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Purpose: To investigate dental students’ ability to deliver satisfactory amounts of irradiance
and radiant exposure to simulated cavities by teaching the light-curing technique using
instructional video compared to verbal instructions.

Methods: Students attended the didactic light-curing lecture explaining the light-curing
technique. Participants were divided into two groups (n=60). Each participant light-cured
a class III and a class I simulated cavities with sensors built-in a Managing Accurate
Resin Curing-Patient Simulator (MARC-PS) system, using a multiple-emission-peak
light-emitting-diode unit. Each student either 1) watched an instructional video (V)
showing the light-curing technique, or 2) received individual verbal instruction (I). The
light-curing performance, in terms of the mean irradiance and radiant exposure, was
recorded. Each student performed light-curing again on the simulated cavities. Students’
feedback for the corresponding teaching method was collected. Comparisons between
before and after each instructional method were analyzed using the Wilcoxon signed-rank
test. Comparisons between both instructional methods were analyzed using a Mann—
Whitney U-test (a=0.05).

Results: The students’ light-curing performance improved after both methods, as observed
on the MARC-PS laptop monitor. The mean irradiance values were anterior-V=1280.6
(183.2), anterior-I=1318.0 (143.5), posterior-V=1337.5 (181.1), posterior-I=1317.6 (248.2)
mW/cm?. The mean radiant exposure values were for anterior-V=13.5 (2.7), anterior-I=13.3
(1.6), posterior-V=13.7 (1.9), posterior-I=13.7 (2.5) J/cm®. No significant difference was
found between both instruction methods. Students reported that each method was effective.
Conclusion: Using V was comparable to I and an effective tool for teaching the light-curing
technique per the students’ ability to deliver sufficient amounts of irradiance and radiant
exposure to simulated cavities.

Keywords: education, light-curing unit, patient simulator, psychomotor performance,

irradiance, radiant exposure

Introduction

In most dental schools, less emphasis and time are spent by the Operative Dentistry
courses to teach and develop accurate light-curing technique skills, which might
affect the quality of light-activated restorations performed by dental students.’
Therefore, students need to acquire the correct light-curing technique skills in the
preclinical laboratory to activate polymerization reaction effectively.” Ineffective
light-curing technique can negatively impact some material properties, including;
color stability, bond strength, and marginal integrity, ultimately affecting the
restorations’ longevity.” ' Hardening of the restoration top does not indicate that
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it is effectively cured. Also, it does not indicate that
sufficient radiant exposure was delivered to the restora-
tion’s bottom.?

Live demonstration in teaching laboratory techniques is
the traditional and the most common method for educating
dental students.® It enhances the students’ confidence and
communication skills and their understanding better than
learning those skills in lectures.” However, other factors
should be controlled to ensure its effectiveness; as the
number of faculty members, faculty to students’ ratio,
visualization difficulty, and the time it consumes.'’
Several studies investigated various strategies to teach
and develop students’ psychomotor skills, including
instructional videos.®'®™'? Students have different learning
preferences and perceive information in different
ways.'>'* When instructional videos were used in addition
to traditional classroom teaching, students’ cognitive and
psychomotor skills were enhanced with an improvement in
their knowledge retention.'>'® Also, the confidence
increased when performing specific procedures such as

16,17

teaching local anesthesia administration. It was

shown that using video was valuable in didactic means
and should be considered for teaching dental students.'®!’
Interestingly, using an instructional video to evaluate the
effectiveness of teaching the light-curing technique had
not yet been investigated. In our institute, using instruc-
tional videos to teach the different procedures in the
Preclinical Operative and Esthetic Dentistry course was
introduced in the 2017-18 academic year. Thus, exploring
different teaching methods in the preclinical laboratory
was worth investigating.

