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Development of an Education
System for Tooth Carving
Skills Based on Shared
Tactile Perception using

a Wearable Skin Vibration
Sensor: A Pilot Study

ABSTRACT

Objectives: In tooth carving training, learners cannot feel the instructors” sensations
during procedures. This study aimed to develop and evaluate a system based on shared
tactile perception to assess the educational effectiveness of tooth carving to convey the
instructor’s tactile sensations to learners. Methods: The system utilizes a wearable skin
vibration sensor to capture the instructor’s tactile sensations and transmit them to learn-
ers with vibrators. Twenty-three dental students tested the system using four approaches:
model observation, video watching, tactile sharing (carving after feeling tactile sensations),
and tactile synchronization (carving with feeling tactile sensations simultaneously). Per-
formance was assessed based on chamfering, smoothing, shaping the fossa and grooves,
and questionnaires. Results: Quantitative evaluations indicated that the tactile sharing and
tactile synchronization may improve skills related to surface texture, and the depth of the
fossa and grooves. Questionnaires revealed that the tactile-assisted approaches were per-
ceived as less difficult. Conclusions: The tactile sharing system may support more effective
skill acquisition in tooth carving. The tactile sensation provided was considered helpful for
surface smoothing, shaping the fossa and grooves, and force of carving. Clinical Relevance:
This system enables digital sharing of tactile sensations, enhancing dental education by
preserving expert skills and improving tooth carving training.

oooooooooooooooooooooooooooooooooooooooooooooooooo

INTRODUCTION

Education in dental skills is essential in dentistry. In skills training such
as tooth carving, tooth preparation, and wax-ups, learners primarily rely
on visual information from model observations and instructor demon-
strations, while advancing their proficiency through repeated practice.
However, mastering these skills is often difficult and time-consuming. In
particular, clinical dentistry involves several blind techniques that rely on
tactile feedback, such as root canal treatment and scaling, making tactile
information crucial for acquiring clinical knowledge." Previous studies
have reported that tactile information plays a significant role in enhanc-
ing motor skills in dental education and practice.? Instructors attempt to
facilitate learners’ skill acquisition by verbally conveying the movements
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and finger sensations involved in the tasks. However, learners
cannot actually feel the instructors’ sensations, and there is
currently no approach to sharing this tactile sensation with
them. The skills possessed by experienced dentists and den-
tal technicians are further imbued with a significant sensory
component, making them difficult to impart to learners.

Tooth carving practice is conducted at the initial stage of skill
training, where students learn anatomical knowledge of teeth,
the skills to replicate tooth morphology, and the motor skills
required through the process of carving crowns.>” To enhance
the educational effectiveness of tooth carving, various stud-
ies have reported methods such as the use of instructional
DVDs, modified anatomical modules, and video demonstra-
tions.®"* However, even with these methods, the tactile sensa-
tions experienced by instructors during tooth carving cannot
be shared with learners.

A wearable skin vibration sensor measures the skin vibra-
tions when something is touched. The sensor is worn on the
finger pad which is remote from the contact fingertip and de-
tects skin-propagated vibrations when the fingertip touches
an object.""'2 The sensor is made from polyvinylidene fluoride
(PVDF) film, which is a polymer piezo material with proper-
ties similar to human tactile receptors. Bending deformation
of the PVDF film generates output voltage, allowing it to cap-
ture skin vibrations when attached to the skin, and it does not
respond to overall finger movements, enabling the measure-
ment of vibrations propagated through the skin during fast
tactile movements such as tracing. Typically, tactile sensors
are placed between the finger and the object being touched.
However, wearable skin vibration sensors can be attached
between the first and second knuckles of the finger, directly
measuring tactile sensations of a fingertip. The receivers can
feel those tactile sensations with a vibrator. In the medical field,
wearable skin vibration sensors have been applied to systems
for diagnosing contractures, enabling the sharing of individual
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tactile sensations with others.' While many studies related to
virtual haptics have been reported in dentistry,’#'® there are
no reports in dentistry on technologies to transmit tactile and
force sensation between the sender and the receiver."” Tactile
sharing system with the wearable skin vibration sensor enables
the sharing of an individual’s tactile sensations with others. By
digitizing the tactile aspects of dental skills, which have tradi-
tionally been considered tacit knowledge, and allowing learners
to share the instructor’s sensations, this technology is expected
to make dental skills training more effective.

