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Purpose: To evaluate the retention of light-curing skills among dental students after two years of clinical experience and determine if there 
are any differences in the skills retention between students who received verbal instructions or those who had received an instructional video. 
The students' satisfaction with past learning, self-confidence, and general knowledge about light-curing were also evaluated.
Methods: This study is a 2-year evaluation of previous work. Students had previously been divided into two groups: those who received only 
verbal instructions, and those who received only an instructional video about the correct light curing technique to use clinically. Each student 
had light-cured simulated restorations (anterior and posterior) for 10 sec using the Managing Accurate Resin Curing-Patient Simulator (MARC- 
PS) (BlueLight Analytics, Halifax, Nova Scotia, Canada) and a multiple-emission peak light-emitting-diode (Bluephase N, Ivoclar Vivadent, 
Schaan, Liechtenstein) curing light. Students then received instructions according to their assigned group and light-cured the simulated cavities 
again. Two years later, students from both groups light-cured the same simulated cavities. Then, they completed a modified version of the 
National League of Nursing (NLN) satisfaction and self-confidence questionnaire and answered light-curing knowledge questions. Statistical 
analysis: The mean radiant exposure values delivered before receiving specific instructions on light curing, immediately after, and two years 
after instruction for both teaching methods (Friedman test followed by Wilcoxon signed-rank post hoc test), and the difference between both 
teaching methods was assessed (two-sample Wilcoxon rank-sum test). The satisfaction and self-confidence scores were compared between 
teaching method groups (Wilcoxon rank-sum test) (p<0.05).
Results: The mean and median irradiance values ranged between 194-1777 and 1223–1302 mW/cm2 before instructions, 320-1689 
and 1254–1394 mW/cm2 immediately after instructions, and 95-1945 and 1260–1331 mW/cm2 two years later regardless of the 
simulated restoration or the teaching method. The mean and median radiant exposure values ranged between 2-23 and 12.5–13.6.4 J/ 
cm2 before instructions, 3-28 and 12.8–14.3 mW/cm2 immediately after instructions, and 0.7-20 and 12.8–13.6 mW/cm2 two years 
later regardless of the simulated tooth being light cured and the teaching method. Students retained their light-curing skills after two 
years of clinical experience, with no significant differences between both groups. The instructional video group delivered significantly 
higher radiant exposure values (p=0.021) when light-curing the anterior tooth than the posterior. Students were satisfied with their past 
learning and confident in their light-curing skills (p=0.020). There were statistical differences in how well the two groups remembered 
what they had been taught about light-curing. Only 5.7% of students answered all knowledge questions correctly.
Conclusion: Students retained their light-curing skills after two years of clinical experience, with no significant difference between 
verbal instructions or instructional video teaching methods. However, their knowledge about light curing remained very poor. 
Nevertheless, the students were satisfied with how they had been taught and had confidence in both teaching methods.
Keywords: dental education, light curing, dental students, satisfaction, self-confidence, teaching method

Introduction
Most dental resins and bonding agents are delivered as unfinished products that must be adequately light-cured by the dentist in 
the tooth. Without adequate light-curing, the products that the dentist purchases will not meet the manufacturer’s intended 
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properties. Consequently, light-curing has become an essential step in everyday dentistry.1 However, most dental students 
overlook the importance of light curing due to the lack of emphasis in most restorative dentistry courses.2 The inability to master 
the skill of proper light-curing technique affects the quality of dental treatment delivered by dental students and negatively affects 
the properties and longevity of the final restoration.1–3

With today’s technology, there are new ways for students to interact with the faculty and enhance their learning 
experience. Information about the curing light and how to use it could be taught using instructional videos that show the 
procedure from a broader perspective.4 Several studies have already explored the effectiveness of verbal or video 
instruction methods.4,5 Live demonstrations and video-recorded teaching methods were equally successful in teaching 
how to apply fissure sealants. They can be used as an alternative to each other, or they can be combined when teaching 
medical students clinical knowledge and skills.6,7 It was shown that students who watched live demonstrations that were 
video recorded developed a similar level of understanding of the principles behind the exercise when teaching removable 
partial denture techniques. However, live demonstrations were still preferred by students.8,9 Furthermore, a live demon-
stration can help students improve their communication skills and develop confidence.10

New skills can be taught using simulators. Light-curing skills can be improved using the Managing Accurate Resin 
Curing-Patient Simulator (MARC-PS) system (BlueLight Analytics, Halifax, Nova Scotia, Canada) because it provides 
an objective instant digital and visual feedback.3,4,11 One study has shown that active learning and displaying learning 
objectives for the given training or simulation is helpful to the learner.12 Greater self-confidence and satisfaction occur 
when active learning is delivered in an environment where the students can actively interact with one another and their 
instructors. In this simulation, the student develops mechanical, cognitive psychological, and social skills to achieve 
a better learning outcome.12

