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Abstract

Purpose: This study explored dental students' perceptions of arranging denture teeth in complete denture cases, the 
impact of digital support on learning strategies, and differences in their experiences based on whether they had access 
to digital support.

Methods: In this qualitative case study, a total of 14 students were randomly assigned to either the digital or non- 
digital support group. The digital group performed digital teeth arrangements, followed by manual tooth arrange
ments, with access to a 3D viewer, 3D-printed model, and instructor feedback. The non-digital group received only 
instructor feedback. While the sample size was limited, it is consistent with the purpose and depth of exploratory 
qualitative case study methodology.

Results: Students reported that arranging teeth for patient-specific dentures provided authentic learning experiences, 
deepening their understanding of laboratory and clinical processes while enhancing motivation and responsibility. The 
non-digital group encountered difficulties in independently applying theoretical concepts and found peer references of 
limited usefulness, leading to reliance on supervisor feedback and the search for alternative visual resources. In 
contrast, digital supports enhanced learning by reinforcing prior knowledge, reducing anxiety, improving three- 
dimensional understanding, and facilitating reflective practice. Effective denture teeth arrangement with digital sup
port relied on sufficient time, instructor guidance, and structured feedback.

Conclusions: Denture teeth arrangement enhanced students' understanding and provided a practical learning expe
rience, while the complexity of the task imposed emotional burdens. Digital support increased students' confidence 
and promoted three-dimensional understanding and self-reflection. Strategies have been proposed to enhance the 
educational effectiveness of combining denture teeth arrangement with digital support.
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1. Introduction

T eeth arrangement is a fundamental step in the 
fabrication of removable dental prostheses, in 

which artificial teeth are positioned on a denture base 
to restore oral function and appearance for edentu
lous patients. This complex process requires an un
derstanding of dental function and esthetics, as well 
as consideration of individual patient needs and 
preferences [1,2]. Although most dentists delegate 
the teeth arrangement procedure to dental techni
cians, some dental schools train dental students to 
perform teeth arrangements themselves in a clinical 
education context. During the teeth arrangement 
process, students made multiple revisions based on 
supervisor feedback and worked independently over 
several days to improve their outcomes.

The growing clinical adoption of digital complete 
dentures and increasing commercial availability 
underscore the need to integrate digital denture 
training into dental curricula [3]. A 2023 nationwide 
survey revealed that 88.06 % of U.S. predoctoral 
programs and 95.65 % of postdoctoral prosthodon
tic programs had already incorporated digital 
complete denture workflows into one or more 
stages of their curriculum [4]. Digital denture edu
cation spans preclinical didactic, laboratory, and 
clinical components [5]. For instance, 3D visualiza
tion tools have been used in preclinical instruction 
to teach denture design principles, offering stu
dents cost-effective and mobile-accessible learning 
via smartphones [6]. In hybrid preclinical programs, 
students engage in digital tooth arrangement, trial 
denture try-ins, and both virtual and physical ad
justments [3]. These experiences provide a foun
dation for clinical integration, where students apply 
digital workflows directly in patient care [3].

Despite the shift toward digital complete den
tures, conventional educational methods continue 
to play a vital role. Given the limited time available 
for dental education, exploring effective approaches 
that integrate conventional and digital methods in 
clinical training is crucial. Such integration enables 
students to gain hands-on experience with digital 
technologies while enhancing their clinical compe
tence in standard treatments. In this context, this 
study aimed to explore dental students' perceptions 
of the necessity of independently aligning denture 
teeth in a clinical education setting, as well as the 
impact of digital tools on their learning strategies. 
The research questions were:

1. How do students perceive the experience of 
arranging denture teeth in patient cases?

2. What impact does digital support have on the 
learning strategies of dental students during 
denture teeth alignment?

2. Methods

Figure 1 illustrates the overall research flow of the 
study. This study was approved by an Institutional 
Review Board (2-2022-0059), and informed consent 
was obtained from the participating students after 
they were informed of the purpose, background, 
safety measures, confidentiality, and compliance 
with the ethical standards of the study.

2.1. Characteristics of exploratory case study

A case study is an empirical method used to 
investigate a phenomenon within its real-life 
context, particularly when the boundaries between 
the phenomenon and its context are unclear [7]. It 

Fig. 1. Overall flow of this study.
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closely reflects real-life situations and allows direct 
exploration of perspectives related to unfolding 
phenomena [8]. Case studies are particularly suited 
for research involving “how” and “why” questions 
[9]. By examining cases in depth, unexpected in
formation may emerge, making them valuable for 
developing hypotheses that inform future research 
[10]. Case studies can be categorized as exploratory 
or descriptive based on their purpose [11]. Explor
atory case studies investigate interventions that 
have not been previously evaluated or for which 
outcomes are not well-established.