The aim of this study was to develop a digitization system in
shared tactile perception for the educational effectiveness of
tooth carving to convey the instructor’s tactile sensations to
learners during the carving process and evaluate the system’s
performance.

MATERIALS AND METHODS

DEVELOPMENT OF AN EDUCATION SYSTEM FOR
TOOTH CARVING SKILLS IN SHARED TACTILE
PERCEPTION

Tactile sharing system utilizing the wearable skin vibration
sensor and vibrators was applied to construct an online edu-
cation system for tooth carving. The sender side (instructor)
consisted of a wearable skin vibration sensor (SDT shielded pi-
ezo sensors 1-1000288-0, TE Connectivity, Galway, Ireland),'"?
microphone (MPM-1000, marantz Professional, CA, USA), ste-
reo audio interface (Rubix22, Roland, Shizuoka, Japan), equal-
izer (M108SM ten band eq, Dunlop manufacturing, CA, USA),
sensor amplifier, camera (iPhone 14 pro, Apple, CA, USA), and
computer (Letsnote, Panasonic, Osaka, Japan), as shown in
Figure 1. The sensor amplifier was custom-built using an inte-
grated circuit (INA126, Texas Instruments, TX, USA) with a gain
of 5, and included a band-pass filter with a frequency range
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Figure 1: Education system for tooth carving based on shared tactile perception. (A) Wearable skin vibration sensor on the index
finger and recording the tactile sensation; (B) Vibrator on the index finger to feel for learners; (C) Setup for sender as instructors; (D)

Setup for receiver as learners.
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of 15.9-2341 Hz. The wearable skin vibration sensor was at-
tached between the first and second joints of the index finger,
allowing the sensor to not interfere with holding instruments
for carving. The microphone has high sensitivity and can cap-
ture not only the instructor’s explanations but also ambient
sounds (e.g., the sound of carving wax during tooth carving),
providing learners with immersive visual and auditory experi-
ences. The tactile sensor output and microphone output are
inserted into the computer with the stereo audio interface.
The tactile sensor output was modulated with the amplifier
and equalizer before the input to the computer. The camera
used was not the one built into the computer but one that
could capture various angles of the instructor's workspace
and perform zooming, enabling a detailed depiction of dental-
specific fine operations.

The receiver side (learner) was equipped to receive input
video, audio, and tactile sensations simultaneously. The vid-
eo was output on the computer’s display. Audio and tactile
sensations were divided into stereo signals and output to the
vibrator in which a vibrotactile actuator (sprinter y, NIDEC,
Japan) was covered with a plastic case involving a ring and
speaker (SRS-XB01, Sony, Tokyo, Japan), respectively, from the
headphone jack. Since the vibrator was connected to an am-
plifier (Lepy LP-2024+, Kyohritsu Electronic Industry, Osaka,
Japan), learners could adjust the volume of the vibrations.
Zoom, a commonly used tool for classes and meetings, was
chosen as the platform for the online system due to its ease
of use for both instructors and learners. The learner could feel
the vibration while holding the instrument by attaching the
vibrator to their finger.

After assembling the above-mentioned equipment and soft-
ware for constructing the system targeted at tooth carving ed-
ucation, an experiment was conducted to determine whether
video, audio, and tactile sensations during tooth carving could
be effectively transmitted to the learner from an instructor.
The instructor, a skilled dental technician with over 20 years
of clinical experience, wore the wearable skin vibration sen-
sor between the first and second knuckles of their dominant
index finger pad and performed tooth carving using a carv-
ing knife (Wax carver evan, YDM, Saitama, Japan) and a wax
square prism.

EVALUATION OF THE FEASIBILITY OF THE TACTILE
SHARING SYSTEM IN TOOTH CARVING

The effectiveness of the tooth carving education system in
shared tactile perception was verified. The participants con-
sisted of 23 dental students from various academic years (9
first-year, 3 second-year, 6 third-year, and 5 fourth-year stu-
dents). The instructor was an experienced dental technician
with over 20 years of clinical experience. Ethics approval was
obtained for the conduct of this study.

