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ABSTRACT

Objective: Indian dental education offers challenges in developing cognitive skills and overcoming 
language barriers with linguistic diversity and unequal resources. Artificial intelligence (AI) based 
personalized learning, which tailors content to one's needs, has the potential to enhance results. 
Its efficacy within this context is untested, mostly. This research sought to assess the effectiveness 
of an AI-based personalized learning intervention on the improvement in cognitive abilities and 
language skills of undergraduate dental students in India, and also to look into student and faculty 
attitudes. Materials and Methods: A 12-month mixed-methods randomized controlled trial was 
carried out in three Indian dental colleges (urban, semi-urban, rural). 200 BDS (Bachelor of Dental 
Surgery) students (2nd–4th year) were randomized into intervention (n = 100) and control (n = 
100) groups; 20 faculty members gave qualitative input. The intervention group employed an AI 
platform with adaptive, multilingual modules (English, Hindi, regional language) for 6 months, 
whereas controls were given conventional teaching. Cognitive ability (max 100) and language 
skills (max 50) were measured pre- and post-intervention with standardized tests. Interviews and 
focus groups provided thematic qualitative data. Paired/independent t-tests and effect sizes were 
computed. Results: The intervention group improved markedly compared to controls: cognitive 
skill scores rose by 15.8 points (vs. 3.6, p < 0.001, Cohen's d = 1.32) and language skills by 9.4 
points (vs. 2.4, p < 0.001, Cohen's d = 1.08). Time on task averaged 4.2 hours/week with an 88% 
task completion rate. Qualitative findings emphasized greater learning and motivation, balanced 
against technical difficulties (e.g., rural connectivity). Rural students showed slightly smaller gains 
(cognitive: +13.2, language: +7.8) compared to urban counterparts (+17.5, +10.5). Conclusion: 
Artificial intelligence-based individualized learning enormously improves cognitive and language 
skills in Indian dental training, with large acceptability notwithstanding implementation challenges. 
Personalized interventions can rectify educational inequalities, although rural infrastructural 
constraints are a cause of concern. 

Keywords: artificial intelligence, dental education, cognitive skills, language proficiency

RESUMEN

Objetivo: La educación odontológica en la India presenta desafíos para el desarrollo de habilidades 
cognitivas y la superación de las barreras lingüísticas, debido a la diversidad lingüística y la 
desigualdad de recursos. El aprendizaje personalizado basado en inteligencia artificial (IA), que 
adapta el contenido a las necesidades individuales, tiene el potencial de mejorar los resultados. Sin 
embargo, su eficacia en este contexto no ha sido ampliamente comprobada. Esta investigación buscó 
evaluar la efectividad de una intervención de aprendizaje personalizado basada en IA para mejorar 
las habilidades cognitivas y lingüísticas de estudiantes de odontología de pregrado en la India, así 
como analizar las actitudes de estudiantes y docentes. Materiales y métodos: Se realizó un ensayo 

Rev Cient Odontol (Lima). 2026; 14(4): e318.

https://orcid.org/0000-0003-0715-497X
https://orcid.org/0000-0002-0313-9695
https://orcid.org/0000-0001-6952-5014
https://orcid.org/0000-0003-4174-907X


ARTÍCULO ORIGINAL2

INTRODUCTION

Indian dental education offers unique challenges, 
which emanate from diversity among the student body, 
heterogeneity of starting knowledge, and the need for 
the cultivation of higher-order thinking skills, such as 
diagnostic reasoning and critical thinking. (1) In India, 
undergraduate dental education is delivered through the 
Bachelor of Dental Surgery (BDS) program, which is the 
standard entry-level dental qualification and is broadly 
equivalent to the Doctor of Dental Surgery (DDS) or 
Doctor of Dental Medicine (DMD) degree awarded in 
North America.

With more than 300 dental colleges graduating 
around 25,000 students each year, the need for novel 
methodologies in education is becoming increasingly 
imperative, especially considering resource limitations 
and varied learning environments. (2) Traditional lecture-
based techniques and established curriculums do not 
cater to the unique learning requirements of individuals, 
leading to inadequate training and readiness in practice. 
(3) Language differences also become a critical issue, 
since English acts as a second language for the majority 

of learners in a country with 22 officially recognized 
languages in India. (4)

AI facilitates customized learning experiences through 
the use of adaptive algorithms and natural language 
processing capabilities, providing customized content, 
immediate feedback, and multilingual features. (5) AI 
has been found to enhance diagnostics and knowledge 
retention as compared to conventional techniques. 
(6) But in Indian dental education, it has not yet 
been implemented extensively. Some of the hurdles 
in this context include varied student population 
characteristics, different levels of knowledge among 
students, dependence on lecture-based teaching, and 
multilingualism acting as an obstacle. (1−4)