Incorporating simulation technology in education is ben-
eficial to support the obtainment of psychomotor skills prior
to clinical application.’®** A Managing Accurate Resin
Curing-Patient Simulator (MARC-PS) was developed as an
educational tool to teach students the light-curing technique
while providing immediate visual feedback on a laptop
monitor.'** > Training of light-curing skill on the MARC-
PS improved the students’ performance.'**® Training tools
with digital visual feedback can help teach students complex
practical procedures.'?®® Literature showed that using
MARC-PS when providing individualized verbal coaching
instructions helped teach light-curing technique and deliver
sufficient amounts of radiant exposure to the simulated
cavity."?’?® Furthermore, MARC-PS provides objective
measurements in terms of providing calculated irradiance
and radiant exposure values delivered to the simulated cav-
ities in addition to the graphs that provide immediate visual

feedback to students.'*”*® Therefore, exploring the effec-
tiveness of using an instructional video (V) to demonstrate
the light-curing technique to dental students compared to
individualized verbal instructions (I) using a patient simula-
tor was worth exploring.

Students’ didactic and preclinical performance is evalu-
ated through a series of formative and summative
assessments.”’ The didactic component includes several
components such as examinations, assignments, and group
work.?® The practical components include different cavity
classes and designs, restorations, adjunctive procedures, and
competencies.”’ Therefore, it was interesting to explore the
association between students’ light-curing performance and
course grade.

The study aimed to investigate: (1) the students’ ability
to deliver sufficient amounts of irradiance and radiant
exposure to simulated cavities by teaching students the
light-curing technique using instructional video compared
to verbal instructions. (2) the effectiveness of an instruc-
tional video compared to verbal instructions for teaching
light-curing. (3) the correlation between the instructional
method and the student’s score in the Preclinical Operative
and Esthetic Dentistry course. The working hypotheses
were: (1) students’ ability to deliver sufficient amounts
of irradiance and radiant exposure to simulated cavities
is significantly higher when using instructional video com-
pared to verbal instructions. (2) an instructional video is
significantly more effective than verbal instructions when
teaching light-curing. (3) there is a significant correlation
between the instructional method and the student’s score in
the Preclinical Operative and Esthetic Dentistry course.

Materials and Methods
Study Design

Experiment Preparation
The IRB approval was obtained from the Research Ethics
Committee at King Abdulaziz University Faculty of
Dentistry (IRB approval no.:105-10-18). The undergradu-
ate dental studies at King Abdulaziz University is a six-
year program. The study was conducted in February 2019,
and the target dental students were third-year students,
where it was their first exposure to the Preclinical
Operative and Esthetic Dentistry course. Students were
of similar age (21- to 24-year-old), and exposed to the
same lectures and had a similar knowledge level.

A MARC-PS spectrometer (BlueLight Analytics Inc.,
Halifax, Canada) was used to collect irradiance and radiant
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exposure measurements. This device uses a spectrometer
that accurately measures the irradiance and radiant expo-
sure received by an anterior and posterior simulated cavity
in a mannikin head. The anterior sensor is placed between
teeth number 11 and 21 according to the FDI teeth num-
bering system and is 1-mm recessed from the surface,
simulating a class III cavity. The posterior sensor is placed
on tooth number 27 and is 4-mm recessed from the sur-
face, simulating a class I cavity. The irradiance, radiant
exposure, and spectral distribution received by the simu-
lated cavities are displayed on a laptop monitor. The
accuracy of the performance is presented in graphs, and
results are viewed in real-time to provide immediate visual
feedback about the student’s light-curing technique. This
information is valuable because the results can be trans-
lated into irradiance and radiant exposure amounts
received by the restorations in a clinical setting.'?*-*
None of the students had used the MARC-PS spectrometer
before the experiment but were using a similar manikin
phantom head in their Preclinical Operative and Esthetic
Dentistry course.

One of the authors and an expert in the field tested
the multiple-emission peak light-emitting-diode light-
curing unit (LCU) (Bluephase N, Ivoclar Vivadent,
Schaan, Liechtenstein). The expert measured the irradi-
ance and radiant exposure as detected by the anterior and
posterior teeth over 10 seconds to record the maximum
obtained (n=3).
recorded a video of the light-curing technique to demon-
strate the technique to cure the designated MARC-PS
teeth. The video was three minutes long and included

measurements The faculty expert

narration and subtitles, which described the light-curing
steps and demonstrating how to perform the curing tech-
nique on the MARC-PS on the anterior and posterior
teeth (Supplementary Material 1). Two examiners that

conducted the experiment were calibrated using the
MARC-PS and were informed what the students were
taught during the lecture. The examiners’ verbal instruc-
tions were standardized with a script of the light-curing
steps similar to the video and also approximately three
minutes long with the demonstration. The examiners
described the light-curing steps and demonstrated in-
person the curing technique on the MARC-PS on the
anterior and posterior simulated cavities.