2.2. Research participants

Convenience and purposive sampling were con
ducted to recruit participants. The participants were 
limited to third- or fourth-year dental students 
engaged in complete denture treatment for patients 
and preparing to arrange the resin teeth of the 
denture. All participants had received training in 
complete denture fabrication through conventional 
methods, including lectures and preclinical labo
ratory exercises. However, they had no prior expe
rience with digital denture procedures or software. 
Students were randomly assigned to non-digital 
and digital support using block randomization to 
prevent imbalances in participant numbers during 
fixed allocation. The block size was fixed at two.

3. Digital support group

In this study, “digital support” was operationally 
defined as the provision of a digital teeth arrange
ment experience using CAD software, combined 

with optional learning resources such as a 3D 
viewer application and 3D-printed denture replicas. 
Figure 2 presents an overview of the digital work
flow and accompanying resources provided to stu
dents in the digital support group. In the digital 
support group, maxillary and mandibular models 
with wax rims were scanned using a tabletop 
scanner (T500, Medit, Seoul, Korea). Students per
formed digital teeth arrangements with CAD soft
ware (3Shape Dental System software, 3Shape A/S, 
Copenhagen, Denmark), selecting digital teeth 
matching the manually aligned teeth. They speci
fied reference points (e.g., incisive papilla or retro
molar pad), and the software generated alignment 
results. Students refined the teeth positions, final
ized the arrangement, and received instructor 
feedback. The entire process took 60—80 min, with 
20 min for students to independently adjust the 
suggested arrangement. After completing the digi
tal teeth arrangements, students received two types 
of support: a 3D-printed denture replica within two 
to three days and immediate access to digital im
ages via a 3D viewer app. These learning resources 
were optional, and students decided how and when 
to use them based on their own judgment and 
preferred workflow during teeth arrangement.

3.1. Non-digital support group

In the non-digital support group, students began 
arranging teeth after the instructor confirmed the 
condition of the mounted models. Without the aid 
of digital tools, they worked independently, 
approaching the task based on their own under
standing and previously learned techniques.

Fig. 2. Digital teeth alignment process and resources provided to the digital support group.
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3.2. Instructor's feedback

In this study, a prosthodontics instructor pro
vided feedback on teeth arrangement in three 
stages: a) anterior teeth, b) mandibular posterior 
teeth, and c) maxillary posterior teeth. Feedback 
was unlimited and provided until the criteria for 
appropriate arrangement were met. Verbal feed
back was supplemented with a feedback record, 
documenting corrections through drawings or 
notes, organized cumulatively by date.

3.3. Data collection through performance record sheets 
and interviews

In this study, students used performance record 
sheets to document the date, stages, and start and 
end times of their teeth arrangement rounds, with 
breaks longer than 10 min marking the start of a 
new round. Individual interviews were conducted 
by two researchers using structured questionnaires 
(Table 1), encouraging students to express their 
opinions freely. Participants also brought their 
performance record sheets, 3D-printed models, and 
3D viewers to provide detailed explanations of their 
experiences.

3.4. Data analysis

This study employed the six-phase thematic 
analysis method outlined by Braun and Clarke [12]. 

The researchers familiarized themselves with the 
data by repeatedly reading transcripts and gener
ating initial codes that captured meaningful fea
tures. Similar codes were then organized into 
potential themes, which were reviewed for internal 
consistency and distinctiveness across the dataset 
[13]. Finally, clear definitions and names were 
assigned to each theme, and an analytic narrative 
was developed to address the research questions. 
Given the qualitative case study design and small 
sample size, only descriptive statistics were re
ported to contextualize the time-based data, and 
inferential statistical tests were not conducted.

3.5. Establishing reliability and validity

Four types of triangulations are recognized for 
enhancing validity in qualitative research: data 
triangulation (correlating people, time, and space), 
investigator triangulation (involving multiple re
searchers), theory triangulation (applying various 
theories), and methodological triangulation 
(employing diverse data collection methods) [14]. In 
this study, for data triangulation, the researcher (B 
Lee) observed students' behaviors and provided 
feedback during teeth arrangement. Investigator 
triangulate on was achieved through a instructor 
specializing in complete denture education (JE Kim) 
evaluating the accuracy of data interpretations. For 
theory triangulation, education professors (EB Yang 
and SY Kim) analyzed the data through multiple 

Table 1. Interview questions for the denture teeth alignment experience.

