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Objectives: This study aimed to evaluate the integration of virtual reality (VR)-based haptic simulation into a competency-
based preclinical restorative dentistry curriculum using a constructive alignment framework. 
Materials and Methods: This pilot observational educational study included 28 second-year dental students enrolled in a 
preclinical restorative dentistry course during the 2024–2025 academic year. VR-supported haptic simulation activities were 
integrated into cavity preparation training. Simulator-generated objective metrics, including accuracy, outside volume, 
target progress, surgery time, and drilling time, were analyzed together with rubric-based practical scores, theoretical 
examination scores, and year-end grades. Blueprint analysis and Bloom’s revised taxonomy were used to evaluate 
alignment between learning outcomes and assessment methods. Spearman correlation and exploratory ROC analyses were 
performed. 
Results: Blueprint analysis demonstrated broad alignment between intended learning outcomes, VR-supported teaching 
activities, and assessment methods. Bloom’s revised taxonomy analysis showed that the examination included multiple 
cognitive domains, predominantly understanding and analysis. Constructive alignment analysis indicated consistency 
among learning outcomes, VR-supported simulation activities, and rubric-based assessments. No statistically significant 
correlations were observed between VR simulator-generated metrics and educational outcome measures (p > 0.05). 
Exploratory ROC analysis demonstrated limited discriminative ability of VR accuracy scores for identifying higher practical 
performers (AUC = 0.58). 
Conclusions: VR-supported haptic simulation can be integrated into competency-based preclinical restorative dentistry 
education within a constructive alignment framework. Although simulator-generated metrics were not significantly 
associated with educational outcomes, VR-supported simulation demonstrated educational applicability as part of a 
structured performance-based assessment model. 
Keywords: Constructive alignment, dental education, haptic technology, restorative dentistry, virtual reality 
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Amaç: Bu çalışmanın amacı, sanal gerçeklik (SG) tabanlı haptik simülasyonun yeterlilik temelli preklinik restoratif diş hekimliği 
eğitimine entegrasyonunu yapılandırmacı uyum çerçevesinde değerlendirmektir. 
Gereç ve Yöntemler: Bu pilot gözlemsel eğitim çalışmasına, 2024-2025 akademik yılında klinik öncesi restoratif diş hekimliği 
dersine kayıtlı 28 ikinci sınıf diş hekimliği öğrencisi dahil edildi. Kavite preparasyonu eğitimine SG destekli haptik simülasyon 
uygulamaları entegre edildi. Simülatör tarafından oluşturulan doğruluk, kavite hacmi, ilerleme hedefi, operasyon süresi ve 
preparasyon süresi gibi objektif performans ölçütleri; rubrik temelli pratik sınav puanları, teorik sınav puanları ve yılsonu 
notları ile birlikte analiz edildi. Öğrenme çıktıları ile değerlendirme yöntemleri arasındaki uyum blueprint analizi ve Bloom’un 
yenilenmiş taksonomisi kullanılarak değerlendirildi. İstatistiksel analizlerde Spearman korelasyon ve keşifsel ROC analizleri 
uygulandı. 
Bulgular: Blueprint analizi, hedeflenen öğrenme çıktıları, SG destekli öğrenim etkinlikleri ve değerlendirme yöntemleri 
arasında genel bir uyum olduğunu gösterdi. Bloom’un yenilenmiş taksonomi analizi, sınavın ağırlıklı olarak anlama ve analiz 
basamakları olmak üzere çoklu bilişsel alanları içerdiğini gösterdi. Yapılandırmacı uyum analizi, öğrenme çıktıları, SG destekli 
simülasyon etkinlikleri ve rubrik temelli değerlendirmeler arasında tutarlılık olduğunu ortaya koydu. SG simülatörü 
tarafından oluşturulan ölçütler ile eğitim çıktıları arasında istatistiksel olarak anlamlı ilişki saptanmadı (p > 0,05). ROC analizi, 
SG doğruluk skorlarının yüksek pratik performans gösteren öğrencileri ayırt etme gücünün sınırlı olduğunu gösterdi (AUC = 
0,58). 
Sonuçlar: SG destekli haptik simülasyon, yeterlilik temelli preklinik restoratif diş hekimliği eğitimine yapıcı uyum çerçevesinde 
entegre edilebilir. Simülatör ölçütleri eğitim çıktıları ile anlamlı ilişki göstermemiş olmakla birlikte, SG destekli simülasyon 
yapılandırılmış performans temelli değerlendirme modeli içerisinde eğitsel uygulanabilirlik göstermiştir. 
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Introduction 