The total number of students in the class was 202; 114
females and 88 males. All students performed the experi-
ment to allow a similar learning experience. Participation
in the study was vulnerary. A total of 120 students

participated in this study, with an equal number of male
and female students were in each group. Authors were
limited to the maximum number of volunteering male
students and refrained from accepting female participants
when the maximum number was reached. The experiment
took place in the laboratory sessions and was performed
for each student individually. Informed consent was
obtained from all students prior to study commencement.
A serial number and gender identified each student to
record measurements before and after the assigned instruc-
tional method.

Experiment Laboratory Setup

The MARC-PS laptop was placed on the benchtop, and the
manikin head was mounted on a benchtop in the preclini-
cal phantom laboratory where students’ sessions are con-
ducted. A different laptop was placed on the benchtop near
the MARC-PS and was used to play the instructional
video. A pair of sound cancelation headphones were pro-
vided for students to use while watching the video. Two
pairs of orange goggles were available on the laboratory
bench to see if the student would wear one pair and place
the other pair of goggles on the MARC-PS manikin head
before conducting the light-curing procedure.

An in-house rubric was created that included the light-
curing steps taught in the lecture for the examiners to
evaluate the student’s performance (Supplementary
Material 2). The LCU was fully charged before use and
placed on the charging dock after recording each student’s
measurements.

Experiment

Students attended the same “Light-Curing in Dentistry”
didactic lecture in a classroom given by the first author.
The lecture focused on the science behind light-curing, the
factors that affect polymerization effectiveness, and the
light-curing technique steps presented in PowerPoint
slides. No video and no demonstration were presented in
the lecture. Therefore, students received the same level of
knowledge in the lecture.

The light-curing technique was taught in the lecture in the
following sequence: (1) ensure that the light guide tip is clean
from any material remnants and not broken; (2) wear the
protective orange blue light blocking goggles; (3) place the
protective orange blue light blocking goggles on the patient;
(4) place the light-guide tip perpendicular to the surface being
cured; (5) place the light-guide tip as close as possible to the
surface being cured without touching the surface; (6) use
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Figure | The Managing Accurate Resin Curing-Patient Simulator (MARC-PS) system. (A) The MARC-PS manikin head is connected to a laptop. (B) Light-curing unit
placement on the anterior tooth. (C) Light-curing unit placement on the posterior tooth.

finger support to stabilize the light-guide tip; (7) keep eyes on
the filling (pay attention); (8) activate the curing unit for the
appropriate curing time according to the manufacturer’s
recommendation; (9) apply additional curing on the buccal
and lingual surfaces for proximal restorations.

Students were randomly assigned into two groups
(n=60); a group watched the instructional video (V), and
the other received individualized verbal instructions (I), and
the latter was used as the control group. An equal number of
males and females were included in each group (n=30 males
and 30 females/teaching method). Each student performed
the experiment by either watching the video individually or
received individual verbal instructions. Each student per-
formed the light-curing technique using the MARC-PS by
light-curing the built-in anterior and posterior simulated
cavities twice each based on the lecture’s information and
before receiving any instructions (Figure 1). Each student
viewed their light-curing performance in real-time in terms
of the irradiance graphs, irradiance, and radiant exposure
values on the laptop monitor connected to the MARC-PS.
The student could not ask the examiner questions to ensure
that information was obtained from one source. Moreover,
students were not allowed to receive feedback from each
other. This was controlled by allowing students to execute
the experiment individually, where students did not observe
each other performing. After that, students were instructed
not to share information regarding the experiment until the
experiment was completed. The examiner used the rubric to
record whether the students wore the orange goggles and
performed each step correctly.

Each student watched the instructional video or was
provided with verbal instructions. After the designated
instructional method, the student performed light-curing
again on both simulated cavities and viewed their perfor-
mance again in real-time on the laptop monitor. The stu-
dent was then allowed to ask questions and was provided

feedback immediately after the experiment was completed.
The study design is presented in Figure 2.

