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Aim: There is currently a limited studies regarding the application of analytic rubrics for assessing student’s performance in 
preclinical tasks. This study aimed to examine the use of a validated rubric structure to measure the performance outcomes of 
preclinical dental students conducting Class II composite restorations.
Methods: Validated analytical rubric for evaluation of preclinical class II composite cavity preparation and restoration was used at 
preclinical phase by two male examiners, who were further calibrated before the assessments using the rubric. Scoring was based on 
a 4-point scale for assessment and evaluation of two parameters: cavity preparation (40 points) and restoration (20 points). Descriptive 
statistics were applied to calculate rubric parameters, while independent t-tests compared scores across examiners and between student 
genders and groups. The associations between Grade Point Average (GPA), evaluators, and the gender of participants, both Pearson’s 
correlation coefficient and the Kappa test were utilized.
Results: Overall mean scores were marginally elevated for female participants relative to their counterparts (54.71 vs 52.92) across 
cavity preparation (36.71 vs 34.87) and restoration parameters (18.00 vs 18.06). Among cavity preparation parameters, only the 
finishing of the cavity preparation rubric parameters demonstrated a significant difference (p<0.05). For the class II composite 
restoration parameter steps, we found no overall differences (p ≥ 0.050), except a gender significant difference in matrix band 
application and anatomy steps (p=0.022 and 0.034, respectively). Significant difference between gender was recorded by the first 
evaluator (p=0.006), with a significantly higher overall average (p=0.047). A strong and significant correlation was documented 
between participant GPA and specific evaluated parameters (p=0.000).
Conclusion: Within this preclinical setting, gender-based variations were evident across all assessed procedural parameters. 
Additionally, variability was observed between the two examiners, with agreement levels ranging from fair to moderate, and in 
some instances, reaching perfect agreement.
Keywords: class II composite restoration, dental education, pre-clinical, rubrics, dental students

Introduction
Preclinical dental undergraduate students must develop essential knowledge and manual skills to become proficient 
practitioners, as they will eventually perform various invasive and irreversible procedures on patients.1 The provision of 
optimal dental care depends on the successful completion of preclinical courses and students’ success within these 
courses.2 Evaluation of these courses is essential to establish fundamental skills that are further developed during 
advanced clinical training and subsequent practice.3
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Conventionally, assessments of student preclinical performance have relied on a visual grading system, with specific 
grades or quantitative division into small scores.4 To accurately reflect a student’s knowledge and skill execution, 
preclinical courses require evaluation by multiple faculty assessors.5 The evaluation steps should offer validity, reliability, 
effectiveness, and efficiency in order to continue consistency and standardization between assessors. Moreover, the aim 
of the evaluation process should be clear to the evaluator and the evaluated preclinical contributors.6 Also, the assessment 
should offer comprehensive and immediate feedback to enhance learning based on preclinical performance.7

Evaluator consistency plays a vital role in preclinical learning process, as it significantly influences student confidence 
and overall academic achievement.8 However, traditional assessment methods, such as glance and grade, non-objective 
checklists, and point systems, can lead to problems like evaluator subjectivity, lack of meaningful feedback, and 
confusing perceptions for students.9 To enhance the quality of assessment, the evaluation tool must incorporate distinct 
criteria for each grading component, providing evaluators with solid rules and learners with immediate, actionable 
feedback.10

Rubrics have emerged as a valuable assessment tool defined as “scaled tools with levels of achievement and clearly 
defined criteria placed in a grid”.11,12 Rubrics establish transparent evaluation standards and standardized grading 
protocols that facilitate learners’ understanding of their scores and help pinpoint areas for improvement. Adoption of 
rubrics associated with several advantages, including enhanced instructional quality, increased grading efficiency, and 
improved calibration among assessors.13 Furthermore, rubrics can elevate the competence of learner projects regarding 
expected criteria making assessment more objective.14

Recent studies indicate that complex class II restorations are more susceptible to complications and exhibit reduced 
longevity than other restoration classes.15 Consequently, class II cavity restorations are now primarily performed using 
composite materials, which have advanced to perform effectively in posterior teeth, addressing the failures of earlier 
composites.16 However, resin composites face challenges, such as technique sensitivity and inherent polymerization 
shrinkage, which can lead to postoperative sensitivity, microleakage, and excessive wear.17 Since the late 1990s, the use 
of resin composite materials for restoring posterior teeth has grown in prominence within dental schools, resulting in 
increased curriculum time dedicated to this material and its applications.18