Skill retention after knowledge acquisition has been a concern when learning any practical skill. For example, there is 
a noticeable decline in the retention of cardiopulmonary resuscitation skills one month after training.13,14 Since dental students 
acquire many practical skills in different subjects throughout dental school, it is not surprising for students to experience some 
loss of skill retention during their dental training, especially if the procedure is not practiced often or if the relevance of the skill 
to successful dentistry is unclear. This is supported by the Skill Retention Theory, where after the first stage of learning, skill 
retention and knowledge may degrade due to a lack of use.15 This means that specific steps of a procedure may not be retained 
if it was not practiced and reinforced. There are several methods to assess skill retention of cognitive skills, one of which is 
achieving a minimum passing score to demonstrate competency.13,14,16 One study showed that after receiving simulation- 
based training how to insert a central venous catheter, this skill was retained after one year; however, the performance of 
individuals cannot be predicted, and periodic refresher training and testing are recommended to maintain competence.16 

Another method reported to assess skill retention is an adaptive virtual reality training system. One study investigated the 
acquisition and retention of medical skills, and found that using the adaptive virtual reality training system was beneficial.15 

Light-curing skill retention can be simulated using the MARC-PS, which provides an objective method of measuring the 
ability of the student to deliver light to a simulated restoration.17 One study that evaluated dental students’ light-curing skills 
immediately after training and then evaluated the skill retention one and two years after training using the MARC-PS before 
starting patient care showed some loss in the skill taught as the time after training increased.17

A previous study by the authors published in 2021 showed no significant differences between teaching light-curing 
techniques among dental students using an instructional video versus using verbal instructions.4 In this study, the MARC- 
PS was used to deliver immediate individual feedback to the student and objectively compare how much irradiance and 
radiant exposure (RE) were received by simulated cavities in a dental mannequin head.4 Now, after two years of clinical 
experience, the authors reassessed and evaluated the retention of the information to determine if there was any 
improvement in the light-curing technique using the MARC-PS system compared to the results from the original baseline 
results. The light-curing performance was evaluated using the same MARC-PS and the performance was scored using 
a rubric. In addition, the students were asked how satisfied they were with how the skill had been taught. In addition, the 
student’s holistic light-curing performance and learning experience were examined.

The study aims were: 1) to assess how well the students had retained their light-curing skills after 2 years of clinical 
experience. 2) to evaluate if there were differences in the skill retention after 2 years of using curing lights depending on 
if they had been taught using verbal instructions versus an instructional video. 3) to evaluate student satisfaction with 

https://doi.org/10.2147/AMEP.S400823                                                                                                                                                                                                                                

DovePress                                                                                                                               

Advances in Medical Education and Practice 2023:14 392

Al-Zain et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


how they had been taught previously and their self-confidence in learning the light-curing skill, and 4) to determine if 
there were any differences in the student’s didactic knowledge when they had received light-curing instructions via verbal 
instructions compared to when they had been taught using an instructional video.

The null hypotheses were:

1) the skill retention of the light-curing technique will not have changed after 2 years of clinical experience for 
students who received light-curing instructions verbally and those who received teaching using an instructional video.
2) there will be no differences in the skill retention after 2 years of clinical experience using the curing light between 
those students who received light-curing instructions verbally compared to those who received an instructional video.
3) there will be no differences in student satisfaction, self-confidence, or didactic knowledge about light-curing in those 
students who were taught verbally compared to those who received an instructional video.

Materials and Methods
Ethical approval for this study was obtained from the Ethical Research Committee at King Abdulaziz University Faculty 
of Dentistry (proposal no. 258-08-21). The study complies with the Declaration of Helsinki and is a continuation of 
a previously published study.4 A signed consent form was obtained from the participants. Two years ago, when students 
were in their third year of the dental program, two light-curing teaching methods were assessed during their first exposure 
to a light-curing procedure in the Preclinical Operative and Esthetic Dentistry course. After attending the didactic lecture, 
120 students were randomly divided into two groups (n= 60/teaching method); each student light-cured the two simulated 
cavities (anterior and posterior) on a MARC-PS before receiving any further instructions. Then, depending on the group 
they were allocated to, each student either just watched a light-curing technique instructional video or they received some 
verbal instructions and then light-cured the simulated cavities again using a multiple-emission peak light-emitting- 
diode (LED) (Bluephase N, Ivoclar Vivadent, Schaan, Lichtenstein) light-curing unit (LCU) for 10 seconds. The 
irradiance and the amount of RE the two groups of students delivered to the simulated cavities were compared. At the 
beginning of the study, the first author light-cured the anterior and posterior simulated teeth for a 10-second exposure 
time using the same LCU to record the maximum irradiance and radiant exposure that could be delivered to the simulated 
teeth (n=3) from the curing light used in this study.

When students were in their fifth year of the dental program, they received one light-curing lecture at the end of the 
first semester. The learning outcomes from the lecture were to explain the factors affecting light-curing, the LCU types, 
the advantages and disadvantages of each type, the parameters to consider when selecting the LCU, to review their light- 
curing technique, and how to maintain LCUs. All the students had received similar hours of training in the preclinical 
laboratory and in their fourth and fifth academic years of clinical training in the dental program.

After two years of clinical experience and when the students were in their sixth year of the dental program, how well 
the students had retained their light-curing skills was reassessed in the first two weeks of the academic year, and any 
changes in their light-curing technique were determined. Each student’s light-curing performance was determined using 
the MARC-PS, and the light-curing steps they used were scored using a rubric. In addition, the student satisfaction with 
how they had been taught and their self-confidence in how they learned about light-curing were evaluated. The MARC- 
PS was mounted on the dental chair to simulate a typical clinical scenario and the experiment took place at the beginning 
of the students’ clinical sessions.

