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Introduction/background: Virtual dental simulators with a haptics component have been used with great success in dental education for over a decade and is becoming an integral part of dental curricula. A large number of studies have been published about the users’ perception, acceptance and attitude towards virtual dental simulators. However, no longitudinal or long-term studies to our knowledge have been conducted to evaluate the users’ acceptance over time.



Aims and objectives: The aim of the present study is to compare the students’ and academic staff's perceptions and expectations before using the Simodont® Dental Trainer and their evaluation of the technology after using it now vs. ten years ago.



Materials and methods: The participants were invited for a trial session on the Simodont® Dental Trainer and were asked to evaluate different aspects of this virtual simulator by completing a pre-experimental and post-experimental questionnaire. The data collected from the current study was compared against similar data collected and published a decade ago in the same educational institution.



Results: In general, participants from the present study rated different aspects of Simodont® dental trainer higher than their counterparts from the previous study a decade ago. Students from the present study were more excited and more likely to accept the technology when compared to the academic staff members as well as their counterparts from the 2014 student cohort. Academic staff and students from both studies were in total agreement that the Simodont® dental trainer should not be replacing traditional teaching. Both cohorts agreed that the feedback provided by the simulator should be supplemented by feedback from human supervisors. The open-ended responses highlighted the cost-effectiveness, student engagement, value of accessibility and flexibility in virtual dental training as well as persistent technical issues within the software as well as the need to develop more didactic content alongside the practical tasks offered by the simulator.



Conclusion: Generational differences as well as technology limitations affect the perception to virtual dental simulation. The acceptance of the Simodont® dental trainer is following the cycle of technology adoption models.
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Introduction

In an era of rapidly advancing educational technology, virtual simulation has emerged as a transformative tool in dental education (1). Traditional methods, while foundational, often fall short in providing students with the depth, repetition, and realism needed to develop clinical competence. Virtual simulations offer immersive, interactive environments that allow learners to refine their skills without the ethical or logistical limitations of working with real patients. This shift is not merely technological, but also it represents a pedagogical evolution that aligns with modern educational demands (2).

Growing evidence has been compiling for over a decade to support the role that virtual dental simulation plays in dental education (1, 3). The applications of virtual dental simulation are growing from preclinical early psychomotor skills development to include applications through different stages of the dental curricula as well as different disciplines/specialities of dentistry (2, 4, 5). and postgraduate programmes (6, 7). The increased popularity and the diverse application of virtual reality in dental education paved the way for a global VR-Haptic Thinkers Consortium to be established last year (3).

Traditional manikin-based dental simulation has long been a staple in dental education, offering tactile feedback and allowing students to practice hand skills in a controlled, physical environment. However, it lacks the variability, real-time feedback, and adaptability found in more advanced systems (1, 2, 5). The Simodont® Dental Trainer represents a significant advancement, providing high-fidelity virtual simulations with detailed 3D imagery and objective performance assessments (1). Yet, it may still be limited by hardware accessibility and cost (2, 4). Virtual simulation systems, particularly platforms like the Simodont® Dental Trainer, offer a highly immersive experience by replicating real clinical scenarios with visual, auditory, and sometimes haptic feedback, enabling students to engage more deeply with the learning process and refine their skills in a dynamic, responsive environment (1, 5).

A number of studies have assessed the validity of the Simodont® Dental Trainer for over a decade and agreed in concept that it is a valuable tool to be added to the existing traditional methods of preclinical dental education (8–11). Comparative studies in the field of virtual dental simulation have compared between the efficacy of virtual simulation vs. traditional methods of preclinical teaching (12, 13). However, to our knowledge, there are no studies in the literature that investigated the difference between users' acceptance and perceptions of virtual dental simulation over a linear period of time. The aim of our study is to investigate whether there is a difference between students' and academic staff's perceptions of the Simodont® Dental Trainer at present vs. a decade ago.



Materials and methods

The study was approved by the Griffith University Human Ethics Committee (GU Reference Number: 2025/146). The present study protocol was designed to mimic previous published studies conducted within the same educational facility (8, 9).

All first-year students in the first semester of study to ensure that they are handpiece naive and academic staff members within the School of Medicine and Dentistry – Griffith University were invited to participate in the study. The selection criteria for participation were consistent with our studies that were conducted and published a decade ago (8, 9). Forty first year students and eleven academic staff members with no previous experience in virtual dental simulation from the School of Medicine and Dentistry (Griffith University) were recruited to participate in this study on a first come first served basis to keep the sample size consistent with the previous studies conducted in the same educational facility over a decade ago (8, 9), to evaluate the fidelity of different aspects of the Simodont® Dental Trainer and to assess its value as a new tool in preclinical dental training and early development of Psychomotor skills.

All participants were asked to complete a pre-experimental questionnaire (Table 1) that was designed by educational advisors from ACTA (Academic Centre for Dentistry in Amsterdam) and validated in previously published studies (8–10). The pre-experimental questionnaire consisted of a series of seven questions on a 5-point Likert scale detailing their impression and expectations towards the Si­modont® Dental Trainer. Furthermore, all participants were asked to complete a post-experimental questionnaire (Table 2) that consisted of sixteen questions on a 5-point Likert relating to their experience with the Simodont® Dental Trainer and their opinions about its value in preclinical dental training and the development of psychomotor skills for early learners. The post-experimental questionnaire was also validated in previously published studies (8–10). Following completion of the post-experimental questionnaire, participants were invited to comment about the advantages, limitations and missing elements in the Simodont® Dental Trainer through open-ended questions. The responses from the pre-experimental questionnaire were compared the responses to the first eight questions of the post-experimental that explored the same concepts using a paired sample t-test. Furthermore, the responses from the current pre-and post-experimental questionnaires were compared to the responses from the corresponding questionnaires from the previous studies conducted within the same educational facility involving academic staff (8) and students (9)using a paired sample t-test. Finally, the responses to the open-ended questions were analysed using manual thematic coding in the form of open, axial and selective coding to identify and quantify themes and repeated patterns within the responses as well as link them to user groups (students vs. academic staff).