In dentistry, data on the use of rubrics for evaluating students in preclinical tasks across various specialties is limited. 
While no studies have specifically employed rubrics for assessing preclinical Class II composite restorations, prior 
research has utilized them for evaluating root canal treatments,10,19,20 crown preparations in clinical or preclinical 
settings,21–23 oral presentations in orthodontics,24 periodontics,25 clinical Class II,26 and student self-assessment in 
preclinical conservative dentistry27 and endodontic courses.28

There is a lack of studies regarding analytic rubrics in the assessment of preclinical dental courses, particularly with 
Class II composite restorations, across different dental colleges in Saudi Arabia. Thus, this study aimed to examine an 
analytic rubric system for assessing Class II composite restoration in third-year dental students, with specific attention to 
gender differences and GPA associations. The null hypothesis stated that there would be no significant differences in 
composite Class II cavity preparation performance among genders, nor would GPA significantly affect the total analytic 
rubric scores achieved.

Participants and Materials
Study Design and Ethical Approval
This research was carried out at the Department of Restorative Dental Sciences within the College of Dentistry at Jazan 
University, focusing on preclinical dental students. All third-year registered student in this course at the 2022/2023 
academic year were included in this study. Tow trained evaluators, assessed the Class II composite cavity preparation and 
restoration procedures at the end of their first pre-clinical restorative course. This study protocol was approved by the 
ethical committee of the College of Dentistry, Jazan University under # CODJU-2321F on August 21, 2023. Also, this 
ethical approval was approved by Standing Committee for Scientific Research - Jazan University (Approval No. REC-45/ 
03/761) at September/ 22/ 2023. All students signed a consent form before the actual conduct of the study.
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Study and Investigation Type
This study was a cross-sectional blind design where students’ identities were kept confidential from the examiners, and 
vice versa, to prevent bias, as some examiners taught the same students. Third-year preclinical students prepared a class 
II composite restoration on the mandibular left first molar for their final practical exam, a requirement for completing 
their preclinical phase. Students received clear instructions about the exercise and were informed of the analytic rubric 
criteria for assessment. They also practiced this exercise earlier in the academic year.

The Inclusion and Exclusion Criteria
The study’s inclusion criteria consisted of regular students who successfully completed their basic phase courses and 
were eligible to take the final clinical exam. Participants were specifically assessed on the mandibular left first molar 
typodont tooth. Conversely, students who modified the class II cavity preparation and restoration or were unable to 
complete the exam within the assigned time were excluded from the study. The total duration for this examination 
exercise was set at two hours. Upon completion, the analytic rubric evaluation sheets were collected, numbered, and 
subsequently scored by two evaluators.

Teeth Mounting and Preparation
The ivory teeth were attached to a Frasaco typodont model (specifically the Frasaco teaching and demonstration teeth 
AnA-4 ZE100, Verkaufs partner/agent, GMBH, Post fach 1244, 88061 Teltnag, Germany), where composite restorations 
were performed on ivory tooth #36 (Frasaco An-4 Puk, Pok).29 Throughout the entire process of cavity preparation and 
composite restoration, all models were securely placed on phantom heads. In line with the requirements of the pre- 
clinical course, students were mandated to complete preparations and restorations across various types of cavity classes, 
including amalgam and composite fillings, on both anterior and posterior teeth. Once prepared, all ivory teeth were 
mounted accordingly.

Rubric Scoring and Data Processing
The used analytic rubric for evaluation of preclinical class II composite cavity preparation and restoration was used by 
two trained male’s evaluators. The evaluators independently assessed the student’s cavity preparation and composite 
restorations immediately after every single step at the time of the preclinical examination performance. The time limit 
was adjusted into the session time for the completion of scoring. The analytic rubric employed in this preclinical study 
was based on a 4-point valuation scale for two main parameters of Class II composite restoration on mandibular first 
molars. The scoring of each parameter for cavity preparation comprised outline form (occlusal outline, contact clearance 
of all walls, and cavity and axial wall depth), resistance form (width of the cavity and flat pulpal floor, width of marginal 
ridge remaining, rounding of axio-pulpal line angle, and placing gingival cavo-surface margin bevel), retention form, and 
finishing of cavity (round, smoothness of walls, and internal line angle). Restoration parameters such as matrix band 
application, margins, anatomy, contact, and finishing and polishing of the restorations were also recorded.

