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Highly  competent  clinical  practice  requires  cognitive,  psychomotor  and  affective  skills.  Therefore,  the
ultimate  goal  of dental  education  is for  practitioners  to  be competent  in all of  these  domains.  While
many  methods  have  been  introduced  to assess  knowledge  and  non-technical  skills,  it is  still  very  difficult
for educators  to  assess  technical  skill.

Assessment  methods  for  technical  skills  are  still  not  well  established  because  it is  very  difficult  to  assure
objectivity,  validity  and  fairness.  Nonetheless,  technical  skill  is  especially  important  in  dental  treatments,
along  with  knowledge  and  attitude.  The  aim  of this  review  was  to  summarize  the  methods  of  technical
skill  training  in  dental  education  and  how  they  are  assessed.

This  is  a literature  review.  We  searched  PubMed  MEDLINE  using  terms  related  to technical  skill training
and  those  assessment  as of  June  2020  and  reviewed  them.

There  have  been  many  reports  introducing  methods  of  technical  skill  training  and  assessment,  including

the  use  of digital  technology.  However,  no single  assessment  method  had  demonstrated  validity  of  it.
Technical  skill  training  is  very  important  in dental  education  and  there  are  various  ways  of  learning.
The  validity  of  current  assessment  methods  is  limited;  therefore,  a  combination  of  several  methods  may
achieve  the best  results.
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1. Introduction

Highly competent clinical practice requires skill in the cognitive,
affective and psycho-motor domains. Therefore, the ultimate goal
of dental education is for students to become competent in each of
these domains. However, while many methods to assess knowledge
and non-technical skill have been introduced, it is still very difficult
for educators to assess technical skill.

There are many established methods of assessing knowledge
[1]. Portfolios [2] and the Objective Structured Clinical Examination
(OSCE) [3] have been reported to be effective for assessing elements
of the affective domain. Other methods, such as simulation and
video recording followed by assessment with rating scales, have
been reported to assess affective skills [4].

Assessment methods for technical skills are still not well estab-
lished because it is very difficult to assure objectivity, validity and
fairness. Nonetheless, technical skill is especially important in den-

tal treatments, along with knowledge and attitude. The aim of this
review was to summarize the methods of technical skill training in
dental education and how they are assessed.
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To cover all sorts of learning and assessment methods, this study
as a literature review but not a systematic review. We  searched

ubMed MEDLINE using terms related to technical skill training
rst as of June 2020 and reviewed them. Then we also searched
eports related to the methods of technical skill assessment there-
fter. Eventually, we  selected some reports those are thought to be
epresenting each category out of searched ones for the summery.

. Methods of technical skill training

.1. Conservative skill training with typodonts

Typodonts are a common education tool for pre-clinical practice
n all sorts of ingenious programs. Gartenmann et al. reported that
ven short pre-clinical training using typodonts was  sufficient for
tudents to acquire the basic scaling/root planning skills needed
5]. Typodonts have also been used in a variety of courses for basic
ndodontic skills [6] and even tooth extraction skill [7]. It is still
ery common to use artificial teeth in typodonts for the training of
rown preparations [8].
Various studies evaluating learning methods using typodonts
or skill training have been conducted. Huth et al. imposed six
asks on students in a phantom course on conservative dentistry
ith assessment criteria [9]. Diva et al. developed a portable tool
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named PhantHome, composed of jaws, gingival tissue, and a rubber
cover with specific 3D-printed teeth and a compatible stand [10].
They gave students certain tasks that only required tweezers and
a dental mirror so that PhantHome could be used at home prior
to the actual class. They concluded that training using PhantHome
improved students’ motor skills [10]. Settings such as simulation
clinics also turned out to be effective for clinical skill improve-
ment [11] and several support systems have been introduced for
periodontal therapy training [12] and tooth preparation practice
[13].

However, while almost all of the reports extracted acknowl-
edged the effectiveness of the programs in improving students’
manual skills, limitations were also pointed out. Polyzois et al.
[14] and Nunez et al. [15] concluded that conventional preclini-
cal training was effective in improving technical skills, but it did
not necessarily predict subsequent performance at the preclinical
or clinical level.

