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ABSTRACT
Faculty members are often busy with various research work
and thus have little time to prepare lectures. Advances in
technology offer a solution to this problem. That is, they
can record the lectures and reuse them over semesters. It is
common for these lecture videos to include an inset frame
of the instructor giving the lecture. However, little research
has been done to investigate the effect of these inset frames.
In this study, we examined how the physical embodiment of
the instructor in the inset frame impacts the learning process.
Three types of embodiment were compared through an on-
line between-participants experiment: lecture with no inset
frame, lecture with an inset frame of a human instructor and
lecture with an inset frame of a virtual agent instructor. The
results showed a marginally significant difference between
having some form of embodiment and having no embodiment
in terms of learning performance.
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INTRODUCTION
Faculty members are usually very busy with various research
work and other obligations. This provides them with little
time to prepare lectures which is very important for the trans-
fer of knowledge. Advances in technology expand the in-
structional options for the faculty and therefore offer a solu-
tion to the problem. That is, they can record these lectures
and use the same recording every semester. These video lec-
tures often include an inset frame of the instructor giving the
lecture (Figure 1), presumably to improve the learning per-
formance and experience of the students. We refer to these
types of lectures as personalized video lectures.

Although many online lectures do have this frame in their
videos, anecdotally, the majority does not. It would cost much
time and energy for the instructors to record these lectures
again in order to include such frames. As virtual agents are
known to be good at giving instructions, an alternative ap-
proach is to include an inset frame of a virtual agent. If this
approach proves to be beneficial, people may automatically
generate inset videos of such virtual agents in post-production
for all online lectures that have been filmed without the in-
structors present in the videos. This would be much more
cost-effective than recording the lectures again.

Figure 1: Lecture video of an online course with an inset
frame of a human instructor [8].

Our goal in this study is to investigate the role that the inset
frame plays in the process of students learning from video
lectures. Specifically, we seek to gain a better understanding
of how the presence and absence of this inset frame as well
as the embodiment of the instructor therein may influence
the student’s objective learning performance and subjective
learning experience. By exploring these questions, we hope
to inform the decision of whether or not instructors should
include such inset frames in the video lectures and which em-
bodiment of the instructor they should use.

The next section is an overview of related work on the ef-
fectiveness of online video lectures and the usage of virtual
agents in a pedagogical context. Then our hypotheses and a
detailed description of the experimental method are provided.
They are followed by our results and a discussion of the lim-
itations for this study. Finally, we summarize our study and
propose some future work.

RELATED WORK
Usage of technology in education has been researched for a
long time. The goal of technology in this case is two-fold.
First and foremost, the technology must not hamper learn-
ing, but instead help students learn better and more efficiently.
The second goal is to reduce the load of the faculty. Faculty
members have to conduct research and as well as take part
in their other commitments. Thus their time is very valuable,
and technology should enable a reduction of their teaching
duties per student while maintaining the quality of education.

Euzent et al. [5] studied the impact of using video lectures in
class. They conducted the study on two large basic economic
courses, each with more than 300 students. One course was
conducted in the traditional live lecture format, while the stu-



dents of the other course had any-time access to videos of the
teacher giving the lecture. The results showed no significant
difference in student performance. But at the same time the
students liked the opportunity to view the lectures whenever
they wanted to. Dey et al. [4] performed a similar experi-
ment in an undergraduate physics course. Besides traditional
live lectures, the study also compared two types of video lec-
tures: one with the instructor’s image present in the video
with the slides (personalized video lecture), and the other one
with only the voice of the instructor synchronized with slides
(neutral video lecture). For the video conditions, the lectures
were entirely given online, with the students choosing when
they wanted to watch it. The results found that transfer of lec-
ture content was enhanced in video lecture conditions relative
to the live presentation condition. The students were also re-
sponding more positively to the personalized video lectures.

Brecht et al. [2] found that weaker students perceived video
lectures to be better than live lectures. It gave them more time
to listen to the content. At the same time, they could view the
lectures multiple times. Studies suggested that video lectures
help such students to pass courses.

With advancements in technology, using virtual agents to in-
teract with people have become a common practice. There
is a number of studies that investigate how such agents can
be more expressive [7] or how their gaze can improve learn-
ing [1]. In most cases such agents are used for interactive
learning. They interact with people and can perform a wide
range of actions based on their interactions. However, vir-
tual agents have not been widely used in personalized video
lectures. Previous research suggested that having a human
instructor present in the lectures improves learning, but no
similar study for a virtual agent instructor has been found.

HYPOTHESES
In this study, three hypotheses were developed based on find-
ings in literature covering usage of technology in education,
especially those related to adopting online video lectures to
teach courses and using virtual agents in a pedagogical con-
text:

Hypothesis 1. The presence of an instructor in the video lec-
ture will improve students’ learning performance.