The feedback survey was collected from the students
using a google form. It included closed-ended and open-
ended questions. They were asked to (1) rate their perception
of the respective teaching method from 1-5 and to provide
written comments, (2) select their learning preference (not
specific to this experiment), whether V or I or both methods
complemented each other, and provide written comments

(n=60)

(n=60)

Each student light cured
the anterior
and posterior tooth

Each student light cured
the anterior
and posterior tooth

Figure 2 Study design.
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(Supplementary Material 3). A feedback survey was collected

from the examiners using a google form with a closed-ended
and open-ended questions to record their observations on the
students’ performance and their comments and observations
on both methods (Supplementary Material 4). The Preclinical

Operative and Esthetic Dentistry course scores were obtained
for each student.

Statistical Analysis

Evaluation of the effectiveness of the instructional meth-
ods was provided through several comparisons. Visual
comparisons using the graphs generated from the MARC-
PS system were performed before and after each instruc-
tional method to observe the student’s performance. In
addition, visual comparisons were performed between the
instructional methods to observe the student’s perfor-
mance. Normality was tested using the Kolmogorov—
Smirnov test. For each instructional method, statistical
comparisons of the mean irradiance and radiant exposure
for each tooth before and after using each method were
performed using Wilcoxon signed-rank test.

To account for performance differences that may exist
at the baseline for each method (before-V and before-I),
a comparison between both methods was performed by
calculating each method’s difference (after minus before).
Comparing the mean irradiance and radiant exposure
values between instructional methods before and then
after using each tooth and the percent increase in irradi-
ance and radiant exposure values for each method using
each tooth was analyzed using the Mann—Whitney U-test.

The correlation between the difference (after minus
before) for each instructional method and the student’s
respective score in the Preclinical Operative and Esthetic
Dentistry course was analyzed using Spearman correla-
tion. Comparisons between instructional methods based
on the students’ feedback scoring were analyzed using
the Mann—Whitney U-test. Comparisons between the
instructional methods and the students’ learning prefer-
ences based on their feedback scoring were analyzed
using the Chi-square test. All tests were performed at
a 5% level of significance. The SPSS software version
25 (IBM Corp., Armonk, NY, USA) was used to perform
all statistical calculations and analysis.

Results

The mean irradiance measured by the expert for the LCU
used was 1559.04 (74.77) and 1536.50 (46.16) mW/cm? as
detected by the anterior and posterior teeth, respectively.

The expert’s radiant exposure measurements were 15.96
(0.79) and 15.73 (0.50) J/em?® as detected by the anterior
and posterior teeth, respectively. The percent difference
between the expert and students’ irradiance and radiant
exposure measurements was similar between instructional
methods, ranged between 22 to 35% before receiving
instructions, and between 14 to 21% after both instruc-
tional methods, regardless of the tooth position.

Upon experimenting, 68% did not check if the light-
guide tip is clean and not broken, 3% of students did not
wear the blue-light blocker goggles and looked away from
the tooth being cured. Moreover, 52% of the students did
not place a pair of blue-light blocker goggles on the patient
simulator. Approximately 15% of the students did not
place the LCU guide tip perpendicular to the tooth surface,
20% did not place the light-guide tip as close as possible
to the tooth, 35% did not place finger support, and 11% did
not keep their eyes on the filling while light-curing.

Concerning V and I methods, the irradiance graph for
both simulated cavities (Figures 3 and 4) showed that the
students’ light-curing performance before any instructions
were similar and inconsistent, which improved after both
instructional methods. This was expected and evident in
the relatively straighter curves on the graphs representing
better hand stability and control during the light-curing
procedure. It is also evident in the graphs that students in
both groups delivered relatively consistent irradiance
values with both instructional methods. It was interesting
to see that the students’ performance when light-curing the
posterior tooth was better than the anterior tooth before
receiving any instructions.

For each instructional method, statistical analysis of the
mean irradiance and radiant exposure values the students
delivered to the simulated cavities showed similar find-
ings. The mean irradiance and radiant exposure values
after-V were significantly higher than before-V when cur-
ing the anterior and posterior teeth (Figure SA and B). On
the other hand, the mean irradiance and radiant exposure
values after-I were significantly higher than before-I when
tooth (Figure 5C and D).
Approximately 3% of the students that watched the

curing the posterior
V needed additional I by the examiner after completing
the experiment.