2.2. Simulation models

Although typodonts are effective for dental skill training, they
could be more useful when simulating whole or part of a patient’s
oral condition, or when combined with cognitive or affective ele-
ments such as treatment planning and consideration of patient
safety. Akiba et al. introduced a comprehensive simulation model
with decayed teeth, periodontal problems, missing teeth and many
other dental problems in one typodont for pre-clinical training [16].
They used a rubric to assess students’ treatment planning for this
model. A full-body patient simulation system called SIMROID is also
available these days for dental trainees. Abe et al. concluded that
SIMROID was effective in improving students’ affective elements
while treating the teeth [17]. Another robot patient was developed
and Tanzawa et al. reported its usefulness for risk management
education [18]. Richard et al. developed new models for student
periodontal examination training that could be used without any
systematic or technical difficulties [19].

Digital technologies have also been utilized in dental education.
3D printed models created based on oral scans of actual patients
are more realistic than plastic typodonts. Therefore, 3D simulation
models in dental education have been suggested recently. Polyjet
printing has been used to reproduce realistic hardness of enamel,
dentin and caries of natural teeth and could be effective for pre-
clinical training of dental students [20]. 3D printing technologies
have been utilized for dental education in other clinical disciplines
as well [21].

2.3. Dental trainer with virtual reality (VR) technology

VR is defined as a technology that generates highly realistic
images in a closed world such as computer screen. Recently, several
virtual dental trainers have been developed and some are commer-
cially available. One example is SIMODONT, which is one of the
major VR dental trainers worldwide. Therefore, many reports eval-
uating this machine have been published [22–24]. Many other VR
dental trainers have been introduced and evaluated [25–36]. Since
the utility of VR machines in dental education have been widely
described recently, there have also been many review papers as
well [37–45]. While some of them concluded VR trainers are effec-
tive in improving technical skill, some were skeptical about this
[46] and it might be better to use them as auxiliary resources for
the time being.
2.4. Dental trainer with augmented reality (AR) technology

AR is defined as a technology in which computer-generated
information is mounted on real objects. Therefore, AR is a totally
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ifferent technique from VR and the structure of dental trainers
tilizing this technique also differ from AR trainers. DentSim is
onsidered to be one example of an AR dental trainer. However,
ven though students using DentSim are preparing actual artificial
eeth, they are looking at a monitor presenting completely com-
uter generated images and to be precise, this is not AR. In this
egard, there are no real AR machine to date. Nonetheless, there
re several other digital technologies such as computerized dental
imulators, image-guided interventions and the Implant Real-time
maging system.

There are a relatively small number of reports regarding AR den-
al trainers [47–51]. Some of them concluded these trainers are
ffective for technical skill improvement, while others suggested
hat an instructor’s feedback would be required in addition to the
igital feedback for better results.

. Methods for technical skill assessment

.1. Assessment of clinical skill

From a clinical point of view, clinical skill includes both tech-
ical skills and soft skills and is thus too complicated to assess
ith just a single method. Miller proposed a framework known

s Miller’s pyramid for assessing clinical competence with a
ierarchy of levels [52]. As he pointed out, no single assessment
ethod could achieve sufficient validity to judge clinical skills. The

merican Dental Education Association (ADEA) also mentioned
n a report called the “Dental student assessment toolbox” that
sing only one or two methods to assess students’ attainment of
linical skills would not be efficient or effective [53]. As a method
o assess comprehensive clinical skill, the American Board of
nternal Medicine developed the mini-clinical evaluation exercise
mini-CEX) in 1995 [54]. They also present an example of mini-CEX
n the web  site and easily accessed at (https://www.abim.org/∼/
edia/ABIM%20Public/Files/pdf/paper-tools/mini-cex.pdf). Since

hen, many studies have reported on the usage of mini-CEX and its
ffectiveness [55–57]. However, this method mainly focused on
he assessment of soft skills in clinical practice. Therefore, Prescott
t al. implemented a new assessment format similar to mini-CEX
hat included the technical domain and named it Longitudinal
valuation of Performance (LEP) [58]. Under the concept of direct
bservation of student performance in clinical practice as a form
f assessment, the Workplace-based assessment (WBA) and the
irect Observation of Produced Skills (DOPS) have been commonly
sed recently [59]. The examples of DOPS check list are easily found
n the web site such as Health Education England (https://www.
wpgmd.nhs.uk/sites/default/files/VED%20Guidance%20Pack%20-
20PLVE%20FINAL%20May%202018.pdf). These methods are
hought to be effective for assessment of technical and soft skills
n clinical practice. All of these assessment methods have been
stablished because assessing technical skills alone does not help
mprove learners’ clinical competences. The ADEE/ADEA also
tated that the ultimate goal of assessment strategies such as WBA
s to assess competence at a higher level and to develop the skills
eeded [60]. However, Magnier et al. concluded that the com-
etence of health professionals should continue to be measured
sing a combination of mini-CEX, DOPS and multi-source feedback
61].

