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ABSTRACT: Artificial intelligence chatbots are increasingly being incorporated into dental education, but 
their effectiveness in real student cohorts remains uncertain. This systematic review, meta-analysis, and 
functional narrative synthesis evaluated the educational impact of chatbot-assisted learning interventions 
in dental students, focusing on student performance, self-efficacy, and domain-specific applications. A 
systematic search of PubMed/MEDLINE, Scopus, and Embase was conducted for studies published up 
to May 2026. Eligible studies included real dental students exposed to chatbot-assisted educational 
interventions and assessed using explicit comparators or meaningful pre-post designs. Risk of bias 
was assessed with RoB 2.0 and the JBI checklist, and certainty of evidence was evaluated using GRADE. 
Eight studies involving 716 undergraduate dental students were included in the qualitative synthesis, 
and two studies were included in an exploratory meta-analysis. The pooled estimate favored chatbot-
assisted learning over comparator conditions for overall student educational performance (SMD=0.62, 
95% CI: 0.37 to 0.87; I²=0%), although this finding should be interpreted cautiously because only two 
studies were pooled and they assessed different manifestations of educational performance. Certainty 
of evidence was low. Functional narrative synthesis identified four educational domains: knowledge 
acquisition and academic performance; clinical reasoning and diagnostic communication; operative and 
procedural skill support; and academic writing, evidence handling, and reflective tasks. Chatbot-assisted 
learning appears promising, but current evidence remains limited, heterogeneous, and context-dependent.
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RESUMEN: Los chatbots de inteligencia artificial se están incorporando cada vez más en la educación 
odontológica, aunque su efectividad en cohortes reales de estudiantes sigue siendo incierta. Esta 
revisión sistemática, metaanálisis exploratorio y síntesis funcional narrativa evaluó el impacto educativo 
de las intervenciones de aprendizaje asistido por chatbots en estudiantes de odontología, con énfasis 
en el desempeño estudiantil, la autoeficacia y las aplicaciones específicas por dominio. Se realizó 
una búsqueda sistemática en PubMed/MEDLINE, Scopus y Embase de estudios publicados hasta mayo 
de 2026. Se incluyeron estudios con estudiantes reales de odontología expuestos a intervenciones 
educativas asistidas por chatbots y evaluados mediante comparadores explícitos o diseños pre-post 
relevantes. El riesgo de sesgo se evaluó con RoB 2.0 y la lista de verificación del JBI, y la certeza de 
la evidencia mediante GRADE. Ocho estudios, con 716 estudiantes de pregrado en odontología, fueron 
incluidos en la síntesis cualitativa, y dos estudios en un metaanálisis exploratorio. El efecto combinado 
favoreció el aprendizaje asistido por chatbots frente a las condiciones comparadoras para el desempeño 
educativo global (SMD=0,62; IC 95%: 0,37 a 0,87; I²=0%), aunque este hallazgo debe interpretarse 
con cautela porque solo se combinaron dos estudios y estos evaluaron diferentes manifestaciones del 
desempeño educativo. La certeza de la evidencia fue baja. La síntesis narrativa funcional identificó cuatro 
dominios educativos: adquisición de conocimientos y desempeño académico; razonamiento clínico y 
comunicación diagnóstica; apoyo a habilidades operativas y procedimentales; y escritura académica, 
manejo de evidencia y tareas reflexivas. El aprendizaje asistido por chatbots parece prometedor, pero la 
evidencia actual sigue siendo limitada, heterogénea y dependiente del contexto.

PALABRAS CLAVE: Aprendizaje asistido por chatbots; Inteligencia artificial; Educación odontológica; 
Revisión sistemática; Metaanálisis.

INTRODUCTION

The integration of artificial intelligence (AI) 
in dental education has witnessed exponential 
growth, particularly with the emergence of genera-
tive AI tools such as ChatGPT, Gemini, Copilot, and 
Claude. These generative AI chatbots, underpinned 
by large language models (LLMs), offer unprece-
dented opportunities for asynchronous, adaptive, 
and personalized learning. Early work in this area 
also showed that these systems could achieve 
strong performance on dental knowledge tasks 
and examination-style questions, which helped 
stimulate interest in their educational use and 
prompted broader discussion about their possible 
role in student learning (1,2).

As this field has evolved, the key question 
has shifted from whether chatbots can answer 
dental questions accurately to whether their use 
as learning supports produces meaningful educa-
tional benefits in real student populations. This 
distinction is important. High model performance 
on examinations or question banks may indicate 
technical capability, but it does not by itself 
demonstrate that chatbot-assisted learning impro-
ves student outcomes in authentic educational 
settings (1,2).