Grades were excellent, good, average, and unsatisfactory and scored as 1, 2, 3, and 4, respectively. These scores were 
then summed to produce a total. The overall for cavity preparations was 40 points (12 points for outline form, 12 points 
for resistance form, 12 points for cavity finishing, and 4 points for retention form) for each student. For class II 
restoration, the total was 20 (4 points for each parameter as matrix band application, margins, anatomy, contact, and 
finishing and polishing of the restorations). The sum of every class II restoration was 60 points, as shown in Table 1.

The analytic rubric was structured as a grid, with parameters listed in the left column and grading levels across the 
rows, using both descriptive tags and numbers. Each parameter was scored individually, with values assigned in the right 
column. Total student scores were calculated from the sum of all parameter scores (Table 1). Individual printed logbooks, 
numbered according to each student’s university ID, were used for evaluations of all participating students.
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Table 1 Analytic Rubric Parameters Used in Preclinical Assessment of Class II Composite Restoration

Parameters Level of Achievement Rating Obtained 
Score

Cavity Preparation

Outline form 
Occlusal outline

Follow central/Buccal/Lingual grooves and triangular 
fossa precisely

Excellent (4)

Slight deviation from grooves and fossa Good (3)

Significant deviation from grooves and fossa Average (2)

Does not follow Grooves and fossa Unsatisfactory (1)

Contact clearance (Facial, lingual and gingival) All 3 cleared Excellent (4)

Any two cleared Good (3)

Anyone cleared Average (2)

- No clearance 

- > 0.5mm 

- Adj tooth damage

Unsatisfactory (1)

Cavity depth and Axial wall depth 2mm and 1–1.5mm Excellent (4)

3mm and 2mm/< 1mm Good (3)

4mm and > 2mm Average (2)

> 4mm or above and No axial wall Unsatisfactory (1)

Resistance form 
Width of the cavity and Flat pulpal floor

¼ intercuspal distance and Flat pulpal floor Excellent (4)

1/3 intercuspal distance Good (3)

1/2 intercuspal distance Average (2)

Greater than 1/2 intercuspal distance Unsatisfactory (1)

Width of marginal ridge remaining 2 mm Excellent (4)

3 mm Good (3)

4 mm Average (2)

< 2 mm and > 4 mm Unsatisfactory (1)

Rounding of axio-pulpal line angle and placing Gingival 
cavo-surface margin bevel

Both are done completely Excellent (4)

Both are done partially Good (3)

Only axio-pulpal line angle is rounded off and no 

bevel placed and vice -versa

Average (2)

Both not done Unsatisfactory (1)

Retention form 
Dovetail and Convergence of occlusal walls

Both are done completely Excellent (4)

Both are done partially Good (3)

Only dovetail given and no occlusal convergence and 

vice -versa

Average (2)

Both not done Unsatisfactory (1)

(Continued)
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Table 1 (Continued). 

Parameters Level of Achievement Rating Obtained 
Score

Finishing of cavity 
Roundation

Smooth curve Excellent (4)

Slightly sharp Good (3)

Markedly sharp Average (2)

Lack of a curve Unsatisfactory (1)

Smoothness of walls All the walls are smooth Excellent (4)

1 wall rough Good (3)

2 walls rough Average (2)

3 walls rough Unsatisfactory (1)

Internal line angle All the line angles are defined Excellent (4)

1 line angle not defined Good (3)

2-line angles not defined Average (2)

3 or more-line angles are not defined Unsatisfactory (1)

Total grade gained Out of 40

Restoration

Matrix band Application
1. Stability
2. Height of the band

3. Position of the retainer

4. Wedge placement

All 4 criteria are present Excellent (4)

Any 3 present Good (3)

Any 2 present Average (2)

Less than 2 Unsatisfactory (1)

Margins Interface between tooth and restoration not 

detectable with explorer

Excellent (4)

Over-contoured margins, but still closed Good (3)

Restoration short of margin, but still closed Average (2)

Open margins Unsatisfactory (1)

Anatomy Restoration duplicates tooth anatomy Excellent (4)

Slight deviation from ideal anatomy Good (3)

Significant deviation from ideal anatomy Average (2)

No resemblance to tooth structure/contour Unsatisfactory (1)

Contact Floss passes through with resistance without fraying Excellent (4)

Floss passes through with resistance but frays Good (3)

Closed contact Average (2)

Open contact Unsatisfactory (1)

(Continued)
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Grade Point Average for Participants
Duplicate records of the participants’ final GPA scores were obtained from the college’s Student Academic Affairs 
department. Table 2 displays the criterion-referenced grading scale used by Jazan University’s College of Dentistry.30 For 
analytical purposes, the data were subsequently stratified by gender.