Statistical comparisons between V and I instructional
methods showed intriguing findings. The mean irradiance
and radiant exposure values before-I were significantly
higher than before-V when curing the anterior tooth
(Figure 6A and B). The mean irradiance and radiant
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Figure 3 Representative irradiance (mW/cm?) measurements before and after the instructional video (V) and verbal instructional (I) methods using the anterior tooth on
the Managing Accurate Resin Curing-Patient Simulator (MARC-PS) system. (A) Before-V. (B) After-V. (C) Before-Il. (D) After-1.

exposure values after-1 and after-V were not significantly
different from each other regardless of the tooth cured
(Figure 6C and D).

Comparing the percent differences before and after for
each instructional method showed exciting findings.
The percent increase in irradiance and radiant exposure
values between instructional methods showed improve-
ment when using the V compared to 1. However, the
differences were not significant, regardless of the tooth
position (Table 1).

The correlation between the irradiance and radiant
exposure values difference (after minus before) each stu-
dent delivered by the designated instructional method, and
their Preclinical Operative and Esthetic Dentistry course
score was weak and not significant (p>0.05). The correla-
tion using V ranged from —0.1 to 0.229, and when using I,
it ranged from —0.135 to 0.70.

The comparison between V versus I based on the stu-
dents’ feedback was similar and not significant (p=0.301).
Students rated the designated method out of 5, and results
are presented in percentages with their common comments

for each rating (Figure 7). The Figure showed that most of
the students provided a rating of 4 and 5, and 3% gave
a rating of 3. Upon asking each student their learning pre-
ference and not limited to this experiment, a significantly
higher percentage of the students preferred I (33%) com-
pared to V (24%), and a group of students reported that both
methods complemented each other (43%). Students’
responses and their common comments for each teaching
method are presented in Figure 8.

Upon collecting feedback from the examiners, they
reported that students performed better on the posterior
tooth than the anterior tooth. Examiners’ stated that stu-
dents reported having better finger support for the LCU
when curing the posterior tooth.

Discussion

Instructional videos are beneficial when teaching a larger
number of students, where typically students are divided
into groups, and an instructor is assigned for each group.
Incorporating instructional videos in teaching reduces
instructor fatigue as videos permit didactic rigor.'®
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Figure 4 Representative irradiance (mW/cmZ) measurements before and after the instructional video (V) and verbal instructional (I) methods using the posterior tooth on
the Managing Accurate Resin Curing-Patient Simulator (MARC-PS) system. (A) Before-V. (B) After-V. (C) Before-Il. (D) After-1.

Instructional videos also standardize the teaching content,
ensure consistency, and allow students to see the intricate
procedures clearly.'®*° Since dental procedures are precise
and intricate, instructional videos would be very benefi-
cial. Additionally, students can view sections of the video
as needed, which has allowed a better opportunity for
understanding the content, thus increasing the chance for
deeper learning.'>'®'” This is especially true since often
faculty in the same institute have typically graduated from
different schools. Therefore, using instructional videos can
be a way to calibrate the faculty and standardize teaching
content. Besides, using video would be of particular value
in this era with the development of the COVID-19 pan-
demic and the crucial need for social distancing.

Online teaching has become the primary way of learning
because of the necessity of restricting students’ existence in
the academic buildings due to COVID-19 pandemic.’’
Almost 90% of schools around Europe reported shifting to
online (distance learning) by online lectures and live video
streaming to cover dental courses’ curriculum.’’ The cir-
cumstances demanded practical solutions by the institutions
with the existing resources; for example, 72% of schools

used live or streamed videos in their education.’’ However,
preclinical and clinical training may not be entirely replaced
with online teaching.*? This is especially true since the
dental profession involves knowledge and cognitive learn-
ings in addition to the development of psychomotor
skills.**** In turn, changes in the simulation laboratory
organization and clinic infrastructure may need to be chan-
ged to consider social distancing and isolation of units.
Furthermore, smart devices give the students the privilege
of being connected to their schedules and studies whenever
and wherever they were. That would motivate students to
self-learning by exploring the online resources available by
scientific societies, such as clinical videos and webinars.>?
These new educational methods may affect dental schools
learning outcomes, and their impact should be measured for
future references.’’ Blending old with new educational
methods could be considered as the cornerstone for the
dental education future.*