TABLE 1 Showing means and standard deviations, and frequency distributions of answers of the students’ pre-experimental questionnaire.



	Question
	Mean
	SD
	Strongly disagree (1)
	Disagree (2)
	Neutral (3)
	Agree (4)
	Strongly agree (5)





	I am excited about the Simodont
	4.725
	0.554
	0 (0%)
	0 (0%)
	2 (5%)
	7 (17.5%)
	31 (77.5)



	I expect Simodont to improve my clinical/preclinical skills
	4.675
	0.572
	0 (0%)
	0 (0%)
	2 (5%)
	9 (22.5%)
	29 (72.5%)



	I expect Simodont to be user friendly
	3.80
	0.822
	0 (0%)
	1 (2.5%)
	15 (37.5%)
	15 (37.5%)
	9 (22.5%)



	I expect to acquire manual dexterity tests quicker with Simodont than in the traditional preclinical training methods
	3.825
	0.957
	0 (0%)
	 3 (7.5%)
	13 (32.5%)
	12 (30%)
	12 (30%)



	I expect to be able to integrate Simodont easily in my learning environment
	3.85
	0.802
	0 (0%)
	 2 (5%)
	 10 (25%)
	20 (50%)
	8 (20%)



	I expect added value in the use of Simodont in my dental training
	4.65
	0.533
	0 (0%)
	0 (0%)
	1 (2.5%)
	12 (30%)
	27 (67.5%)



	I expect working on Simodont is realistic
	3.90
	0.900
	0 (0%)
	2 (5%)
	9 (22.5%)
	17 (42.5%)
	12 (30%)









TABLE 2 Showing means and standard deviations, and frequency distributions of answers of the students’ post-experimental questionnaire.



	Question
	Mean
	SD
	Strongly disagree (1)
	Disagree (2)
	Neutral (3)
	Agree (4)
	Strongly agree (5)





	The images of anatomical models and instruments in Simodont looked realistic
	3.825
	1.03
	2 (5%)
	1 (2.5%)
	10 (25%)
	16 (40%)
	11 (27.5%)



	The hardness, texture and tactile feedback provided by Simodont felt realistic
	4.65
	0.57
	0 (0%)
	0 (0%)
	2 (5%)
	10 (25%)
	28 (70%)



	The instructions given by Simodont were clear and provided in an easy format
	4.4
	0.74
	0 (0%)
	1 (2.5%)
	3 (7.5%)
	15 (37.5%)
	21 (52.5%)



	I felt comfortable using Simodont
	4.125
	0.72
	0 (0%)
	1 (2.5%)
	5 (12.5%)
	22 (55%)
	12 (30%)



	Using Simodont assisted my learning
	4.75
	0.43
	0 (0%)
	0 (0%)
	0 (0%)
	10 (25%)
	30 (75%)



	The educational feedback provided by Simodont assisted my learning
	4.625
	0.58
	0 (0%)
	0 (0%)
	2 (5%)
	11 (27.5%)
	27 (67.5%)



	The force feedback provided by Simodont assisted my learning
	4.625
	0.62
	0 (0%)
	0 (0%)
	3 (7.5%)
	9 (22.5%)
	28 (70%)



	Using Simodont improved my Visual-motor skills
	4.575
	0.63
	0 (0%)
	0 (0%)
	3 (7.5%)
	11 (27.5%)
	26 (65%)



	Using Simodont improved my knowledge
	4.15
	0.94
	0 (0%)
	2 (5%)
	9 (47.5%)
	10 (25%)
	19 (47.5%)



	I feel more confident about my skills after using Simodont
	4.175
	0.84
	0 (0%)
	1 (2.5%)
	8 (20%)
	14 (35%)
	17 (42.5%)



	Using Simodont in labs in the future will help improve my preclinical/clinical skills
	4.8
	0.40
	0 (0%)
	0 (0%)
	0 (0%)
	8 (20%)
	32 (80%)



	Simodont should be offered to all dentistry students prior to performing procedures on real patients
	4.875
	0.33
	0 (0%)
	0 (0%)
	0 (0%)
	5 (12.5%)
	35 (87.5%)



	I would prefer feedback from Simodont to be supplemented by feedback from a tutor or a lecturer as well
	4.625
	0.70
	0 (0%)
	1 (2.5%)
	2 (5%)
	8 (20%)
	29 (72.5%)



	Simodont approximates a real preclinical experience to me
	3.75
	0.84
	0 (0%)
	3 (7.5%)
	11 (27.5%)
	19 (47.5%)
	7 (17.5%)



	Do you think Simodont would be a useful educational tool in Dental training programs?
	4.725
	0.50
	0 (0%)
	0 (0%)
	1 (2.5%)
	9 (22.5%)
	30 (75%)



	Simodont should totally replace Phantom heads in preclinical training
	2.55
	1.06
	6 (15%)
	15 (37.5%)
	12 (30%)
	5 (12.5%)
	2 (5%)







All tasks given to the participants during the evaluation session were identical and included manual dexterity exercises, clinical exercises on a single tooth as well as a simulated full arch experience with teeth present in contact. These tasks were also identical to the tasks completed by participants in the corresponding studies conducted over a decade ago within the same educational institution. Figure 1 demonstrates some examples of the manual dexterity exercises used in the evaluation sessions in the present study.