AI has been discovered as one of the most important 
tools in health education because AI makes personalized 
learning possible through the use of adaptive algorithms 
and natural language processing, hence closing the 
cognitive and linguistic gap. (5) Research indicates that 
AI is associated with improved ability to diagnose and 
retain information than traditional methods of learning. 
(6) For instance, dental education in India is based on 

controlado aleatorizado de métodos mixtos de 12 meses de duración en tres facultades de odontología 
de la India (urbana, semiurbana y rural). Se aleatorizaron 200 estudiantes de Licenciatura en Cirugía 
Dental (BDS) (de 2.º a 4.º año) en grupos de intervención (n = 100) y de control (n = 100); 20 
docentes proporcionaron información cualitativa. El grupo de intervención utilizó una plataforma de 
IA con módulos adaptativos multilingües (inglés, hindi e idioma regional) durante 6 meses, mientras 
que el grupo de control recibió una enseñanza convencional. La capacidad cognitiva (máx. 100) y las 
habilidades lingüísticas (máx. 50) se midieron antes y después de la intervención mediante pruebas 
estandarizadas. Las entrevistas y los grupos focales proporcionaron datos cualitativos temáticos. 
Se calcularon pruebas t pareadas e independientes y tamaños de efecto. Resultados: El grupo de 
intervención mejoró notablemente en comparación con el grupo de control: las puntuaciones de las 
habilidades cognitivas aumentaron en 15,8 puntos (frente a 3,6; p < 0,001; d de Cohen = 1,32) y las 
de las habilidades lingüísticas, en 9,4 puntos (frente a 2,4; p < 0,001; d de Cohen = 1,08). El tiempo 
dedicado a la tarea fue de 4,2 horas semanales en promedio, con una tasa de finalización del 88%. Los 
hallazgos cualitativos destacaron un mayor aprendizaje y motivación, compensados por dificultades 
técnicas (por ejemplo, la conectividad en zonas rurales). Los estudiantes rurales mostraron mejoras 
ligeramente menores (cognitivas: +13,2; lingüísticas: +7,8) en comparación con sus homólogos urbanos 
(+17,5 y +10,5, respectivamente). Conclusión: El aprendizaje individualizado basado en inteligencia 
artificial mejora enormemente las habilidades cognitivas y lingüísticas en la formación odontológica 
en la India, con una alta aceptación, pese a los desafíos de implementación. Las intervenciones 
personalizadas pueden corregir las desigualdades educativas, si bien las limitaciones de infraestructura 
en las zonas rurales son motivo de preocupación.

Palabras clave: inteligencia artificial, educación odontológica, habilidades cognitivas, competencia 
lingüística
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theories rather than practicals, meaning that learners 
are faced with difficulties while applying the acquired 
skills. Moreover, lack of resources and guidance from the 
faculty in rural educational institutions limits effective 
learning. (8, 9) Language barriers also pose a challenge 
to the non-English speaking learners. (10) Therefore, 
personalized learning using AI can make a difference in 
the Indian setting.

AI is being increasingly employed for health education 
but research on AI application in dental education in 
India has been minimal. Conventional approaches 
such as lecturing fail to take care of different types of 
learners and cognitive development while language 
issues pose yet another challenge to learners. The use of 
AI for personalized learning, which could take care of 
both cognitive and language barriers, has been grossly 
overlooked.

MATERIALS AND METHODS

Study Design 

The present study was planned to be a 12-month 
duration randomized controlled interventional trial 
beginning in March 2024 to February 2025. The 
assessment combined quantitative and qualitative 
methods in order to objectively assess the educational 
impact of an AI-powered personal learning system across 
dental education. Quantitatively, the study measured 
the efficiency of the intervention by examining post- 
versus pre-intervention cognitively skilled improvement 
measurements within participants. Qualitatively, it 
probed students' experiences, participation, and among 
three Indian dental colleges that were accredited, and 
the selection was done on purpose to cover urban, semi-
urban, and rural locations. 

Study Population

The study population comprised the BDS students of 
the second, third, and fourth years along with the faculty 
members actively engaged in teaching. The eligible 
criteria for the students were the completion of informed 

consent and having a smartphone or laptop for use with 
the AI application; whereas, for faculty members, at least 
two years of experience in teaching was required. Interns, 
those who did not consent to participate, and those without 
the necessary technological facilities were all excluded 
from the sample population. Three dental colleges, one 
each from urban, semi-urban, and rural backgrounds 
in India, were chosen through purposive sampling.

Sample Size Calculation

The required sample size was calculated based on a power 
calculation (Cohen’s d = 0.65, power = 80%, significance 
level = 5%) was a minimum of 63 per group, which was 
increased to 76 to allow for a 20% dropout rate. The total 
sample size was rounded up to 100 per group (n = 200) 
for practical considerations. The students were selected 
from three colleges (70 from an urban college, 65 from 
a semi-urban college, and 65 from a rural college) and 
randomized into two equal groups. The selected students 
included 60 second-year (30%), 90 third-year (45%), and 
50 final-year (25%) BDS students.

