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Abstract 
Fine motor skill is indispensable for dental surgeons as 
every movement needs to be precise given the minute 
margins of error in endodontic surgery. Training in 
manual dexterity and proper instrument handling are 
crucial components in the dental curriculum. During 
training, the students need pay close attention on the 
undertaken actions and need to be aware of incorrect 
or inappropriate manipulation of instruments and their 
consequences. To create awareness of errors, we 
propose a feedback mechanism in a VR dental surgical 
simulator. To achieve effective learning, we focus on 
three aspects of feedback as What (Feedback content 
on error), When (Feedback timing) and How (Feedback 
modality). 
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Introduction 
Endodontic treatments, like other disciplines of 
dentistry, are associated with unexpected and serious 
challenges with little or no room for error. Training 
dental students to be aware of errors resulting from 
incorrect/inappropriate manipulation of instruments is 
highly important since much of what a dentist does 
daily involves the use of instruments. 

As in many other medical fields of study, the traditional 
surgical master apprentice model is widely adopted in 
dental education. Recently, virtual reality (VR) 
simulators have been employed as supplementary 
components to the traditional skill training curriculum, 
and numerous dental VR systems have been developed 
academically and commercially. One of the advantages 
of these simulators is that data about the environment 
and the user’s actions may be recorded throughout the 
procedure for later analysis. 

Through didactic lectures, students might already know 
the potential errors. VR training simulators are 
appropriate to raise awareness in errors as the students 
are able the procedure can be repeated as many times 
as they want at no incremental cost. To facilitate 
students to be aware of errors while performing a 
procedure, the training simulator is required to undergo 
through the three stages: (i) error identification (ii) 
cause determination (iii) communication of errors and 
causes to the students. 

In identification of errors, we focus in undercut, overcut 
and perforation types of procedure errors in endodontic 
surgery. Errors can be of different sizes, but the first 
important thing to determine is the severity of errors. 
Typically, severe errors are more important to 

communicate than minor errors, such that a wall with a 
small area that is significantly over drilled (close to 
perforation) should be given a much higher priority 
than a wall with numerous small amounts of over 
drilling, even if the average amount of over drilling in 
the second case is greater than in the first 
case.  Additionally, the abstraction level of errors to 
communicate needs to be determined. Instead of 
informing students with very fine grained details of 
error (such as x,y,z coordinates in 3D objects), errors 
of the same type in same region of the tooth can be 
grouped together as error clusters and effectively 
communicated. 

Following the error identification, the next step is to 
identify the causes in the recorded actions undertaken 
by the students. Two important dimensions of cause 
identification are, when: which portion of the procedure 
is responsible for the error and what: what kinematic 
factor is accountable for the error. While identifying the 
causes, we found out that the temporal information of 
errors may spread across the procedure since actions 
over multiple portions of a procedure are responsible 
for a single error. We also found that some errors may 
be caused by repeated visits to the same region with 
the tool at different stages of the procedure. In 
addition, some error clusters may also spread across 
more than one region (wall) and a single region (wall) 
may contain more than one type of error. In terms of 
kinematic variables, we focus on the tool path, force, 
and angulation variables of the dental handpiece. 
Incorrect application of force, orientation of the 
instruments and inappropriate tool movements are 
considered the likely sources of errors. For some errors, 
the responsible portions of the procedure may be 
identified based on correlation of location of the error 



 

and the procedure; other errors will be a consequence 
of more holistic characteristics of the procedure (e.g 
incorrect tool angulation throughout one stage) and will 
be more challenging to identify.  

A challenging issue arises in identification of causes for 
undercut type of error. Portions of the tooth that are 
not drilled out but are required to be removed are 
called undercut error regions. This type of error is the 
result of omitted actions which are not explicitly 
present in the procedure. Thus, an additional step is 
required to identify the neighboring portions of the 
procedure of the omitted actions in order to label the 
causes. Students should be aware of the errors that 
arise from the actions which are not taken as 
necessary. At present, we are seeking an approach to 
identify actions in the neighborhood of undercut errors. 
After identifying the errors and their causes, the next 
step is to determine how to effectively communicate to 
the students. The most appropriate way of informing 
students about what and when their actions went 
wrong and their consequences would be providing them 
as feedback on their actions. 