[image: Panel A shows a user interface with various 3D model selections. Panel B depicts a close-up of a robotic arm using a tool on a square block with a green outline. Panel C features a similar robotic operation with a green circular outline. Panel D shows another view of the arm interacting with a square block. All panels illustrate robotic precision in 3D modeling.]
FIGURE 1
Showing examples of the manual dexterity exercises that were used in the evaluation sessions conducted in the present study. (A) The list of the variable manual dexterity exercises that are offered by the Simodont® Dental Trainer. (B) The linear manual dexterity exercise (direct vision). (C) The hollow circle (donut) manual dexterity exercise (direct vision). (D) The solid circle manual dexterity exercise (indirect vision). Images are courtesy of Nissin Dental Products Europe BV.




Results

Cronbach's alpha was calculated to test reliability and internal consistency for ratings of the questions of the pre and post experimental questionnaires. Both questionnaires showed high reliability [alpha = 0.834 (pre), alpha = 0.925 (post)].



Students' questionnaires


Pre-experimental questionnaire

The results obtained from our pre-experimental questionnaire showed that the first-year students of the School of Medicine and Dentistry (Griffith University) were above neutral and almost positive in regard to their expectations of the Simodont® Dental Trainer. The element of excitement about exploring the virtual dental simulator rated the highest of all questions, followed by their expectations about the value of the Simodont® Dental Simulator in dental education and improvement of skills. The Mean values for the answers of all seven questions presented in the pre-experimental questionnaire ranged between 3.8 and 4.725.



Post-experimental questionnaire

Following the trial of the Simodont® Dental Trainer, the first-year students remained positive about all aspects of the technology with a high degree of satisfaction showing in their responses with thirteen out of sixteen questions from the post-experimental questionnaire showing a mean response above 4. The realism of images and the approximation to a real traditional educational experience had a mean response below 4 (3.825 and 3.75 respectively). The consensus from their responses to the post-experimental questionnaire showed agreement about the educational benefits and value of the Simodont® Dental Trainer in pre-clinical training. The lowest rate out of all questions from the post-experimental questionnaire was related to the integration of this technology, where the first-year students disagreed to the Simodont® Dental Trainer totally replacing the traditional phantom heads in preclinical training. Table 2 summarizes the results obtained from the post experimental questionnaire.




Academics' questionnaires


Pre-experimental questionnaire

The results obtained from our pre-experimental questionnaire showed that the academic staff members of the School of Medicine and Dentistry – Griffith University overall positive about using the Simodont® Dental simulator. The Mean values for the answers to questions presented in the pre-experimental questionnaire ranged between 3.36 and 4.55. The expectations about the realism of the Simodont's virtual reality environment were rated the lowest by academic staff members.

Table 3 summarizes the results obtained from the academics' pre-experimental questionnaire.



TABLE 3 Showing means and standard deviations, and frequency distributions of answers of the academics’ pre-experimental questionnaire.



	Question
	Mean
	SD
	Strongly disagree (1)
	Disagree (2)
	Neutral (3)
	Agree (4)
	Strongly agree (5)





	I am excited about the Simodont
	4.55
	0.69
	0 (0%)
	0 (0%)
	1 (9.1%)
	3 (27.3%)
	7 (63.6%)



	I expect Simodont to improve my students’ clinical/preclinical skills
	4.27
	0.65
	0 (0%)
	0 (0%)
	1 (9.1%)
	6 (54.5%)
	4 (36.4%)



	I expect Simodont to be user friendly
	4.55
	0.82
	0 (0%)
	0 (0%)
	2 (18.2%)
	2 (18.2%)
	7 (63.6%)



	I expect my students to acquire manual dexterity tests quicker with Simodont than in the traditional preclinical training methods
	4.00
	0.77
	0 (0%)
	0 (0%)
	3 (27.3%)
	3 (27.3%)
	5 (45.4%)



	I expect to be able to integrate Simodont easily in my students’ learning environment
	4.55
	0.69
	0 (0%)
	0 (0%)
	1 (9.1%)
	3 (27.3%)
	7 (63.6%)



	I expect added value in the use of Simodont in my students’ Dental training
	4.55
	0.52
	0 (0%)
	0 (0%)
	0 (0%)
	6 (54.5%)
	5 (45.5%)



	I expect working on Simodont is realistic
	3.36
	1.12
	1 (9.1%)
	1 (9.1%)
	3 (27.3%)
	5 (45.4%)
	1 (9.1%)









Post-experimental questionnaire

Comparing the statistical results obtained from the post-experimental questionnaire to the ones obtained from the pre-experimental showed that the Simodont® dental trainer was not up to the academic staff members' expectations in terms of the realism of the 3D models' appearance and texture as well as the educational benefits that virtual simulator offers in terms of knowledge acquisition. Despite the concerns noted above, the academic staff members seemed positive about continuing using the Simodont® dental trainer in their students' preclinical learning environment. A point of agreement between the students' and academic staff members' responses to the post-experimental questionnaire was the value of the human element in the educational process where all participants (students and staff) agreed that the feedback from the Simodont® dental trainer should be augmented with instructions from a human supervisor and that virtual dental simulation should be offered parallel to rather than as a replacement to traditional manikin based simulation.

Table 4 summarizes the results obtained from the academics' post experimental questionnaire.



TABLE 4 Showing means and standard deviations, and frequency distributions of answers of the academics’ post-experimental questionnaire.