The tasks included chamfering, smoothing, and shaping
fossa and grooves on a wax square prism (Figure 2). Cham-
fering involved carving a flat surface on the corners of the

square prism. Smoothing required carving a 4 mm radius
curvature on the corners of the square prism. Shaping fossa
and grooves involved carving a groove on the top surface of
the square prism, 5 mm wide, 2 mm deep, and angled at 102
degrees. The wax square prism measured 15 x 15 x 1000 mm.
In regards to this wax carving, the instructor recorded a video
demonstrating the wax carving process, which included both
visual and tactile sensations (Figure 3). All participants used
the same carving knife (Wax carver Evan). To ensure consist-
ency across all participants, all instruments were newly pre-
pared and had not been used prior to the experiment.

Smoothing

Chamfering

4 m

5 mm

Center
fossa

Figure 2: Carving tasks that encompassed fundamental skills
including chamfering, smoothing, and shaping the fossa and
grooves.

Figure 3: Video demonstration recorded by the instructor,
including visual, audio, and tactile sensations.

Four different approaches were compared to evaluate the
feasibility of Tactile sharing system to assist learners during
tooth carving. Model observation: Required the participants
to complete the task while observing a reference model with-
out video and tactile sensation. Video watching: Allowed par-
ticipants to watch a video before performing the task. Tactile
sharing: Allowed participants to watch the video and feel tac-
tile sensations before performing the task. Tactile synchroni-
zation: Allowed participants to watch video, feel tactile sen-
sation, and perform the task simultaneously. The completion
time for each task was recorded.

secereceeseeseaeeeeeeeeseoo ToothCarving Skills Based on Shared Tactile Perception...
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PERFORMANCE METRICS

Quantitative Metrics

The wax carving works were scanned with E4 (3Shape, Co-
penhagen, Denmark), superimposed to the ideal carving mod-
el, and evaluated using Rapidform2006 (INUS Technology,
Seoul, South Korea). The morphological parameters for wax
carving works included: 1) the volume and angle of chamfer-
ing, 2) the radius of curvature and surface texture, and 3) the
depth of fossa and grooves, and opening angle. The controls
were geometrically calculated numerical values, and the dif-
ference from the measured values was calculated.

Qualitative Metrics

Participants completed a wax carving-related questionnaire
after each task. The questionnaire used a 3-point rating scale
for evaluation, where “O" indicated good, “A” indicated aver-
age, and “X" indicated poor for each item. The items of the
questionnaire were understanding three-dimensional mor-
phology, proper grip on instruments, selecting appropriate
instruments, correct way to move instruments, surface tex-
ture, and force during carving. After all tasks, participants
completed the Single Ease Question (SEQ), System Usability
Scale (SUS), and assessment of the location of the vibrator at-
tachment. The SEQ is a 7-point rating scale that assesses how
difficult it is for users to find a task.'® The SUS offers a quick,
cost-effective, and accurate method to evaluate the usability
of hardware or software. It consists of a 10-item question-
naire with five response options ranging from “strongly agree”
to “strongly disagree”."

Statistical Methods

The Kolmogorov-Smirnov test was used to test for normal-
ity. The Levene test was used for the test of homoscedastic-
ity. Data comparisons among the three evaluation scenarios
were performed using the Friedman test with the Bonfer-
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roni correction for multiple comparisons. Statistical analyses
were performed using the SPSS statistical software version 24
(IBM), and the level of statistical significance was set at 5%.

RESULTS

DEVELOPMENT OF AN EDUCATION SYSTEM FOR
TOOTH CARVING SKILLS IN SHARED TACTILE
PERCEPTION

The education system for tooth carving skills enabled learn-
ers to simultaneously observe the instructor’s work and per-
ceive tactile sensations. The tactile sharing of tooth carving
using this system was feasible both within the same facility
and across geographically separated institutions. The selec-
tion of locations was based on the availability of cooperat-
ing facilities, rather than on a specific distance criterion. This
study confirmed that the system can operate effectively in
remote environments using standard online communication
infrastructure. Moreover, bidirectional education was made
possible by equipping both the instructor and the learners
with the sender and receiver side devices.

