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ABSTRACT

The purpose of this work is to demonstrate the influence of embodiment on the success of
Visuo-haptic Learning, as it has not been yet investigated by current literature. With this aim,
we conducted an experimental campaign to compare the users’ Sense of Embodiment
(SoE) and learning success values obtained by experiencing the same simulated duty cycle
within two different Visuo-haptic Learning environments. Interesting results have been
found: the embodiment influenced the users’ completion time and mental workload, but it
did not have particular incidence on the obtained learning level (intended as knowledge of
the procedure). With this work, we aim to highlight the necessity of conducting wider and
deeper studies about the influence of human factors and subjective perceptions on the
success of Visuo-haptic Learning.

Keywords: Human Factors, Embodiment, Visuo-haptic, Learning, VR, haptics, Virtual Training,
Avatar.

INTRODUCTION

The success of VR-based Learning is generally measured on user performance
within the virtual environment, meant as the sum of many factors such as time
taken for completion of tasks, precision, accuracy, awareness, reaction time, error
rate, etc. (Doolani, 2020). However, unsatisfactory performances do not
necessarily mean that the main objectives have not been achieved. In fact, human
performances in a virtual environment can also be significantly influenced by
several human factors as situation awareness, physical and cognitive workload,
motivation, technology acceptance, satisfaction, engagement, embodiment, stress
and trust (Aromaa, 2022; Kaasinen, 2019; Kilteni, 2012; Easa, 2021).

In light of this, it is crucial to understand how human factors may affect human
performances in VR-based Learning, aiming to identify possible disturbing factors
in the evaluation of the effectiveness and efficiency of such innovative learning
systems. In addition, taking into account these subjective aspects is essential for a
robust design of a VR-based Learning, in order to enhance (and not inhibit) the
specific skills and abilities of the learners, further to boost the incredible potential
and applications of VR technology. On the contrary, neglecting human factors and
their influence on the outcome of the whole learning experience can lead to
unnecessary repetitions of the learning session, learners’ frustration or
misevaluation of the adopted system; this could result in increasing costs and time
associated to the learning process, as well as social implications for the learners
(Stanney, 1998).

For instance, research has shown evidence of the importance of being embodied
in the self-avatar within immersive virtual environments, meant as the ensemble of
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sensations that arise in conjunction with being can inside, having, and controlling
a body, especially in relation to Virtual Reality applications (Kilteni, 2012). SoE
within immersive virtual environments is a highly powerful aspect, as being
embodied in avatar dramatically change user’s experience in VR (Peck, 2013)
Several experiments have demonstrated that SOE can increase user cognitive
abilities (Steed, 2016) and sensorimotor abilities (McAnally, 2022), improve user
immersion (Frohner, 2019) and haptic performance (Maselli et al., 2016;
Gonzalez-Franco, 2019) increase self-recognition and identification through
enfacement (Gonzalez-Franco, 2020). At the same time, it is a strongly subjective
perception, since every user is unique and can have significantly different
experiences, responses and performances in the same VR setup (Peck, 2021).

In light of this, our hypothesis is that there is an effective impact of the avatar
embodiment on the success of Virtual Learning, but current literature has not yet
proven it. For this reason, we have conducted an experimental campaign to
demonstrate the existence of a relationship between avatar hand embodiment and
three parameters that determine the success of Virtual Learning: time taken to
complete the learning session, learning level of the simulated duty cycle and
cognitive workload. This was achieved by asking participants to test the same duty
cycle with two different Visuo-haptic Learning systems, both characterized by a
realistic human-like avatar and a first-perspective simulation, but differing for the
induced users’ SoE. The obtained results have confirmed the importance of the
embodiment perception in Visuo-haptic Learning.