	Question
	Mean
	SD
	Strongly disagree (1)
	Disagree (2)
	Neutral (3)
	Agree (4)
	Strongly agree (5)





	The images of anatomical models and instruments in Simodont looked realistic
	4.00
	0.77
	0 (0%)
	0 (0%)
	3 (27.3%)
	5 (45.4%)
	3 (27.3%)



	The hardness, texture and tactile feedback provided by Simodont felt realistic
	3.73
	0.90
	0 (0%)
	0 (0%)
	6 (54.5%)
	2 (18.2%)
	3 (27.3%)



	The instructions given by Simodont were clear and provided in an easy format
	3.55
	1.21
	0 (0%)
	3 (27.3%)
	2 (18.1%)
	3 (27.3%)
	3 (27.3%)



	I felt comfortable using Simodont
	4.64
	0.50
	0 (0%)
	0 (0%)
	0 (0%)
	4 (36.4%)
	7 (63.6%)



	Using Simodont assisted my students’ learning
	4.18
	0.75
	0 (0%)
	0 (0%)
	2 (18.2%)
	5 (45.4%)
	4 (36.4%)



	The educational feedback provided by Simodont assisted my students’ learning
	2.90
	1.64
	3 (27.3%)
	2 (18.2%)
	2 (18.2%)
	1 (9.1%)
	3 (27.2%)



	The force feedback provided by Simodont assisted my students’ learning
	4.00
	0.89
	0 (0%)
	1 (9.1%)
	1 (9.1%)
	6 (54.5%)
	3 (27.3%)



	Using Simodont improved my students’ Visual-motor skills
	4.36
	0.67
	0 (0%)
	0 (0%)
	1 (9.1%)
	5 (45.4%)
	5 (45.5%)



	Using Simodont improved my students’ knowledge
	2.64
	1.50
	4 (36.4%)
	1 (9.1%)
	2 (18.2%)
	3 (27.2%)
	1 (9.1%)



	I think my students will feel more confident about their skills after using Simodont
	4.00
	0.89
	0 (0%)
	1 (9.1%)
	1 (9.1%)
	6 (54.5%)
	3 (27.3%)



	Using Simodont in labs in the future will help improve my students’ preclinical/clinical skills
	4.64
	0.81
	0 (0%)
	0 (0%)
	2 (18.2%)
	0 (0%)
	9 (81.8%)



	Simodont should be offered to all dentistry students prior to performing procedures on real patients
	4.55
	0.93
	0 (0%)
	1 (9.1%)
	0 (0%)
	2 (18.2%)
	8 (72.7%)



	I would prefer feedback from Simodont to be supplemented by feedback from a tutor or a lecturer as well
	4.64
	0.92
	0 (0%)
	1 (9.1%)
	0 (0%)
	1 (9.1%)
	9 (81.8%)



	Simodont approximates a real preclinical experience to me
	3.45
	1.12
	0 (0%)
	3 (27.3%)
	1 (9.1%)
	4 (36.4%)
	2 (18.2%)



	Do you think Simodont would be a useful educational tool in Dental training programs?
	4.45
	0.68
	0 (0%)
	0 (0%)
	1 (9.1%)
	4 (36.4%)
	6 (54.5%)



	Simodont should totally replace Phantom heads in preclinical training
	1.90
	1.57
	7 (63.6%)
	2 (18.2%)
	0 (0%)
	0 (0%)
	2 (18.2%)










Comparative analysis with the results from our previous studies


Comparative analysis of the students' pre-experimental questionnaire

Comparative analysis of the students' responses to the pre-experimental questionnaire from the current study vs. the corresponding questionnaire from the study by Bakr et al., 2014 (9) showed the current students provided significantly higher mean responses to the questions related to excitement, skill improvement, speed of skills acquisition compared to traditional methods, and added value in dental training when compared to the students from the last decade in the study conducted by Bakr et al., 2014 (9). Table 5 summarizes the results of the comparative analysis for the students’ pre-experimental questionnaire between the present study vs. the study by Bakr et al., 2014 (9).



TABLE 5 Showing the summary of the comparative analysis for the students’ pre-experimental questionnaires of the present study vs. the study by Bakr et al., 2014 (9).



	Question
	P value
	95% confidence interval
	t
	df
	Standard error of difference





	I am excited about the Simodont
	0.0301
	0.03012 to 0.57988
	2.2090
	78
	0.138



	I expect Simodont to improve my clinical/preclinical skills
	<0.0001
	0.56751 to 1.14249
	5.9208
	78
	0.144



	I expect Simodont to be user friendly
	0.0740
	−0.67176 to 0.03176
	1.8111
	78
	0.177



	I expect to acquire manual dexterity tests quicker with Simodont than in the traditional preclinical training methods
	0.0167
	 0.09405 to 0.91595
	2.4465
	78
	0.206



	I expect to be able to integrate Simodont easily in my learning environment
	0.7822
	−0.40881 to 0.30881
	0.2774
	78
	0.180



	I expect added value in the use of Simodont in my dental training
	0.0108
	0.09037 to 0.66963
	2.6120
	78
	0.145



	I expect working on Simodont is realistic
	0.2086
	−0.14250 to 0.64250
	1.2681
	78
	0.197









Comparative analysis of the students' post-experimental questionnaire

The were significant differences between the post-experimental responses obtained from the students in the current study vs. the students in the study by Bakr et al., 2014 (9) in almost all aspects of the evaluation of the virtual dental simulator. On the other hand, the areas of agreement between both students' cohorts were related to their evaluation of the realism of images, clarity of instructions and feedback provided by the simulator, as well as the importance of supplementing the virtual dental simulation experience with feedback from a human supervisor. It should be noted that the students from the current study rated all aspects of their experience with the Simodont® dental trainer significantly higher than the student cohort from the study by Bakr et al., 2014 (9). Furthermore, they were more accepting to the idea of virtual dental simulation replacing phantom heads in preclinical training in comparison to their counterparts in the 2014 study. Table 6 summarizes the results of the comparative analysis for the students' post-experimental questionnaire between the present study vs. the study by Bakr et al., 2014 (9).



TABLE 6 Showing the summary of the comparative analysis for the students’ post-experimental questionnaires of the present study vs. the study by Bakr et al., 2014 (9).