Category Questions Target group

Digital support 
group

Non-Digital 
support group

Perception of teeth alignment experience Do you believe it is educationally necessary to 
independently arrange denture teeth in actual 
patient cases? Why?

O O

Performance strategy What strategies did you use during the teeth 
alignment process?

O O

Difficulties experienced What challenges did you encounter during the 
process of aligning the patient's teeth?

O O

Suggestions What resources or strategies do you think are 
needed to support learning through teeth alignment 
experience in denture education?

O O

Perception of the CAD process Did you find the process of using CAD software for 
producing a denture easy or difficult? Why? 
Was the experience of digital teeth alignment 
helpful in understanding related concepts? Why?

O —

Perception of the 3D image viewer How often and in what ways did you use the 3D 
image viewer during teeth alignment? Do you 
believe the 3D image viewer is useful for teeth 
alignment? Why?

O —

Perception of the 3D-printed model How often and in what ways did you use the 
3D-printed models during teeth alignment? Do you 
believe 3D-printed models are useful for teeth 
alignment? Why?

O —
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educational perspectives. Methodological triangu
lation incorporated performance records and 
interview data.

4. Results

4.1. Research participants and their performance record 
of teeth arrangement

A total of 14 students participated in this study, 
with seven being randomly assigned to the non- 
digital and digital support groups. Table 2 presents 
the performance duration and frequency of 
instructor feedback for each participant, while Fig. 3
illustrates the group-level averages. The average 
total time spent was 21.59 h for the non-digital 
group and 18.74 h for the digital group. The average 
frequency of instructor feedback was 6.86 times in 
the non-digital group and 5.57 times in the digital 
group.

4.2. Experiencing authentic learning through patient- 
specific tooth arrangement

4.2.1. Enhanced laboratory and clinical 
understanding through hands-on experience

Students acknowledged that while denture teeth 
alignment could be outsourced to a dental labora
tory, performing the tasks themselves provided 
them with a deeper understanding of “the overall 
dental laboratory and clinical process” (DS2). They 
noted that forming a bilateral balanced occlusion in 
patient cases helped them better grasp related 
concepts. When outsourced, students would “simply 
check the results” (NS3), but arranging teeth inde
pendently prompted them to review textbooks, 

enhancing their understanding. As one student 
explained, “My understanding increased as I applied 
what I knew in theory” (DS1).

4.2.2. Authentic learning through patient-specific 
conditions

Clinically, achieving a patient's natural aesthetics 
required adjustments tailored to factors such as 
gender, age, or natural irregularities. One student 
shared, “I was so focused on the standard measure
ments, but clinically, modifications considering the pa
tient's age were necessary” (DS2). Another noted, 
“Before the esthetic try-in, I adjusted the anterior teeth 
slightly unevenly to reflect natural aesthetics, following 
my clinical advisor's advice” (NS5). These examples 
highlight how authentic learning through patient- 
specific conditions occurs, as students move beyond 
standard measurements and gain experience in 
individualizing esthetic decisions for each patient.

4.2.3. Procedural complexity and emotional responses
Teeth arrangement posed unique challenges 

compared to other dental procedures, due to the 
need for continuous modifications throughout the 
process. One student highlighted the complexity, 
saying, “It takes a lot of time to correct the teeth 
arrangement; this happens because even if only one 
anterior tooth has to be pushed back, all the posterior 
teeth have to be pushed back one by one” (NS3). The 
small size of the denture teeth increased the diffi
culty. Another student explained, “The teeth kept 
slipping out of my hands and melting the wax, which 
made the process more frustrating” (DS4). As a result, 
students experienced varying levels of stress, 
depending on their interest and aptitude in 

Table 2. Performance duration and feedback frequency by participant.

Participants Performance Duration Frequency of Instructor 
Feedback (n)Total time 

taken (h)
Number of recorded 
sessions (n)

Average duration 
of a session (h/time)

Non-digital support (NS) group
NS1 25.7 18 1.4 13
NS2 16.9 12 1.3 5
NS3 21.2 9 2.4 6
NS4 20.0 6 3.3 6
NS5 26.9 24 1.1 4
NS6 26.2 13 2 6
NS7 14.2 20 0.7 8
Digital support (DS) group
DS1 12.5 10 1.3 7
DS2 17 8 1.9 5
DS3 16.7 13 1.3 6
DS4 27 12 2.3 5
DS5 9.8 7 1.4 4
DS6 17.7 17 1 4
DS7 31.1 18 1.7 8
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laboratory work. One student shared that “it was 
difficult, but since I enjoy dental work, it wasn't too hard” 
(NS3), whereas another noted that “some students 
don't enjoy lab work and find it stressful” (NS6).