Allocation: Participants were randomly assigned to 
intervention or control groups using a computer-
generated randomization sequence, stratified by year of 
study and college.

While students in the cohort reported a total of 22 
different native languages, the AI platform’s multilingual 
modules were practically focused on delivering content 
in English and the three major regional languages spoken 
by the majority of participants, ensuring functional 
coverage for the diverse student group.

Intervention

Development of the AI-driven learning system

An AI-based personalized learning platform was created 
to cater to the cognitive and linguistic requirements 
of dental students. The platform employed adaptive 
algorithms that adjusted the complexity of the course 
materials depending on the student's abilities, thus 
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allowing the learners to progress by gradually working 
on more complicated scenarios in the clinic.

Multi-language support, using natural language 
processing techniques, delivered the content in three 
languages, including English, Hindi, and a regional 
language. Translations and voice overs helped non-
English speaking students understand the content better.

Cognitive skill development was ensured through the 
use of simulation training, case-based learning, and 
quizzes. Language skills were strengthened through 
reading, writing, and effective communication in clinical 
settings. The content was designed collaboratively by 
dentists, artificial intelligence experts, and linguists, in 
accordance with the syllabus prescribed by the Dental 
Council of India. Usability testing was performed to 
gauge user experience.

To solve issues related to inadequate infrastructure, the 
following components were included: offline access to the 
platform, technical assistance, and access to computers 
at institutional computer labs. Figure 1 presents an 
overview of the AI learning workflow used in this study.

Figure 1. AI-powered adaptive learning cycle.

Implementation

The intervention was implemented for six months from 
March 2024 to February 2025, thus coinciding with 
one academic semester. Participants in the intervention 
group (n = 100) gained access to the platform through 
web or mobile applications, which offered flexibility in 
accessing the program. Students had a weekly routine 
that involved two cognitive tasks for 30 to 45 minutes 
each and one linguistic task lasting 20 to 30 minutes.

During PBL sessions, students worked in small groups 
(6–8 members) and were guided by trained faculty 
facilitators through clinically relevant case scenarios. 
These sessions were designed to foster hypothesis-
driven learning, diagnostic reasoning, and application of 
theoretical knowledge to practical cases.

Representative cases included scenarios such as:

a.	 A 45-year-old patient with generalized chronic 
periodontitis complicated by poorly controlled 
diabetes mellitus and tobacco use, which required 
students to integrate systemic risk management with 
periodontal treatment planning.

b.	 A 30-year-old patient presenting with aggressive 
periodontitis involving tooth mobility, furcation 
defects, and past non-compliance, which prompted 
discussions on prognosis, surgical vs. non-surgical 
approaches, and patient motivation strategies.

As compared to the foregoing, the Control Group, 
also comprising 100 students, followed the standard 
curriculum by using only the old-fashioned approaches 
of lectures, laboratory classes in college laboratories, and 
reading textbooks, without exposure to the AI tools. 
This group served as a control to reduce the intervention 
effect while remaining consistent with conventional 
dental education in India. To ensure proper utilization of 
the platform, Training was conducted for both groups' 
participants. A 2-hour orientation session provided 
intervention group students with an introduction to 
the features, navigation, and troubleshooting basics of 
the platform, instilling confidence in its operation. Staff 
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in both groups were trained to maintain consistency 
in monitoring, while intervention group teachers 
alone interacted with the platform. Technical support 
was also ongoing through email or a specific helpline, 
troubleshooting such issues as app bugs or connectivity, 
of particular use to rural participants with possibly 
limited digital infrastructure. 

Faculty Training and Engagement

The faculty members received rigorous training for two 
days before implementing the innovation. On the first 
day, the faculty members were taught how to navigate 
the AI system. This included adaptive learning, analytics, 
multilingual capacity, and chatbots. On the second 
day, emphasis was laid on integrating the AI outputs 
into PBL. The faculty members were instructed about 
understanding student analytics and giving personalized 
feedback.

Data Collection 

Quantitative Data 

Quantitative data were gathered to assess cognition, 
language proficiency, and engagement. Diagnostic 
reasoning and critical thinking skills were evaluated 
based on the results of the pre- and post-test (test score: 
100). Assessment of language proficiency included 
reading, writing, and speaking skills, adjusted for dental 
education (test score: 50). Quantitative data related 
to engagement indicators, such as the duration of the 
session, tasks performed, and rate of completion, were 
collected automatically for the intervention group. The 
assessments were performed at baseline (Month 4), 
midpoint (Month 7), and end-point (Month 9).

Qualitative Data

Qualitative data were collected from participants of 
the intervention group by conducting semi-structured 

interviews (10 students, 10 teachers; 20–30 min per 
interview) and focus group discussions (2 focus groups; 8 
participants in each; 60 min per discussion). Qualitative 
data were used to analyze user experience, usability, 
and overall effectiveness of the AI application. Audio 
recordings of all the interviews and discussions were 
made and transcribed verbatim. Data collection took 
place in Month 10.

