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Abstract: Simulation-based education plays an increasingly important role in dental curricula, supporting 
the acquisition of psychomotor and cognitive skills in a controlled, low-risk environment. Learning management 
systems such as Moodle can further enhance this process by providing structured, interactive learning units that 
prepare students for hands-on training on high-fidelity simulators. This study describes the development and pre-
liminary evaluation of an interactive Moodle lesson used as pre-simulation preparation in Endodontics for third-
year dental students at the Medical University of Plovdiv.

An interactive learning unit titled “Endodontic Access Cavity Preparation” was developed using the Lesson 
activity in Moodle. The learning unit included clearly defined objectives, nonlinear navigation paths, and multi-
modal content (text, images, and short video clips), and embedded formative questions to maintain interactivity. It 
was implemented in both Bulgarian- and English-taught groups of third-year dental students. Student satisfaction 
was assessed via an anonymous electronic questionnaire following lesson completion. Data was exported and 
analyzed quantitatively using IBM SPSS Statistics version 23.

Results indicate high levels of student satisfaction across both language groups. Participants reported that 
the structure and multimodal presentation made the material interesting and engaging, and the nonlinear path-
ways supported a sense of personalization and choice in learning. Students also stated that the lesson was suita-
ble for self-directed preparation before working with a high-technology dental simulator and helped them better 
understand key steps in endodontic access cavity preparation. No significant difference in satisfaction levels was 
observed between Bulgarian- and English-speaking cohorts
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Integrating interactive Moodle lessons as preparatory tools for simulation-based training in dental edu-
cation positively influences student engagement and learning satisfaction. The approach supports personalized 
learning and serves as an effective bridge between theoretical instruction and practical application on high-fidel-
ity simulators.

Keywords: Moodle, endodontics, simulation-based learning.

Introduction
Endodontic access cavity preparation is a fundamental component of undergraduate endodontic 

training because it is a gateway to all subsequent endodontic steps. The quality of access cavity prepara-
tion directly determines whether canals can be located and instrumented effectively. A poorly executed 
access cavity compromises the entire root canal procedure, including cleaning, shaping, and obtura-
tion (Almaslamani et al., 2026). This procedure develops core technical and cognitive skills in dental 
students. The task demands fine motor dexterity, three-dimensional spatial reasoning, and a thorough 
understanding of pulp chamber anatomy – foundational competencies that underpin all clinical endo-
dontic work. Structured preclinical training has been shown to reduce iatrogenic errors (e.g., gouging, 
perforation) and improve student performance before patient contact (Slaczka et al., 2024). Mastery of 
this step is essential for the success of subsequent cleaning, shaping, and obturation procedures, yet it 
poses substantial challenges for third‑year students who are still developing fine motor skills and spatial 
understanding of internal tooth anatomy. 

Traditional endodontic teaching has long depended on didactic lectures, live faculty demonstra-
tions, and hands-on exercises using typodont teeth or phantom-head simulators. Although these methods 
establish foundational procedural knowledge and basic manual skills, they carry well-documented lim-
itations:

– Limited individualized feedback. High student-to-faculty ratios and time pressures mean that 
instructors cannot consistently provide targeted, formative feedback to each learner during hands-on 
sessions. Students may therefore repeat errors without timely correction, slowing skill acquisition (Se-
gura-Egea et al. 2025).

– Restricted pre-practice preparation. Live demonstrations often suffer from poor viewing angles 
and limited real-time interaction when delivered to large groups, meaning students arrive at practical ses-
sions without adequate conceptual or visual preparation. Typodonts and early simulators also frequently 
fail to reproduce the three-dimensional anatomy and tactile realism of actual teeth, widening the gap 
between preclinical training and real patient care (Slaczka et al., 2024).

– Fragmented visual and textual integration. Conventional curricula tend to keep lectures, demon-
strations, and practice sessions as separate events, without consistently providing integrated multimedia 
or pre-class materials that students can revisit. This separation reduces the scaffolding needed for com-
plex psychomotor learning (Segura-Egea et al., 2025).