BACKGROUND: VISUO-HAPTIC LEARNING

Although visual feedback is still considered the main channel to stimulate learning,
current literature offers many works about Visuo-haptic Learning (education and
training), as the haptic system has proved to empower humans to interact with
virtual environments by means of mechanical, sensory, motor, and cognitive
abilities (Escobar-Castillejos, 2020; Kilteni, 2012; Dérr, 2022).

With reference to students’ education, haptic feedback has proved to boost
students’ engagement within virtual environment and enjoyment of the innovative
lesson, especially for subjects that can often be boring or too demanding for kids
for as physics, maths and chemistry (Hamza-Lup, 2021; Hamza-Lup, 2019;
Shaikh, 2017). For instance, in (Shaikh, 2017), 30 students tested in first person a
visuo-haptic simulation guided activity for conceptual learning about
electric/magnetic fundamental principles. The results showed that the use of visuo-
haptic simulation allowed students to improve their understanding of the concepts
of electric fields for distributed charges, as demonstrated by the significant increase
from the students’ pre-test to post-test questionnaires’ scores.

In the medical field, the visuo-haptic simulators for training are mainly related to
dentistry and surgery interventions, in which high motor skills and precision are
required to the future specialist (Coles, 2011; Dorr, 2022; Rau, 2020; Escobar-
Castillejos D. &., 2020). The presence of haptic feedback (in particular
kinaesthetic) allows users to perceive and understand the actual forces that they
would apply to perform a real intervention (Coles, 2011). Even if the performance
during visuo-haptic training seems to improve slowly rather than only visual



Example for Preparation of Your Own Paper 3

training experience, it has been demonstrated that visuo-haptic stimuli have a
positive influence on the learners’ long-term memory and retention. Furthermore,
haptic elements may serve as additional retrieval cues, helping learners to
understand abstract concepts (Rau, 2020).

In the industrial field, visuo-haptic training systems are mainly employed to
simulate manufacturing processes and assembly procedures (Damian Grajewski,
2015; Gallegos-Nieto, 2017; Leino, 2019; Langley, 2016; Buonocore, 2022). The
addition of haptic feedback has resulted to increase the simulation realism,
allowing to detect more potential errors that the future worker could make on the
job, identifying and correcting wrong behaviours in advance, during the Virtual
Training session itself. To confirm this, in (Damian Grajewski, 2015), authors
asked to experienced workers about stud welding to try in first person an immersive
virtual simulation of the duty cycle with the additional haptic feedback, by using a
well-known grounded hap-tic device (Phantom Premium 3.0). After the
experience, workers confirmed that haptic feedback was an essential element of
the simulation, in order to convey the highest consciousness of required
movements to the novice workers. In (Gallegos-Nieto, 2017), the conducted
experimental campaign highlighted the influence of haptic feedback on the training
effectiveness. 15 users, aged between 19 and 30 years, were trained about 5
assembly tasks (a cube puzzle, a pyramid puzzle, an oil pump, a linear actuator and
a compressor) interacting with the same virtual simulator in two different ways
(with and without haptic feedback). The experiments have shown that the use of
haptic feedback in Virtual Assembly Training has led to a greater effectiveness of
training, assessed as number of steps correctly executed (without mistakes). The
results also highlighted that the effectiveness of Virtual Assembly Training
depended on assembly task complexity, i.e. the greater the task complexity, the
greater the effectiveness.

Despite the widespread use of haptic technology in Virtual Learning, there are still
significant technological limitations. It can be said that the “sense of touch” is not
yet fully integrated with VR technology, making it difficult to perform natural
human-computer interactions (Kilteni, 2012). Specifically, one of the main themes
is the synchronization of visual and haptic feedback during VR activities, which is
crucial for user realism and immersion (Smith, 2019). This means that system-
related aspects such as tracking issues or latency can hinder visual and tactile
synchronization, with the risk of causing less user embodiment and affecting
human performances within the virtual environment. In this work, we wanted to
investigate the presence of such correlation.

METHODS AND MATERIALS

Methods

Design. This study examined the relation between users’ SOE within immersive
virtual environment and their learning success.