Simulation-based education plays an important role in 
preclinical dental training by allowing students to practice 
invasive and irreversible procedures within a safe and 
controlled learning environment.1 The primary goals of 
undergraduate operative dentistry education are to 
enable students to diagnose dental caries and remove 
diseased tissue when necessary, prepare cavities 
according to established geometric principles, and place 
restorative materials accurately and consistently. 
Achieving these competencies requires students to 
undergo laboratory-based training before treating actual 
patients. Simulation-based environments support this 
process by providing opportunities for repetitive practice 
accompanied by continuous feedback.2,3 Studies have 
demonstrated that computer-assisted simulation 
supports student learning and training in operative 
dentistry. These simulation approaches play a significant 
role in developing the psychomotor skills required for 
restorative procedures.4,5  

Haptic simulators provide realistic visual, auditory, and 
tactile feedback through computer-based systems.6 These 
technologies support fine motor skill development, 
enable objective and self-directed assessment, and may 
improve student performance and procedural accuracy 
during preclinical dental training.7,8 Their implementation 
during the early stages of preclinical dental education has 
been associated with improved student performance, 
greater accuracy in procedures such as implant drilling, 
and opportunities for unlimited practice time.9,10 Virtual 
reality (VR) simulators create a digital training 
environment in which students can perform procedures 
and examine cavity preparations from different angles 
with magnified views.11 These systems also provide real-
time feedback, support standardized assessment without 
continuous instructor supervision, and allow training 
sessions to be recorded for individualized evaluation and 
feedback.4,5,12 

Competency-based education is founded on the early 
definition of clear learning outcomes and the 
competencies students are expected to achieve. In dental 
education, competencies integrate knowledge, 
professional attitudes, and the ability to perform clinical 
tasks effectively in real practice settings. This approach 
promotes active learning, critical thinking, practical skill 
development, and stronger integration between 
theoretical knowledge and clinical practice, ultimately 
supporting students in becoming competent novice 
practitioners.13 In competency-based education, clearly 
defined learning objectives facilitate the development of 
the cognitive processes required for learning.14,15 
Competency statements specify the expected abilities and 
performance standards learners must achieve. When 
learning outcomes are explicitly defined, assessment 
methods should align directly with these outcomes. 
Therefore, assessment in competency-based education is 
generally continuous and comprehensive, with greater 
emphasis on performance, skill demonstration, and 

competence rather than solely on knowledge 
acquisition.16,17 

Constructive alignment (CA) is an outcome-based 
educational approach in which intended learning 
outcomes are clearly defined prior to instruction. Within 
this framework, teaching activities and assessment 
methods are systematically aligned with the expected 
learning outcomes and performance levels.18,19 By 
emphasizing active participation rather than passive 
knowledge transfer, constructive alignment supports 
meaningful learning and promotes the development of 
competencies through coherent integration of teaching, 
learning, and assessment processes.19,20 

The present study aimed to evaluate VR-based haptic 
simulation training in a competency-based preclinical 
restorative dentistry curriculum from a constructive 
alignment perspective. The study examined the 
relationships among intended learning outcomes, VR-
supported learning activities, and assessment outcomes, 
including objective VR simulator metrics, rubric-based 
cavity preparation scores, and theoretical and practical 
examination performance. In addition, the alignment of 
assessment methods with blueprinting and Bloom’s 
revised taxonomy was evaluated to explore the 
educational validity of VR-supported training. 

Materials and Methods 

Ethics Approval and Consent to Participate 
The protocol of this retrospective observational 

educational study was approved by the Scientific Research 
Ethics Committee of Lokman Hekim University (Decision 
No: 2026/048) and conducted in accordance with the 
Declaration of Helsinki. The study was based solely on the 
retrospective analysis of existing educational and 
assessment records, and no additional intervention or 
assessment was performed for research purposes. 

Study Design and Educational Framework 
This pilot observational educational study was 

conducted within a competency-based preclinical 
restorative dentistry curriculum. The study was structured 
according to the principles of constructive alignment, 
which emphasize consistency among intended learning 
outcomes, teaching–learning activities, and assessment 
methods. The educational framework integrated Bologna-
based course learning outcomes, VR-supported haptic 
simulation activities, performance-based practical 
assessment, and cognitive assessment processes. 