Reliability and Intraclass Correlation Coefficient Test
The authors assessed internal consistency reliability through Cronbach’s α coefficient, revealing that the overall scale 
demonstrated high content reliability. Specifically, the reliability coefficient of the analytic rubric used for data collection 
was between 85% and 87%, signifying strong internal consistency among the items, which included criteria, levels of 
achievement, and ratings. Furthermore, an intra-examiner reliability assessment was conducted for all measurements, 
with Intraclass Correlation Coefficient (ICC) values confirming result consistency.23

Statistical Analysis
Data entry and analysis were performed using SPSS version 26.0. Descriptive statistics (mean and standard deviation) 
were calculated for evaluators and rubric parameters related to Class II composite restorations. To determine differences 
between student groups concerning the evaluators and rubric parameters, independent t-tests were employed to compare 
scores both for individual parameters and collectively. For significant comparisons, effect sizes (Cohen’s d) were 
calculated to assess the meaningful differences. Inter-rater reliability was evaluated using the Kappa test and ICC for 

Table 1 (Continued). 

Parameters Level of Achievement Rating Obtained 
Score

Finish Finishing and Polishing: no voids, pits, or roughness Excellent (4)

Slight roughness Good (3)

Rough; some pits, voids Average (2)

Grossly rough Unsatisfactory (1)

Total grade gained Out of 20

Table 2 Criteria Reference for General Point Average for Clinical 
Performance

Grade Range GPA (Out of 5) Values Values in Symbols

95–100 5.0 Exceptional A+

From 90 to˂ 95 4.75 Superior A

From 85 to˂ 90 4.50 Excellent B

From 80 to˂ 85 4.0 Very good B+

From 75 to˂ 80 3.5 Above average C

From 75 to˂ 70 3 Good C+

From 70 to˂ 65 2.5 Pass- high D

From 65 to˂ 60 2.0 Pass D+

˂ 60 1.0 Fail F
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the parameters. Pearson’s correlation coefficient examined the relationship among GPA, evaluators, and participant 
gender concerning the rubric parameters. A p-value of less than 0.05 was considered statistically significant.

Results
The current study analyzed rubric parameters for Class II composite restoration preparations performed by third-year 
dental students in a preclinical operative dentistry course. Two evaluators assessed the analytic rubric parameters for 
a total of 49 students (23 females and 26 males). Table 3 presents the descriptive statistics for student scores awarded by 
the two evaluators. For the cavity preparation rubric parameters, independent t-test showed a significant difference in 
gender and both evaluators on the finishing of the cavity parameters with their different steps (p < 0.05). Effect sizes for 
these significant differences were large, with Cohen’s d ranging from 0.83 to 1.52. In contrast, no significant differences 
were identified in other parameters such as resistance, retention, and outline forms along with their respective steps. For 
Class II composite restoration rubric parameters, the independent t-test indicated no significant differences across all 
steps and parameters (p value ≥ 0.050; Table 3), with effect sizes generally small (d < 0.5).

Regarding cavity preparation, scores from the two evaluators were marginally higher for females compared to males 
for outline forms (9.73±1.52/10.23±1.40), resistance forms (10.75±1.42/10.88±1.60), retention forms (3.69±0.40)/ 3.79 

Table 3 Mean and SD for Each Rubric Parameter by Evaluator and Gender, with Effect Sizes (Cohen’s d)

Parameters Evaluator 1 Evaluator 2

Male Female P value a d Male Female P value a d

Cavity preparation

Occlusal outline 3.04 (±0.53) 3.17 (±0.48) 0.374 0.26 3.35 (±0.68) 3.46 (±0.59) 0.538 0.17

Contact clearance 3.23 (±0.59) 3.50 (±0.51) 0.089 0.49 3.31 (±0.62) 3.46 (±0.59) 0.382 0.25

Cavity and Axial wall depth 3.31 (±0.62) 3.42 (±0.58) 0.524 0.18 3.23 (±0.65) 3.46 (±0.59) 0.201 0.37