	Question
	P value
	95% confidence interval
	t
	df
	Standard error of difference





	The images of anatomical models and instruments in Simodont looked realistic
	0.4961
	−0.29624 to 0.60624
	0.6839
	78
	0.227



	The hardness, texture and tactile feedback provided by Simodont felt realistic
	<0.0001
	1.33668 to 1.96332
	10.4841
	78
	0.157



	The instructions given by Simodont were clear and provided in an easy format
	0.0413
	0.01533 to 0.74467
	2.0746
	78
	0.183



	I felt comfortable using Simodont
	<0.0001
	0.56620 to 1.28380
	5.1325
	78
	0.180



	Using Simodont assisted my learning
	<0.0001
	1.08829 to 1.71171
	8.9417
	78
	0.157



	The educational feedback provided by Simodont assisted my learning
	<0.0001
	0.89627 to 1.61373
	6.9649
	78
	0.180



	The force feedback provided by Simodont assisted my learning
	<0.0001
	1.12429 to 1.78571
	 8.7590
	78
	0.166



	Using Simodont improved my Visual-motor skills
	<0.0001
	0.87679 to 1.63321
	6.6061
	78
	0.190



	Using Simodont improved my knowledge
	<0.0001
	0.78948 to 1.61052
	5.8195
	78
	0.206



	I feel more confident about my skills after using Simodont
	<0.0001
	0.78917 to 1.52083
	6.2855
	78
	0.186



	Using Simodont in labs in the future will help improve my preclinical/clinical skills
	<0.0001
	0.82126 to 1.37874
	7.8566
	78
	0.140



	Simodont should be offered to all dentistry students prior to performing procedures on real patients
	<0.0001
	0.87857 to 1.47143
	7.8913
	78
	0.149



	I would prefer feedback from Simodont to be supplemented by feedback from a tutor or a lecturer as well
	0.2501
	−0.14724 to 0.55724
	1.1587
	78
	0.177



	Simodont approximates a real preclinical experience to me
	<0.0001
	0.51702 to 1.24298
	4.8265
	78
	0.182



	Do you think Simodont would be a useful educational tool in Dental training programs?
	<0.0001
	0.48568 to 1.16432
	4.8403
	78
	0.170



	Simodont should totally replace Phantom heads in preclinical training
	<0.0001
	0.90351 to 1.65649
	6.7685
	78
	0.189









Comparative analysis of the academics' pre-experimental questionnaire

Comparative analysis of the students' responses to the pre-experimental questionnaire from the current study vs. the corresponding questionnaire from the study by Bakr et al., 2013 (8) showed the current academic staff members has significantly higher expectations regarding the Simodont® dental trainer when compared to the academics from the last decade in the study conducted by Bakr et al., 2013 (8). The only exceptions were the user friendliness and realism of the Simodont® dental trainer where responses from academics from both studies showed no statistical difference, despite current participants rating both aspects higher than their 2013 counterparts. Table 7 summarizes the results of the comparative analysis for the academics’ pre-experimental questionnaire between the present study vs. the study by Bakr et al., 2013 (8).



TABLE 7 Showing the summary of the comparative analysis for the academics’ pre-experimental questionnaires of the present study vs. the study by Bakr et al., 2013 (8).



	Question
	P value
	95% confidence interval
	t
	df
	Standard error of difference





	I am excited about the Simodont
	0.0381
	−1.6097 to −0.0503
	2.2204
	20
	0.374



	I expect Simodont to improve my students’ clinical/preclinical skills
	0.0388
	−1.7683 to −0.0517
	2.2115
	20
	0.411



	I expect Simodont to be user friendly
	0.0837
	−1.5879 to 0.1079
	1.8206
	20
	0.406



	I expect my students to acquire manual dexterity tests quicker with Simodont than in the traditional preclinical training methods
	0.0046
	 −2.2667 to −0.4733
	3.1868
	20
	0.430



	I expect to be able to integrate Simodont easily in my students’ learning environment
	0.0137
	−1.7897 to −0.2303
	2.7020
	20
	0.374



	I expect added value in the use of Simodont in my students’ dental training
	0.0118
	−1.9283 to −0.2717
	2.7701
	20
	0.397



	I expect working on Simodont is realistic
	0.5947
	−1.3116 to 0.7716
	0.5407
	20
	0.499









Comparative analysis of the academics' post-experimental questionnaire

There were significant differences between the responses to the post-experimental questionnaire by the academics in the current study in comparison to their counterparts in the 2013 study by Bakr et al. (8), in the areas of the realism of the hardness, texture, tactile feedback provided by the Simodont® dental trainer, feeling comfortable while using the simulator, its usefulness as an educational tool, its value in improving clinical/preclinical skills and the necessity to offer its technology to all students prior to performing clinical procedures on real patients. Furthermore, there was a trend towards higher ratings by the academics in the current study when compared to the previous study by Bakr et al., 2013 (8), despite not being statistically significant for other aspects of the post-experimental questionnaire. Table 8 summarizes the results of the comparative analysis for the academics' post-experimental questionnaire between the present study vs. the study by Bakr et al., 2013 (8).



TABLE 8 Showing the summary of the comparative analysis for the academics’ post-experimental questionnaires of the present study vs. the study by Bakr et al., 2013 (8).