Data Analysis

Quantitative Data Analysis

Descriptive statistics including the mean, standard 
deviation, and range were employed for the analysis of 
cognitive, linguistic, and engagement data. The Shapiro-
Wilk test was applied for normality assessment. Changes 
within the same group were examined by applying 
paired samples t-tests, while independent samples t-tests 
were used to compare post-intervention performance 
between groups. Cohen’s d was used to measure effect 
size. When significant pre-intervention differences were 
found, ANCOVA was used. All statistical analyses were 
conducted using IBM SPSS Statistics (Version 27).

Qualitative Data Analysis

Thematic analysis (both deductive and inductive) was 
used to analyze qualitative data derived from interviews 
and focus groups. Two independent raters analyzed the 
qualitative data independently using NVivo 12. High 
inter-rater agreement (Cohen’s κ = 0.81) was achieved 
during coding.

Mixed Methods Data Integration

Both quantitative and qualitative results were triangulated 
for better intervention evaluation. Quantitative findings 
were linked to participants’ experiences described in 
qualitative data.

Transforming dental education in India: AI-driven personalized learning to enhance cognitive skills  
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Quality Control

Training procedures were standardized, and instruments 
were pre-tested with Cronbach’s alpha > 0.7.

Ethical considerations

The project obtained ethical approval from the 
Institutional Ethics Committee (Ref: CDCRI/
DEAN/ETHICSCOMMITTEE/STAFF/OMRD-
05/2024), thus adhering to all the necessary regulations. 
All subjects gave their written informed consent 
after receiving detailed information about the study 
design, their voluntary participation, and the option to 
discontinue participation. The anonymity of subjects' 
information was ensured via encryption techniques. To 
foster fairness, especially in cases of poor availability of 
resources, students received loaned devices for access to 
the AI system.

RESULTS 

This study recruited 200 undergraduate dental students 
(100 in the control group and 100 in the intervention 
group) and 20 faculty members in three dental colleges 
in India (urban, semi-urban, and rural locations). The 
age of the participants varied from 19 to 24 years (mean 
= 21.5, SD = 1.2), with 60% females and 40% males, and 
were spread over 2nd (40%), 3rd (35%), and 4th (25%) 
years of the BDS program. A 5% dropout rate was noted 
(10 students: 4 interventions, 6 control), largely because 
of scheduling conflicts or technical issues, and 96 and 
94 students remained in the intervention and control 
groups, respectively, for analysis.

Quantitative cognitive skill assessment indicated 
significant improvement in the intervention group over 
the control group. As evident in Table 1, the intervention 
group's mean cognitive skill score was higher after 
intervention, that is, post-intervention, than it was pre-
intervention and increased from 62.5 (SD = 9.8) pre-
intervention to 78.3 (SD = 8.5), giving a mean difference 
of 15.8 points (95% CI: 13.5–18.1, p < 0.001). However, 
the control group's score, though small, improved 

from 61.8 (SD = 10.2) to 65.4 (SD = 9.9) with a mean 
difference of 3.6 points (95% CI: 1.8–5.4, p = 0.002). 
An independent t-test supported a significant difference 
between groups on post-test scores (t = 8.42, p < 0.001), 
with a large effect size (Cohen's d = 1.32), indicating 
the AI-based personalized learning system significantly 
improved diagnostic reasoning and critical thinking 
abilities.

Table 1. Cognitive Skill Scores (Pre- and Post-Intervention)

Group Pre-Test 
Mean (SD)

Post-Test 
Mean (SD)

Mean Differ-
ence (95% CI)

p-value 
(Paired t-test)

Intervention 

(n = 96)
62.5 (9.8) 78.3 (8.5) 15.8 (13.5–18.1) <0.001

Control (n 

= 94)
61.8 (10.2) 65.4 (9.9) 3.6 (1.8–5.4) 0.002

Language proficiency gains also benefited the 
intervention group. Table 2 shows that the intervention 
group mean language proficiency score increased from 
32.1 (SD = 6.7) to 41.5 (SD = 5.9), a gain of 9.4 points 
(95% CI: 8.1–10.7, p < 0.001), while the control group's 
score improved from 31.8 (SD = 7.0) to 34.2 (SD = 6.8), 
an increase of modest 2.4 points (95% CI: 1.2–3.6, p = 
0.008). The difference in post-test performance between 
groups was large (t = 6.75, p < 0.001) and corresponded 
to Cohen's d = 1.08, representing a strong signal that 
the language exercises and customized support helped 
eliminate proficiency issues with confidence, including 
for English and regional language proficiency.