Overall Outline form/12 9.58 (±1.42) 10.08 (±1.35) 0.202 0.36 9.88 (±1.80) 10.38 (±1.76) 0.335 0.28

Width of the cavity and Flat pulpal floor 3.46 (±0.58) 3.58 (±0.58) 0.464 0.21 3.69 (±0.47) 3.58 (±0.58) 0.473 0.21

Width of marginal ridge remaining 3.46 (±0.58) 3.63 (±0.49) 0.289 0.32 3.73 (±0.45) 3.71 (±0.55) 0.876 0.04

Rounding of axio-pulpal line angle and placing Gingival cavo-surface margin bevel 3.62 (±0.50) 3.67 (±0.56) 0.735 0.09 3.54 (±0.58) 3.58 (±0.58) 0.787 0.07

Resistance form/12 10.54 (±1.58) 10.88 (±1.57) 0.454 0.22 10.96 (±1.37) 10.88 (±1.65) 0.842 0.05

Retention form/4 3.58 (±0.50) 3.75 (±0.44) 0.205 0.37 3.81 (±0.40) 3.83 (±0.38) 0.818 0.05

Roundation 3.38 (±0.57) 4.00 (±0.00) <0.0001 1.52 3.73 (±0.45) 4.00 (±0.00) 0.005 0.83

Smoothness of walls 3.38 (±0.57) 4.00 (±0.00) <0.0001 1.52 3.73 (±0.45) 3.79 (±0.41) 0.622 0.14

Internal line angle 3.62 (±0.50) 4.00 (±0.00) 0.001 1.00 3.54 (±0.58) 3.83 (±0.38) 0.038 0.62

Finishing of cavity/12 10.38 (±1.53) 12.00 (±0.00) <0.0001 1.47 11.00 (±1.30) 11.63 (±0.49) 0.029 0.67

Overall score of cavity Preparation/40 34.08 (±3.24) 36.71 (±2.29) 0.002 0.92 35.65 (±3.12) 36.71 (±2.46) 0.019 0.38

Restoration

Matrix band application 3.96 (±0.20) 4.00 (±0.00) 0.327 0.28 3.81 (±0.40) 4.00 (±0.00) 0.022 0.66

Margins 2.88 (±0.52) 3.13 (±0.61) 0.142 0.44 3.31 (±0.62) 3.29 (±0.62) 0.928 0.03

Anatomy 3.15 (±0.73) 3.08 (±0.50) 0.691 0.11 3.62 (±0.57) 3.25 (±0.61) 0.034 0.77

Contact 3.96 (±0.20) 3.92 (±0.41) 0.628 0.14 3.96 (±0.20) 3.92 (±0.41) 0.628 0.14

Finishing and polishing 3.81 (±0.40) 3.67 (±0.56) 0.318 0.29 3.65 (±0.49) 3.75 (±0.44) 0.467 0.22

Overall score of restoration/20 17.77 (±0.95) 17.79 (±1.32) 0.946 0.02 18.35 (±0.80) 18.21 (±1.28) 0.654 0.13

Note: a Independent T Test.
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±0.39), and finishing of the cavity (10.69±1.36)/11.81±0.25). The overall score for cavity preparation was 36.71±2.22 for 
females and 34.87±3.09 for males, without significant differences using independent t-test (p = 0.189; Table 4); the effect 
size was moderate (d = 0.68).

For the class II composite restoration rubric parameters, we observed a significant difference between males and 
females in matrix band application and anatomy steps (p = 0.022 and 0.034, respectively). Effect sizes for these 
differences were medium to large (d = 0.66 and d = 0.77, respectively). The overall/total scores for class II restorations 
were almost equal for males (18.06±0.74) and females (18.00±1.27), without significant differences between them (p = 
0.065) using independent t-test (Table 4); the effect size was negligible (d = 0.06).