Feedback 
Three essential elements involved in designing a 
feedback mechanism are the content (What the 
student needs to be aware of), the timing (When the 
student should be informed/aware) and the modality 
(How to effectively convey the information). The 
content of the feedback mainly consists of the 
description the identified errors in the outcome and 
information from correlation with the portions of the 
procedure that are responsible for the errors. Despite 
having the necessities to prepare the feedback ready, 
another challenge is deciding the causes to inform to 

the student. The challenge arises from the case when 
more than one possible cause is associated with an 
error. An overcut error caused by inappropriate amount 
of applied force, while orienting of the instrument in a 
wrong axis in initial random movements is an example 
of such a case. Currently, we are looking for methods 
to prioritize the causes and techniques to succinctly 
present the feedback. 

Another important factor in feedback generation is the 
timing of the feedback. From Intelligent Tutoring 
System (ITS) point of view, feedback can be 
immediate, delayed, and on demand [1]. Immediate 
feedback is given at the end each step, delayed 
feedback is provided after the task is completed, and 
on demand feedback is given in response to a request 
by the student. Gallagher et al. [2] also considered that 
proximate feedback is particularly helpful in motor skill 
training because when it is provided closer to the 
event, it has more clarity and relevancy for the 
recipients over the delayed feedback. Though 
proximate feedback may be considered appropriate for 
motor skill training, practical integration is yet another 
challenge. Because errors and underlying causes might 
be distributed across the procedure, defining proximity 
becomes a non-trivial task. 

While proximate feedback could raise awareness on 
actions, without a reflective review at the end of the 
procedure what the students have learned is largely left 
to chance. One possible way to address is to provide a 
summative video playback session at the end of the 
procedure. Detailed graphical visualization of 
actions/steps, erroneous regions, trajectory of the 
instruments can be embedded in the playback to 
enhance student’s understanding on what/how was 



 

happened and what causes the low performance 
results. 

In providing the feedback, some modality might be 
better than the other given the feedback context. Apart 
from visual, especially haptic feedback is perceived as 
key importance in motor skill learning. An individual 
can get a grasp of applied force only when he 
experiences the force directly. Specifically in situation, 
when he tries to cancel the force presented to him by 
countering with the same magnitude. Such feedback 
can be constructed by using expert’s averages and 
explaining the errors occurred from inappropriate 
application of force on the instrument. The correct 
amount of force to apply can be trained haptically 
afterwards. 

In addition to the feedback content, timing and 
modality, comprehensibility of the feedback is also 
need to be taken into consideration. Awareness of the 
actions and errors are learnt, only when the student 
understands the feedback. Thus, another issue we 
identified is devising a mechanism to translate the 
feedback into the dentistry context to provide user 
friendly and meaningful feedback. For example, if the 
inappropriate orientation of instrument is determined 
as the cause of an error in a particular region of a wall, 
in composing the feedback, the orientation of the 
instrument must be identified with respect to the wall, 
regardless of the internal configuration (data structure) 
of the tooth maintain for the computational purpose. 
The problem becomes harder in deciding how to use 
the multimodal feedback and when to provide which 
feedback. 

Conclusion 
In training manual dexterity and proper instrument 
handling, students must have awareness on the errors 
caused from incorrect/inappropriate manipulation of 
instruments and movements. In this work, we discuss 
the incorporation of a feedback mechanism to add more 
educational value to a VR dental training simulators 
with haptic–visual–audio feedback. The issue of 
devising a formative feedback mechanism to raise 
awareness of errors caused from 
incorrect/inappropriate manipulation of instrument is a 
challenging task and yet not well explored in simulated 
training environments.  
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