Table 2. Language Proficiency Scores (Pre- and Post-
Intervention)

Group Pre-Test 
Mean (SD)

Post-Test 
Mean (SD)

Mean Difference 
(95% CI)

p-value 
(Paired t-test)

Intervention 

(n = 96)
32.1 (6.7) 41.5 (5.9) 9.4 (8.1–10.7) <0.001

Control (n 

= 94)
31.8 (7.0) 34.2 (6.8) 2.4 (1.2–3.6) 0.008

Engagement data, not present in the control group, 
emphasized the acceptance of the platform. As described 
in Table 3, the students spent 4.2 hours per week (SD = 
1.1, range: 2.5–6.8) on the AI platform, with an 88% 
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completion rate of tasks (SD = 9%, range: 65–100%) and 
an average of 22.5 modules finished (SD = 3.2, range: 
15–28). A strong positive correlation was found between 
engagement and cognitive skill gain (r = 0.62, p < 0.01), 
indicating that greater interaction with the adaptive 
learning system increased its educational value (Figure 2).

Table 3. Engagement Metrics (Intervention Group, n = 96)

Metric Mean (SD) Range

Hours/Week 4.2 (1.1) 2.5–6.8

Task Completion (%) 88 (9) 65–100

Modules Completed 22.5 (3.2) 15–28

Figure 2. Scatterplot showing engagement hours vs. cognitive skill 

improvement.

Qualitative insights through 10 student interviews, 10 
instructor interviews, and two focus groups (16 students 
total) complemented the quantitative findings, with four 
predominant themes elicited (Table 4). The Enhanced 

Learning theme reported seeming improvements 
in cognition ("The sims made me act like a dentist, 
reading cases had a real-life feel") and language access 
("Having Hindi summaries helped me catch up on 
stuff I was getting behind on with English"). Usability 
reported being easy to get around ("The app was easy 
to use after I got a hang of things") in parallel with 
technical frustrations ("Sometimes the app crashed, 
particularly in the countryside where they have poor 
internet"). Engagement recorded motivation ("I enjoyed 
how it adapted to my pace—it kept me engaged") but 
commented on time limitations ("It was difficult to fit 
in with our normal classes"). Lastly, Faculty Perceptions 
expressed support for AI as an adjunct ("It's a good 
tool to supplement instruction, but it can't substitute 
for hands-on practice") but highlighted training 
requirements ("We require more training to incorporate 
it into our lectures").

Subgroup analysis by college setting (Table 5) showed 
differences in results. Urban intervention students had 
the most gains (cognitive: +17.5, language: +10.5), 
which were followed by semi-urban (cognitive: +15.9, 
language: +9.2) and rural students (cognitive: +13.2, 

Table 4. Qualitative Themes and Representative Quotes

Theme Subtheme Representative Quote

Enhanced Learning
Cognitive Skill Gains “The simulations made me think like a dentist—diagnosing cases felt real.” (Student)

Language Accessibility “Having Hindi explanations helped me understand concepts I struggled with in English.” (Student)

Usability
Ease of Use “The app was simple to navigate once I got used to it.” (Student)

Technical Challenges “Sometimes the app crashed, especially in rural areas with bad internet.” (Student)

Engagement
Motivation “I liked how it adjusted to my pace—it kept me interested.” (Student)

Time Commitment “It was hard to find time with our regular classes.” (Student)

Faculty Perceptions
Support for AI “It’s a great tool to supplement teaching, but it can’t replace hands-on practice.” (Faculty)

Training Needs “We need more training to integrate it into our lectures.” (Faculty)

Table 5. Subgroup Analysis by College Type

College Type Group Cognitive Gain (Mean) Language Gain 
(Mean)

Urban
Intervention 17.5 10.5

Control 4.1 2.8

Semi-Urban
Intervention 15.9 9.2

Control 3.5 2.3

Rural
Intervention 13.2 7.8

Control 3.2 2.1

Transforming dental education in India: AI-driven personalized learning to enhance cognitive skills  
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language: +7.8). Control group gains were always less 
in each setting (urban: +4.1, +2.8; semi-urban: +3.5, 
+2.3; rural: +3.2, +2.1). These discrepancies, while not 
statistically significant (p = 0.12 for cognition, p = 0.19 for 
language), imply that infrastructure gaps (e.g., internet 
uptime) could be impacting intervention effectiveness. 
An ANCOVA controlling for baseline score and college 
type affirmed the intervention's overall effect (p < 0.001 
for both measures).

Synthesizing quantitative and qualitative findings, the 
15.8-point increase in cognitive skills and 9.4-point 
improvement in language abilities were supported by 
accounts of improved learning and usability, validating 
the platform's effectiveness. Technical issues reported 
qualitatively (e.g., app freezing) were not entirely 
captured in engagement measures, suggesting student 
resilience or compensatory strategies. High engagement 
(88% completion of tasks) was concurrent with favorable 
views toward motivation, highlighting the adaptive 
design's contribution to maintaining interest. 