4.2.4. Motivational drive and psychological pressure
Learning from patient cases increased students' 

motivation and responsibility, with one stating, “I 
feel more motivated because I have a greater sense of 
responsibility” (DS5). This accountability pushed 
them to prioritize quality, as another noted, “It's not 
just about passing the instructor's approval, but doing it 
well” (DS3). However, there was a sense of pressure 
to perform well in clinical practice because, as one 
student expressed, “In a patient case, it directly im
pacts the patient, making the pressure substantially 
greater” (DS4). Time constraints further heightened 
the stress, as one student noted, “When arranging 
teeth, I think there was more time pressure on patient 
cases than in model-based practice because patient care 
should not be delayed” (NS3).

4.3. Instructor-dependent learning amid resource 
constraints

4.3.1. Difficulty in independently applying theoretical 
concepts

The primary references used by students in the 
non-digital support group were “guidebooks and 
textbooks” (NS1). The non-digital group struggled to 

identify anatomical landmarks and apply concepts 
like Pound's triangle. One student noted, “Pound's 
triangle is in the book, but I wasn't sure of its location or 
whether the lingual cusp referred to the tip or other 
parts” (NS2).

4.3.2. Seeking alternative visual resources
In an effort to compensate for the lack of clear 

visual guidance and their difficulty in applying 
theoretical knowledge, students turned to online 
case photos and typodont comparisons. One said, “I 
searched online for cases” (NS7), and another noted, 
“I compared my typodont to adjust my work” (NS6). 
Students in the non-digital group emphasized the 
need for visual resources. One said, “A photo of a 
well-aligned arrangement might have made the process 
more comprehensible” (NS7). Another highlighted the 
importance of step-by-step resources, saying, “It 
would help to have a record base, wax rim, and a model 
with teeth arranged” (NS2).

4.3.3. Limited peer references and reliance on 
supervisor feedback

The non-digital support group found collabora
tion with peers helpful, though its usefulness was 
limited due to the diversity of clinical cases. One 
student said, “I took pictures of my colleagues' 
completed works, but the arch shape differed by case, so 
it was hard to refer to others” (NS3). Another noted, 
“Each patient's form was so different that I wasn't sure if 

Fig. 3. Total time spent and frequency of instructor feedback by group.
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examples applied to my patient” (NS2). Despite these 
challenges, repeated feedback from the instructor 
helped students gradually internalize alignment 
standards, which improved their confidence and 
skills. One student reflected that, as they received 
more feedback, “things seemed to improve after that” 
(NS7) as they received more feedback.

4.4. Advancing understanding and reflection with digital 
and 3D resources

4.4.1. Reinforcing prior learning and confidence via 
digital tooth arrangement

By engaging in digital teeth arrangement, stu
dents reduced anxiety and gained confidence in 
performing teeth alignment. One student noted, “It 
was a great help in reminding me of what I had learned 
in the past” (DS5), while another shared, “I was 
afraid to try teeth alignment in patient cases, but digital 
teeth arrangement helped me feel confident that I could 
perform in the same manner.” (DS2).

4.4.2. Deepened three-dimensional understanding 
with 3D viewer support

Students primarily used the 3D viewer to assess 
and refine teeth arrangement in relation to intraoral 
structures. One noted, “I compared the 3D image file 
and realized the teeth should be arranged more 
lingually” (DS7), showing how the viewer improved 
understanding and application. It was especially 
useful for visualizing intraoral structures and the 
relationship between teeth arrangements and the 
wax rim. A student explained, “I could check the 
relationship by adjusting the density of the wax-rim 
image” (DS7). While a phone's small screen was less 
effective for this purpose (DS2), a tablet proved 
more helpful (DS7).

4.4.3. Reflective learning and self-assessment through 
3D-printed models

Students found the 3D-printed model to be a 
practical and intuitive reference, enabling direct 
comparison with their own work. One student 
noted that it “clearly showed the arrangement and 
helped me compare it with mine” (DS3). This student 
found the physical model easier to interpret than 
the digital viewer, explaining that “the 3D viewer 
wasn't as helpful―it felt different from seeing it in 
person” (DS3).