Emerging solutions – such as e-learning modules, video-assisted instruction, and haptic simulators 
– have been introduced precisely to address these gaps, suggesting that the traditional model alone is 
insufficient for comprehensive endodontic skill development.

Haptic and virtual reality simulators, as well as other virtual training tools, have been shown to 
enhance preparation accuracy, support deliberate practice, and increase students’ confidence (Manav et 
al. 2025), although students often prefer these technologies as part of a blended approach rather than 
as stand‑alone replacements for conventional simulation (Gramatges-Rojas et al., 2025). Within this 
broader digital ecosystem, structured pre‑simulation activities can provide learners with clear objectives, 
conceptual frameworks, and visual exemplars before they engage in hands‑on tasks, potentially reducing 
anxiety and optimizing the use of limited simulator time (Cox et al., 2017).

Learning management systems such as Moodle are now widely adopted in dental schools as cen-
tral hubs for course content, assessments, and communication, and they allow the integration of mul-
timedia materials, self‑paced learning, and embedded formative assessment (Chang et al., 2017), (El 
Tantawi, Mourady 2012). Interactive e‑learning modules, especially those incorporating clinical scenar-
ios, nonlinear navigation, and immediate feedback on embedded questions, have been associated with 
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higher engagement, improved understanding, and positive learner perceptions in various areas of dental 
education, including radiology and prosthodontics (Ostermann et al., 2017). In the context of simula-
tion‑based training, elements such as clearly stated objectives, appropriate level of difficulty, feedback, 
and opportunities for reflection are closely related to student satisfaction and self‑confidence, underlin-
ing the importance of thoughtful instructional design (Tan et al., 2021).

Although several studies have explored virtual simulators and video‑based resources for teaching 
endodontic access cavity preparation (Sánchez-Herrera et al., 2025), (Choi et al., 2023), (Dabbour et 
al., 2018), there is comparatively little evidence on the use of Moodle‑based, interactive pre‑simulation 
lessons specifically tailored to prepare third‑year dental students for subsequent hands‑on simulator ex-
ercises in this procedure. Addressing this gap, we developed a multimedia, nonlinear Moodle lesson on 
endodontic access cavity preparation that combines high‑quality images, explanatory text, and embed-
ded questions designed to check understanding and guide learners through key decision points. The aim 
of this preliminary study was to evaluate third‑year dental students’ satisfaction with this pre‑simulation 
lesson in terms of clarity of objectives, appropriateness of content and volume, quality of images, and 
perceived interactivity.

Materials and Methods
We conducted a cross-sectional survey among third-year dental students at the Faculty of Dental 

Medicine, Medical University of Plovdiv, in March 2026.  Thirty students were enrolled in the Bulgarian 
language e-course, and 30 students, taught in English, were enrolled in the English version of the course. 
Participation was voluntary and anonymous, and the survey was administered as a Google form imme-
diately after completion of the interactive Moodle pre-simulation lesson on endodontic access cavity 
preparation. 

The lesson consisted of 30 pages, of which two pages were true-false questions and two were 
multiple-choice questions. The lesson started with setting the objectives and ended with a summary. The 
pages were short, rich in images and explanations. The lesson was non-linear, with students having the 
opportunity to choose transitions to pages with preparation phases and to pages with different teeth. 

Student satisfaction with the lesson was evaluated using a questionnaire comprising seven state-
ments: (1) “The content of the lesson is sufficient to achieve the objectives.”; (2) “The content is presented 
in a comprehensible manner.”; (3) “The content is interesting.”; (4) “The structure of the lesson is clear 
and logical.”; (5) “The content on the individual pages is sufficient.”; (6) “The images are informative.”; 
and (7) “I like the lesson.” Each item was rated on a five-point Likert scale, where 1 = “I strongly disa-
gree,” 2 = “I tend to disagree,” 3 = “I cannot decide,” 4 = “I tend to agree,” and 5 = “I strongly agree,”. 

Data were entered and analysed using IBM SPSS Statistics, version 23.0. For each item, we cal-
culated relative frequencies (percentages) of responses in each Likert category and measures of central 
tendency (mean). The level of statistical significance was set at 0.05. 

