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Abstract. In this study, we explore the impact of incorporating a virtual instruc-
tor with realistic lip-syncing in an augmented reality (AR) learning environment.
The study is particularly focused on understanding if this enhancement can reduce
students’ mental workload and improve system usability and performance in AR
learning. The research stems from previous feedback indicating that a virtual
instructor without facial movements was perceived as “creepy” and “distracting.”
The updated virtual instructor includes facial animations, such as blinking and
synchronized lip movements, especially during lecture explanations. The study
aims to determine if there are significant changes in mental workload and usabil-
ity differences between the AR systems with and without the enhanced virtual
instructor. The study found significant differences in the usability scores in some
questions. However, there was no significant difference in the mental workload
between them.

Keywords: Augmented Reality - Workload - Usability - Lip Sync - Virtual
Instructor

1 Introduction

In the realms of education and training, augmented reality (AR) has proven to be an
impressive learning platform. This is evidenced by its success in enhancing retention [1],
boosting motivation [2], and facilitating significant learning gains [3]. A key strength of
AR lies in its ability to foster a personalized ‘learning by doing’ approach [4]. However,
AR-based learning requires further improvement to boost its effectiveness in student
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learning. Wu, Lee [5] highlighted a critical challenge: students often experience cogni-
tive overload in AR environments due to the influx of multiple information streams. To
address this, introducing a virtual instructor equipped with realistic lip-syncing could
mark a notable evolution in AR educational experiences. Such an integration promises to
deepen student immersion in AR scenarios, offering an experience where virtual instruc-
tion mirrors the nuances of real-life human interactions. In this study, the participants
were 37 students from an Ergonomics and Workstation Design course. The study was
conducted over two consecutive fall semesters, with different groups each year. The
participants went through lectures in an AR environment, guided by a virtual instructor,
and their performance and subjective workload were measured.

2 Problem Description

In this study, we explored the advantages of incorporating a virtual instructor featuring
a natural lip sync in augmented reality learning. In our previous study [6], we developed
a virtual instructor without any facial movements. Participant feedback highlighted a
shared concern: the facial expression of the animated instructor was deemed “creepy”
and “distracting.” To address this issue, the updated virtual instructor now includes facial
animations, such as blinking and synchronized lip movements, especially during lecture
explanations.

To evaluate the advantages of this enhancement, the experiment was structured to
address the two research questions outlined below:

e What are the significant changes, if any, in mental workload following the implemen-
tation of an enhanced virtual instructor with realistic lip sync?

o How do the usability levels compare between the two versions of the virtual instructor,
and is there a significant difference?

We hypothesized that the introduction of the updated virtual instructor could lead to
a significant decrease in students’ mental workload during this AR learning experience.
Additionally, it is anticipated that the improvements in user experience might result in
an increase in system usability. However, our findings revealed contrasting results.

3 Related Research

AR provides educators with the opportunity to present lessons in a new digital format.
Learners would have the opportunity to handle information in a new and interactive
format [5, 7]. AR can create an ease-of-use that has been proven to reduce students’
cognitive workloads, which can encourage students to engage more with the content
[1, 8-10]. This new way of educating students could help the content become more “fun
and entertaining,” allowing them to be more creative inside the AR environment. How-
ever, if the virtual content lacks naturalness, it could greatly affect student engagement
during the learning process. To improve the impacts of learning outcomes and student
engagement in VR/AR/MR environments, many studies are focusing on designing the
virtual content based on gamification, which is about using game elements to engage
that motivation [11, 12]. Gamification is not about creating complete games, but instead
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using game-thinking or mechanics to engage users to learn and solve problems. It will
help to improve student motivation and engagement using game elements. According to
the study done by Arnold [13], the ideal initiation for gamification lies in virtual or online
learning, where students already accustomed to gaming, may find a smooth transition
into educational contexts. This approach highlights the significance of maintaining a low
workload and ensuring the naturalness of virtual content to enhance the learning expe-
rience. Radu further highlighted the importance of keeping workloads light, allowing
students ample opportunity to interact with and adapt to the AR learning environment
[1]. Because AR does not block students’ view of their physical surroundings, and they
are still able to interact with peers to discuss content [14]. AR also offers the capability
to present students with experiences, such as visualizing complex subjects or simulat-
ing locations for field trips, aiding in their understanding of the topics being studied. A
study conducted on marine education using AR found that students benefit from close-
up examination through the features that AR offers, enhancing their understanding and
motivation [15]. In AR-based education, the use of visualization can support differen-
tiated instruction tailored to a variety of learners, a crucial aspect of lesson planning.
AR can make the delivery of information more adaptive and personalized for education
[16]. However, AR comes with certain limitations. Some students might perceive the
new AR learning environment as complex, particularly if they encounter any technical
issues associated with the virtual contents [3].