Students highlighted the complementary roles of 
guidebooks and 3D-printed models. While guide
books provided basic guidelines, their limited detail 
often led students to use 3D-printed models for 
additional support. One student explained, “The 
practice book wasn't detailed enough, so I often referred 

to the 3D-printed model” (DS4). Rather than repli
cating the models, students used them to verify the 
angulations and positions of teeth while consid
ering necessary modifications, with one stating, 
“The 3D-printed model didn't fully match the standards, 
but it helped me think about how to modify the 
arrangement” (DS2).

4.5. Strategies for effective denture teeth arrangement 
with digital support

4.5.1. Adequate time allocation for digital tooth 
arrangement

Students in the digital support group found dig
ital teeth alignment helpful, even though it was 
perceived by students to take more time when 
using these digital tools. One student noted, “Even 
though it takes time, I think achieving a higher level of 
precision in digital teeth arrangement is better” (DS3). 
Another highlighted its efficiency, saying, “Digital 
teeth alignment and the resulting 3D-printed model are 
effective in reducing the time required for alignment, and 
it's worth investing that time” (DS6). However, stu
dents also acknowledged that excessive time in
vestment could impact motivation.

4.5.2. Close instructor guidance during digital 
practices

Students expressed concerns about using the 
CAD program independently due to a lack of 
experience. One shared, “It was difficult at first 
because there were many teeth to align, but it became 
easier with practice” (DS4). Another noted, “Without 
the instructor's guidance, it would have been chal
lenging, and the results might have turned out 
awkward” (DS5). These reflections highlight the 
need for guidance and practice to build confidence 
with the software.

4.5.3. Linking practical work with theoretical learning
Students found the instructor's explanations and 

feedback essential for performing digital teeth 
arrangement. One student shared, “I learned a lot 
from the instructor's tips and feedback while showing the 
screen. I don't think students can learn these things just 
by trying” (DS7). They also stressed the importance 
of theoretical preparation, with one saying, “It 
would be good to study before doing digital teeth align
ment” (DS5). These reflections underscore the 
importance of connecting theoretical study with 
practical digital exercises.

4.5.4. Structured written feedback
Students emphasized the importance of written 

feedback from instructors in enhancing their 
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retention and understanding of the complex con
cepts involved in teeth arrangements. One student 
noted, “I understand feedback in the moment, but I often 
forget it later. Having it written down allows me to re
view and reinforce my understanding” (NS7). These 
records further strengthened communication be
tween students and instructors. One student 
remarked, “Having written feedback makes it easier for 
me to go over past issues with my instructor and show 
that I've fixed them.” (NS3).

Students emphasized the benefits of structured 
guidelines, such as checklists, to enhance their 
understanding of teeth arrangement principles. 
One student suggested, “It's a good idea to first make 
sure the main principles are being followed and then give 
feedback that's specific to the patient.” (DS4). Another 
highlighted the value of step-by-step guidance, 
saying, “A checklist of what instructors consider 
important clinically would be beneficial” (NS5).

5. Discussion

This study explored dental students' experiences 
with independently arranging denture teeth in pa
tient cases, focusing on how digital support influ
enced their learning strategies. By comparing 
students with and without digital support, this 
study examined how these tools impacted their 
learning approaches.

In examining dental students' perceptions of 
teeth arrangement in clinical education, the concept 
of task value from educational psychology provides 
a useful framework. Task value includes four ele
ments: attainment value, intrinsic value, utility 
value, and cost [15,16]. Attainment value relates to 
the task's significance in achieving personal goals, 
whereas intrinsic value reflects interest and enjoy
ment. Utility value pertains to a task's relevance to 
short- or long-term goals, and cost includes time 
and emotional effort. Students recognized the util
ity value in understanding teeth arrangement, but 
intrinsic value varied based on individual aptitude 
and interest. Costs included time pressures, 
emotional stress, and anxiety over corrections. 
Notably, attainment value was less evident, 
possibly because teeth arrangement is not always 
seen as a core responsibility of dentists. Under
standing these perceptions highlights the impor
tance of emphasizing utility value, reducing costs, 
and supporting individual differences in intrinsic 
value to enhance motivation and learning.

Both the non-digital and digital support groups 
faced challenges related to manual skills and clin
ical modifications. Manual skills can sometimes 
hinder learning through constructionism, so if 

acquiring technical skills is not the primary 
educational goal, interventions like tailored coach
ing may be needed for students with below-average 
performance. Challenges related to clinical modifi
cations refer to the adjustments required when 
applying general prosthodontic principles to indi
vidual patient cases―due to differences in 
anatomical structures, functional demands, or 
esthetic preferences. Such challenges should be 
considered through the lens of learning transfer, 
which involves applying prior knowledge and 
experience to new and diverse clinical contexts. 
According to major theories of transfer, sufficient 
abstraction is required for transfer to occur, with 
abstraction understood as the process of de- 
contextualization [17—19]. Additionally, transfer 
occurs when the representations constructed by the 
learner in the initial situation are identical, over
lapping, or can be related through mapping 
[19—24]. Therefore, considering the clinical di
versity inherent in the context of clinical education, 
it is important to develop students' understanding 
of generally applicable ideas and make case-spe
cific considerations necessary to empower them to 
transfer learning from one case to another.