Our study took place in an educational institute where
all students’ similar teaching experience must be ensured.
Therefore, all students had the opportunity to use the
MARC-PS after performing the light-curing technique
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Figure 5 Comparison between the mean irradiance (mW/cm?) and radiant exposure (j/cmz) values before and after the instructional video (V) and verbal instructional (1)
methods using the anterior and posterior teeth on the Managing Accurate Resin Curing-Patient Simulator (MARC-PS) system. (A) Irradiance values before- and after-V. (B)
Radiant exposure values before- and after-V. (C) Irradiance values before- and after-l. (D) Radiant exposure values before- and after-l. Asterisk *represents significant
differences between before- and after- each instructional method when curing each tooth.

twice before receiving one of the instructional methods,
whether they were included in the study or not. A sample
of 120 students was included in the study since it was the
maximum number of students who could participate,
allowing an equal number of students per gender in each
group to eliminate gender bias. The students that were not
included in the study were either part of the pilot study or
did not wish to participate.

Examiners used the rubric as a checklist for the steps
that were performed by students. Students’ mistakes were
related to various light-curing steps. Namely, checking the
light-guide tip is clean and not broken, placing the blue-
light blockers on the patient simulator, placing the light-
guide tip perpendicular to the surface as close as possible,
placing finger support, and keeping the eyes on the filling
while curing. Students’ inability to execute each light-
curing step accurately or missing a step is expected. This
can be because students are learning a new procedure.

Students that did not wear the blue-light blocker googles
looked away from the tooth being cured upon the light-
curing procedure, although they knew the importance of
wearing the goggles. Another study showed similar

: 1
observations.

The incorporation of a V compared to I to teach the
light-curing technique showed interesting findings. In gen-
eral, the mean irradiance values measured by the expert
was higher than those recorded by the students regardless
of the tooth cured, which is expected since it is the first
exposure for students to light-curing. A similar trend was
observed in other studies.'*> Regardless of the instruc-
tional method used or the tooth position, the mean irradi-
ance values the students who delivered to the simulated
cavities were over 400 mW/cmz, which is the minimal
amount of accepted irradiance according to the
International Standards Organization (ISO 10650-2), to
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Figure 6 Comparisons between the mean irradiance (mW/cm?) and radiant exposure (J/cmz) of the instructional video (V) and verbal instructional () methods using the
anterior and posterior teeth on the Managing Accurate Resin Curing-Patient Simulator (MARC-PS) system. (A) Mean irradiance values before-V and -I. (B) Mean radiant
exposure values before-V and -I. (C) Mean irradiance values after-V and -I. (D) Mean radiant exposure values after-V and -I. Asterisk *represents significant differences

between V and | instructional methods when curing each tooth.

effectively activate polymerization of a 2-mm increment of
a conventional RBC.*¢

Visual improvement was evident in the irradiance
graphs before and after for each method for each tooth.
Our results were similar to the literature, which was con-
clusive that verbal coaching instruction improved students’
light-curing performance.'*’*337** The students’ feed-
back for having better finger support stability can explain

the superior students’ performance when light-curing the
posterior tooth compared to the anterior, as shown in the
graphs. Our results were similar to a study in the literature
which concluded that there was no significant difference in
the mean skills test scores, between a procedural instruc-
tional video, compared to a live demonstration in prostho-
dontics teeth setting, orthodontics, and orthodontics wire

- 8,10,12,39
bending.® ™"

Table | Percent Increase in Irradiance (mW/cm?) and Radiant Exposure (J/cm?) Values Using the Instructional Video (V) Compared to
the Verbal Instructions (I) as Detected by the Anterior and Posterior Teeth on the Managing Accurate Resin Curing-Patient Simulator

(MARC-PS) System

Parameter Sensor Instructional Videos (V) (%) Verbal Instructions (1) (%)
Mean irradiance (mW/cm?) Anterior 14.32 5.10

Posterior 9.25 3.56
Radiant Exposure (J/cm?) Anterior 17.79 1.76

Posterior 9.51 428

Notes: No significant differences were observed in the percent increase between instructional video compared to verbal instructions per the measurements obtained for
each sensor. The percent increase was calculated from the (after minus before) measurements obtained from each sensor for each instructional method.
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Figure 7 Students’ perception responses on the instructional video (V) and verbal instructional (I) methods. Percentages, ratings, and comments were obtained from the

feedback survey distributed to students after completing the experiment.