EVALUATION OF THE FEASIBILITY OF THE TACTILE
SHARING SYSTEM IN TOOTH CARVING

Quantitative Metrics

The evaluation results of the wax carving tasks are shown in
Figure 4. For chamfering, both excessive and insufficient ma-
terial removal were observed compared to the control across
all approaches. There were no significant differences in volume
between the approaches (p=0.142). The angle of chamfering in
all approaches was smaller compared to the control. In first
to third-year students, the video watching approach showed
greater variability (Figure 5). In fourth-year students, the angle
of chamfering improved with the video watching approach.

C  Shaping fossa and grooves

Depth of fossa and grooves (mm)

Opening angle (degree)

M Model observation
M Video watching
[¥ Tactile sharing
Tactile synchronization
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the Bonferroni correction
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Figure 4: Results of the wax carving works for each approach. (A) Volume and angle of chamfering; (B) Radius of curvature and
surface texture of smoothing; (C) Depth and opening angle of shaping the fossa and grooves.
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For smoothing, a significant difference in the radius of cur-
vature was observed between the tactile synchronization and
the model observation approaches (p<0.05). Surface texture
was improved in the tactile sharing approach. Especially,
for first- to third-year students, the tactile sharing approach
showed improved surface texture compared to the other ap-
proaches. As shown in the individual line graphs (Figure 6),
most of the values for the tactile sharing approach were lower
than those for the other approaches, indicating smoother sur-
face texture. On the other hand, for fourth-year students, the
surface texture was smoother than that of first- to third-year
students across all approaches. Among these, the carvings
produced using the tactile synchronization approach exhib-
ited greater variability in surface texture.

For shaping the fossa and grooves, the median depth value in
the model observation approach was negative, indicating shal-
lower carving compared to the ideal carving model (Figure 4).
In contrast, the median values for all other approaches were
positive, reflecting deeper carving of the fossa and grooves.

The depth of the fossa with the model observation approach
was significantly deeper than that of the tactile synchroniza-
tion approach (p<0.05). The opening angle in the model obser-
vation approach showed greater variability compared to other
approaches. A significant difference was observed between the
model observation and video watching approaches (p<0.05). The
individual results for the fossa by academic year are presented
in Figure 7. In fourth-year students, the tactile synchronization
approach led to reduced error relative to the ideal carving model
and decreased variability.

25
Model Video Tactile Tactile Model Video
observation watching

Third-year students

observation watching sharing Synchronization

First- and Second-year students

25
Tactile Tactile Model Video Tactile Tactile

observation watching sharing Synchronization

Fourth-year students

sharing Synchronization

Figure 5: Angle of chamfering in the wax carving works for each approach by academic year.
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Figure 6: Surface texture of smoothing in the wax carving works for each approach by each grade student.
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Figure 7: Depth of the fossa in the wax carving works for each approach by each grade student.
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QUALITATIVE METRICS

According to the questionnaire results regarding wax carving,
significantly more participants felt that video watching, tactile
sharing, and tactile synchronization approaches were more ef-
fective than the model observation approach in terms of under-
standing three-dimensional morphology, selecting appropriate
instruments, the proper grip on instruments, and the correct
way to move instruments (p<0.05) (Figure 8). In the model ob-
servation approach, more than half of the participants report-
ed difficulty understanding or only somewhat understanding
these aspects. In contrast, in the other approaches, more than
half of the participants reported a clear understanding. For the
carving force and the surface texture of the wax, a significantly
higher number of participants found the tactile sharing and tac-
tile synchronization approaches to be more effective compared
to the other approaches (p<0.05). In the model observation and
video watching approaches, more than half of the participants
reported difficulty in understanding or only somewhat under-
standing these aspects, whereas in the tactile sharing and tac-
tile synchronization approaches, more than half of the partici-
pants reported a clear understanding.