The current experiment consisted in comparing the learning success values of each
user who experienced the same simulated duty cycle within two Visuo-haptic
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Learning environments that may seem apparently identical, but were characterized
by different values of SoE.

Embodiment measurement. According to (Kilteni, 2012), three factors can
influence the users’ SoE within immersive virtual environment: Self-location (is a
determinate volume in space where one feels to be physically located
(Lenggenhager, 2006)), Sense of Agency (is the sense of having global motor
control in active movements) and Sense of Body Ownership (refers to one’s self-
attribution of a body, considered as the source of the experienced sensations
(Gallagher, 2000; Tsakiris, 2006)). Although the interdependence between these
subcomponents is not yet clear, it is known that acting on at least one of the three
means causing a variation in the SoE (Kilteni, 2012).

Research in the embodiment field has showed that discrepancies (as a significant
latency) between user’s actual movement and the respective visual feedback can
induce a lower Sense of Agency (Yasuda, 2005; Kilteni, 2012). In the same way,
it was demonstrated that unreasonable and unrealistic visuotactile correlations (as
unreasonable and unrealistic haptic feedback) can reduce users’ Sense of Body
Ownership (Tsakiris, 2006; Shimada, 2009). In light of this, the experimental
campaign has been designed with the aim of acting on users’ Sense of Agency and
Body Ownership, in order to induce different SoE during the two Visuo-haptic
Learning experiences. Specifically, we exploited what has been discovered in
(Buonocore, 2023) to investigate the correlation between SoE and Learning
success. Although the two Visuo-haptic Learning systems appeared to be identical,
one of the two systems showed significant tracking problems (lower Sense of Body
Ownership) and non-neglectable communication latency by users (lower Sense of
Agency).

Success of Visuo-haptic Learning. As already mentioned, the success of VR-
based Learning is a highly complex concept, dependent on both objective and
subjective factors. In this work, it was decided to focus on two objective
measurements that contribute substantially to the success of Visuo-haptic
Learning: time taken and learning level. Furthermore, users’ cognitive load
subjective measurement has been introduced, with the aim of contributing to a
broader understanding of its dependence from embodiment, as it is still not well
understood (Peck, 2018; Peck, 2020).

Participants. 16 participants, all VR novices, were involved in the experimental
campaign. At least a B2 level of knowledge of English was required to properly
understand the given textual instructions within virtual environment. The
participants were selected through social platforms (Instagram, Linkedin,
Facebook) as students and unemployed people with at least high school diploma,
in order to faithfully represent unexperienced workers that may be potentially
interested in such innovative learning techniques to acquire specific technical
skills.

Materials

Use case. The selected use case is taken from (Buonocore, 2023), about employing
prepreg components for the rear floor of a car. Specifically, the simulated 10-step
layup phase involves the manual positioning of pre-engaged layers of Carbon Fiber
Reinforced Plastic (CFRP) material in a specific lamination sequence and the
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removal of any trapped air. A VR-based training is proposed as a valid alternative
to current as paper manuals and costly on-the-job sessions, allowing the future
laminators to acquire the necessary skills and practice by repeating several times
the virtual procedure, with no influence on the real items in case of mistakes.
However, it is fundamental that the VR session is as realistic as possible, giving
multisensory feedback to the user during the immersion within the simulated work
area. Further to visual feedback, vibrotactile and muscular feedback (especially on
hands) may significantly improve the realism of the simulation and the
comprehension of the simulated duty cycle.

Software-Hardware architecture. In this work, we have recalled the
experiments conducted in (Buonocore, 2023), keeping the same software and
hardware equipment: HTC Vive Pro Head Mounted Display (HMD), MANUS
Prime Il haptic gloves and two Vive trackers as common VR hardware, Unity and
IC.IDO as the two different VR platforms. Although apparently equal, the two
developed Visuo-haptic Learning systems (Fig.1l) have shown different
performance in the integration with the same hardware, in terms of quality of haptic
system tracking and communication latency (Buonocore, 2023). In light of what
has been said about Sense of Agency and Body Ownership (Sec. Methods), these
technical differences have been exploited in this work to obtain different SoE in
the two learning systems, in order to investigate the correlation between SoE and
Learning success.