Participants and Educational Context 
The study included 28 second-year dental students 

enrolled in the preclinical restorative dentistry course 
during the academic year 2024-2025. The course 
consisted of theoretical instruction, laboratory-based 
practical exercises, and VR-supported haptic simulation 
activities focused on cavity preparation and restorative 
operative skills. 

Course learning outcomes were obtained from the 
official Bologna course information package and 
evaluated within the context of competency-based dental 
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education and National Core Education Program for 
Dentistry (DUÇEP)-2024 competency domains. 

VR-Based Haptic Simulation Training 
VR-supported haptic simulation activities were 

integrated into preclinical restorative dentistry training as 
teaching–learning activities. Students completed cavity 
preparation exercises using a VR-based haptic simulation 
system designed to support psychomotor skill acquisition, 
operative precision, and restorative procedural 
competency. (Figure 1) 

The simulator automatically recorded objective 
performance metrics including: 

 accuracy (%), 

 outside volume (mm³), 

 target progress (%), 

 surgery time, 

 drilling time. 
These metrics were used to evaluate procedural 

precision, task completion, operative efficiency, and 
preservation of tooth structure. 

 

 

Figure 1. Representative image of the VR-supported haptic simulation system used for cavity preparation training 
and objective performance evaluation. 

 
Blueprint and Bloom’s Revised Taxonomy Analysis 
The theoretical final examination was analyzed using 

blueprinting principles to evaluate its alignment with 
predefined course learning outcomes. Each examination 
question was mapped to the related learning outcome 
and categorized according to Bloom’s revised taxonomy 
levels, including remembering, understanding, 
application, analysis, and evaluation. The blueprint 
analysis and Bloom’s revised taxonomy classification were 
performed by a faculty member with expertise in medical 
education who was also involved in the study. The 
resulting classifications were subsequently reviewed and 
discussed by the research team to ensure consistency 
with the competency-based educational framework 

The examination content was additionally reviewed in 
relation to DUÇEP-2024 competency domains including 
operative dentistry skills, cariology, restorative 
biomaterials, adhesive dentistry, patient safety, and 
foundational oral sciences. 

Rubric-Based Performance Assessment 
Practical performance assessment was conducted 

using a structured rubric specifically developed for Class II 
composite restorations. The rubric evaluated multiple 
competency domains including cavity preparation quality, 
tooth structure preservation, adhesive protocol 
application, restorative adaptation, marginal integrity, 
ergonomics, and procedural time management. 

Rubric-based practical scores were used as 
performance-based assessment outcomes within the 
constructive alignment framework. 

Educational Outcome Measures 
Educational outcome measures included: 

 practical/rubric scores, 

 theoretical final examination scores, 

 year-end course grades. 
VR simulator-generated metrics were analyzed in 

relation to these educational outcomes. 

Statistical Analysis 
Statistical analyses were performed using IBM SPSS 

Statistics software (IBM Corp., Armonk, NY, USA). 
Descriptive statistics were calculated for VR simulator 
metrics and educational outcome measures. Since the 
sample size was limited and several variables were not 
normally distributed, non-parametric analyses were 
preferred. 

Relationships between VR simulator-generated 
metrics and educational outcomes were analyzed using 
Spearman correlation analysis. Correlation coefficients (ρ) 
and p-values were reported. Statistical significance was 
accepted at p < 0.05. 

Exploratory receiver operating characteristic (ROC) 
analysis was additionally performed to investigate 
whether VR accuracy scores could distinguish students 
with higher and lower practical performance levels. 
Practical performance groups were categorized according 
to the median practical/rubric score. 
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Results 

The study included 28 second-year dental students 
enrolled in the preclinical restorative dentistry course. 
Students demonstrated overall moderate theoretical 
achievement with a mean theoretical examination score 
of 68.32 ± 4.51 (range: 60–78). The mean practical/rubric 
score was 53.93 ± 7.86, while the mean year-end grade 
was 64.18 ± 3.40.  

 Among VR simulator-generated metrics, the 
mean accuracy score was 62.97 ± 9.85%, and the mean 
outside volume was 31.39 ± 14.29 mm³. Target progress 
values were consistently high across students, with a 
mean value of 98.94 ± 1.15%. Detailed descriptive 
statistics of VR simulator metrics and educational 
outcomes are presented in Table 1.