The mean radiant exposure the students delivered was
between 11.5-13.7 J/em?® regardless of the instructional
method or tooth position. There were 3.33% of students
delivered radiant exposure values of less than 6 J/em?”. It
was shown that 6 J/cm? was the minimum amount of radiant
exposure needed for sufficient polymerization.”>> Studies
reported that 10-20 J/cm?® was sufficient to polymerize RBC
effectively.**** However, the amount of radiant exposure the
restoration need differs according to the type, shade, and
opacity of the RBC.2*% 1t is important to note that the
radiant exposure results will differ with increasing the curing

irradiance x time).> Therefore,

time (radiant exposure
students would deliver higher amounts of radiant exposure
when the curing time is increased. This is evident in other
studies that investigated the students’ light-curing perfor-
mance over 20 seconds.”* The 10 second curing time was
selected according to the manufacturers’ recommendation of
the RBC used in the preclinical laboratory. The curing time
selected was similar to another study.”” Movement of the
light-guide tip over the surface being cured or placing it at an
angle can negatively impact the amount of irradiance the
restoration receives. This was evident in the graphs

(Figures 3 and 4) before instructions.

Subsequently affecting the amount of radiant exposure

receiving

values received by the simulated cavities, as evident in
Figures 5 and 6. Consequently, potentially affecting the poly-
merization activation effectiveness as reported in the
literature.>*>*> The current study results were partially simi-
lar to a study that reported that students delivered a mean of
13.2 J/cm? as detected by the posterior tooth after receiving
verbal instruction.' And similar to a study that reported
approximately a 3% increase in the radiant exposure deliv-
ered by students after receiving verbal instruction.’> Our
results were different from a study that reported students
delivered an approximate mean radiant exposure value of 6
J/em?*?73% The difference in radiant exposure the students
delivered, between our study and the literature, may be due to
the different LCUs used and the selected curing times.

For each instructional method, the V instructional
method’s statistical comparisons showed that the mean
irradiance and radiant exposure were significantly higher
after-V than before-V as detected by the anterior and
posterior teeth. For the I instructional method, the results
showed a significant difference for the mean irradiance
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Students’ Learning Preference

Why students prefer both?

Both teaching methods comple-
mented each other and gave the
best result when combined

Convenience

- Easier

- Individual view unlike the instructor demonstration

- Prevents overcrowding around instructors

- Freedom to watch and review at anytime and
anywhere (stop, pause, rewind ant any point)

Efficiency

- Save time

- Language is usually clearer

- Revise and prepare for better execution

Preference
- Live demonstration performed by the instructor

Figure 8 Students’ learning preference. Percentages and comments were obtained from the feedback survey distributed to students after completing the experiment.

and radiant exposure values after-I than before-I when
light-curing the posterior tooth. This may be explained
by the better finger support students reported to the exam-
iners when curing the posterior tooth compared to the
anterior. This can also indicate that the I group students
performed better (before-I) than students in the V group
(before-V), which is noticeable in the percent increase
differences in the measurements between both instruc-
tional methods.

Comparisons between V and I methods showed inter-
esting findings. There was an increase in the mean irradi-
ance and radiant exposure values the students delivered
that was significant before both methods when curing the
anterior tooth. Nevertheless, there were no significant dif-
both methods. the first
and second working hypotheses were partially accepted.

ferences after Therefore,
This indicated that V was comparable to I for teaching the

light-curing technique. The non-significant differences

between instructional methods could be due to the varia-
tion in the recorded measurements masking either meth-
ods’ impact.