The average SEQ scores for those without the tactile sharing
system and with the system were 2.57+1.44 and 3.39+1.59,
respectively. The SEQ score of using the tactile sharing sys-
tem was significantly higher than that of without the system
(p<0.05). The average SUS score for the tactile sensation sys-
tem (Tactile sharing and tactile synchronization approaches)
averaged 47.50+20.40, with a maximum of 82.5 and a mini-
mum of 15.
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DISCUSSION

Educational methods for dental students encompass visual,
aural, reading/writing, kinesthetic, and demonstrative ap-
proaches.?’ In tooth carving education, visual methods involve
observing tooth models, with the advantage of facilitating the
imagination of the ideal tooth morphology. Reading/writing
methods entail studying texts to learn the detailed features of
tooth morphology, allowing for a comprehensive understand-
ing of the intricate characteristics of teeth. Kinesthetic meth-
ods involve carving teeth out of materials like wax, which is
beneficial for learning the techniques necessary to replicate
tooth morphology required in clinical practice.® Demonstrative
methods, where instructors show how to use instruments and
carve, offer efficient learning opportunities by allowing stu-
dents to observe the procedures directly, via screen-displayed
cameras, or through instructional videos. Viewing demonstra-
tions on a display can reach many students at once. However,
lacks the immediacy and engagement of observing up close.

Various simulators equipped with haptic interfaces have
been developed and utilized to improve clinical dental skills.?'
In contrast, a technology to transmit tactile and force sen-
sations between the sender and the receiver has not been
applied to the dental field. However, to pass down the tech-
niques of skilled dentists/dental technicians, it is necessary
to apply tactile sharing system, rather than relying solely on
simulations with haptic interfaces in virtual environments.

Human skin has tactile receptors for force, vibration, and tem-
perature, which are referred to as “haptic primaries”.?? In this
study, the goal was to capture and transmit a very subtle sense of
touch required when carving wax with a small knife. It was con-
sidered that vibration is more favorable compared to the other
modalities because it is similar to the actual sensation of carving.

Proper grip on instruments
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Figure 8: Questionnaire results regarding wax carving for each approach.
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Tactile feedback can potentially expand educational meth-
ods in dentistry. By not only observing but also feeling the
instructor’s demonstrations, students can gain a more realis-
tic understanding of the speed, timing, and force required to
manipulate carving instruments. It has been shown that the
bigger and more complementary the variety of educational
resources, the more likely it is to reach the educational goals
and develop the abilities required.? In this study, an educa-
tion system for tooth carving in shared tactile perception was
developed for educational effectiveness.

The tactile sense is often affected by the visual sense, and illu-
sions and interactions occur between them. The most represent-
ative illusion is “Rubber hand illusion”.?* The interaction between
them was reported by Kanamori et al. in 2018.% They revealed
that the proposed stereoscopic projection can manipulate the
haptic perception of shape. Furthermore, it has been reported
that visual stimuli in a virtual reality environment can influence
how vibrotactile feedback is perceived.? Therefore, we tried to
match the sender’s visual information with the receiver’s envi-
ronment as closely as possible using the camera and monitor.

The education system for tooth carving skills in shared tactile
perception allowed learners in different locations to connect on-
line and receive real-time skill training through both visual and
tactile information. This system was designed to be bidirectional,
allowing not only the transmission of tactile feedback from the
instructor to the learner but also from the learner to the instruc-
tor. Consequently, instructors could feel the tactile sensations of
learners, enabling them to assess whether the learner’s actions
were correct. In the evaluation phase of this study, a pre-record-
ed demonstration video was used to ensure consistency in the
visual and tactile information presented to all participants. To
maintain standardized conditions, no live demonstrations were
conducted via remote platforms.

Some approaches are being developed to enhance the learn-
ing of tooth morphology, with DVDs, programs, and software
yielding promising outcomes by incorporating interactivity
and fostering independent learning.>??8 These methods of-
fer several advantages, including the ability to access informa-
tion anytime and anywhere, allowing students to study at their
own pace without relying on a teacher. These digital tools for
teaching dental anatomy and tooth carving have been utilized
either as supplementary teaching aids or as substitutes for
traditional laboratory instructions and demonstrations. They
have demonstrated the potential to either replace traditional
methods or significantly improve students’ understanding,
engagement, and performance in their courses.