The Hybrid PBL intervention group demonstrated a 
significant improvement in mean knowledge retention 
scores (mean difference ≈ 3.2 points, p < 0.001) and 
CAT scores (mean difference ≈ 6.8 points, p < 0.001) 
compared to the control group. Additionally, over 70% 
of students in the intervention group reported higher 
confidence in understanding and using technical English 
terminology, attributed to the AI platform’s multilingual 
and contextual language support features.

Qualitative themes

The qualitative analysis produced three major themes 
highlighting students’ and faculty members’ perspectives 
on the AI-supported learning intervention.

Enhanced student autonomy and confidence

Participants noted that the AI-supported modules 
encourage flexible, self-paced learning. A faculty member 

observed, “Students were able to revisit concepts they 
struggled with, which made them more confident in 
applying theoretical knowledge during case discussions.” 
Similarly, a student reflected, “Having quizzes that adapt 
to what I got wrong helped me remember tricky topics.” 
This theme suggests that AI-enabled personalization 
can strengthen self-directed learning habits and boost 
confidence in mastering complex content.

Faculty role adaptation and training needs

Faculty described a shift in their instructional role, 
emphasizing the need for targeted training to interpret 
AI-generated analytics and integrate them with 
traditional feedback. One faculty member remarked, 
“It’s useful to know which students are struggling, 
but we need clearer guidelines on how to act on that 
data.” Overall, faculty valued the real-time analytics 
for monitoring student progress but highlighted the 
importance of clear protocols and periodic refresher 
training to maintain meaningful use.

Infrastructure constraints and access challenges

Limited internet connectivity, particularly at rural sites, 
emerged as a persistent barrier. Faculty and students 
appreciated the offline features but stressed the need 
for reliable technical infrastructure and adequate lab 
facilities to fully benefit from the tool. One participant 
noted, “Offline access helped, but we still need better 
lab facilities to make full use of the tool.” Additionally, 
some faculty expressed concerns about disparities in 
students’ digital readiness, underlining the importance 
of supporting equitable access across different contexts.

Table 6 presents a joint display mapping the main 
quantitative results to the corresponding qualitative 
themes that help explain and enrich the numerical 
trends.
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DISCUSSION

The results of the current study revealed that a 
technology-based personalized learning intervention 
dramatically improves cognitive ability and language 
skills of undergraduate dental students in India, 
consistent with an increasing evidence base regarding 
technology-assisted education for healthcare education. 
The intervention cohort had a substantial 15.8-point 
rise in cognitive ability scores, much greater than the 
control group's minimal 3.6-point increase (p < 0.001). 
This gain, with a significant effect size (Cohen's d = 
1.32), highlights the effectiveness of adaptive learning 
algorithms in developing critical thinking and diagnostic 
reasoning key competencies in dental practice.(10) 
Likewise, language ability scores increased by 9.4 points 
in the intervention group versus 2.4 points in the control 
group (p < 0.001, Cohen's d = 1.08), demonstrating the 
promise of multilingual AI instruments to overcome 
linguistic obstacles in a multicultural learning 
environment such as India.(11) These findings indicate 
that AI-based personalization can overcome gaps in 
conventional dental education, especially in resource-
limited environments.

The observed cognitive skill gains in this research are 
consistent with previous work examining adaptive 
learning systems in medical education. (12) The focus of 
our intervention on virtual simulation and case-based 
exercises probably mirrors these mechanisms to allow 
students to interact with difficult dental situations (e.g., 
caries diagnosis) at their own pace. This was supported 
by qualitative data, with students commenting that 
"simulations made me think like a dentist," reflecting 
convergence with experiential learning theories. (13) Yet 
the relative smallness of the improvement in the control 

group (3.6 points) suggests that orthodox approaches—
lectures and textbooks—provide little scaffolding for the 
development of higher-order cognition, in keeping with 
criticisms of passive dental curriculum learning. (14) Our 
study has a high effect size (d = 1.32), which is larger 
than that described in comparable interventions, perhaps 
because of the individualized tailoring of content to the 
Indian dental curriculum. (15)

The significant improvement in language proficiency 
observed in our intervention group aligns with findings 
from other studies exploring AI-driven language learning 
tools. A study by Junaidi et al. demonstrated that students 
receiving AI-based instruction outperformed those 
without AI assistance, highlighting AI's contribution to 
grammar skill development. (16) Similarly, a study by Yan 
indicated that AI-assisted tools enhanced EFL learners' 
writing performance, enabling them to complete writing 
tasks more efficiently. (17)

In dentistry education, the integration of AI technologies 
has been associated with enhanced learning and student 
engagement. A study on the use of chatbots in dental 
clinical education found that integrating AI greatly 
boosted learning outcomes and student engagement 
and noted the possibility of AI in transforming teaching 
practice. (18) Also, AI-powered tools have been found to 
provide personalized learning experiences, immediate 
feedback, and interactive tasks that help learners engage 
actively, thereby transforming traditional teaching 
methods. (19)

Our treatment's effect size (d = 1.08) is better than 
traditional language interventions, likely because 
the ability of the AI to dynamically modify content 
on the basis of individual skill levels. Such dynamic 

Table 6. Joint Display of Quantitative Findings and Supporting Qualitative Themes

Quantitative Finding Supporting Qualitative Theme Illustrative Quote

Significant improvement in knowledge retention 

(mean increase 13.5 points)

Enhanced student autonomy and flexible 

learning

“The AI quizzes showed me exactly where I was weak and 

helped me revise at home.”