Based on the students’ survey feedback on their per-
ception of the designated teaching method, the majority
rated 4 and 5, and 3% gave a rating of 3 regardless of the
teaching method used. Most of the students’ feedback
regarding V was related to the clarity and closeup view
that helped them understand and see the technique from
different angles and enhanced the understanding of the
procedure. However, students in the I group also provided
4 and 5 ratings for the method. The main comments were
that the method was helpful, and they can have their
questions answered, and challenging issues clarified
immediately by the instructor. Some students reported
that they found video instructions beneficial, but they
preferred verbal instructions and vice versa. This was
examiners commented that video

evident when
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instructions were not sufficient for 3% of the students
where they needed additional verbal instructions after the
video instructions. This is most likely because students
mentioned that they could not grasp the information solely
from the video instructions.

Based on the students’ learning preference, some stu-
dents preferred I, others V, and a group of students pre-
ferred both methods as they complemented each other.
Using V had an added benefit based on the students’
feedback because the teaching content would be standar-
dized, and laboratory time would be used more efficiently.
Therefore, videos would improve the learning experience
as students would have the video to refer back to whenever
needed. In addition, using instructional videos as
a teaching method can provide an added value by utilizing
session time more efficiently. On the other hand, students
who preferred I mentioned that it was clear, and they can
ask questions and get clarifications from the instructor.
Each method can accommodate different learning prefer-
ences, where 43% of the students reported that they prefer
V and I methods combined to maximize their learning
experience. This was not surprising since it has been
reported in the literature that students have different learn-
ing preferences.'*'* After completing the experiment and
analyzing the results, the outcomes were shared with stu-
dents in a lecture. Some students were surprised with the
study results but favored their original learning preference
regardless of the outcomes. It is important to note that the
results may vary in a clinical setting to some extent due to
the various challenges encountered with patients, includ-
ing variation in patient mouth opening, patient apprehen-
sion to treatment, type of isolation, and the size and
angulation of the LCU guide tip.

The course grade includes assessments of the different
domains through didactic and preclinical components.
The didactic component included summative assessments
performed throughout the year in quizzes, midyear, final
and objective structured practical examinations. In addi-
tion to different assignments, integrated sessions, and
group presentations. The practical components comprised
of assessing different procedures that included preparation
of different cavity classes and designs, restorations,
adjunctive procedures, and competencies. A weak correla-
tion between the difference (after minus before) in the
students’ ability to deliver sufficient irradiance and radiant
exposure and their course scores was shown. This can be
explained by the fact that the students’ scores represent
the didactic and practical components, and the current

skill.
Therefore, the third working hypothesis was partially

experiment was focused on a psychomotor
accepted. Our results were similar to studies that showed
no correlation between the student’s didactic scores com-
pared to their psychomotor skills.***® Possible limitations
to the study are that due to scheduling restrictions, the
experiment took place in the laboratory during the ses-
sions, which took place at different times during the same
week. This may have impacted the students’ performance
to some extent.

Based on the study outcomes, the institute would
continue to use instructional videos as one of the teach-
ing method in the course. Additional verbal instructions
would be provided to the group of students who watched
the videos and needed additional instructions to accom-
modate the different learning preferences. Furthermore,
a light-curing procedure and maintenance checklist
would be provided to the student as a reference in addi-
tion to the detailed rubric provided in the laboratory
assessment booklet. Further research would include
exploring the students’ LCU performance technique
clinically; however, the irradiance and radiant exposure
will not be measured without the MARC-PS spectro-
meter. Moreover, after a few years, retesting students to
evaluate both groups’ retention would be interesting.
Investigating students’ self-efficacy would also be
valuable.

Conclusion

An instructional video in addition to didactic lectures to
teach the light-curing technique to undergraduate dental
students was comparable to traditional verbal instructions
and did not significantly impact student ability to deliver
sufficient irradiance and radiant exposure values to the
simulated cavities. The instructional video was useful for
teaching light-curing per the students’ feedback. There
was no significant correlation between the students’ ability
to deliver sufficient irradiance and radiant exposure values
and their course scores. Using instructional videos as
a teaching method can provide an added value by utilizing
session time more efficiently. Furthermore, it would be of
critical importance with the current need for social distan-
cing during the COVID-19 pandemic.

Abbreviations

LCU, Light-curing unit; MARC-PS, Managing Accurate
Resin Curing-Patient Simulator; V, instructional video; I,
verbal instruction; RBC, resin-based composite.
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