 
Table 1. Descriptive statistics of VR metrics and educational outcomes 

Variable Mean ± SD Median Min–Max 

Accuracy (%) 62.97 ± 9.85 63.25 38.7–82.2 

Outside volume (mm³) 31.39 ± 14.29 29.0 10.8–79.6 

Target progress (%) 98.94 ± 1.15 99.3 94.7–99.9 

Practical/rubric score 53.93 ± 7.86 54.5 40–69 

Theoretical examination score 68.32 ± 4.51 68.0 60–78 

Year-end grade 64.18 ± 3.40 65.0 60–71 

 
Table 2. Blueprint analysis of the final examination according to learning outcomes and Bloom’s revised taxonomy 

Assessment item Main topic Related learning outcome Bloom level 

Q1 Black classification LO-3 Analyze 

Q2 Cavity depth/resistance form LO-3 Apply 

Q3 Secondary dentin LO-6 Remember 

Q4 Cementum structure LO-6 Understand 

Q5 Enamel properties LO-6 Analyze 

Q6 Dentinal tubules and enamel LO-6 Analyze 

Q7 Complex amalgam restorations LO-4 Analyze 

Q8 Composite contraindications LO-5 Evaluate 

Q9 Nanofil composites LO-5 Analyze 

Q10 Caries theories LO-2 Remember 

Q11 Composite resin structure LO-5 Understand 

Q12 Dentin types LO-6 Remember 

Q13 Dental hard tissue properties LO-6 Remember 

Q14 Adhesive systems LO-5 Apply 

Q15 Amalgam/composite properties LO-4 / LO-5 Analyze 

Q16 Black II cavity preparation LO-3 Apply 

Q17 Demineralization–remineralization cycle LO-2 Understand 

Q18 Cavity anatomy identification LO-3 Apply 

Q19 Black cavity preparation rules LO-3 Understand 

Q20 Zinc phosphate cement LO-4 Understand–Analyze 

Q21 Black cavity preparation principles LO-3 Remember–Understand 

Q22 Errors in Class I preparation LO-3 Analyze 

Q23 Incremental technique LO-5 Understand 

Q24 Enamel–dentin border formations LO-6 Remember 

Q25 Primer in adhesive systems LO-5 Understand 

 
Blueprint, Bloom’s Revised Taxonomy, and 

Constructive Alignment Analysis 
Blueprint analysis demonstrated that the final 

examination broadly covered all predefined course 
learning outcomes. The greatest proportion of questions 
was associated with learning outcomes related to cavity 
preparation principles, restorative procedures, composite 
restorations, and dental hard tissue biology. Questions 
evaluating Black cavity classifications, operative 
preparation principles, adhesive systems, restorative 
biomaterials, and cariology were represented throughout 
the examination.  

Analysis according to Bloom’s revised taxonomy 
demonstrated the inclusion of multiple cognitive levels. 
The examination incorporated questions within the 

domains of remembering, understanding, application, 
analysis, and limited evaluative reasoning. Most questions 
were classified within the “Understand” and “Analyze” 
domains, indicating that the assessment structure 
evaluated not only factual knowledge but also operative 
reasoning and restorative decision-making processes. 
Constructive alignment analysis demonstrated 
consistency among intended learning outcomes, VR-
supported teaching activities, and assessment methods. 
In particular, learning outcomes related to cavity 
preparation, restorative procedures, and operative skills 
were aligned with both VR-based simulation activities and 
rubric-based performance assessments. Objective 
simulator-generated metrics further supported the 
performance-based assessment structure of the 
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curriculum. In addition, the examination content and 
learning outcomes demonstrated alignment with several 
DUÇEP-2024 competency domains, including operative 
dentistry skills, cariology, restorative biomaterials, 
adhesive dentistry, clinical decision-making, and 
foundational oral sciences. The blueprint structure of the 

examination according to learning outcomes and Bloom’s 
revised taxonomy is presented in Table 2, while the overall 
distribution of learning outcomes and cognitive domains 
is summarized in Table 3. The constructive alignment 
framework of the VR-supported restorative dentistry 
curriculum is presented in Table 4. 