	Question
	P value
	95% confidence interval
	t
	df
	Standard error of difference





	The images of anatomical models and instruments in Simodont looked realistic
	0.8294
	−0.7700 to 0.9500
	0.2183
	20
	0.412



	The hardness, texture and tactile feedback provided by Simodont felt realistic
	0.0303
	−2.0841 to −0.1159
	2.3316
	20
	0.472



	The instructions given by Simodont were clear and provided in an easy format
	0.4387
	−0.57392 to 1.27392
	0.7902
	20
	0.443



	I felt comfortable using Simodont
	0.0001
	−1.88378 to −0.85622
	5.5623
	20
	0.246



	Using Simodont assisted my students’ learning
	0.0876
	−1.5778 to 0.1178
	1.7962
	20
	0.406



	The educational feedback provided by Simodont assisted my students’ learning
	0.3212
	−0.6723 to 1.9523
	1.0173
	20
	0.629



	The force feedback provided by Simodont assisted my students’ learning
	0.1326
	−1.4914 to 0.2114
	 1.5680
	20
	0.408



	Using Simodont improved my students’ Visual-motor skills
	0.0784
	−1.5508 to 0.0908
	1.8551
	20
	0.394



	Using Simodont improved my students’ knowledge
	0.1265
	−0.2774 to 2.0774
	1.5945
	20
	0.564



	I think my students will feel more confident about their skills after using Simodont
	0.1535
	−1.5397 to 0.2597
	1.4838
	20
	0.431



	Using Simodont in labs in the future will help improve my students’ preclinical/clinical skills
	0.0314
	−1.9206 to −0.0994
	2.3137
	20
	0.437



	Simodont should be offered to all dentistry students prior to performing procedures on real patients
	0.0038
	−2.09571 to −0.46429
	3.2732
	20
	0.391



	I would prefer feedback from Simodont to be supplemented by feedback from a tutor or a lecturer as well
	0.2925
	−1.3475 to 0.4275
	1.0811
	20
	0.425



	Simodont approximates a real preclinical experience to me
	0.0757
	−1.73320 to 0.09320
	1.8731
	20
	0.438



	Do you think Simodont would be a useful educational tool in Dental training programs?
	0.0341
	−1.9172 to −0.0828
	2.2744
	20
	0.440



	Simodont should totally replace Phantom heads in preclinical training
	0.4236
	−1.59896 to 0.69896
	0.8170
	20
	0.551










Open-ended comments

The themes observed in the open-ended comments from participants focused on applications in dental education as well as technical and educational limitations. Furthermore, there were some comments related to hardware components of the software.


Examples of the open-ended responses include


“A cost-effective tool that allows repetitive training in a risk-free environment.”




“The experience with the virtual simulation flowed seamlessly and I was extremely engaged to the extent that I did not feel the flow of time.”




“The hardware design forced me to sit in the correct ergonomic position which was a great addition to my training.”




“I like the flexibility and the ability to access the virtual dental simulators any time for extra training.”




“I feel that prolonged exposure to the 3D virtual reality environment could cause headaches, vertigo and eye strain to some users.”




“There was a bit difference between the cutting efficiency of the sides and tip of the bur.”




“The variability in consistency between different parts of the target material made it extremely difficult to create a smooth floor.”




“The software interface has the ability to include more educational material to supplement the practical component offered by the simulator.”




“The joystick that manipulates the orientation of the objects in the virtual environment needs to provide more flexibility in movement.”




“The ratio between the sizes of the dental mirror and the handpiece needs to be finetuned.”




“The technology is impressive. However, it does not equip the students with the appreciation of human anatomical variation, infection control measures, empathy and communication skills.”




“The hardware design around the horseshoe finger rest area was artificial and did not feel natural to an experienced clinician who is used to intra-oral and extra-oral support while holding dental instruments.”






Discussion

Over the past decade, dental education has undergone a significant transformation with the integration of virtual simulation technologies. What once began as a supplementary tool met with scepticisms and uncertainty has gradually evolved into a core component of preclinical training in many institutions (2, 14). In its early stages, virtual dental simulation faced challenges related to realism, accessibility, and user trust. However, advances in haptic feedback, immersive interfaces, and the growing demand for remote learning, especially during the COVID-19 pandemic, have shifted user perceptions dramatically (15). Today, these simulations are not only more widely accepted but are also seen as essential in bridging the gap between theoretical knowledge and clinical practice (16–18). This study explores the evolution of user perceptions and acceptance of virtual dental simulation, comparing attitudes and adoption rates from a decade ago to the present day, and examining the factors that have influenced this paradigm shift, including the technological progress, pedagogical integration, and broader cultural shifts in education as well as evaluates how these changes have impacted its effectiveness and legitimacy within dental training by comparing historical and contemporary viewpoints.

Since our previous studies over a decade ago, significant technological advancement, particularly in haptic feedback, graphical fidelity, and user interface design transformed virtual simulation into a far more immersive and credible training environment. Concurrently, the educational landscape itself has evolved, shaped in part by the global COVID-19 pandemic, which accelerated the demand for remote and flexible learning solutions. These shifts have prompted a re-evaluation of virtual simulation's role in dental education, with more recent cohorts of students and faculty demonstrating greater acceptance and even preference for these tools in preclinical learning.

Examining how user perceptions and acceptance of virtual simulation in dental education have evolved over a ten-year period offers critical insights into the intersection of technology, pedagogy, and user experience. A longitudinal perspective (19) allows researchers and educators to assess not only how technological tools have developed, but also how attitudes toward their use have shifted in response to changes in digital literacy, instructional needs, and institutional readiness (20). The comparative analysis over a decade is important in revealing whether technological advancements, such as improved haptic feedback, higher graphical fidelity, and enhanced interactivity have translated into greater perceived usefulness and trust among users. Consequently, if perceptions remain largely unchanged despite technological improvements, it may suggest that deeper issues including cultural, pedagogical, or logistical barriers are limiting widespread acceptance. One of the aspects that our present study highlights is the influence of generational change within both the student body and faculty (21, 22). As newer cohorts of students, often characterized as digital natives (23), enter dental education with different learning preferences and expectations, their acceptance of virtual tools may differ markedly from that of previous generations. Simultaneously, faculty attitudes toward educational technology may also evolve, influenced by professional development, institutional policy, and exposure to digital teaching tools.