The students' perception that teeth arrangement 
enhanced their learning aligns with construction
ism, which emphasizes learning through physical 
creation, or “learning by making.” [25] Unlike 
constructivism, which emphasizes cognitive pro
cesses with minimal guidance, constructionism fo
cuses on structured instruction and tangible 
product creation, promoting meaningful, student- 
centered learning through continuous reflection 
and correction [25—28]. By digitally arranging teeth, 
students applied prior knowledge while reducing 
anxiety regarding manual alignment. 3D viewers 
and 3D-printed models acted as tangible outputs, 
linking abstract knowledge to physical artifacts and 
helping students better interpret feedback. 
Compared to photos, standard models, and social 
interactions in the non-digital group, digital tools 
provided more direct guidance, highlighting the 
importance of integrating these tools into dental 
education to enhance understanding, reduce anxi
ety, and improve learning.

Based on students' reflections, it appears that 
enhancing prior learning and allocating more time 
for self-directed digital teeth arrangement may 
further support their learning experience. In light of 
the principle of constructionism discussed earlier, 
the digital teeth arrangement process itself is not a 
preparation for performance but rather, a process of 
“learning by making.” Therefore, providing suffi
cient self-directed learning opportunities is 
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important for student learning. However, further 
research is necessary to determine which 
approach―digital teeth arrangement or manual 
alignment―is more effective for learning within the 
framework of constructionism and to better un
derstand how students learn in each scenario.

This study aimed to provide exploratory insights 
into students' learning strategies during denture 
teeth arrangement in clinical education. The find
ings were interpreted through the lens of educa
tional theories, including task value and 
constructionism. A key limitation of this study is its 
small sample size, which limits the generalizability 
of the findings. While this is an inherent constraint 
of the qualitative case study approach, it should be 
noted that the results are intended to provide 
exploratory insights rather than statistical general
ization. Additionally, the absence of standardized 
criteria such as the Prosthodontic Diagnostic Index 
(PDI) for case selection may affect the comparability 
and consistency of the cases analyzed [29]. None
theless, the theoretical framework identified here 
offers a foundation for establishing research hy
potheses applicable to similar contexts.

6. Conclusions

Within the limitations of this study, the following 
conclusions were drawn:

1. Students' perceptions of teeth arrangement 
in clinical education revealed its utility, cost, 
and intrinsic value, with patient-specific 
tasks fostering authentic learning that enhanced 
understanding, motivation, and responsibility 
while increasing cognitive and emotional 
demands.

2. The non-digital support group faced challenges 
in independently applying theoretical knowl
edge, relied on limited visual and peer resources, 
and ultimately became highly dependent on 
repeated supervisor feedback for learning 
progress.

3. The digital and 3D resources enhanced 
students' confidence, fostered three-dimensional 
understanding, and supported reflective self- 
assessment by complementing traditional guide
books with interactive and tangible references.

4. Structured supports―including sufficient time, 
close instructor guidance, theory—practice 
integration, and step-by-step written feedback―

were proposed to enhance the effectiveness 
of denture teeth arrangement with digital 
support.

Data availability statement

Data supporting the findings of this study are 
available from the corresponding authors upon 
reasonable request.

Ethical approval

Ethical approval has been granted by the Yonsei 
University Dental Hospital Institutional Review 
Board (2-2022-0059).

Conflict of interest

All authors declare that they have no conflicts of 
interest related to the manuscript.

Acknowledgements

This study was supported by the Yonsei Univer
sity College of Dentistry Fund (6-2021-0015), Re
public of Korea.

References

[1] Waliszewski M. Restoring dentate appearance: a literature 
review for modern complete denture esthetics. J Prosthet 
Dent 2005;93(4):386—94. https://doi.org/10.1016/j.prosdent. 
2005.01.004.

[2] Abduo J. Occlusal schemes for complete dentures: a sys
tematic review. Int J Prosthodont 2013;26(1):26—33. https:// 
doi.org/10.11607/ijp.3168.