Higher engagement and satisfaction scores Faculty adaptation and need for training
“The dashboard is helpful, but we need guidance on how to 

tailor our feedback.”

Rural sites reported lower usage during poor 

connectivity

Infrastructure constraints and offline 

features

“Sometimes the internet failed, so having the offline version 

really helped.”

Transforming dental education in India: AI-driven personalized learning to enhance cognitive skills  
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flexibility allows learners to be given instruction that 
is tailor-made to their personal need, thus enhancing 
their comprehension and communicative skills. Our 
participants' qualitative answers, e.g., "Having Hindi 
explanations helped me understand concepts I struggled 
with in English," continue to offer qualitative evidence 
for the worth of linguistic inclusivity in a multilingual 
nation.

The observed engagement statistics in our study averaging 
4.2 hours of platform time per week and an 88% rate 
of task completion emphasize the effectiveness of AI-
powered personalized learning systems in promoting 
student engagement. This corroborates findings of the 
study by Zaharuddin et al., who documented improved 
student engagement through AI-personalized learning 
experiences. (20)

The strong correlation between cognitive skill growth 
and platform usage (r = 0.62, p < 0.01) supports studies 
that show AI personalization has a positive effect on 
academic achievement. In support of this, Wang et al. 
showed that adaptive learning systems powered by 
AI have the ability to improve student performance 
dramatically. (15)

Qualitative comments by our participants, for instance, 
"I enjoyed how it adapted to my pace," demonstrate 
tenets of self-determination theory, in which autonomy 
increases intrinsic motivation. This is as opposed to 
research indicating that AI technologies, through 
providing individualized and interactive learning 
opportunities, can profoundly improve student 
motivation and motivation.

Nonetheless, rural students experienced some difficulties 
due to time limitations ("It was difficult to find time 
with our normal classes") and software problems 
("Sometimes the app crashed"). These are representative 
of larger infrastructural differences between urban and 
rural school environments. It is found that restricted 
availability of technology and stable internet connections 
in rural areas can play a hindrance to the effective use of 
AI-based learning tools. (21)

The disparities in cognitive and language gains observed 
between rural (13.2 and 7.8 points, respectively) and 
urban students (17.5 and 10.5 points) also underscore 
the role of infrastructural issues in determining the 
outcomes of learning. These disparities need to be 
bridged to ensure equal benefits of AI-based educational 
interventions across different demographic segments.

Faculty attitudes in our research indicate a balanced 
perspective on AI implementation in dental education. 
Educators recognized AI as an effective complement 
to conventional pedagogy, observing, "It's a great tool 
to supplement teaching," but insisted that it should 
not substitute for clinical hands-on practice. This view 
is consistent with overall trends in dental education, in 
which technological innovations are welcomed to improve 
learning, but the inimitable worth of clinical training 
continues to take precedence. In accordance with this, a 
report by Dashti et al. highlights that although AI-based 
applications in healthcare have shown efficacy, clinical 
training remains central to ensuring competent dental 
professionals. The need for extra training to make proper 
use of AI in curricula was an emergent need expressed by 
several faculty members with statements like, "We need 
more training to integrate it into our lectures." This is 
consonant with reports from a multicenter study stating 
that faculty members tend to possess low AI literacy and 
have different perceptions regarding the place of AI in 
education. (22)

AI has been viewed as a revolutionary tool for teaching 
and learning, while others express concerns about its 
potential misuse and impact on critical thinking skills. 
(23) Our mixed-methods study uncovered a synergy 
between quantitative gains and qualitative advantages, 
like enhanced accessibility. Technical difficulties were 
also reported, which indicate the requirement of strong 
support mechanisms to enable easy integration. These 
findings align with an increasing body of evidence 
highlighting the necessity of comprehensive training and 
support for instructors to implement AI tools effectively 
in dental education. (24, 25) 

Our subgroup analysis indicates the critical influence 
of context on the success of educational interventions. 
Students from urban areas showed greater improvement, 
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which could be the result of better internet connectivity 
and technological familiarity. In contrast, students from 
rural areas were troubled, likely by sparse connectivity 
and technology. These findings align with past literature 
regarding India's digital divide in education. A study 
on the present situation of the digital divide in India's 
education system identified that just 31% of the rural 
population makes use of the internet, whereas 67% of 
the urban population uses the internet, which indicates 
enormous imbalances in digital access. (26) The resultant 
absence of technological access automatically affects 
education, disadvantaging students from poor families. 
(27, 28) In spite of these challenges, evidence suggests 
that AI-based personalized learning systems can 
improve learning outcomes in rural and urban areas. An 
experiment in Karnataka, India, showed substantial gains 
in mathematics proficiency among students using AI 
systems, with rural experimental group scores jumping 
from a pre-test mean of 62.5 to a post-test mean of 
78.3, and urban experimental group scores improving 
from 68.2 to 83.9. (29) These results imply that although 
AI interventions are helpful across varied settings, the 
size of their impact can be subject to infrastructural and 
situational factors. 