A total of 105 students were included in the study: 53 students were taught using the instructional video and 52 were 
taught using the verbal instructions teaching method. However, 15 students were not retested (11 males and four females) 
either because they had transferred to different schools, or they had fallen behind in their courses and were no longer in 
the same class as their peers. Thus, they were excluded because they did not have the same light-curing experience on 
patients.

Two calibrated evaluators tested the students. First, they assessed the student’s light-curing performance using the 
same rubric used in the previous study5 in terms of: 1) did they check if the light guide on the LCU was damaged, 2) did 
the operator wear eye protection, 3) did they place eye protection on the MARC-PS mannequin head, 4) was the light 
guide tip was placed perpendicularly on the simulated tooth, 5) if the distance between the guide tip and the simulated 
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tooth was as close as possible, 6) did they use a finger to support the light guide, 7) did the participant maintain eye 
contact with the specified tooth throughout the light-curing cycles, 8) did they activate LCU for 10 seconds.

Each student performed one light-curing cycle on the anterior and the posterior simulated teeth individually on the 
MARC-PS using the same LCU used in the first study. Other students were not allowed to watch their peers during the 
experiment. In addition, students were not allowed to ask questions when they were evaluated.

After finishing the light-curing exercise, each student completed a questionnaire to determine their satisfaction with 
how they had been taught and their self-confidence in their light curing skills. Their knowledge about light curing was 
assessed using three knowledge questions, and what other sources they had used to obtain additional knowledge about 
light-curing in the past two years. The student satisfaction with learning and self-confidence questionnaire was assessed 
using a modified National League of Nursing (NLN) questionnaire that determines the students’ satisfaction with learning 
and their self-confidence in how they obtained the skills they learned.10 The questionnaire was composed of five sections; 
Section 1: demographic information, including the gender, pre-assigned serial number, and the original group the 
students were in (instructional video or verbal instructions); Section 2: satisfaction and self-confidence section targeting 
the light-curing technique learning skill; Section 3: three knowledge questions about light curing; Section 4: didactic 
questions that ask the students if they obtained additional information about light-curing other than from the lectures 
received in the dental curriculum, and the type of media they have received the additional information from during their 2 
years of clinical experience; Section 5: an open-ended question about their experiences. The modified NLN survey and 
other parts of the questionnaire were validated and piloted before starting the study (Supplementary Material 1). The 
students included in the pilot study were not from the 105 students included in the study. In addition, the evaluators were 
asked to complete a digital feedback survey with open and closed-ended questions about their observations of the 
student’s performance and their opinions about both teaching methods (Supplementary Material 2). The study design is 
presented in Figure 1.

Statistical Analysis
A descriptive comparison of the examiners’ observations of the student’s light-curing technique based on the rubric after 
two years of clinical experience as they light-cured the anterior and posterior simulated restorations was calculated, and 
the aggregate percentage score of higher than 70% represented competency in the light-curing procedure. The percentage 
score of light-curing performance according to the rubric was calculated by adding the scores of all rubric items and 
dividing this score by the rubric maximum (11 points) and multiplying the product by 100. In addition, the examiners’ 
feedback on the students’ performance was collected. Visual comparisons of the graphs of the irradiance delivered when 
light-curing the anterior teeth were performed at each of the three-time points evaluated (before instruction, immediately 
after instruction, and two years later). Normality was confirmed using the Shapiro–Wilk W-test. Medians and inter-
quartile ranges (IRQ) were calculated, and Friedman test was used to assess the distributions of mean irradiance and RE 
values measured for anterior tooth and posterior tooth before instructions, immediately after instruction, and two years 
after the instruction for both teaching methods (verbal instructions or just the instructional video). Post-hoc analyses 
using Wilcoxon signed-rank tests were used for pairwise comparisons, and significance values were adjusted using the 
Bonferroni correction for multiple tests. The significance level was set at 0.05.

Two-sample Wilcoxon rank-sum (Mann–Whitney) test was used to assess if there were any differences between the 
students who received verbal instructions and those who received just the instructional video in each of the measure-
ments. The aggregate scores for the satisfaction and self-confidence scales were calculated. For the satisfaction section of 
the scale, questions 1–5 aggregated scores range from 5 to 25. For the self-confidence section of the scale, questions 6–13 
aggregated scores range from 5 to 40. The Shapiro–Wilk test was used to check that the data was normally distributed 
among the groups. The scores of items and the aggregate scores for both scales were compared between the two groups 
of light-curing instructions (verbal instructions versus instructional video) using the Wilcoxon rank-sum test.

The aggregate score for students’ general knowledge about light-curing was calculated by adding the scores of the 
three knowledge questions. The percentage of Knowledge score was calculated by adding the scores of all three 
questions, dividing this score by the didactic maximum (3 points) and multiplying the product by 100. Since the 
assumption of normality for each of the variables does not hold for this data, the Spearman correlation coefficient and 
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its p values were estimated to assess the correlation between the student’s general knowledge about light-curing and their 
performance after 2 years of clinical experience.