SED

Figure 1: The implemented VR Learning Systems within IC.IDO (first row) and Unity
(second row)

Embodiment measurement. The subjective measurement of each user’s SoE
was made through the well-known questionnaire presented in (Peck, 2021). It
consists of 16 sentences with responses on a 7-point Likert-scale, born from deep
research in literature and a combination of previous widespread questionnaires
about SoE. The questionnaire outputs a numeric value of SoE for each user,
calculated as the arithmetic mean between 4 subcomponents: Appearance,
Response, Ownership, Multi-Sensory. As suggested in (Peck, 2021), the
questionnaire’s items have been adapted to the specific use case, as the term
“body” has been substituted with the only body part explored in this campaign
(“hand”) and “prepreg components and tools” were introduced where necessary.
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Success measurement. Specifically, users’ time taken to complete the 10-step
duty cycle have been recorded, and questionnaires were employed to assess users’
learning level and cognitive load (with NASA TLX questionnaire (Hart, 2006)).
The learning level questionnaire was necessarily custom-made, since questions
were reasonably dependent on the specific use case. The designed questionnaire
consisted of 8 multiple choice questions, with four possible answers: the right
answer was awarded 1 point, one partially correct answer was awarded 0.5 points,
and the other two were totally incorrect (0 points), with a range of finale scores
from 0 (worst case) to 8 (best case). For each user, the order of the questions and
answers was random. The questionnaire is given below:

1. What is the purpose of the simulated duty cycle?
Where are the adhesive protective films stored?
How many plates to place on the mold in the simulation?
Once positioned, how are the plates adhered?
How is the vacuum liner placed?
Which of these operations is not performed in the simulation performed?
Where is the vacuum hose located?
8. Indicates the correct sequence of operations to simulate.

Procedure. The participants were equally divided into two groups to try the two
Visuo-haptic Learning systems in reverse order. Immediately after both the tests,
users filled out the above questionnaires.

Noook~owd

RESULTS AND DISCUSSION

Table 1 shows the results of the experimental campaign, in descending order of
SoE values. For each user, SoE values of both Visuo-haptic Learning experiences
are listed, as the respective values of time taken, learning level and cognitive load.

Table 1. Experimental campaign results about users’ SoE, time taken, learning level and cognitive
load obtained with both the Visuo-haptic Learning experiences

UNITY IC.IDO
SoE Time | Learn | NASA SoE Time | Learn | NASA
taken ing TLX taken ing TLX
User # Level Level

1 0,92 | 1’58 1 11 0,83 | 2’107 1 13
2 0,9 | 1’55 1 13 0,88 | 2’197 0,94 15
3 0,88 | 201~ 0,81 13 0,88 | 2°24” 0,81 17
4 0,88 | 2°27 0,81 15 0,81 | 2’55 0,81 19
5 0,86 | 2’39 1 16 0,76 | 3’157 1 21
6 0,82 | 3°05” 0,87 18 0,72 | 3’47 0,87 25
7 0,82 | 3’16 0,94 20 0,7 | 4017 0,94 29
8 0,8 | 3°18” 0,94 22 0,7 | 4207 0,94 31
9 0,8 | 3°29” 0,9 22 0,7 | 3’597 0,9 34
10 0,78 | 3°38” 0,87 23 0,66 | 407 0,87 37
11 0,78 | 3’50 0,9 25 0,62 | 505> 0,9 37
12 0,78 | 3’577 0,9 28 0,62 | 5’517 0,9 49
13 0,74 | 4’10 0,94 31 0,61 7117 0,94 48
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14 0,7 5 | 094 34 057 | 845 09 50
15 066 540" | 078 39 049 | 7°03” 0,78 51
16 0,64 5477 | 087 41 04 | 928 | 087 54

Overall, we can say that a considerable variability on the users’ SoE for the same
VR software is clearly showed, confirming that it can be an extremely subjective
perception even if the design of the virtual experience is quite identical. In fact,
obtained SoE values are respectively 0,8 for Unity and 0,69 for IC.IDO on average,
demonstrating a non-neglectable difference in the users’ embodiment perception
between the two Visuo-haptic Learning experiences.