Hypothesis 2. The presence of a human instructor in the
video lecture will improve students’ learning performance
more than the presence of a virtual agent instructor.

Hypothesis 3. The presence of an instructor will result in
higher student satisfaction in the video lecture.

METHOD
To investigate the impact of the inset frame on student’s learn-
ing process, we designed and conducted an online experiment
in which participants watched a video lecture and completed
a questionnaire related to the lecture. In this study, we ma-
nipulate the presence and absence of this inset frame as well
as the embodiment of the instructor therein. We measured the
students’ objective learning performance and their subjective
learning experience. In this section, we describe our experi-
mental design, measurements, procedure and participants.

(a) No embodiment

(b) Human embodiment

(c) Virtual agent embodiment

Figure 2: Three different types of embodiment.

Study Design
To test our hypotheses, we conducted a 3x1 between-
participants experiment. The independent variable was the
embodiment of the instructor in the lecture video, which had
three levels: (1) no embodiment, (2) human embodiment, and
(3) virtual agent embodiment. The three levels are described
in detail below.

• No embodiment - no inset frame is in the video.

• Human embodiment - the video has an inset frame on its
lower right corner. The frame shows the face and part of
the upper body of the human instructor as he gives the lec-
ture. The inset video is a crop of the video from which
the audio track was extracted. As such, the physical and
lip movements of the instructor are synchronized with the
audio track.

• Virtual agent embodiment - this is similar to the above, ex-
cept that the inset frame shows a virtual agent in place of
a human. We used Virtual Human Toolkit [6] to create the
virtual agent, synchronize its lip movement with the voice
in the audio track and generate some gestures.

In order to maintain consistency across participants, the three
video lectures with different types of embodiment are on the
same topic of the Chinese Zodiac, and of the same length
of 3:40. The same lecture slides and audio track were used
across all three videos. Screenshots of the three conditions
can be found in Figure 2. To control the effect of gender as a



confounding variable, participants were stratified by gender.
That is, each of the three populations had the same gender
ratio.

The dependent variables included participants’ recall of the
lecture content and their perception of the lecture content and
the instructor.

Measures
To measure students’ learning process, we utilized both ob-
jective and subjective measures.

Measures of Learning Performance
In order to measure the participant’s learning performance,
we asked participants to complete a post-test after watching
the video lecture. The ten questions in this test were designed
to measure their ability to recall the details of the lecture con-
tent regarding the Chinese Zodiac. The questions were all 5-
choice MCQs with the last choice being “I don’t know”. The
participants were encouraged to answer “I don’t know” if they
were not confident instead of answering randomly. The time
duration that the participants spent answering the questions
were recorded.

We adopted the inverse efficiency score (IES) [3] as the objec-
tive measure of the participant’s learning performance. IES is
measured as follows:

IES =
RT
PC

(1)

Here, RT corresponds to the response time (in seconds) and
PC is the proportion of correct responses. IES measures how
much time a participant took per correct response. A smaller
IES corresponds to better performance.

Measures of Learning Experience
In order to measure the participant’s learning experience, we
asked participants to fill in a post-experiment questionnaire
where they could rate the lecture content and the instructor
on a seven-point Likert scale, 1 = Extremely disagree, 7 =
Extremely agree, with 4 statements each. Statements fol-
lowed items in Motivational Theory. Items of the Content
Quality scale included interestingness, topic relevance, satis-
faction and meeting expectation. Items of the Instructor Sat-
isfaction scale included confidence, presentation, voice and
drivenness.

Item reliability for both the Content Quality scale (Cron-
bach’s α = .93) and the Instructor Satisfaction scale (Cron-
bach’s α = .96) were high.

Procedure
The experiment was entirely conducted online. Participants
were presented with a brief description of the experiment and
signed a consent form. They were then given a pre-test con-
sisting of 10 general questions about the Chinese Zodiac to
test if participants had too much prior knowledge on the topic.
The pre-test followed the format of the post-test - each item
had an “I don’t know” option, which participants were en-
couraged to choose over random guessing. Participants were

Figure 3: IES results for different types of embodiment.

then asked to provide their gender, which was used for strat-
ification. Following that, they were presented with a video
lecture that had one of the three levels of embodiment. Par-
ticipants could pause or rewatch the video as they wanted, but
could not return to the video after going to the next page. Af-
ter watching the video, participants played a game of Sudoku
for 5 minutes. This served as the distractor task that ensured
that the recalling process was separated from the learning pro-
cess. Finally, they took a post-test on the lecture content, fol-
lowed by a post-experiment questionnaire on their subjective
perception of the lecture content and the instructor.