[3] Goodacre CJ, Goodacre BJ, Baba NZ. Should digital com
plete dentures Be part of A contemporary prosthodontic 
education? J Prosthodont 2021;30(S2):163—9. https://doi.org/ 
10.1111/jopr.13289.

[4] Elkassaby H, Touloumi F, Clark WA, Jiang S, Mahrous A, 
Mainelli J, et al. A survey on utilization and barriers of 
digital removable prostheses in the US dental education. 
J Dent Educ 2023;87(12):1746—53. https://doi.org/10.1002/ 
jdd.13372.

[5] Goodacre CJ. Digital learning resources for prosthodontic 
education: the perspectives of a long-term dental educator 
regarding 4 key factors. J Prosthodont 2018;27(9):791—7. 
https://doi.org/10.1111/jopr.12987.

[6] Kurian N, Varghese VS, Varghese KG, Abraham G. Com
puter-aided design software-enabled preclinical prostho
dontic training: a digital education technique. J Indian 
Prosthodont Soc 2023;23(3).

[7] Dul J, Hak T. Case study methodology in business research. 
London, UK: Routledge; 2008.

[8] Flyvbjerg B. Five misunderstandings about case-study 
research. Qual Inq 2006;12(2):219—45. https://doi.org/10. 
1177/1077800405284363.

[9] Ebneyamini S, Sadeghi Moghadam MR. Toward developing 
a framework for conducting case study research. Int J Qual 
Methods 2018;17(1):1609406918817954. https://doi.org/10. 
1177/1609406918817954.

[10] Merriam SB. Qualitative research: a guide to design and 
implementation. Hoboken, NJ: John Wiley & Sons; 2009.

[11] Yin R. Case study research and applications: designs and 
methods. Thousand Oaks, CA: SAGE; 2018.

[12] Braun V, Clarke V. Using thematic analysis in psychology. 
Qual Res Psychol 2006;3(2):77—101.

HEALTH PROFESSIONS EDUCATION 2025;11:543—552 551

https://doi.org/10.1016/j.prosdent.2005.01.004
https://doi.org/10.1016/j.prosdent.2005.01.004
https://doi.org/10.11607/ijp.3168
https://doi.org/10.11607/ijp.3168
https://doi.org/10.1111/jopr.13289
https://doi.org/10.1111/jopr.13289
https://doi.org/10.1002/jdd.13372
https://doi.org/10.1002/jdd.13372
https://doi.org/10.1111/jopr.12987
https://doi.org/10.1177/1077800405284363
https://doi.org/10.1177/1077800405284363
https://doi.org/10.1177/1609406918817954
https://doi.org/10.1177/1609406918817954


[13] Patton MQ. Qualitative evaluation and research methods. 
2nd ed. Sage Publications, Inc; 1990.

[14] Denzin NK. The research act: a theoretical introduction to 
sociological methods. 2nd ed. York, NY: McGraw Hill; 1978.

[15] Wigfield A, Eccles JS. Expectancy—value theory of 
achievement motivation. Contemp Educ Psychol 2000;25(1): 
68—81. https://doi.org/10.1006/ceps.1999.1015.

[16] Eccles J. Expectancies, values and academic behaviors. In: 
Spence JT, editor. Achievement and achievement motives: 
psychological and sociological approaches. San Francisco, 
CA: Free man; 1983.

[17] Fuchs LS, Fuchs D, Prentice K, Burch M, Hamlett CL, 
Owen R, et al. Explicitly teaching for transfer: effects on 
third-grade students' mathematical problem solving. J Educ 
Psychol 2003;95(2):293—305. https://doi.org/10.1037/0022- 
0663.95.2.293.

[18] Reeves L, Weisberg RW. The role of content and abstract 
information in analogical transfer. Psychol Bull 1994;115(3): 
381—400. https://doi.org/10.1037/0033-2909.115.3.381.

[19] Lobato J. The actor-oriented transfer perspective and its 
contributions to educational research and practice. Educ 
Psychol 2012;47(3):232—47. https://doi.org/10.1080/00461520. 
2012.693353.

[20] Anderson JR, Corbett AT, Koedinger KR, Pelletier R. 
Cognitive tutors: lessons learned. J Learn Sci 1995;4(2): 
167—207. https://doi.org/10.1207/s15327809jls0402_2.

[21] Gentner D, Loewenstein J, Thompson L. Learning and 
transfer: a general role for analogical encoding. J Educ 

Psychol 2003;95(2):393—408. https://doi.org/10.1037/0022- 
0663.95.2.393.