 
Table 3. Distribution of examination questions according to learning outcomes and Bloom’s revised taxonomy 

Domain Number of questions Percentage 

LO-1 1 4% 

LO-2 2 8% 

LO-3 7 28% 

LO-4 3 12% 

LO-5 7 28% 

LO-6 7 28% 

Remember 6 24% 

Understand 7 28% 

Apply 4 16% 

Analyze 7 28% 

Evaluate 1 4% 

 
Table 4. Constructive alignment framework of the VR-supported restorative dentistry curriculum 

Constructive alignment component Course application Related assessment 

Intended learning outcomes Bologna-based restorative dentistry learning outcomes Blueprint analysis 

Teaching–learning activity VR-based haptic simulation training and cavity preparation exercises VR simulator metrics 

Competency framework DUÇEP-2024 competency domains Rubric-based assessment 

Performance-based assessment Practical cavity preparation performance Rubric score 

Cognitive assessment Theoretical final examination Bloom’s revised taxonomy 

Objective assessment Accuracy, outside volume, drilling time, target progress VR analytics 

 
Rubric-Based Performance Assessment 
Performance-based assessment was conducted using a 

structured rubric specifically developed for Class II 
composite restorations. The rubric evaluated multiple 
competency domains including cavity preparation quality, 
tooth structure preservation, adhesive protocol 
application, restorative adaptation, marginal integrity, 
ergonomics, and procedural time management. The rubric 
incorporated both technical and procedural competencies 
related to operative restorative dentistry skills. The 
competency domains included in the rubric-based 
performance assessment are summarized in Table 5. 

Correlation Analysis 
Spearman correlation analysis demonstrated no 

statistically significant associations between VR simulator-
generated metrics and educational assessment outcomes. 
Accuracy scores were not significantly associated with 

practical/rubric scores (ρ = 0.104, p = 0.598), theoretical 
examination scores (ρ = -0.049, p = 0.806), or year-end 
grades (ρ = 0.081, p = 0.682).  

Similarly, outside volume values showed no significant 
correlations with practical/rubric scores (ρ = -0.117, p = 
0.554), theoretical examination performance (ρ = 0.037, p 
= 0.851), or year-end grades (ρ = -0.091, p = 0.646). No 
statistically significant relationships were observed 
between target progress, surgery time, drilling time, and 
educational outcome measures. Correlation analysis 
between VR simulator-generated metrics and educational 
outcomes is presented in Table 6. A significant negative 
correlation was observed between practical/rubric scores 
and theoretical examination scores (ρ = -0.409, p = 0.031). 

Despite the absence of significant correlations, the 
assessment framework demonstrated alignment between 
VR-supported simulation activities, competency-based 
assessment domains, and predefined learning outcomes. 

 
Table 5. Rubric-based performance assessment domains 

Rubric Domain Competency Area 

Cavity preparation quality Operative dentistry skills 

Tooth structure preservation Patient safety and operative precision 

Adhesive protocol application Restorative competency 

Composite adaptation and contour Functional restorative outcome 

Marginal adaptation and finishing Restoration quality 

Ergonomics and time management Clinical workflow competency 
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Table 6. Correlation analysis between VR simulator metrics and educational outcomes 
Variable Practical/Rubric score Theoretical examination Year-End Grade 

Accuracy ρ = 0.104, p = 0.598 ρ = -0.049, p = 0.806 ρ = 0.081, p = 0.682 

Outside volume ρ = -0.117, p = 0.554 ρ = 0.037, p = 0.851 ρ = -0.091, p = 0.646 

Target progress ρ = -0.268, p = 0.168 ρ = -0.172, p = 0.383 ρ = -0.199, p = 0.311 

Surgery time ρ = -0.007, p = 0.971 ρ = 0.110, p = 0.579 ρ = -0.061, p = 0.758 

Drilling time ρ = 0.091, p = 0.645 ρ = -0.152, p = 0.441 ρ = 0.000, p = 0.999 

 
Exploratory ROC Analysis 
Exploratory ROC analysis was performed to investigate 

whether VR accuracy scores could distinguish students 
with higher and lower practical performance levels. 
Practical performance groups were categorized according 
to the median rubric-based practical score. The analysis 
demonstrated limited discriminative ability of VR accuracy 
scores for identifying higher practical performers (AUC = 
0.58), indicating weak classification performance within 
the present sample 

Discussion 

The present study evaluated the integration of VR-
supported haptic simulation activities within a 
competency-based preclinical restorative dentistry 
curriculum using a constructive alignment framework. The 
findings demonstrated alignment among intended 
learning outcomes, VR-supported teaching activities, 
rubric-based performance assessment, and blueprint-
guided theoretical examination processes. In addition, 
Bloom’s revised taxonomy analysis demonstrated that the 
assessment structure incorporated multiple cognitive 
domains, particularly understanding and analytical 
reasoning processes, supporting the multidimensional 
educational structure of the curriculum.  