The overall rubric scores for male and females with relation to the evaluators are shown in Table 5. Out of the total 
score (60), females recorded higher values in the first (54.50±2.95) and second (54.92±3.08) evaluators in comparison 
with males in the first (51.85±3.53) and second (54.00±3.37) evaluators for males. The differences were significant but 
only for the first evaluator (p = 0.006), with a large effect size (d = 0.80). The overall average among the two evaluators 

Table 4 Overall Mean and SD for Each Rubric Parameter for Both Evaluators by Gender, with Effect Sizes (Cohen’s d)

Parameters Evaluator 1 and 2 Overall

Male Female P value a d

Cavity preparation

Occlusal outline 3.19 (±0.55) 3.31 (±0.48) 0.415 0.23

Contact clearance 3.27 (±0.53) 3.48 (±0.48) 0.149 0.41

Cavity and Axial wall depth 3.27 (±0.57) 3.44 (±0.50) 0.270 0.31

Overall Outline form 9.73 (±1.52) 10.23 (±1.40) 0.234 0.34

Width of the cavity and Flat pulpal floor 3.58 (±0.48) 3.58 (±0.58) 0.967 0.00

Width of marginal ridge remaining 3.60 (±0.47) 3.67 (±0.48) 0.603 0.15

Rounding of axio-pulpal line angle and placing Gingival cavo-surface margin bevel 3.58 (±0.50) 3.63 (±0.56) 0.750 0.09

Resistance form 10.75 (±1.42) 10.88 (±1.60) 0.772 0.09

Retention form 3.69 (±0.40) 3.79 (±0.39) 0.378 0.25

Roundation 3.56 (±0.45) 4.00 (±0.00) <0.0001 1.39

Smoothness of walls 3.56 (±0.45) 3.90 (±0.21) 0.002 1.00

Internal line angle 3.58 (±0.52) 3.92 (±0.19) 0.004 0.92

Finishing of cavity 10.69 (±1.36) 11.81 (±0.25) 0.0003 1.22

Overall score of cavity Preparation/40 34.87 (±3.09) 36.71 (±2.22) 0.019 0.68

Restoration

Matrix band application 3.88 (±0.26) 4.00 (±0.00) 0.031 0.66

Margins 3.10 (±0.51) 3.21 (±0.59) 0.477 0.20

Anatomy 3.38 (±0.61) 3.17 (±0.52) 0.179 0.37

Contact 3.96 (±0.20) 3.92 (±0.41) 0.628 0.14

Finishing and polishing 3.73 (±0.38) 3.71 (±0.49) 0.858 0.05

Overall score of restoration/20 18.06 (±0.74) 18.00 (±1.27) 0.847 0.06

Notes: a Independent T Test, Cohen’s d: 0.2 = small, 0.5 = medium, 0.8 = large.
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was higher among females (54.71±2.88) than among males, with a significant difference (p = 0.047) and a medium-to- 
large effect size (d = 0.74).

Table 6 shows the inter-rater agreement between the two evaluators. Regarding cavity preparation, the Kappa values 
demonstrated fair agreement for outline form (0.283) and finishing of cavity (0.282) but and moderate agreement for 
resistance form (0.561) and retention form (0.598). Moreover, the Kappa values exhibited fair agreement for matrix band 
application (0.310), moderate agreement for margins (0.464) and anatomy (0.465), perfect agreement for contact (1.0), 
and substantial agreement for finishing and polishing (0.602). Kappa values indicated that slight restoration was 
successful in some aspects.

Table 5 Total Gender Differences in Student Groups by the 
Different Evaluators for the Rubric Parameters, with Effect Sizes 
(Cohen’s d)

Evaluator Gender Mean ± SD P value a d

Total Evaluator 1/60 Male 51.85 (±3.53) 0.006 0.80

Female 54.50 (±2.95)

Total Evaluator 2/60 Male 54.00 (±3.37) 0.320 0.28

Female 54.92 (±3.08)

Overall average/60 Male 52.92 (±3.32) 0.047 0.74

Female 54.71 (±2.88)

Notes: a Independent T Test; Cohen’s d: 0.2 = small, 0.5 = medium, 0.8 = large; 
Statistically significant Cohen’s d shown in bold.