[22] Gick ML, Holyoak KJ. Schema induction and analogical 
transfer. Cogn Psychol 1983;15(1):1—38. https://doi.org/10. 
1016/0010-0285(83)90002-6.

[23] Novick LR. Analogical transfer, problem similarity, and 
expertise. J Exp Psychol Learn Mem Cogn 1988;14(3):510—20. 
https://doi.org/10.1037/0278-7393.14.3.510.

[24] Reed SK. A schema-based theory of transfer. In: 
Detterman DK, Sternberg RJ, editors. Transfer on trial: in
telligence, cognition, and instruction. New York, NY: Ablex 
Publishing; 1993.

[25] Papert S, Harel I. constructionism. Westport, CT: Praeger; 
1991.

[26] Alanazi A. A critical review of constructivist theory and the 
emergence of constructionism. ARJHSS 2016;2:1—8.

[27] Kirschner PA, Sweller J, Clark RE. Why minimal guidance 
during instruction does not work: an analysis of the failure 
of constructivist, discovery, problem-based, experiential, 
and inquiry-based teaching. Educ Psychol 2006;41(2):75—86. 
https://doi.org/10.1207/s15326985ep4102_1.

[28] Papert S. Teaching children to be mathematicians versus 
teaching about mathematics. Int J Math Educ Sci Technol 
1972;3(3):249—62.

[29] McGarry TJ, Nimmo A, Skiba JF, Ahlstrom RH, Smith CR, 
Koumjian JH. Classification system for complete edentu
lism. J Prosthodont 1999;8(1):27—39. https://doi.org/10.1111/ 
j.1532-849x.1999.tb00005.x.

552 HEALTH PROFESSIONS EDUCATION 2025;11:543—552 

https://doi.org/10.1006/ceps.1999.1015
https://doi.org/10.1037/0022%2D0663.95.2.293
https://doi.org/10.1037/0022%2D0663.95.2.293
https://doi.org/10.1037/0033%2D2909.115.3.381
https://doi.org/10.1080/00461520.2012.693353
https://doi.org/10.1080/00461520.2012.693353
https://doi.org/10.1207/s15327809jls0402_2
https://doi.org/10.1037/0022%2D0663.95.2.393
https://doi.org/10.1037/0022%2D0663.95.2.393
https://doi.org/10.1016/0010%2D0285%2883%2990002%2D6
https://doi.org/10.1016/0010%2D0285%2883%2990002%2D6
https://doi.org/10.1037/0278%2D7393.14.3.510
https://doi.org/10.1207/s15326985ep4102_1
https://doi.org/10.1111/j.1532%2D849x.1999.tb00005.x
https://doi.org/10.1111/j.1532%2D849x.1999.tb00005.x

	Perceptions of Dental Students on Denture Teeth Arrangement and Digital Support: An Exploratory study
	Perceptions of Dental Students on Denture Teeth Arrangement and Digital Support: An Exploratory Study
	1. Introduction
	2. Methods
	2.1. Characteristics of exploratory case study
	2.2. Research participants

	3. Digital support group
	3.1. Non-digital support group
	3.2. Instructor's feedback
	3.3. Data collection through performance record sheets and interviews
	3.4. Data analysis
	3.5. Establishing reliability and validity

	4. Results
	4.1. Research participants and their performance record of teeth arrangement
	4.2. Experiencing authentic learning through patient-specific tooth arrangement
	4.2.1. Enhanced laboratory and clinical understanding through hands-on experience
	4.2.2. Authentic learning through patient-specific conditions
	4.2.3. Procedural complexity and emotional responses
	4.2.4. Motivational drive and psychological pressure

	4.3. Instructor-dependent learning amid resource constraints
	4.3.1. Difficulty in independently applying theoretical concepts
	4.3.2. Seeking alternative visual resources
	4.3.3. Limited peer references and reliance on supervisor feedback

	4.4. Advancing understanding and reflection with digital and 3D resources
	4.4.1. Reinforcing prior learning and confidence via digital tooth arrangement
	4.4.2. Deepened three-dimensional understanding with 3D viewer support
	4.4.3. Reflective learning and self-assessment through 3D-printed models

	4.5. Strategies for effective denture teeth arrangement with digital support
	4.5.1. Adequate time allocation for digital tooth arrangement
	4.5.2. Close instructor guidance during digital practices
	4.5.3. Linking practical work with theoretical learning
	4.5.4. Structured written feedback


	5. Discussion
	6. Conclusions
	Data availability statement
	Ethical approval
	Conflict of interest
	Conflict of interest
	Acknowledgements
	References