As expected, system-related aspects as tracking issues or latency have
significantly influenced the user experience within virtual environment. However,
it is not easy to clearly describe the relationship between SoE and Visuo-haptic
Learning success, due to the complexity of the concept of success itself. In fact,
the results show a different influence of SoE on the three selected parameters to
characterize Visuo-haptic Learning success.

Unexpectedly, the SOE was not decisive in terms of greater understanding of the
simulated work cycle, as all users achieved excellent (or quite excellent) learning
level results, confirming the validity of Visuo-haptic Learning as innovative
learning technique. On the other side, SoE has resulted to significantly influence
both users’ time taken and cognitive workload. In particular, for both the VR
experiences, lower values of SoE corresponded to higher values of time taken and
cognitive workload. With reference to cognitive workload, the results are quite
different between the two experiences: respectively 4/16 users for Unity and 6/16
users for IC.IDO defined the system characterized by a "somewhat high" cognitive
load, while 3/16 users have affirmed that the IC.IDO-based system has required a
"high" cognitive load. This means that lower levels of SOE (lower Sense of Agency
and Body Ownership) provided by the Visuo-haptic Learning system developed in
IC.IDO have negatively influenced the cognitive effort required to the users,
leading some of them to judge it more severely. In the same way, lower SoE has
led users to reach a maximum time of 9’28’ in IC.IDO, compared to the maximum
time recorded in Unity (5°47°). On average, users took less between 3 and 4
minutes to complete the session in Unity, while the lower SoE perceived in the
IC.IDO experience caused an average taken time higher than 5 minutes.

What has been said so far is also reflected in the fact that the whole sample of
16 users obtained worse results in IC.IDO than Unity, with lower SoE linked to
higher time taken and cognitive load. This suggests the existence of inverse
relationship between SoE and both time taken and cognitive load (the higher is
SoE, the lower time taken and cognitive load seem to be, and viceversa). However,
our study did not aim to find and demonstrate the precise mathematical relationship
between these aspects, as it is a preliminary stage for future deeper studies.

CONCLUSIONS

In this work, we have discussed the influence of embodiment on the success of
Visuo-haptic Learning, as it has not been yet investigated by current literature. We
have conducted an experimental campaign to compare the users’ Sense of
Embodiment and learning success values obtained by experiencing the same
simulated duty cycle within two different Visuo-haptic Learning environments.
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Taking into account that Visuo-haptic Learning success is a strongly complex
concept and depends on several factors, in this study we decided to focus on three
main aspects: learning level, time taken and cognitive load. The experimental
campaign has demonstrated that lower SoE can lead to higher time taken and
cognitive load to complete the Visuo-haptic Learning experience, while it does not
seem to significantly influence the users’ learning level about the simulated duty
cycle. Furthermore, the resulted significant variability in SoE values between
different users, even within the same virtual environment, highlights and confirms
the importance of considering human factors and subjective perceptions as SoE in
Visuo-haptic Learning. With this regard, our aim is to inspire readers to include
SoE since the design phase of Visuo-haptic Learning systems and consider it a
crucial aspect, as it can significantly affect human performances in the virtual
environment. On the contrary, neglecting SoE could lead to a misestimation of
learners’ outcomes, causing loss of time and resources, further to social
implications for the learners themselves (loss of self-esteem, insecurity, etc.).
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