Results
The Bulgarian cohort consisted of 26 students and 23 were the students trained in English, who 

participated in the lesson and responded to the survey. Table 1 summarizes the statistics of the lesson.

Table 1. Lesson statistics
Mean score High score Low score Mean time High time Low time

Bulgarian 98.08% 100% 75% 7 min., 49 
sec.

20 min., 4 
sec.

3 min., 29 sec.

English 100% 100% 100% 5 min., 15 
sec.

24 min. 1 min., 15 sec.

Table 2 presents the relative shares of the respondents from each cohort by Likert category in each 
item and Table 3 presents the mean values and standard deviations of the students’ agreements for each 
item.
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Table 2. Students’ answers in relative shares by items. 

Item
I strongly 
disagree, %

I tend to disagree, 
%

I cannot decide, 
%

I tend to agree, % I strongly agree, 
%

Bul Eng Bul Eng Bul Eng Bul Eng Bul Eng
1. 0 0 0 8,7 30,8 17,4 38,5 17,4 30,8 56,5
2. 0 0 15,4 13,0 15,4 13,0 30,8 17,4 38,5 56,5
3. 0 0 7,7 8,7 23,1 21,1 30,8 17,4 38,5 52,2
4. 7,7 0 0 4,3 15,4 26,1 38,5 21,7 38,5 47,8
5. 0 0 0 4,3 23,1 26,1 46,2 21,7 30,8 47,8
6. 0 0 0 0 15,4 21,7 30,8 21,7 53,8 56,5
7. 0 0 0 4,3 30,8 34,8 30,8 34,8 38,5 47,8

Table 3. Mean values of the level of agreement with each item
Item Bulgarian 

M±STD
English 
M±STD

1. 4.00±0.800 4.22±1.043
2. 3.92±1.093 4.17±1.114
3. 4.00±0.980 4.13±1.058
4. 4.00±1.131 4.13±0.968
5. 4.08±0.744 4.13±0.968
6. 4.38±0.752 4.35±0.832
7. 4.08±0.845 4.04±1.022

The One-Sample Kolmogorov-Smirnov test showed that the variables associated with the stu-
dents’ agreements differ from the normal distribution, which was a reason to choose the Mann-Whitney 
nonparametric test for the analysis. We did not find any statistically significant differences in the answers 
of the students taught in Bulgarian and those taught in English with p-values as follows: 1 – 0.241; 2 – 
0.325; 3 – 0.551; 4 – 0.782; 5 – 0.655; 6 – 0.964 and 7 – 1.000.

Some of the students commented:
 – I found it helpful as the pictures help you visualise everything.
 – The lesson was very informative and direct, but the structure is a bit confusing.
 – Images are very helpful, clear and demonstrative. It is a great way of visualising and imagining 

what actually happens so it’s clear and easier to understand when it comes to clinic.
 – It is a good lesson, very useful to understand the knowledge.
 – It was informative but not in a lot of detail.

Discussion
Students in both the Bulgarian- and English-taught cohorts reported predominantly positive per-

ceptions regarding the sufficiency and comprehensibility of the content, the clarity and logic of the struc-
ture, and the informativeness of the images. For all seven items, the majority of respondents selected 
“tend to agree” or “strongly agree,” and only small proportions selecting negative response options. The 
high proportions of “tend to agree” and “strongly agree” responses across all items indicate that students 
perceived the lesson as clear, interesting, and visually informative, and that they generally liked the 
format. These findings suggest that the lesson met its intended objectives of providing a structured, com-
prehensible, and visually rich introduction to access cavity preparation before simulator-based practice. 

The particularly high levels of agreement for the items related to image quality (“The images are 
informative”) and overall appreciation (“I like the lesson”) underscore the central role of high-quality 
visual materials in supporting spatial understanding of complex endodontic anatomy. This aligns with 
previous reports that multimedia and image-rich e-learning resources enhance visualization, conceptual 
integration, and learner satisfaction in dental education. Free-text comments such as “the pictures help 
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you visualise everything” and “images are very helpful, clear and demonstrative” further reinforce the 
importance of visual scaffolding in preclinical endodontic training. 