OSCE was also designed to assess clinical competencies [62]
nd is widely used for formative and summative purposes. It could
e used to assess technical skill along with clinical competencies.
nterestingly, comparisons of students’ OSCE scores while using
ypodonts and those with actual patients revealed that there were
o correlation between typodonts and patients while there was

 slight correlation between OSCE and patients [63]. However,

https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.abim.org/~/media/ABIM Public/Files/pdf/paper-tools/mini-cex.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf
https://www.nwpgmd.nhs.uk/sites/default/files/VED Guidance Pack - PLVE FINAL May 2018.pdf


w
t
a
r
t

d
d
v
m
i

D

R

[

[

[

[

[

[

[

[

[

[

K. Uoshima et al. 

the most common challenge is the number of OSCE stations and
Gruppen et al. pointed out that it would be necessary to have
approximately 30 stations or 10 h to obtain a reliability score of
0.80 [64].

3.2. Assessment of technical skill

As mentioned above, a single assessment method might not
provide sufficient validity to assess clinical skill; however, differ-
ent methods could provide standard milestones towards assessing
ultimate clinical competency. Each method could utilize several
measuring formats such as rubrics, checklists, the Global Rating
Scale and Structured Rating Scale.

Rubrics became a popular educational tool in the 1990s and
they provide guidelines to describe the standards for scoring stu-
dents’ performance [65]. The strict definition of the word is quite
difficult, but rubrics were originally supposed to provide a sepa-
rate description for each qualitative level of students’ performance.
Thus, rubrics may  help standardize the subjective assessment cri-
teria of technical skill but this would be different from simple
checklists or rating scales. We  should select the appropriate tools
according to the purpose of the assessment [66]. It is also reported
that inter-rater reliability of rubrics and graded category rating
scales showed no significant difference [67]. Rubrics could be also
used as learning tools for students [68].

The Global Rating Scale and Structured Rating Scale are both
assessment tools for raters observing students’ performance. Usu-
ally, these are used in clinical settings, but could be used to assess
technical skills. The Global Rating Scale is usually a five-point scale
and students’ performance is judged according to designated indi-
cators or rubrics to assess competencies [53,69]. The Structured
Rating Scale is a series of hierarchical rating scales and students
are expected to perform a specific skill and important compo-
nents/attributes are assessed. It could be used extensively for
assessing psychomotor skills [53,70].

Testing typodonts [71] are thought to be useful and the most
widely adopted method for technical skill assessment. However,
there are several other methods, such as digital assessment or
examination using high-fidelity simulators.

As for digital assessment of technical skills, Miyazono et al. [72],
Tiu et al. [73] and Greany et al. [74] reported that digital assessment
could be more accurate and consistent than visual inspection for
tooth preparation and waxing. On the other hand, Gratton et al. con-
cluded that the use of digital evaluation technology did not impact
students’ prosthodontic technique regardless of the type of soft-
ware [75,76]. Digital assessment might not be effective for student
learning whereas narrative feedback could improve student per-
formance. Full-scale simulation or high-fidelity simulation could
be an assessment tool as well [77].

4. Programmatic assessment

Under the concept “assessment for learning”, Schuwirth
and Vleuten proposed a new method of assessment called
programmatic assessment [78,79]. Establishing the validity of
programmatic assessment requires the implementation of a multi-
tude of assessment methods, which would increase the reliability.
Although this concept was originally developed for effective learn-
ing, it ensures both the reliability and validity of clinical assessment
outcomes for competency and we could also apply this to technical
skill assessment [80].
5. Conclusion

While trainings with typodonts are still effective for technical
skill achievement, many educators are providing novel programs

[
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ith variations of the model itself or unique support systems. On
he other hand, digital devices such as VR and AR dental trainers
re also effective, but it might be better to utilize those as auxiliary
esources at the moment. Further improvements are expected as
echnology develops.

Assessment of technical skill remains a challenge and not all
ental schools are assessing core clinical skills before allowing stu-
ents to treat patients [81]. Single assessment methods are only
alid to a certain extent, and we  should combine several assess-
ent methods and continue working towards greater validity and

ncreased objectivity for methods of assessing dental training.
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