The integration of digital technologies into dental 
education has become increasingly important in 
competency-based educational models. Mwogosi et al.21 

emphasized that digital technologies may support 
structured competency acquisition through objective 
feedback systems, procedural monitoring, and simulation-
supported skill development. Similarly, Bhat and Madi22 

highlighted that blended and technology-supported 
educational environments may enhance active learning 
and learner engagement in dental education. In 
restorative dentistry education specifically, Yıkıcı Çöl et 
al.23 recently demonstrated the growing educational 
integration of digital and artificial intelligence–supported 
systems within restorative dentistry learning processes. 
The present study extends these perspectives by 
integrating VR-supported haptic simulation within a 
broader competency-based and constructively aligned 
curricular framework. 

Constructive alignment represented one of the major 
educational strengths of the present study. Rajadurai et 
al.20 emphasized that haptics-based simulation activities 
should be directly aligned with intended learning 
outcomes and assessment strategies in order to achieve 
meaningful curricular integration. Similarly, the present 
study demonstrated consistency among Bologna-based 
learning outcomes, VR-supported operative exercises, 

rubric-based practical assessment, and blueprint-guided 
examination structures. The examination content also 
demonstrated alignment with several DUÇEP-2024 
competency domains including operative dentistry, 
cariology, restorative biomaterials, adhesive dentistry, 
and clinical decision-making. Such alignment is important 
because competency-based curricula increasingly require 
coherence among learning objectives, teaching activities, 
and assessment strategies. 

The blueprint analysis demonstrated broad coverage 
of predefined learning outcomes related to cavity 
preparation principles, restorative biomaterials, adhesive 
systems, cariology, and dental hard tissue biology. 
Furthermore, Bloom’s revised taxonomy analysis 
demonstrated that the examination included not only 
knowledge-recall questions but also application, analysis, 
and evaluative reasoning processes. Contemporary 
competency-based education frameworks increasingly 
emphasize the importance of multidimensional 
assessment approaches capable of evaluating higher-
order cognitive skills and clinical reasoning processes 
rather than relying exclusively on factual recall.24,25 
Similarly, Khanna et al.26 emphasized that competency-
based dental curricula should integrate structured 
learning outcomes with assessment systems that evaluate 
cognitive, procedural, and clinical competencies 
simultaneously. The findings of the present study support 
these educational principles. 

Simulation-based and VR-supported educational 
approaches have been widely investigated in recent years 
within dental education. Systematic reviews by Algarni et 
al., Koolivand et al., and Shetty et al. reported that VR-
supported educational systems may positively influence 
psychomotor skill acquisition, procedural confidence, 
learner engagement, and operative training experiences 
in dentistry.27-29 Likewise, Bandiaky et al.10 concluded that 
haptic simulators may contribute to objective feedback 
processes and psychomotor skill development during 
preclinical operative training. Earlier studies such as Quinn 
et al. also demonstrated that VR simulation could support 
operative skill acquisition in junior dental students when 
integrated with conventional educational approaches.4 
Consistent with these findings, the present study 
incorporated VR-supported haptic simulation as a 
structured teaching–learning activity within restorative 
dentistry education rather than as an isolated 
technological intervention. 

An important strength of the present study was the 
use of structured rubric-based performance assessment 
integrated with objective simulator-generated metrics. 
Competency-based education literature increasingly 
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emphasizes the importance of authentic and 
performance-oriented assessment systems in evaluating 
clinical competence.30,31 In the present study, the rubric 
evaluated multiple competency domains including cavity 
preparation quality, tooth structure preservation, 
restorative adaptation, marginal integrity, ergonomics, 
and procedural time management. Such multidimensional 
assessment approaches may provide more 
comprehensive evaluation of operative competency than 
traditional written examinations alone. Albino et al.32 
previously emphasized that competency assessment in 
dental education should evaluate integrated clinical 
performance using observable and structured criteria. 
Similarly, Naidoo et al.33 highlighted the educational 
importance of structured competency-based clinical 
assessment instruments in health professions education. 