The effect of obtaining additional information about light-curing during the past 2 years on each student’s perfor-
mance immediately after instructions and after 2 years of clinical experience was explored to assess the statistical 
difference between the participants who obtained additional information about light-curing and who did not, regardless of 
the instructional group. The statistical comparisons were carried out using related-samples Friedman’s analysis of 
variance by ranks. The effect of obtaining additional information about light-curing during their 2 years of clinical 
experience was tested using a two-sample Wilcoxon rank-sum (Mann–Whitney) test for each instructional group. Both 
IBM Statistical Package for Social Sciences Statistics version 28 (SPSS Inc, Armonk, NY, USA), and Stata software, 
version 16 (StataCorp, College Station, TX, USA) were used for the statistical analyses.

Figure 1 Study design.
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Results
The mean irradiance (standard diviation) and RE (standard diviation) values obtained by the expert were 1559 (75.0) mW/cm2 and 
16.0 (0.79) J/cm2, the range was between 1463-1671 mW/cm2 and 15-17.2 J/cm2 at the anterior tooth, and a mean of 1537 (46.2) 
mW/cm2 and 15.7 (0.50) J/cm2, the range was between 1501-1615 mW/cm2 and 15.3-16.6 J/cm2 at the posterior tooth. The 
difference in the irradiance and the RE percentage between the expert and the values delivered by the students were 22–35% 
before students received any instructions on light curing, 14–21% immediately after receiving the instructions, and 16–22% after 
they had been treating patients for 2 years. These differences were similar between the two instructional methods and were 
unaffected by the tooth position.

Table 1 reports the examiner’s observations of the student’s light-curing technique based on the rubric after two years of 
clinical experience when light-curing the anterior and posterior simulated teeth. Examiners observed that 80% (84) of the 
students did not check that the light-guide tip was clean and not broken before using it. The examiners observed that 1% (one 
student) did not maintain contact at all with the tooth when light-curing. In addition, 1% (one student) did not place the light- 
guide tip as close as possible to the tooth, and 1% (one student) did not place the light-guide tip perpendicular to the posterior 
tooth. Interestingly, only 4.8% (five students) correctly performed all the light-curing technique steps in the rubric. The 
examiners reported that approximately 80% of the students did not practice proper ergonomics while light-curing the 
simulated cavities. Nevertheless, all students were considered competent when performing the light-curing, where only 
3.5% (4 students) scored a 72.7%, and the remaining students scored above 80%.

Figures 2 and 3 shows that before receiving their light-curing instructions two years before the evaluation, students 
delivered a variable amount of irradiance to the simulated cavities in the anterior and posterior teeth. Immediately after 
receiving either video or verbal instructions, the students delivered a more stable irradiance. Two years later, most 
students showed some retention of the light-curing skill, and they delivered a stable irradiance, while some still delivered 
an unstable irradiance. Of note, Figures 2 and 3 also shows no obvious improvement between immediately after the 
students received instructions, and some two years later.

Figure 4 shows box plots of the median, minimum and maximum RE values that the students delivered to the anterior and 
posterior simulated teeth before receiving instructions, immediately after instructions, and after two years of clinical experience 
after receiving only verbal instructions and the group that received the instructional video. The irradiance and RE values 
delivered to the anterior and posterior simulated teeth ranged between 194-1777 mW/cm2 and 2-23 J/cm2 before receiving 
instructions, ranged between 320-1689 mW/cm2 and 3-28 J/cm2 immediately after instructions, and ranged between 95-1945 
mW/cm2 and 0.7-20 J/cm2 after two years of clinical experience for both teaching methods used. Table 2 reported the median, the 
interquartile range (IQR), and p-values of the mean irradiance and RE values that the students delivered to the anterior and 
posterior simulated teeth before receiving instructions, immediately after receiving instructions, and after two years of clinical 

Table 1 Examiner’s Observation of the Students’ Light-Curing Technique After Two Years 
of Clinical Experience When Light-Curing the Anterior and Posterior Simulated Teeth

Rubric Items Total (N=105)
N (%)

Did not check the light guide tip if clean or broken 84 (80.0)

Did not support light guide tip at all 8 (7.6)
Did not wear eye protection 4 (3.8)

Did not support light guide tip at anterior tooth 2 (1.9)

Did not maintain contact with posterior tooth during curing 2 (1.9)
Did not maintain eye contact at the filling at all 1 (1.0)

Did not place eye protection on mannequin 6 (5.7)

Did not place the light guide tip as close as possible to the anterior tooth 2 (1.9)
Did not place the light guide tip as close as possible to the posterior tooth 9 (8.6)

Did not place light guide tip as close as possible at all 1 (1.0)

Did not place the light guide tip perpendicular at posterior tooth 1 (1.0)
Did everything in the rubric 5 (4.8)
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Figure 2 Representative measurements of the irradiance values (mW/cm2) delivered to the MARC-PS anterior tooth using the instructional video teaching method: (A) 
before receiving any instructions, (B) immediately after receiving instructions, and (C) after two years of clinical experience treating patients. Also showing representative 
measurements of the irradiance values delivered to the MARC-PS anterior tooth using the verbal instructions teaching method: (D) before receiving any instructions, (E) 
immediately after receiving instructions, and (F) after two years of clinical experience treating patients.

