002/hbm.21084.
Maher, M., Paulini, M., & Murty, P. (2011). Scaling up: From individual design to collaborative design to collective design. In J. Gero (Ed.). Design computing and

cognition ’10 (pp. 581–599). Springer Netherlands.
Mann, S. (2002). Intelligent image processing. New York, NY: John Wiley & Sons, Inc.
McFarlin, B. K. (2008). Hybrid lecture-online format increases student grades in an undergraduate exercise physiology course at a large urban university. Advances in

Physiology Education, 32(1), 86–91. http://dx.doi.org/10.1152/advan.00066.2007.
McGonigal, J. (2008). Why I Love bees: A case study in collective intelligence gaming. In K. Salen (Ed.). The ecology of games: Connecting youth, games, and learning (pp.

199–228). Cambridge, MA: The MIT Press.
Moos, D. C. (2009). Note-taking while learning hypermedia: Cognitive and motivational considerations. Computers in Human Behavior, 25(5), 1120–1128. http://dx.

doi.org/10.1016/j.chb.2009.05.004.
Nielsen, L., Heffernan, C., Lin, Y., & Yu, J. (2010). The Daktari: An interactive, multi-media tool for knowledge transfer among poor livestock keepers in Kenya.

Computers & Education, 54(4), 1241–1247.
Norman, D. A. (1980). Twelve issues for cognitive science. Cognitive Science, 4, 1–32.
Novack, M., & Goldin-Meadow, S. (2015). Learning from gesture: How our hands change our minds. Educational Psychology Review, 27(3), 405–412. http://dx.doi.org/

10.1007/s10648-015-9325-3.
Paas, F. G. (1992). Training strategies for attaining transfer of problem-solving skill in statistics: A cognitive-load approach. Journal of Educational Psychology, 84(4),

429–434. http://dx.doi.org/10.1037/0022-0663.84.4.429.
Paas, F., Tuovinen, J., van Merriënboer, J. G., & Aubteen Darabi, A. (2005). A motivational perspective on the relation between mental effort and performance:

Optimizing learner involvement in instruction. Educational Technology Research and Development, 53(3), 25–34. http://dx.doi.org/10.1007/BF02504795.
Propper, R. E., McGraw, S. E., Brunyé, T. T., & Weiss, M. (2013). Getting a grip on memory: Unilateral hand clenching alters episodic recall. PLoS One, 8(4), e62474.

http://dx.doi.org/10.1371/journal.pone.0062474.
Ronchetti, M. (2010). Using video lectures to make teaching more interactive. International Journal of Emerging Technologies in Learning, 5(2), 45–48. http://dx.doi.org/

10.3991/ijet.v5i2.1156.
Sadler, T. D. (2009). Situated learning in science education: Socio-scientific issues as contexts for practice. Studies in Science Education, 45(1), 1–42. http://dx.doi.org/

10.1080/03057260802681839.
Song, H. S., Pusic, M., Nick, M. W., Sarpel, U., Plass, J. L., & Kalet, A. L. (2014). The cognitive impact of interactive design features for learning complex materials in

medical education. Computers & Education, 71, 198–205. http://dx.doi.org/10.1016/j.compedu.2013.09.017.
Steinkuehler, C., & Duncan, S. (2008). Scientific habits of mind in virtual worlds. Journal of Science Education and Technology, 17(6), 530–543. http://dx.doi.org/10.

1007/s10956-008-9120-8.
Sun, P. C., & Cheng, H. K. (2007). The design of instructional multimedia in e-learning: A media richness theory-based approach. Computers & Education, 49(3),

662–676. http://dx.doi.org/10.1016/j.compedu.2005.11.016.
Sweller, J. (2010). Element interactivity and intrinsic, extraneous, and germane cognitive load. Educational Psychology Review, 22(2), 123–138. http://dx.doi.org/10.

1007/s10648-010-9128-5.
Sweller, J., van Merrienboer, J., & Paas, F. (1998). Cognitive architecture and instructional design. Educational Psychology Review, 10(3), 251–296. http://dx.doi.org/

10.1023/A:1022193728205.
Tylor, J. (2015). An examination of how student journalists seek information and evaluate online sources during the newsgathering process. New Media & Society,

17(8), 1277–1298. http://dx.doi.org/10.1177/1461444814523079.
Wood, D., Bruner, J. S., & Ross, G. (1976). The role of tutoring in problem solving. Journal of Child Psychology and Psychiatry, 17(2), 89–100. http://dx.doi.org/10.