Similar to creating instructional videos, incorporating tac-
tile data into these videos would allow learners to repeatedly
train at any time while experiencing both the visual and tactile
aspects of the instruction. This approach ensures that learn-
ers can repeatedly experience the precise sensations and
movements demonstrated by the instructor, thus enhancing
their understanding and proficiency through consistent and
realistic practice sessions.

In the evaluation of the feasibility of the tactile sharing system
in tooth carving, a video was used for the feasibility evaluation
of this system because the instructor’s explanations remained
consistent for all learners and allowed them to repeatedly view
the demonstrations. Wax carving in this study was focused
on basic shapes (chamfering, smoothing, shaping fossa and
grooves) rather than tooth morphology to evaluate motor skills
independently of knowledge of dental anatomical morphology.

Conventional virtual reality haptic simulation systems pro-
duce force feedback for learners by generating pseudo-forces
based on the collision parameters of virtual objects, includ-
ing tools and teeth.?®3® The present system, however, intro-
duces a novel approach: actual tactile sensations from skilled
practitioners are converted into digital signals and subse-
quently transmitted as vibrations to learners. This pilot study
was therefore conducted to investigate the potential of this
approach, specifically to identify which tasks and subjects it
could most effectively address. We recruited students with
diverse learning preferences and experience levels,?" and
their personal reactions were meticulously examined, in addi-
tion to trends observed in each academic grade.

Regarding the chamfering, the fourth-year students showed
improvement in chamfering angle with the video watching
approach. Visual materials include detailed information such
as the movement and the angle of the instrument at which it
is applied. Therefore, learners with experience in tooth carv-
ing may have been able to adjust the instrument angle based
on these visual cues, leading to improvement. Regarding the
surface texture in smoothing, first- to third-year students
showed improvement with the tactile sharing approach, indi-
cating that tactile feedback may aid less experienced learners
in improving surface texture. Previous reports indicate that
vibration is advantageous for conveying texture,** and our re-
sults align with this, showing that methods utilizing vibration
were effective in improving surface texture related to texture
perception. Regarding the depth of the fossa and grooves, the
model observation approach tended to result in shallower
carving. Similar to the angle of chamfering, observing the
angle of the instrument through video could lead to improv-
ing the depth of the fossa and groove. Fourth-year students
showed an improvement in depth of the fossa via the tactile
synchronization approach (Figure 7). It is hypothesized that
with increased experience, tactile feedback can supplement
visual information for elements that are difficult to grasp visu-
ally. Tactile somatosensory information is encoded by sensory
receptors and transmitted to the brain for processing, and it
contributes to motor control.*3¢ Therefore, it was considered
that the carving experience may affect how the transmitted
tactile information is received. There are reports suggesting
that tactile information obtained through vibrations and visu-
al information influence each other positively, enhancing the
transmission of perception.? This effect is particularly pro-
nounced in more experienced individuals.

secereceeseeseaeeeeeeeeseoo ToothCarving Skills Based on Shared Tactile Perception...
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This study’s primary objective was to compare learner re-
sponses across four different approaches. Consequently, all
participants underwent exposure to each approach in a fixed
order: (1) model observation, (2) video watching, (3) tactile
sharing, and (4) tactile synchronization. Given concerns about
the influence of repeated carving practice or cumulative ef-
fects on subjects’ responses, inter-individual variability for
each learning approach was analyzed using line graphs, pre-
sented according to the specified sequence. The observed
data did not exhibit a consistent upward trend, emphasizing
the presence of considerable individual variation. This result
underscores the importance of tailoring learning approaches
to individual subjects for enhancing carving skill, extending
beyond mere repetitive practice. This consideration will be
crucial for future large-scale investigations.