Figure 3 Representative measurements of the irradiance values (mW/cm2) delivered to the MARC-PS posterior tooth using the instructional video teaching method: (A) 
before receiving any instructions, (B) immediately after receiving instructions, and (C) after two years of clinical experience treating patients. Also showing representative 
measurements of the irradiance values delivered to the MARC-PS posterior tooth using the verbal instructions teaching method: (D) before receiving any instructions, (E) 
immediately after receiving instructions, and (F) after two years of clinical experience treating patients.
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experience for the group that received only verbal instructions and the group that received the instructional video. Significant 
differences were observed in the mean irradiance (p=0.018), and RE (p=0.021) values delivered by the instructional video group 
when light-curing the anterior tooth.

Table 3 shows the pairwise comparisons for the RE distributions for students that received the instructional video. Higher 
significant differences in the RE values delivered to the anterior tooth were observed before receiving any instructions 
compared to immediately after instructions (p=0.016). In addition, significant differences were found in the results measured 
before the students received any detailed instructions on light curing, compared to their results 2 years later (p<0.001).

Figure 4 Box plots, Shapiro–Wilk W-tests and p-values for mean radiant exposure values (J/cm2) delivered to the: (A) anterior tooth before receiving any instructions, 
immediately after receiving verbal or video teaching methods, and after two years of clinical experience treating patients; and (B) posterior tooth before receiving any 
instructions, immediately after receiving verbal or video teaching methods, and after two years of clinical experience treating patients. The whiskers represent the maximum 
and minimum irradiance values excluding the outliers. The box represents the first quartile (Q1) and third quartile (Q2) with the median in the middle. The distance 
between Q1 and Q3 is the interquartile range (IQR). No significant differences were observed among the different groups.
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Table 4 shows that there were no significant differences in the RE values delivered to both simulated teeth between 
the groups that received verbal instructions and the group that received the instructional video after two years of clinical 
experience (two-sample Wilcoxon rank-sum Mann–Whitney tests).

Table 2 Medians and Interquartile Ranges for the Irradiance (mW/cm2) Radiant Exposure (J/cm2) Values and Friedman Test p-values

Instruction Group  
(N = 105)

Measurements 
Types

Measurement Time χ2 

values†

p-values

Before 
Instructions

Immediately After 
Instructions

2 Years Later 
Median  
(IQR)Median  

(IQR)
Median  
(IQR)

Verbal Instructions (n = 52) Irradiance  
(Anterior)

1282.7  

(1130.7, 1405.0)

1259.8  

(1201.0, 1417.8)

1259.9  

(1140.1, 1421.9)

0.731 0.725

Irradiance  
(Posterior)

1302.3  

(1209.2, 1408.6)

1379.4  

(1266.1, 1446.6)

1331.1  

(1197.5, 14,442.9)

3.04 0.224

RE  
(Anterior)

13.2  

(11.8, 14.5)

12.8  

(12.2, 14.3)

12.8  

(11.7, 14.4)

0.731 0.725

RE  
(Posterior)

13.6  
(12.4, 14.6)

14.3  
(13.2, 14.9)

13.6  
(12.2, 14.7)

3.5 0.190

Instructional Video  
(n = 53)

Irradiance  
(Anterior)

1223.4  
(956.7, 1338.0)

1253.9  
(1190.0, 1390.4)

1301.1  
(1200.3, 1486.3)

8.19 0.018*

Irradiance  
(Posterior)

1255.8  

(1091.0, 1451.8)

1394.1  

(1277.4, 1475.9)

1285.4  

(1018.4, 1434.8)

4.68 0.096

RE  
(Anterior)

12.5  

(9.8, 13.7)

12.9  

(12.2, 14.4)

13.3  

(12.3, 15.2)

7.58 0.021*

RE  
(Posterior)

12.9  

(11.1, 14.8)

14.3  

(13.1, 15.1)

13.2  

(10.8, 14.7)

4.68 0.101

Notes: *Denotes statistical significance difference between the anterior and posterior teeth sensors values of the same variable tested (p<0.05). †Friedman Test. 
Abbreviation: IQR, Interquartile range.

Table 3 Pairwise Comparisons for the Distributions for the Radiant Exposure (J/cm2) Delivered in 10 Seconds 
Significant Values Delivered to the Anterior Tooth with the Instructional Video Teaching Method

Instruction Group Radiant Exposure Multiple Group Comparison Z values† p-values‡

Instructional Video  
(n=53)

Anterior Before instructions–Immediately after instructions – 2.39 0.016*

Before instructions–2 years later – 4.46 <0.001*

Immediately after instructions–2 years later – 0.726 0.472

Notes: †Wilcoxon Signed Ranks Test. ‡Significance values were adjusted using the Bonferroni correction for multiple tests. *Denotes statistical 
significance difference for each row (p<0.05).