Despite these educational strengths, no statistically 
significant correlations were observed between VR 
simulator-generated metrics and educational outcome 
measures. Accuracy, outside volume, target progress, 
drilling time, and surgery time values were not 
significantly associated with practical/rubric scores, 
theoretical examination scores, or year-end grades. 
Several factors may explain these findings. First, the 
relatively small sample size may have limited statistical 
power. Second, simulator-generated metrics may 
evaluate specific procedural and psychomotor dimensions 
that are not fully reflected in traditional theoretical 
examinations or overall academic grading systems. Tellez 
et al.34 similarly reported that simulator-derived 
performance metrics may demonstrate procedural 
validity within simulation environments while not always 
directly corresponding to broader educational outcomes. 

Interestingly, a significant negative correlation was 
observed between practical/rubric scores and theoretical 
examination scores. Although this finding should be 
interpreted cautiously due to the limited sample size, it 
may suggest that psychomotor and cognitive 
competencies develop differently during early operative 
training. Maneechot et al.35 emphasized that restorative 
dentistry competency involves not only explicit 
theoretical knowledge but also tacit procedural 
understanding, psychomotor adaptation, and experiential 
learning processes. Similarly, Yip and Smales13described 
competency-based dental education as a 
multidimensional process involving theoretical 
knowledge, psychomotor skill acquisition, operative 
precision, and clinical judgment that may not always 
develop simultaneously. Prescott et al.36 additionally 
highlighted the complexity of competency assessment in 
clinical dental education and the challenges associated 
with evaluating multiple domains of performance within a 
single assessment structure. 

The rubric-based assessment structure used in the 
present study also aligns with contemporary competency-
based educational recommendations. von Bergmann et 
al.37 emphasized the educational importance of 
longitudinal and formative competency assessment 
systems capable of monitoring progressive skill 

acquisition in dental education. Similarly, Gareeballa et 
al.38 reported that competency-based curricula require 
integrated assessment systems capable of evaluating 
clinical, cognitive, and procedural performance domains 
simultaneously. The present study contributes to this 
literature by combining VR-generated objective metrics, 
blueprint-guided theoretical assessment, and rubric-
based authentic performance assessment within a single 
educational framework. 

An important original aspect of the present study is 
that VR-supported haptic simulation was evaluated not 
only as a psychomotor training tool but also within a 
comprehensive competency-based educational 
framework incorporating constructive alignment, 
blueprint analysis, Bloom’s revised taxonomy, and rubric-
based authentic assessment. Previous studies have 
primarily focused on the technical effectiveness of VR 
simulators or psychomotor skill acquisition (39,40). In 
contrast, the present study examined the alignment 
between learning outcomes, instructional activities, and 
assessment strategies, thereby providing a broader 
educational perspective on the integration of VR 
technologies into restorative dentistry curricula. Future 
multicenter studies including larger student cohorts are 
warranted to further validate these findings and to 
explore the longitudinal educational impact of VR-
supported training. 

The findings of the present study should be 
interpreted in light of several limitations. First, the 
relatively small sample size and single-institution design 
may limit the generalizability of the findings. Therefore, 
future multicenter studies including larger student 
cohorts are needed to confirm and extend the present 
findings. Second, the observational cross-sectional design 
does not permit causal conclusions regarding the 
educational effectiveness of VR-supported simulation 
activities. Third, item-level student examination data were 
unavailable; therefore, direct analysis of individual 
learning outcome achievement could not be performed. 
Finally, exploratory ROC analysis demonstrated limited 
discriminative ability of VR accuracy scores for identifying 
higher practical performers, suggesting that isolated 
simulator-generated metrics alone may not fully reflect 
multidimensional operative competency. Future 
longitudinal studies are warranted to further investigate 
the relationship between simulator-derived metrics and 
competency development over time. 

Conclusions 

The present study demonstrated that VR-supported 
haptic simulation activities could be integrated into a 
competency-based preclinical restorative dentistry 
curriculum within a constructive alignment framework. 
Blueprint analysis, Bloom’s revised taxonomy, and rubric-
based authentic assessment demonstrated consistency 
among intended learning outcomes, teaching activities, 
and assessment processes. Although VR simulator-
generated metrics were not significantly associated with 
educational outcome measures, the findings support the 
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educational applicability of VR-supported simulation in 
structured performance-based restorative dentistry 
training. 
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