Furthermore, a decade-long comparison captures the impact of broader contextual shifts in education, particularly those accelerated by events like the COVID-19 pandemic which forced many institutions to rapidly adopt virtual learning tools, including simulation, offering a unique opportunity to evaluate how necessity-driven exposure may have reshaped users' views on simulation-based training (24, 25). To our knowledge, this is the first longitudinal study of its kind in the field of virtual dental simulation. Moreover, such a temporal comparison enables a more nuanced evaluation of integration success. Rather than relying on isolated snapshots of opinion, a decade-long lens reveals whether simulation has become more deeply embedded in dental curricula, and whether users have moved from viewing it as a novelty to recognizing it as an essential component of clinical training. Finally, this type of research contributes to the broader field of educational technology adoption and diffusion by identifying long-term trends, challenges, and enabling factors. It informs policy makers, curriculum designers, and software developers on how to tailor future innovations to meet user expectations and pedagogical demands more effectively.

When originally introduced as a novel supplement to conventional hands-on training, early implementations of virtual dental simulation were met with cautious interest, often perceived as lacking the realism and tactile fidelity necessary for effective clinical skill development. Limited by early-stage technology and minimal integration into curricula, the initial reception among students and educators alike was mixed following classical patterns of adoption models in health education (26). During its formative years, virtual simulation was often perceived as an experimental supplement rather than a reliable substitute for traditional hands-on training. A number of early studies (8, 9, 27) reported concerns regarding technical limitations, high implementation costs, and insufficient tactile realism, which hindered widespread acceptance among both students and faculty.

The results from our study are consistent with technology adoption models including Theoretical Frameworks of Technology Acceptance including the Technology Acceptance Model (TAM) (28) which has been proven useful in predicting users' acceptance of certain technological aspects in health care (29), health education (30) and dentistry (31, 32), as well as the Unified Theory of Acceptance and Use of Technology (UTAUT) (33). Virtual dental simulation is now considered to have achieved the stage of mainstream integration and is currently undergoing the stages of maturity and standardization, increased user competency as well as refined use and optimization. Future stages will include data on long-term impact which is an area that is currently lacking in the literature, hence, the importance of the current study in providing data that covers a decade of virtual dental simulation with the use of the Simodont® dental trainer. Future stages of the adoption of virtual dental simulation will include evolution through major updates or integrations with newer innovations including artificial intelligence feedback and automation.

Understanding the evolution of user perceptions toward virtual dental simulation necessitates an examination of the generational shifts that have occurred within dental education over the past decade. The differing levels of familiarity, comfort, and expectations regarding technology between past and current learners are critical to explaining the variations in acceptance of virtual simulation learning environments. Prensky's (2001) (34) Digital Native Theory provides a useful framework for conceptualizing these generational differences. Digital natives, typically individuals born after 1980, have been immersed in technology from a young age and thus exhibit a high degree of fluency with digital tools. In contrast, earlier cohorts of dental students and faculty, often categorized as digital immigrants, had to adapt to technological innovations later in life (23, 34). As such, early perceptions of virtual dental simulation were often marked by scepticism and resistance, particularly due to perceived deficiencies in realism, tactile feedback, and the unfamiliar nature of the interface (35). It should be noted that despite the potential perceived bias due to different sample characteristics at different times, there were lots of similarities between the results obtained from the current study when compared to our previous studies that were conducted a decade ago.

Contemporary dental students, as digital natives, generally demonstrate greater openness to technology-enhanced learning. Studies in healthcare education have highlighted that current learners often prefer interactive, self-paced, and experiential learning modalities (36–39), which align closely with the capabilities of virtual simulation platforms. This shift in learning preferences supports higher acceptance rates and greater engagement with simulation technologies among recent student cohorts compared to those of a decade ago. Moreover, expectations surrounding educational technology have changed. Virtual tools are no longer perceived as supplemental or experimental; rather, they are increasingly viewed as integral to the delivery of high-quality education (40–42). The widespread call for adoption of online and remote learning platforms during the COVID-19 pandemic further normalized the use of virtual technologies in clinical education (43). We believe this potentially reinforces a more positive perception of their value and legitimacy among digital-native students. Despite these generational shifts, certain critiques of virtual dental simulation persist (5). Both earlier and current users have expressed concerns regarding the lack of tactile realism and the limited scope of patient variability offered by simulation platforms (5, 8, 9). These enduring limitations suggest that while generational factors contribute to greater acceptance, technological shortcomings remain a barrier to full integration, regardless of a user's digital literacy.

An additional layer of complexity arises when considering faculty attitudes. Generational differences between students and instructors can influence the institutional climate surrounding virtual simulation. Faculty members from earlier generations may exhibit lower levels of enthusiasm or confidence in digital teaching tools, which can indirectly shape student perceptions (44). Resistance among some faculty members will always persist as a barrier to full acceptance. Educators who are less familiar with or confident in using simulation technologies may be hesitant to integrate them fully into the curriculum, thereby reinforcing conservative views among students and slowing broader cultural acceptance. Faculty hesitance, rooted in both technological discomfort and pedagogical tradition, has remained a notable constant in the discourse surrounding simulation in dental education. Conversely, younger or more technologically adept educators may champion the integration of simulation technologies, fostering a more supportive learning environment. The current study followed the same protocol as our previous studies a decade ago for a sound comparative analysis, and did not take into account the age or graduation year of the academic staff members as the main focus of our study was the change in the acceptance or perception of the Simodont® Dental Trainer over a decade. We recommend that future studies explore the impact of generational differences on the adoption of virtual simulation in dental education.