Participants
A total of 40 participants took part in the experiment. 15 of
these were removed for having too much prior knowledge in
the Chinese Zodiac. These were participants who answered
5 or more questions in the pre-test correctly. Doing so left
us with 25 participants (17 males and 8 females). 11, 10 and
4 participants were assigned the no embodiment, human em-
bodiment and virtual agent embodiment conditions respec-
tively. All participants were recruited using a combination of
Amazon Mechanical Turk and social media. Turks received
$0.50 as compensation. All participants were native English
speakers.

RESULTS
We utilized analysis of variance (ANOVA) to analyze our data
from objective and subjective measurements.

Objective Results
Our first hypothesis predicted that having an embodiment will
lead to better learning performance for students than having
no embodiment. At the same time the second hypothesis pre-
dicted that having human embodiment will yield better results
than having virtual agent embodiment.

Our analysis showed that the average IES for no embodiment,
human embodiment and virtual agent embodiment was 537
(SD = 648), 162 (SD = 87.4) and 463 (SD = 140) respec-
tively, as shown in Figure 3. Thus participants on average



performed better when there was embodiment present in the
lecture. Their performance was even better for human em-
bodiment.

We conducted a one-way ANOVA to test whether the differ-
ent types of embodiment result in different IES and found
no significant difference, F(2, 22) = 1.65, p = .21. Post-hoc
comparisons using Tukeys HSD test revealed no significant
difference in IES between the human and virtual agent em-
bodiment, p = .75. Therefore we did not find evidence to
support Hypothesis 2, that human embodiment is better than
virtual agent embodiment in terms of learning performance.

To test if having an embodiment in the lecture increases learn-
ing performance over having no embodiment, we conducted
an unpaired one-tailed t-test and found a marginally signifi-
cant improvement, t(23) = 1.68, p = .053, which supported
Hypothesis 1.

The descriptive analysis suggested that a human embodiment
might be better than the other types of embodiment in terms
of learning performance. To test this, we conducted an un-
paired one-tailed t-test and found that students learnt signifi-
cantly better with a human embodiment compared to the other
two types of embodiment, t(23) = 1.73, p = .048.

Subjective Results
We conducted a one-way ANOVA to test whether the differ-
ent types of embodiment result in different perceptions of the
content quality and found no significant difference, F(2, 22) =
0.008, p = .99. We also conducted a one-way ANOVA to test
whether the different types of embodiment result in different
perceptions of the instructor satisfaction and again found no
significant difference, F(2, 22) = 1.49, p = .25. This shows
that participants perceived the content and the instructor al-
most the same regardless of embodiment. The means and
standard deviations for the subjective measures are shown in
Figure 4.

DISCUSSION
Our first hypothesis was that having an embodiment (of any
form) in the video lecture would help people to remember the
content of the lecture better. We had come up with hypothesis
based on previous literature that suggested that only having
audio in a video lecture is not as effective as having embod-
iment of the lecturer present. The average IES score in the
post-test suggested that when some form of embodiment was
present, the participants experienced a marginally significant
improvement in learning performance.

Our second hypothesis was built upon our first hypothesis,
and is that a human embodiment would be better than having
a virtual agent embodiment. Even though the average IES
was better for the human embodiment, it was not statistically
significant.

Our third hypothesis was also not found to be well sup-
ported after statistical analyses. We had proposed that stu-
dents would be more satisfied with the presence of instructor.
Based on the scores for content quality and instructor satis-
faction, there was no significant difference.

(a) Content quality.

(b) Instructor satisfaction.

Figure 4: Subjective results for different types of embodi-
ment.

The lack of evidence to support two of our hypotheses sug-
gests two important insights. Although including an inset
frame of some form of embodiment improves students’ learn-
ing performance over not including an inset frame, students
do not perceive the lecture content or the instructor differ-
ently. Furthermore, a human embodiment does not offer a sig-
nificant improve in student performance over a virtual agent
embodiment. This suggests that as an alternative to filming
themselves, faculty members can generate videos of virtual
agents giving the lectures during post-production in order to
achieve a similar effect. This reduces the additional logistic
and mental preparation required to film the instructor as the
lecture is being conducted.

CONCLUSION
In recent years, online video lectures have grown to be a very
popular medium of education. In this study, we investigated
the effect of embodiment of instructor on students’ learning



performance and their learning experience. Unfortunately, we
were only able to find evidence to support our first hypothe-
sis. This may be due to large participant variances caused by
the small sample size. The results suggest that there is some
benefit for instructors to include inset frames of themselves or
some generated virtual agent in their video lectures. In future
studies, the sample size should be increased for more reliable
results.
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