Table 6 Kappa Test for Analytic Rubric Parameters of Class II Composite

Cavity Preparation

Evaluator 2

Parameters Outline Form Resistance 
Form

Retention 
Form

Finishing of 
Cavity

Evaluator 1 Outline form 0.283 −0.105 0.056 0.097

Resistance form −0.110 0.561 −0.068 0.054

Retention form 0.133 −0.007 0.598 −0.097

Finishing of cavity 0.095 0.023 −0.067 0.282

Composite Restoration

Evaluator 2

Parameters Matrix Band 
Application

Margins Anatomy Contact Finishing and 
Polishing

Evaluator 1 Matrix band application 0.310 −0.038 0.042 −0.020 0.039

Margins 0.010 0.464 0.149 −0.013 −0.053

Anatomy −0.076 0.223 0.465 −0.006 −0.097

Contact −0.045 0.004 0.020 1.000 −0.056

Finishing and polishing −0.020 −0.083 0.119 −0.054 0.602
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Table 7 shows the ICC of the class II composite restoration for cavity preparation and composite restoration. For 
cavity preparation, we observed a moderate positive correlation between outline form and finishing of cavity (0.328). We 
found weak positive correlations between outline form and resistance form (0.141), between outline form and retention 
form ((0.162, and between resistance form and finishing cavity (0.147). However, negative correlations were found 
between resistance form and retention form (−0.120) and between retention form and finishing cavity (−0.057). For 
restoration, we noted weak negative correlations between matrix band application and margins (−0.252), contact 
(−0.061), and finishing and polishing (−0.022). There were also weak positive correlations between anatomy and both 
margins (0.140) and contact (0.209).

As shown in Table 8, a strong and significant correlation was found between GPA and the total of the 2nd evaluator 
(0.758**) overall average (0.943**), and between total of the 2nd evaluator and overall average (0.931**), with p = 
0.000. By contrast, we noted a weak and non-significant correlation between the GPA parameter and 1st evaluator, as 
shown in Table 8.

Table 8 Correlations Between GPA, Evaluators and Participants

GPA Total Evaluator1 Total Evaluator2 Overall Average

GPA Pearson Correlation 1 0.074 0.235 0.161

Sig. (2-tailed) 0.611 0.100 0.265

Total evaluator1 Pearson Correlation 0.074 1 0.758** 0.943**

Sig. (2-tailed) 0.611 0.000 0.000

Total evaluator2 Pearson Correlation 0.235 0.758** 1 0.931**

Sig. (2-tailed) 0.100 0.000 0.000

Overall average Pearson Correlation 0.161 0.943** 0.931** 1

Sig. (2-tailed) 0.265 0.000 0.000

Note: **Correlation is significant at the 0.01 level (2-tailed).

Table 7 Inter-Item Correlation Coefficient for Rubric Parameters

Cavity preparation

Parameters Outline Form Resistance Form Retention Form Finishing of Cavity

Outline form 1.000 0.141 0.162 0.328

Resistance form 1.000 −0.120 0.147

Retention form 1.000 −0.057

Finishing of cavity 1.000

Restoration

Parameters Matrix Band Application Margins Anatomy Contact Finishing and Polishing

Matrix band application 1.000 −0.252 −0.168 −0.061 −0.022

Margins 1.000 0.140 −0.006 0.009

Anatomy 1.000 0.209 0.118

Contact 1.000 −0.127

Finishing and polishing 1.000
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Discussion
Dental education programs place a strong emphasis on providing thorough pre-clinical training as part of the under
graduate curriculum.31 However, instructors struggle to optimally assess students’ readiness for the clinical phase, where 
they work directly with patients. The evaluation of students’ abilities during pre-clinical training is a critical component 
of the learning process that is often driven by feedback from instructors. Research indicates that students who are taught 
using rubrics tend to perform better, as these tools help shift their focus and clarify essential procedural steps.11,20 This 
ultimately enhances their performance in clinical settings.32 Consequently, this study aimed to demonstrate the use of an 
analytic rubric-based assessment system for evaluating third-year dental students’ performance in Class II composite 
restoration procedures.

The preclinical operative dentistry course at Jazan University’s College of Dentistry, offered in the third year, 
encompasses six credit hours, comprising one hour of theory and five hours of hands-on practical training across two 
weekly sessions. Students engage in 30 theoretical lectures and 60 phantom sessions focused on preclinical skills. During 
these sessions, students perform restorative procedures on ivory teeth following meticulously designed analytic rubrics. 
Their faculty administrators closely supervise these steps and exercises to ensure the optimal outcome at each stage of the 
cavity preparation and final composite restoration.29 All of these steps are done to prepare them for excellent and good 
clinical performances.