1111/j.1469-7610.1976.tb00381.x.
Woolley, A. W., Chabris, C. F., Pentland, A., Hashmi, N., & Malone, T. W. (2010). Evidence for a collective intelligence factor in the performance of human groups.

Science, 330(6004), 686–688. http://dx.doi.org/10.1126/science.1193147.
Yamada, M. (2009). The role of social presence in learner-centered communicative language learning using synchronous computer-mediated communication:

Experimental study. Computers & Education, 52(4), 820–833. http://dx.doi.org/10.1016/j.compedu.2008.12.007.
Yang, J. C., Chen, C. H., & Jeng, M. C. (2010). Integrating video-capture virtual reality technology into a physically interactive learning environment for English

learning. Computers & Education, 55(3), 1346–1356. http://dx.doi.org/10.1016/j.compedu.2010.06.005.
Zhang, D., Zhou, L., Briggs, R. O., & Nunamaker, J. F., Jr. (2006). Instructional video in e-learning: Assessing the impact of interactive video on learning effectiveness.

Information &Management, 43(1), 15–27. http://dx.doi.org/10.1016/j.im.2005.01.004.

I.-C. Hung et al. Computers & Education 117 (2018) 116–131

131

http://refhub.elsevier.com/S0360-1315(17)30231-2/sref34
http://dx.doi.org/10.1080/0020739X.2013.822582
http://dx.doi.org/10.1111/mbe.12047
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref37
http://dx.doi.org/10.3389/fpsyg.2016.00953
http://dx.doi.org/10.1002/hbm.21084
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref40
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref40
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref41
http://dx.doi.org/10.1152/advan.00066.2007
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref43
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref43
http://dx.doi.org/10.1016/j.chb.2009.05.004
http://dx.doi.org/10.1016/j.chb.2009.05.004
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref45
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref45
http://refhub.elsevier.com/S0360-1315(17)30231-2/sref46
http://dx.doi.org/10.1007/s10648-015-9325-3
http://dx.doi.org/10.1007/s10648-015-9325-3
http://dx.doi.org/10.1037/0022-0663.84.4.429
http://dx.doi.org/10.1007/BF02504795
http://dx.doi.org/10.1371/journal.pone.0062474
http://dx.doi.org/10.3991/ijet.v5i2.1156
http://dx.doi.org/10.3991/ijet.v5i2.1156
http://dx.doi.org/10.1080/03057260802681839
http://dx.doi.org/10.1080/03057260802681839
http://dx.doi.org/10.1016/j.compedu.2013.09.017
http://dx.doi.org/10.1007/s10956-008-9120-8
http://dx.doi.org/10.1007/s10956-008-9120-8
http://dx.doi.org/10.1016/j.compedu.2005.11.016
http://dx.doi.org/10.1007/s10648-010-9128-5
http://dx.doi.org/10.1007/s10648-010-9128-5
http://dx.doi.org/10.1023/A:1022193728205
http://dx.doi.org/10.1023/A:1022193728205
http://dx.doi.org/10.1177/1461444814523079
http://dx.doi.org/10.1111/j.1469-7610.1976.tb00381.x
http://dx.doi.org/10.1111/j.1469-7610.1976.tb00381.x
http://dx.doi.org/10.1126/science.1193147
http://dx.doi.org/10.1016/j.compedu.2008.12.007
http://dx.doi.org/10.1016/j.compedu.2010.06.005
http://dx.doi.org/10.1016/j.im.2005.01.004

	Embodied interactive video lectures for improving learning comprehension and retention
	Introduction
	Literature review
	Collective intelligence in a discussion forum
	Embodied cognition for technology-enhanced interactive learning

	Development of embodied interactive video lectures
	The embodied design
	Choosing collective intelligence content

	Methods
	Experimental design
	Participants
	Instruments
	Experimental procedure

	Results of comprehension, retention, and cognitive load
	Discussion
	Interpretation and implications of comprehension, retention, and cognitive load
	The REUSE guidelines for choosing appropriate content while creating EIVLs

	Conclusions
	Acknowledgements
	References