The absence of statistically significant differences between the Bulgarian and English cohorts sug-
gests that the instructional design of the lesson may be robust across language groups and well-designed 
digital materials support comparable learning experiences in different teaching languages. 

The positive reception of this Moodle-based lesson is consistent with literature reporting favour-
able student perceptions of interactive e-learning modules and learning management system–supported 
teaching in dentistry (Fouda et al., 2025). Prior studies in dental radiology and prosthodontics have 
shown that case-based, interactive, and nonlinear online resources can increase engagement, perceived 
understanding, and satisfaction compared with traditional text-based materials alone (Chang et al., 2017). 

The students gave us more nuanced qualitative feedback, which highlighted areas for refinement. 
While most students agreed that the content was sufficient, interesting, and clearly structured, small 
proportions selected “I cannot decide” or mildly disagreeing options, particularly for items related to 
sufficiency of content and clarity of structure. Comments such as “the structure is a bit confusing” and 
“it was informative but not in a lot of detail” point to the need for clearer signalling of the learning path 
and possibly deeper elaboration of certain clinical decision points. 

The lesson statistics show that students took between approximately 3.5 and 24 minutes to com-
plete the lesson, with both cohorts achieving high scores. This range suggests that the nonlinear design 
allowed self-pacing and selective navigation, which can be advantageous for learners with different 
prior knowledge and reading speeds. Very short completion times in some cases may indicate superficial 
interaction with some pages, raising questions about how best to encourage more thorough engagement 
(e.g., via more frequent embedded questions or required checkpoints). 

The preliminary findings support the integration of interactive Moodle lessons as standard pre-sim-
ulation preparation for endodontic access cavity exercises. By providing clear objectives, concise ex-
planatory text, and carefully curated images, such lessons can help students better prepare for subsequent 
simulation training. The positive perceptions from both language cohorts also suggest that the same dig-
ital resource can effectively support parallel curricula, which is particularly relevant for faculties hosting 
both national and international programs. 

The embedded questions and branching structure offer opportunities for formative assessment and 
self-regulation, which are central to contemporary competency-based frameworks in dental education. 
With iterative redesign, the lesson could be expanded into a more comprehensive learning pathway that 
links pre-simulation preparation, simulator-based tasks, and post-simulation reflection, in line with mod-
els that emphasize feedback and deliberate practice for psychomotor skill acquisition. 

Limitations and Directions for Future Research
This study has several limitations that should be considered when interpreting the findings. First, 

the sample size was modest and drawn from a single institution, which limits the generalizability of the 
results to other curricula and educational contexts. Second, the study evaluated only self-reported sat-
isfaction and perceptions immediately after the lesson, without objective measures of knowledge gain, 
procedural performance, or long-term retention. Third, the cross-sectional design does not allow causal 
inferences about the impact of the lesson on simulator performance or clinical outcomes. 

Future research should therefore include controlled comparisons between students who complete 
the pre-simulation lesson and those who receive traditional preparation only, with outcomes such as 
access cavity quality, error rates, and efficiency on simulators. It would also be valuable to explore how 
additional features — such as short video clips, annotated 3D models, or adaptive branching based on 
quiz performance — affect both satisfaction and learning outcomes. Longitudinal studies examining how 
early exposure to structured digital pre-simulation resources influences students’ confidence and perfor-
mance as they transition from preclinical to clinical endodontics would further clarify the educational 
value of this approach. 

Conclusion
This preliminary study indicates that a multimedia, interactive Moodle-based pre-simulation les-

son on endodontic access cavity preparation is a feasible and well-accepted component of third-year 
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dental training. Students in both the Bulgarian- and English-taught cohorts reported high levels of satis-
faction with the clarity, structure, and visual quality of the lesson, and most agreed that it was sufficient 
to support the stated objectives. The positive perceptions and supportive qualitative comments suggest 
that such lessons can usefully prepare students for subsequent simulator-based exercises and may help 
standardize preparation across language streams. Given the single-center design and focus on self-re-
ported satisfaction, further research is needed to examine the impact of this approach on objective per-
formance outcomes and to explore how additional interactive features might enhance both learning and 
confidence.
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