The result of the present study revealed that female students achieved slightly higher scores than males in parameters 
for cavity preparation (36.71 vs 34.87) and Class II composite restoration (18.00 vs 18.06), with a significant difference 
noted by the first evaluator. These results were in accordance with other studies.33,34 Therefore, the first part of the null 
hypothesis was rejected. However, the current results disagreed with the work of Panadero et al, on their meta-analysis 
that there is no such general effect of gender on student performance from using rubrics.32

The use of an analytical rubric system can be beneficial for providing students with detailed feedback, allowing them 
to gain valuable insights into their performance across different criteria.11,20 This system enables students to clearly 
identify their areas of strengths and weaknesses, without solely relying on specific comments from their instructors.7 In 
the current study, the researchers found that one of the criteria where male students scored lower compared with female 
students was the “finishing of cavity”, with mean scores of 10.69 for male students and 11.81 for female students. Thus, 
male students may benefit from additional focused practice and feedback on the proper finishing of the cavity, as this 
parameter is crucial for achieving a better seal between the tooth and the restoration.35

The assessment guided by an analytic rubric facilitated a greater consensus among evaluators compared to a numeric 
rating scale.11,20 The inter-rater reliability was acceptable for most parameters, indicating that the analytic rubric supports 
consistent assessment across evaluators. This finding aligns with previous studies that have reported improved rater 
agreement with rubric use.20,28,36 However, three parameters—outline form, finishing of cavity, and matrix band 
application—recorded fair agreement, with values of 0.283, 0.282, and 0.310, respectively. Inter-rater reliability can 
be influenced by the complexity of the rubric criteria, the wide range of scores utilized with numerous scoring criteria, 
and variability in subject responses, all of which can lead to reduced rater consistency and alignment.37

The purpose of matrix systems for resin composite materials is to facilitate the creation of curved proximal surfaces 
and tight contact areas.38 The results of the present study demonstrated that the placement of the matrix band can be 
a challenging aspect to evaluate consistently, even when using an analytical evaluation rubric. The inter-item correlations, 
which examined the relationship between the scores on one item and the scores on all other items in a scale, revealed 
weak negative correlations between matrix band application and margins (−0.252), contact (−0.061), and finishing and 
polishing (−0.056). Assessing the quality of matrix band placement may involve a degree of subjectivity, as raters may 
weigh certain aspects (eg, adaptation and contour) differently.39

Bindayel et al investigated the reliability of rubrics for assessing undergraduate students during orthodontic oral 
presentations and reported no significant correlation between the course grades and the instructors’ evaluations of the 
case presentations. This finding contrasts with the current study, which found significant correlations between students’ 
scores from the second evaluator and their overall average scores (p = 0.000), leading to the rejection of the second part 
of the null hypotheses. Implementing a rubric-based assessment system can yield several benefits as it enhances the 
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quality of direct instruction by providing clear, structured guidelines for evaluating student performance, increases the 
efficiency and consistency of the grading process, improves calibration among assessors, and supports students’ 
academic achievement.32

We suggest further research to compare the efficacy of analytic rubric parameters against traditional evaluation 
methods, such as global rating scales, checklists, structured rating scales, and enhanced personal protective equipment in 
assessing student operators’ restorative procedures and experiences.40–43 We highly recommend studies involving 
different colleges of dentistry in Saudi Arabia, in which their rubric may be used or developed to evaluate their students 
or a universal single analytic rubric may be prepared for use in dental colleges in Saudi Arabia.

The study’s findings are based on a relatively small sample size, prompting the need for further investigation to assess 
the reliability of the proposed rubric across diverse academic contexts and larger populations. Focused on evaluating 
Class II composite restoration skills within a dental simulation lab, the rubric’s applicability may be confined to technical 
dental procedures, potentially limiting its use in other clinical skill assessments. Additional research is essential to 
compare the impacts of rubric interventions in various educational environments and to examine how the number of 
sessions students engage with these rubrics and their specific design features influence outcomes. Moreover, it is 
important to note that the rubric did not account for time management, which may represent a limitation of the study.

Conclusion
The analytic rubric proved to be a practical tool for assessing preclinical Class II composite restorations, supporting 
standardization and providing detailed feedback. Gender-based differences were observed in specific parameters, 
particularly cavity finishing, with large effect sizes. Inter-examiner agreement varied by parameter, highlighting areas 
where additional rater calibration may be beneficial. The strong correlation between GPA and scores from one evaluator 
suggests that future studies should explore consistency in evaluator calibration. These findings indicate potential gender- 
based differences in technical aspects of preclinical dental procedures and variable correlation between student GPA and 
evaluator scores, warranting further research.
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