Table 4 Statistical Comparisons for the Radiant Exposure (J/cm2) Values 
Delivered in 10 Seconds to the Anterior and Posterior Teeth After Two Years 
from the Verbal Instructions and Instructional Video Teaching Methods

Radiant Exposure Subgroups N Rank Sum Z value† p-value

Anterior tooth Verbal Instructions 53 2618.5 – 1.22 0.224
Instructional Video 52 2946.5

Posterior tooth Verbal Instructions 53 2928.0 0.76 0.449
Instructional Video 52 2637.0

Note: †Two-sample Wilcoxon rank-sum (Mann–Whitney) test.
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Table 5 shows that the students were generally satisfied with their learning experiences, and they were confident in 
their ability to use the LCU. The sections on the self-satisfaction of the students past learning about light-curing showed 
that the individual score median was 5, and the total aggregate score median was 25 for both teaching method groups. 
The differences between both groups were not significant. The sections about the self-confidence of both groups in their 
light-curing technique showed that the individual score median was 5, and the total aggregate score median was 38 for 
both groups. There were significant differences in the last (13th) item regarding how well the two groups remembered 
what they had been taught about light-curing two years ago and how to use the light-curing skills they learned two 
years ago.

Table 6 reports the responses to the questions about light-curing. For example, 27.6% (29 students) correctly 
answered the first question regarding the wavelength range that most curing lights deliver (400 to 500 nm), while 
45.7% (48 students) thought the answer was 400 to 500 mW/cm2. For the second question, 23.8% (25 students) solved 

Table 5 Statistical Comparisons for the Student Satisfaction in Past Learning and Self-Confidence in Learning Scale and Its Items 
Between Verbal Instructions and Instructional Video Teaching Methods

Items Teaching Method Z value† p-value

Total  
(n=105)

Verbal 
Instructions 

(n=52)

Instructional 
Video  
(n=53)

Median (IQR)‡ Median (IQR)‡ Median (IQR)‡

Satisfaction in past learning

1. The teaching methods used when teaching me about light-curing were helpful and effective. 5 (4, 5) 5 (4, 5) 5 (4.5, 5) – 0.147 0.920

2. The teaching method provided me with a variety of learning materials and activities to 
promote my learning the Dental curriculum.

5 (4, 5) 5 (4, 5) 5 (4, 5) – 1.10 0.282

3. I enjoyed the instructional method used to teach me how to light cure correctly. 5 (5, 5) 5 (5, 5) 5 (5, 5) – 0.58 0.545

4. The teaching materials used (light-curing unit and simulator) to teach me how to light cure 
correctly were motivating and helped me to learn.

5 (5, 5) 5 (4, 5) 5 (5, 5) – 1.21 0.228

5. The teaching method used to teach me how to light cure correctly was suitable to the way 
I learn.

5 (5, 5) 5 (5, 5) 5 (5, 5) 0.78 0.480

Aggregate Score§ 25 (22, 25) 25 (22, 25) 25 (22, 25) – 0.52 0.608

Median (IQR)

Self-confidence

6. My instructors used helpful resources to teach me how to light cure correctly. 5 (5, 5) 5 (5, 5) 5 (5, 5) 0.71 0.553

7. My instructors gave me useful feedback after the exercise about how to light cure correctly. 5 (4, 5) 5 (4, 5) 5 (4, 5) – 0.53 0.597

8. I know how and where to get help when I do not understand the concepts covered when 
teaching me how to light cure correctly.

5 (4, 5) 5 (4, 5) 5 (4, 5) – 0.50 0.647

9. I am comfortable using simulation activities to learn critical aspects of light curing. 5 (4, 5) 5 (5, 5) 5 (4, 5) 1.26 0.207

10. I am confident that I have developed the skills and obtained the required knowledge how 
to correctly light cure a restoration in a clinical setting.

5 (4, 5) 5 (5, 5) 5 (4, 5) 1.31 0.216

11. I am confident that I have mastered the content that my instructors taught me when I was 
taught how to light cure correctly.

5 (4, 5) 5 (4, 5) 5 (4, 5) – 0.57 0.583

12. I think that the light curing instruction that I received covered critical content necessary 
for me to master how to light cure a restoration.

5 (4, 5) 5 (5, 5) 5 (4, 5) 0.67 0.493

13. I remember what I was taught two years ago, and I use the skills that I learned when I am 
light curing restorations.

5 (4, 5) 5 (5, 5) 5 (4, 5) 2.33 0.020*

Aggregate Score§ 38 (35, 40) 38 (35, 40) 37 (34.5, 40) 0.48 0.631

Median (IQR)

Notes: †Two-sample Wilcoxon rank-sum (Mann–Whitney) test. ‡Individual scores range from 1 to 5. §Aggregated scores range from 5 to 25. *Denotes a statistical 
significance difference among the items (p<0.05).
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the irradiance equation correctly (2000 mW/cm2), while 29.5% (31 students) answered 1000 mW/cm2. For the last 
question, 70.5% (74 students) answered it correctly, that the retina was the most adversely affected by the light from the 
LCU, while 17.1% (18 students) thought that the oral mucosa was the most affected organ. Of concern is that only 5.7% 
(six students) answered all three knowledge questions correctly.

The results for the Spearman correlation coefficients results showed no correlation between the student’s general 
knowledge about light-curing and their performance after 2 years of clinical experience regardless of the tooth cured 
when light-curing the anterior and posterior teeth in terms of irradiance (r=0.036, and r=0.042, respectively), and radiant 
exposure (r=0.019, and r=0.006, respectively) when students received the two different methods of light-curing instruc-
tion (p>0.05).