Video watching, tactile sharing, and tactile synchronization
approaches are all methods of learning through video, and this
visual information had a positive effect on the understanding
of three-dimensional morphology, the selecting appropriate
instruments, the proper grip on instruments, and the correct
way to move instruments. The results of the quantitative evalu-
ation, which showed improvements in an angle of chamfering,
a depth of groove and fossa, and an opening angle due to the
video, were considered to be related to this qualitative assess-
ment. It was found that visual information from models and
videos alone made it difficult to understand the force applied
during carving and the surface texture. For these two aspects,
many participants felt that the tactile sharing and tactile syn-
chronization approaches were effective, indicating that tactile
information might provide learners with more feedback.

Clinicians continually draw upon past sensory experiences
to adjust operation force and inform palpation diagnoses dur-
ing current procedures. Thus, developing a robust internal
model is crucial for enhancing clinical skill. Our system gener-
ates high-quality sensory signals, derived directly from skilled
practitioners, which may facilitate the construction of such an
internal model in learners. For future research, this consid-
eration will be vital for demonstrating our system’s efficacy in
long-term skill retention.

The SEQ results indicated that wax carving with the tactile
sharing system (Tactile sharing and tactile synchronization ap-
proaches) was perceived as easier than wax carving without
the system (Model observation and video watching approach).

The SUS score for the tactile sensation system (Tactile shar-
ing and tactile synchronization approaches) ranged from a
maximum of 80 to a minimum of 15, indicating a significant
disparity between learners who found it useful and those who
did not. Learners who found the system useful were able to
effectively incorporate tactile information into their learning
and improve their carving skills. Conversely, learners who
did not find the system useful likely felt overwhelmed by the
amount of information. This might be also related to the in-
creased errors observed in tooth carving through the tactile
synchronization approach in the quantitative evaluation.

EJPRD

The usefulness of the tooth carving education system using
tactile sharing system can be attributed to its ability to en-
hance interest in dental carving education, facilitate the ac-
quisition of basic skills, and improve tactile sensation. Results
from both quantitative and qualitative evaluations indicated
that tactile information could be effective for the carving skills
related to surface texture, depth of fossa and groove, force of
carving, and significantly improved learners’ understanding.
It could be worked as a complementary teaching approach,
instead of a substitute for traditional teaching methods.

Conventional haptic simulations predominantly deliver force
sensations. However, this system differentiates itself by using
vibration, specifically targeting Pacinian corpuscles rather than
the Merkel disks, Meissner corpuscles, or Ruffini corpuscles
typically engaged by prior systems. Given that clinicians utilize
vibrations from devices like turbines or scalers to guide prepa-
ration force and detect calculus, this system demonstrates po-
tential for application in tooth preparation and scaling.

One of the practical advantages of the tactile sharing system
developed in this study is its relatively low cost and ease of imple-
mentation. The system hardware can be assembled from com-
mercially available components at a total cost of approximately
90,000 JPY (equivalent to about 525 EUR or 600 USD, based on
the exchange rate as of July 2025). The system operates using
common online platforms or recording software. This design al-
lows for flexible use across various institutions. Its accessibility
may facilitate wider adoption for dental skill training.

This system can be utilized in real-time not only in person set-
tings but also remotely by digitizing tactile sensations, broaden-
ing its applicability in education. Another significant advantage
of this system is that it can preserve skills that are difficult to
hand down by recording the exceptional skills of experts.

To elucidate the factors contributing to participant responsive-
ness and to identify optimal tasks for our system, we recruited
individuals from diverse academic grades, encompassing var-
ied learning preferences and experience levels. However, given
the exploratory nature of this investigation, the sample size was
insufficient for robust statistical analysis. This study, therefore,
serves as a pilot designed to achieve the aforementioned ob-
jective. Building upon these preliminary findings, we intend to
conduct larger-scale studies to further evaluate the practical
applicability of this system within dental education.

CONCLUSION

In this study, an education system for tooth carving skills was
developed by digitizing the tactile sensations of an instructor’s
dental skills using tactile sharing system with the wearable skin
vibration sensor. The tactile sharing and tactile synchroniza-
tion approaches have the potential to support more efficient
skill training in tooth carving. The tactile sensation provided
were considered helpful for skills related to surface smoothing,
shaping depth of fossa and groove, and force of carving. The
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