4 Methodology

4.1 Participants

The participants of this study (N = 37) were students in an Industrial and Systems
Engineering Ergonomics and Workstation Design course at the University of Missouri—
Columbia. Data was collected over two consecutive fall semesters. The first set of data,
Year 1, was collected in Fall of 2022 during a 3-week period, October 17th to November
3rd, 2022. This first round of data collection had a total of 16 participants. In the second
year of the study, data collection occurred over a period of 7 weeks, from September
18th — November 1st, 2023. The second set of data, Year 2 contains 21 participants. The
ages of the participants ranged from 20 to 23 and consisted of Juniors or Senior college
students. Lecture materials were directly related to the ergonomics class content.

4.2 Procedure

Participants completed two lectures during the experiment. Following the first lecture,
they were required to complete the second lecture within a forty-eight-hour period. Lec-
tures took place in an open space lab, which allowed free movement so participants
could answer questions after each module on an unfixed table as they moved through
the space. Participants were guided through two Biomechanics lectures within the aug-
mented reality environment by a virtual instructor leading each session. The anticipated
duration of each lecture was approximately sixty minutes; however, participants were
encouraged to proceed at their own pace, allowing for content review or replay as needed



6 M. Easley et al.

(see Fig. 1). The initial lecture covered fundamental biomechanics and physics concepts,
encompassing basic definitions and formulas (see Fig. 2). In contrast, the subsequent
lecture applied these definitions, thereby elevating the difficulty level. Lecture 1 was
segmented into seven modules, while Lecture 2 comprised of eight modules. Most mod-
ules concluded with participants answering a question related to the material, resulting
in multiple questions within each lecture. Each lecture had seven questions. Following
each response, participants provided a confidence rating indicating their level of certainty
regarding the accuracy of their answer.
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Fig. 1. Diagram of how participants traveled through the lab space.
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Fig. 2. The immersive learning environment [17].

At the conclusion of each lecture, participants were asked to fill out three survey
forms. The NASA Task Load Index method [18] was used to evaluate and rank assess-
ments of subjective demand considered by each participant. This survey asked partic-
ipants to assign percentages (between 0—100) to predetermined workload dimensions
(i.e., Physical Demand, Mental Demand, Temporal Demand, Performance, Frustration,
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and Effort) and then to rank those dimensions. Students also filled out a survey titled Stu-
dent Satisfaction and Self-Confidence in Learning Scale (SCLS). This survey required
participants to rate on a 5-point scale how much they agreed or disagreed with statements
about learning in an Augmented reality environment. These questions included, but were
not limited to, “The way the virtual instructor taught was suitable to the way I learn.”
And, “The teaching methods used in this Augmented Reality module were helpful and
effective.”

The main difference of the virtual instructor in Year 2 compared to Year 1 is with
realistic lip sync, facial expression and more hand motions. Both versions of the instructor
are shown in Fig. 3. While there are slight variations among these instructors in aspects
like appearance, clothing color, and hairstyle, these differences do not significantly
impact student engagement, workload, or usability. Virtual instructors, in contrast to
human ones, reduce the likelihood of bias linked to appearance. A virtual instructor,
created through 3D animation and powered by the Xsens motion capture system along
with Murf Al enabled realistic movements and synthesized a voice that sounded natural.

Fig. 3. Virtual Instructor in Year 1(left) and Virtual Instructor in Year 2 (right).

4.3 Apparatus

A HoloLens 2 AR headset was used to display the lecture modules (see Fig. 4). Motion-
tracking sensors were attached to the upper bodies of participants. The lectures were
conducted in a spacious lab environment. This setup enabled students to walk around
the lab, activating different sections of the virtual lecture as they moved.
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Fig. 4. A student participant wearing HoloLens and sensors in the testing area.

5 Results

Upon assessing the usability score over the two years, notable disparities were observed
in the participants’ answers to two out of the ten usability questions. A significant
difference was particularly evident in the response to Question #3 on the survey. This
particular question asked for participants’ perspective on the system’s user-friendliness.
It read: “I thought the system was easy to use.” (Fig. 5)
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.
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Condition Mean SD P-value
Year 1 4.09 0.93
0.0097
Year 2 3.52 0.92

Fig. 5. Statistical results of Usability Question #3 between Conditions.

The above figure illustrates a decline in participants’ perceived ease of use in Year
2 as opposed to Year 1. The average score for the statement ‘I thought the system was
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easy to use’ dropped from 4.09 in Year 1 to 3.52 in Year 2. This decrease highlights that
participant in Year 2 found the system to be relatively more difficult compared to those
in the previous year.