Despite increasing familiarity and integration within dental curricula, recurring concerns, particularly around the authenticity of the simulation experience continue to shape user attitudes. A primary reason for the persistent scepticism lies in the limitations of tactile realism and haptic feedback. Many users, both historically and presently, have expressed concern that current simulation platforms do not accurately replicate the nuanced tactile sensations of working within the oral cavity (8, 9, 45). Despite improvements in hardware and interface design, the inability of virtual systems to fully emulate tissue resistance, anatomical variability, and fine motor responses continues to hinder their perceived equivalency to traditional hands-on training. This limitation is particularly salient in a discipline like dentistry, where psychomotor precision is critical and clinical confidence is often built through physical repetition. Furthermore, infection control, ethics and communication skills, being integral domains in the dental profession, are not assessed nor developed using virtual dental simulation which remains a drawback in the technology (5), that was reflected in the open-ended responses the participants provided in the present study. However, some work in developing in the health education landscape to include ethical dilemmas in the world of virtual simulation (46). Moreover, the lack of real patient interaction in virtual environments continues to be a point of critique. While virtual simulations provide structured, standardized cases, they often fail to capture the unpredictability, interpersonal dynamics, and contextual variability present in live clinical settings. We hypothesize that the perceived detachment from the real-world patient experience contributes to ongoing reservations about the ability of simulation alone to prepare students adequately for clinical encounters.

Another factor that has remained relatively consistent is the perceived cost-benefit ratio of simulation tools (5). Even with broader institutional support and decreasing hardware costs, the initial investment required for simulation technology along with the associated faculty training, maintenance, and software updates remains a concern (5), particularly in resource-constrained educational environments. For institutions and educators, these considerations continue to affect the perceived feasibility and scalability of virtual simulation in dental education. Furthermore, the lack of consistency between virtual dental simulation tools as well as the studies evaluating their performance and efficacy (47), remains a concern for educational institutions when making a decision to invest in these technologies due to the absence of high-quality evidence based long term studies or a universal assessment tools/standards to validate new emerging virtual dental simulation technologies (5).

Additionally, assessment validity and feedback quality remain areas where user perceptions have changed little. While virtual systems often include automated performance metrics and scoring algorithms, users frequently question the depth, nuance, and clinical relevance of such feedback compared to that provided by experienced instructors. This scepticism may contribute to a lingering sense that simulation, while useful for skill acquisition and repetition, cannot fully replace expert-guided assessment and mentorship, which was consistent with our results in the present study as well as our previous studies a decade ago.

The advent of training with haptic devices may become a necessary part of training for dental graduates. These techniques can translate directly into apparatus that utilise robotics for a variety of dental procedures. Recent advances have seen implant dentistry incorporate haptic feed-back robotics for implant placement (48–50). Applications for tooth preparation, prosthetics, and crown lengthening procedures have also been noted (51, 52). These emerging technologies and techniques may cement the use of virtual simulation training as a necessity for training of current and future dental graduates. The inclusion of this modality of training may become even more integral to dental curriculum with the advent of robotic guided dental procedures, which may rely on a degree of user control via haptic feedback. Current shift in clinical practice that have seen robotics or automated systems to perform clinical procedures will also make this training current. The need for future dental graduates to be able to operate and oversee these systems is likely a critical future skill.

In addition to robotics technology, there could be some possible links between the findings from the current study and mixed reality technologies. Mixed reality (MR) is emerging as a transformative tool in dental education, blending the physical and digital worlds to enhance learning experiences. By integrating virtual elements with real-world interactions (53). MR allows students to visualize complex anatomical structures in 3D, simulate procedures with lifelike precision, and interact with digital overlays while working on physical models or patients (53). This fusion of virtual and real environments promotes deeper understanding, improves spatial awareness, and supports more effective clinical decision-making (54). As a result, mixed reality not only enriches traditional teaching methods but also bridges the gap between theory and hands-on practice in dental training (53–55).

The responses to the open-ended questions in the present study highlighted the value of virtual dental simulation in providing repetitive training in a safe environment which would be helpful to restore the self-confidence for students who are struggling with hand skills in tailor-made academic recovery programs (5). The ease of accessibility to virtual dental simulation with immediate feedback was also highlighted and appreciated by participants as one of the common themes. On the downside, despite the developments of the Simodont® dental trainer' software, the trend of receiving comments related to technical issues remained evident in the current study as seen in the previous study conducted over a decade ago (9). This could be contributed to the continuous need for further developments in the simulator's software as well as the possibility that users' expectations could have increased recently with lots of technological advances becoming more mainstream when compared to the last decade. Furthermore, while the value of the simulator's ability to develop practical hand skills was evident, the software's interface still requires more advancement in providing an additional value as an educational tool to improve the students' didactic knowledge. Finally, despite its ability to develop good habits in early learners when it comes to ergonomic positions, the Simodont® dental trainer lacked the ability to teach students about human anatomical variation, infection control measures, empathy and communication skills as identified by participants' responses in the open-ended questions in the current study. This highlights the fact that participants from both studies compared were in total agreement that the Simodont® dental trainer would not replace traditional preclinical/clinical teaching methods and should include the human involvement of supervisors to complement those missing elements in the educational process.

The present study highlights the importance of virtual dental simulation as a risk-free immersive tool in dental education. This technology enhances learning outcomes, builds confidence, and bridges the gap between theoretical knowledge and practical application, ultimately leading to better-prepared dental professionals. Our study fills a gap in the knowledge related to the lack of long-term comparative studies in the field of applications of virtual simulation in dental education. However, more gaps in the literature remain unexplored including the limited cross-cultural or multi-institutional research and minimal research on user perceptions beyond students, including administrators and regulating/accreditation bodies.



Conclusions

Generational differences shaped by digital fluency, evolving pedagogical preferences, and shifting cultural expectations play a substantial role in influencing how users perceive and accept virtual dental simulation. While the current generation of learners exhibits greater receptivity, persistent concerns regarding realism, patient interaction, cost-effectiveness, feedback and instructional quality, have persisted over the past decade. These concerns indicate that perceptions are also shaped by the intrinsic capabilities and limitations of the technology itself. These enduring perceptions underscore the importance of addressing not only technological development but also pedagogical integration, faculty training, and curricular alignment to fully realize the potential of simulation-based dental education.
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