In line with the step-by-step guide described by Skamagki 
et al. (29) this study demonstrates Mixed-Methods 
Integration at the design, methods, and interpretation 
levels. The quantitative findings (e.g., statistically 
significant gains in post-test and CAT scores) are 
supported and contextualized by the qualitative themes 
that describe students’ increased confidence and faculty 
perspectives on practical implementation. This explicit 
linking of strands enhances the explanatory power and 
relevance of the study’s conclusions.

This study’s faculty feedback aligns with broader trends 
reported internationally, which show that educators 
recognize the potential of AI to enhance student-
centered learning but also call for structured faculty 
development initiatives. (30, 31) Future implementation 
should incorporate regular faculty training and 
institutional support to maximize AI’s benefits while 
addressing practical barriers in real-world educational 
contexts.

The findings of the study suggest that the AI-based 
personalized learning system meaningfully enhanced 
both cognitive skills and domain-specific language 
confidence in Oral Medicine and Radiology. This is 
consistent with studies in other medical education 
contexts showing that adaptive AI systems improve 
knowledge retention and language proficiency by 
providing personalized feedback and contextual 
assistance. (3, 32) By integrating such features into a 
Hybrid PBL format, the present study demonstrates 
the practical potential of AI to support learners in 
multilingual, resource-diverse educational settings.

The qualitative data was useful as a supplement to the 
quantitative data in showing that the use of the AI 
modules resulted in improved student independence 
and critical thinking skills. The feedback provided by the 
educators revealed both the strengths and weaknesses 
of the process and stressed the importance of educator 
training and proper resources. While the study considered 
knowledge retention, critical thinking, language skills, 
and student engagement simultaneously to give an 
overview of the entire process, it is recommended that 
each aspect be studied independently in future studies.

These findings are significant concerning the use of 
competency-based dental education and early clinical 
exposure. Improvement in cognitive skills will facilitate 
the process of developing clinical reasoning and will 
be helpful in making correct diagnoses and proper 
treatment plans.

Language proficiency improvements will be beneficial 
for patient–dentist interactions, as a crucial element in 
achieving quality care. The multilingual capabilities will 
be particularly useful in multicultural contexts such as 
India, helping students understand complex notions and 
interact successfully with patients. Positive correlation 
between engagement levels and academic achievements 
indicates that the use of AI tools contributes to fostering 
active and effective learning. In institutions with 
limited clinical experience, AI-assisted training may 
play an additional part in the training process. From 
an educational viewpoint, performance assessment and 
feedback are the key elements of competency-based 
teaching, which may be ensured by using AI technology. 
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At the same time, inconsistencies across different 
institutional contexts suggest that infrastructural gaps 
should be filled out.

Overall, the implementation of AI-powered personalized 
learning strategies can significantly contribute to 
enhancing the process of learning, as well as improving 
clinical competencies and patient communication 
abilities. However, sufficient teacher training is required.

There were several limitations that had to be taken 
into account. Even though the system used during the 
research allowed for multilingualism, there could have 
been some differences in terms of regional culture and 
communication style that were not adequately covered. 
This problem can be solved by involving the assistance 
of faculty members and integrating culturally adaptive 
content and region-specific case libraries in further 
projects.

Three institutions were chosen for participation 
in the experiment, but they were geographically 
distributed. However, students' residence backgrounds 
were not stratified, which may also influence their 
learning experience and technological opportunities. 
Furthermore, no assessment of cost-effectiveness was 
conducted, which will be critical in rural settings.

While the system offered its users a multilingual 
approach, certain differences in communication might 
have impacted students' engagement and understanding. 
Despite the significant improvement in students' ability 
to use English as the technical language in the field, 
the results have to be understood through the prism 
of multilingualism typical of Indian dental education. 
Finally, even though AI provides considerable help in 
the process, it cannot serve as a replacement for faculty 
supervision and peer collaboration in developing 
professional communication skills.

CONCLUSION

This study provides preliminary evidence that integrating 
AI-based personalized learning with Hybrid PBL can 
improve knowledge retention and technical language 

confidence in a diverse, multilingual dental student 
cohort. However, the results should be interpreted 
within the context of the unique linguistic diversity of 
the participating colleges and should not be generalized 
beyond similar settings without further research.
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