The other question that showed notable differences was Usability Question #4, which
asked “I think that I would need the support of a technical person to be able to use this
system.” (Fig. 6).
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Fig. 6. Statistical results of Usability Question #4 between Conditions.

This question shows a significant increase in students’ ratings indicating a higher
need for seeking assistance during the operation of this system. This once again implies
that students perceive an increased complexity. Additionally, another survey extensively
examined was the students’ workloads, assessed using the NASA TLX. In a manner akin
to the usability analysis, participants’ workloads were compared year-to-year to observe
any shifts in the data (Fig. 7).

This graph illustrates that there was no significant statistical difference between years.
We believe the updated virtual instructor, which featured facial animations like blinking
and synchronized lip movements, did not have a significant impact on the work-load.
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Score vs. Year

Scorn

2022 2023
Year

Condition Mean SD P-value
Year 1 56.87 11.90
0.2473
Year 2 53.26 13.65

Fig. 7. Statistical results of participants’ workloads between Conditions.

6 Discussions and Conclusions

The analysis of usability results shows a consistent perception among participants that
the Year 2 system is comparatively more complicated to use than its Year 1, as evidenced
by participant responses to Question #3. Furthermore, responses to Question #4 further
support the conclusion that the system is perceived as more challenging to use. There’s
a clear correlation: participants who perceive the system as harder to use are likely to
feel an increased need for assistance. In other words, the participants in Year 2 per-
ceived the AR classroom, enhanced with the upgraded virtual instructor incorporating
facial animations such as blinking and synchronized lip movements, as not beneficial
for AR lectures. A possible explanation for this phenomenon could be that participants
are sensitive to any imperfections in realism, such as minor inaccuracies in lip-syncing
or a limited range of expressions. These flaws might result in feelings of dissatisfaction
or make it more challenging to engage with the AR content. Additionally, realistic ani-
mations demand considerable processing power and advanced software. Therefore, any
constraints or deviations in the animations from actual human movements and expres-
sions might interrupt the learning experience, thereby making it more difficult for users
to concentrate on the educational material. Another possible explanation could be the
realistic facial expressions and synchronized lip movements of a virtual instructor could
unintentionally shift focus away from the educational content. Users may become more
preoccupied with observing the instructor’s animations rather than concentrating on the
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les-son itself. Furthermore, if students are not used to interacting with virtual instructors
of this nature, the unfamiliar experience may initially seem more demanding.

Interestingly, even though there was a reported decline in the system’s usability, the
comparison of workloads between Year 1 and Year 2 did not reveal any statistically
significant differences. According to the previous study [19], the observation that a
virtual instructor in AR learning reduces workload compared to scenarios without one.
However, in this study, a virtual instructor with facial expressions and realistic lip sync
does not further reduce workload compared to a virtual instructor without these features.
Despite the decrease in the system’s usability, it’s possible that the workload could have
increased. Yet, no significant difference in workload results was observed. This suggests
that while a virtual instructor can streamline learning through step-by-step guidance,
the inclusion of realistic facial expressions and lip syncing may not significantly impact
cognitive load.

This indicates that modifications like the updates to the virtual professor incorporat-
ing facial animations such as blinking and synchronized lip movements did not in-crease
the workload or stress levels of the participants. Despite Year 2 students perceiving the
system usability as more challenging, this did not lead to a rise in their workload.

In contrast to our initial hypothesis, the results did not support the idea that the
introduction of the updated virtual instructor with realistic lip sync and facial expressions
resulted in a significant change in students’ mental workload during the AR learning
experience. Furthermore, the anticipated improvements in user experience were not
apparent based on the collected data. Hence, if the realistic animations do not offer
extra educational value or enhance content comprehension, they may be viewed as
unnecessary.

Although the data did not align with our initial predictions, there is still valuable
in-sight to be gained from these results. These findings show the relationship between
the perceived system difficulty and the impact on the workload and suggest further
exploration is needed to understand the many factors that influence user experience.

The study concludes that while the virtual instructor with realistic lip sync may not
have reduced cognitive load and improved usability as expected, it provides valuable
insights into the complexity of user experience in AR education systems. This suggests
aneed for more research in this area to better understand and optimize AR learning envi-
ronments. To enhance usability and lessen the workload in AR learning via modifications
to the virtual instructor, we suggest opting for a simpler or more stylized design over
hyper-realism. This approach can lower cognitive load and improve user-friendliness.
Where realistic lip syncing and facial expressions are essential, it is vital to ensure their
accuracy and naturalness to bypass the uncanny valley effect [20] and boost compre-
hension. Additionally, allowing for customization of the virtual instructor’s appearance
and behavior, if feasible, can render the learning experience more approachable and less
intimidating for students. Finally, implementing a system where the virtual instructor
adjusts to each student’s learning pace and offers relevant feedback is key to making the
learning process more effective.
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