Considering obtaining additional information regarding LCUs during the past two years, 19–33% of the students had 
obtained additional information from sources, other than from the lectures given in the third and fifth years. This 
additional information was mainly from books, scientific articles, and social media. However, the results showed that 
obtaining additional information from sources other than from their lectures did not significantly change the students’ 
performance after 2 years of clinical experience when light-curing the simulated teeth, regardless of the teaching method 
used (p>0.05).

Discussion
When observing the students at the two-year follow-up, the examiners noticed that 80% of the students did not check the 
light guide tip before using it. This could affect the light output of the LCU and results in possible failure of routine 
restorative treatment. In addition, 1–8.6% of the students missed other parts of the rubric. This can indicate that students 
did not understand the relevance of delivering an adequate amount of light to their resins. Consequently, each step of the 
students’ light-curing technique should be reemphasized, monitored and periodically re-evaluated during clinical sessions 
to ensure that each step of the light-curing technique is performed, and that it is performed correctly. The fact that only 5 
students (4.8%) performed all steps correctly in the rubric is a concern, especially because the self-confidence data 

Table 6 Student’s Light-Curing Knowledge After Two Years of Clinical Experience

Rubric Items Total (N=105)
N (%)

What wavelength range do most curing lights deliver?

400 to 500 m 1 (1.0)

*400 to 500 nm 29 (27.6)
400 to 500 mW/cm2 48 (45.7)

500 to 600 nm 7 (6.7)

1000 to 1500 mW/cm2 20 (19.0)

To deliver 20 J/cm2 in 10 s, what irradiance must the curing light deliver?

1000 J/cm2 16 (15.2)
1000 mW/cm2 31 (29.5)

2000 J/cm2 22 (21.0)

*2000 mW/cm2 25 (23.8)
20,000 mW/cm2 11 (10.5)

What part of the human body is thought to be most adversely affected by blue light?
Oral Mucosa 18 (17.1)

Enamel 9 (8.6)

Dentin 2 (1.9)
Tongue 2 (1.9)

*Retina 74 (70.5)

Abbreviations: LCU, light-curing unit; IQR, interquartile range; RE, radiant exposure; MARC-PS, Managing Accurate 
Resin Curing-Patient Simulator. *Denotes the correct answer.
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revealed that students felt confident with their light-curing technique. In reality, 95.2% of students did not perform all 
steps correctly, and this was supported by the observations of the observers. Although some steps were missed, most of 
the students thought that they were competent performing the procedure.

Based on Figures 2 and 3, in the anterior teeth simulation, after immediately receiving both verbal and video 
instructions, the students of both groups managed to deliver a stable amount of light compared to the follow-up 
measurements. However, there were some slight fluctuations in the irradiance delivered. This might indicate a lack of 
clinical experience in treating anterior teeth during the student’s two years of clinical experience compared to treating and 
light-curing posterior teeth. Regarding the posterior teeth visual comparisons, the amount of light delivered by the 
students was stable and efficient both after receiving both types of instructions and at the two-year follow-up, with no 
noticeable differences between the verbal and video instruction groups.

The RE is the amount of energy received by the restoration over time (RE = irradiance x time).18,19 The same 
exposure time was used and statistical comparisons for the RE values were reported in the figures and tables. The results 
of this were similar to a previous study where the light output was delivered to the MARC-PS simulator by pre-clinical 
students and dental interns.20 In this study, the amount of light delivered to the sensor in the anterior tooth was higher in 
both groups compared to the sensor in the posterior tooth. This was attributed to differences in the access to the anterior 
and posterior teeth.20 Another study measured the light output delivered to the MARC-PS in the upper left posterior 
maxillary area by first-year dental students.3 This study reported that students who received individualized instructions 
and instant feedback retained their light-curing skill for at least five months and delivered a higher RE compared to the 
students who did not receive instructions and feedback.3

Based on the two-year follow-up measurements, the first hypothesis is partially rejected. The significant difference in 
the instructional video group in terms of irradiance and RE values when light-curing the anterior tooth could be explained 
by the fact that in the preliminary study, some of the students reported difficulty in achieving proper light cure guide-tip 
support on the anterior tooth because they had to retract the upper lip of the mannequin head and support the LCU guide- 
tip at the same time. However, in the two-year follow-up, the students could easily light cure the anterior tooth. These 
results suggest that the students retained light-curing skills and they had learned how to retract the lip after two years of 
clinical experience treating patients.

Since there was no significant difference between verbal instruction and instructional video groups, the second 
hypothesis was accepted. This indicates that the teaching method did not significantly affect how the students retained the 
light curing skills they learned in their pre-clinical courses. The results support the absence of significant differences in 
the initial study.4 In another study that evaluated long-term skill retention of students who underwent hands-on light- 
curing training and were measured using the MARC-PS simulator as well, the results show that after hands-on training 
and two years of clinical experience, there was a marked improvement in the RE measurements when curing the anterior 
and posterior teeth.17 Comparing the results with the obtained data in our study, there was a slight decrease in the RE 
related to the quantitative readings of the posterior tooth in both groups. This reduction was similar in both studies, and 
there was evidence of some skill retention and a slight improvement. This was most noticeable in the readings from the 
anterior tooth sensor.

The third hypothesis was partially rejected because there was no significant difference in the satisfaction of verbal and 
instructional video groups of students but there was a statistical significance in the last (13th) item of the self-confidence 
scale for both verbal and instructional video groups. This indicated that students were satisfied with their past learning 
experiences and felt confident when light-curing restorations regardless of the teaching method used. This was also 
evident in the students’ responses in the open-ended section where they expressed that the simulation experience was 
helpful and beneficial. The significant difference observed in the last (13th) item of the self-confidence scale indicated 
that not all students could remember the details taught in the lectures, but they could perform the procedure confidently. 
The lack of self-confidence was demonstrated in the knowledge section of the survey, where most of the students did not 
retain the didactic knowledge regarding light-curing asked in the study, and some students reported in the open-ended 
question that they could not remember the didactic details. This could be explained by the fact that students are only 
exposed to the didactic information about light-curing in the lectures and this information was not emphasized in the 
clinic when treating patients.
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Not remembering the didactic information was evident in the students’ responses in the open-ended section, where 
some students expressed that they could not remember some of the didactic information, calculations, and units taught in 
the lectures. For example, hen answering the question about the wavelength range that most curing lights deliver, 29 
students (27.6%) gave the correct range, but could not remember the correct unit. Also, 45.7% of students selected the 
answer using the unit of irradiance, and one student (1%) selected the option with the meter unit. Similarly, when asked 
to calculate the irradiance value, the curing light must deliver 2000 mW/cm2 over 10 seconds to achieve the desired 20 J/ 
cm2, 21% of the students provided the correct value, but did not remember the correct units. Regarding the last 
knowledge question asking which part of the body was most affected by the blue light, 70.5% selected the retina as 
the correct answer. This was not surprising because this information was emphasized in their lectures on light-curing. 
Also, it is well documented in the other literature that the retina is the most affected part of the body by blue light LEDs, 
tablets, computers and from the LCU.21,22 The fact that only 5.7% of participants answered all three knowledge questions 
correctly is a concern. This may be because students were not exposed to the didactic information frequently (twice in 
this case, once in the third year and another in the fifth year), unlike the light curing technique that is constantly being 
practiced by the students in the clinics.

Obtaining additional information regarding light-curing during the past 2 years or even the information they already 
learned did not significantly affect the students’ performance and there was no correlation between the information they 
had learned from other sources and their performance. This may indicate that students learn for the test and do not retain 
much information after the test is over. Nevertheless, they did remember the practical part. Therefore, the didactic aspect 
of this topic should be discussed or evaluated during clinical sessions as it is part of the procedure that students are 
performing.

There were certain limitations of the present study. We were unable to standardize the knowledge retention of the 
students as it is challenging to control if any of the students have been exposed to additional knowledge during the past 
two years of clinical experience. However, their knowledge skills were very poor. In addition, students were aware that 
they were participating in a study, so they might have focused on their light-curing technique to obtain a good evaluation. 
Also, the study was conducted during students’ clinical sessions. Therefore, the students might have been in a hurry to 
perform the measurement to go back and continue the treatment of their patients during the session, but then this reflects 
the clinical reality in a busy dental office.

It is recommended that the light-curing technique be reinforced and tested throughout the dental curriculum to 
reinforce the didactic knowledge and each step of the light-curing technique so students would not miss steps 
during the light-curing procedure. This would likely improve their knowledge retention so that they could provide 
optimum patient care. With the development of simulation technology, using devices such as the MARC-PS that 
allow interaction and the students can receive instant feedback, the students can develop and improve their skills 
before treating patients. The MARC-PS can be used throughout the dental curriculum to ensure that the students 
continue to practice good light-curing technique. Outside the rubric, the examiners also noticed that many students 
had a very poor ergonomic posture when using the LCU, and some students had their backs excessively bent 
forward as they attempted to deliver light to the posterior tooth on the occlusal surface of tooth No. 27. Further 
studies should be conducted and relate the ergonomics and student posture when light-curing to the irradiance and 
RE readings using the MARC-PS simulator. It would be useful to conduct an ophthalmic examination upon entry 
and exit of dental school to determine if any changes had occurred. Using a virtual reality simulation in the 
teaching process and comparing the quantitative readings to instructional video and verbal instructions method 
might also be beneficial. In addition, conducting the study in multiple dental institutions would be valuable. Also, 
the light-curing performance of the students should be routinely tested using the patient simulator. Finally, since 
much of modern dentistry epends on photo-cured resins, it is recommended that the important aspects of the light- 
curing skill and knowledge about light-curing be reemphasized throughout the dental curriculum.

Conclusion
After two years of clinical experience treating patients, the students had retained the light-curing skills they had learned 
pre-clinically. Generally, there were no significant differences in the skill retention of dental students when they received 
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teaching from an instructional video or by a verbal instruction teaching method, except when light-curing the anterior 
tooth for the instructional video group. In addition, generally, there were no significant differences in satisfaction with 
past learning, self-confidence in learning the light-curing skill, and general knowledge about light-curing among the 
students between both teaching methods. The students did not retain the basic science knowledge they had been taught 
pre-clinically about light-curing. Obtaining additional information during the past two years about light-curing from 
resources other the lectures in the dental curriculum did not significantly improve students’ performance.
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