Despite the promising performance of genera-
tive AI models, their integration into dental education 
is not without challenges. Comparative educational 
research has already suggested that chatbot-
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supported learning does not uniformly outperform 
conventional methods. In one study, conventional 
instruction produced significantly higher post-test 
scores than ChatGPT-assisted learning, undersco-
ring the possibility that rapid access to genera-
ted content may not always translate into deeper 
understanding (3). In parallel, other investigations 
have shown that chatbot output may vary across 
dental disciplines and levels of cognitive demand, 
reinforcing the need for careful educational evalua-
tion rather than uncritical adoption (4).

Beyond theoretical instruction, chatbots 
have shown value in enhancing students’ clini-
cal reasoning and communication skills. Student-
centered applications have included virtual patient 
interviewing, where chatbot-based interactions 
were associated with improvements in perceived 
competence, participation, and practice oppor-
tunities in preclinical learning environments 
(5). Similarly, controlled educational research 
has shown that chatbot-assisted instruction may 
improve performance, learning motivation, and 
self-efficacy while also reducing cognitive load in 
operative skills training (6). These findings suggest 
that chatbots may function not merely as answer 
engines, but as educational supports capable of 
shaping how students engage with knowledge and 
skills development.

At the same time, the existing litera-
ture remains conceptually heterogeneous (7-9). 
Some studies have focused on chatbot-assisted 
learning as an educational intervention invol-
ving real dental students (3,5,6), whereas others 
have examined model performance on licensing 
or specialty examinations (10,11), or compared 
chatbot outputs against human respondents in 
more technical benchmarking contexts (12,13). 
Although all of these studies contribute to the 
wider conversation on AI in dental education, they 
do not answer the same pedagogical question. 
For a review specifically concerned with educatio-
nal effectiveness, the most informative evidence 

comes from studies in which real dental students 
are exposed to chatbot-assisted learning and their 
outcomes are measured directly against an expli-
cit comparator or across a meaningful educational 
pre-post design.

This narrower focus is methodologically 
important. It reduces the risk of conflating educa-
tional effectiveness with model accuracy, improves 
conceptual coherence across included studies, 
and allows the review to concentrate on outco-
mes that matter most for curriculum development, 
including knowledge acquisition, skill develop-
ment, self-efficacy, and educational experience. It 
also makes it possible to interpret the evidence in 
a way that is directly relevant to faculty decision-
making and implementation in undergraduate 
dental training (14).

To date, most available studies are limited to 
single-center observational designs, often lacking 
comparators and focusing on narrow curricular 
areas. Moreover, even among student-centered 
studies, chatbot-assisted learning has been applied 
to diverse educational tasks, including didactic 
reinforcement, history-taking practice, scientific 
writing, and operative or diagnostic training. This 
diversity means that quantitative synthesis alone 
may not be sufficient to explain how these tools 
are being used pedagogically or which competency 
domains they appear to support most consistently. 
For this reason, a functional narrative synthesis 
is needed alongside meta-analysis to clarify the 
instructional roles, targeted competencies, and 
recurrent patterns of educational use across the 
included studies.

Accordingly, the objective of this systematic 
review and meta-analysis is to assess the effec-
tiveness of chatbot-assisted learning interven-
tions in improving academic and clinical outcomes 
among dental students. More specifically, this 
systematic review, meta-analysis, and functional 
narrative synthesis aims to evaluate the educa-
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tional effectiveness of chatbot-assisted learning 
interventions in real dental student cohorts. The 
primary outcomes include academic performance, 
clinical reasoning and diagnostic learning, self-
efficacy, and the development of clinical and 
communication competencies. Secondary outco-
mes include motivation, satisfaction, engage-
ment, cognitive load, and perceived usefulness. 
By focusing on student-centered comparative 
educational evidence, this review seeks to provide 
a more methodologically coherent and pedagogi-
cally relevant basis for the integration of chatbot-
based tools into dental curricula.

MATERIALS AND METHODS

PROTOCOL AND REGISTRATION

This systematic review, meta-analysis, and 
functional narrative synthesis was designed and 
reported in accordance with the PRISMA 2020 
(Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) guidelines to ensure methodo-
logical rigor and transparency (15). The protocol 
was prospectively registered in the Internatio-
nal Prospective Register of Systematic Reviews 
(PROSPERO) Database (CRD420251111207).

All methods, including eligibility criteria, 
search strategy, risk of bias assessment, and data 
synthesis plans, were defined a priori and followed 
as outlined in the protocol.

ELIGIBILITY CRITERIA

Studies were eligible for inclusion only if they 
involved real undergraduate or postgraduate dental 
students exposed to a chatbot-assisted educatio-

nal intervention. Eligible interventions included 
the use of chatbot-based tools (e.g., ChatGPT, 
Copilot, Bard, Gemini, Claude, Llama) for acade-
mic, diagnostic, clinical, or communication-related 
learning activities within dental education. Studies 
were required to report at least one student-level 
educational outcome, such as academic perfor-
mance, diagnostic learning, self-efficacy, commu-
nication skills, cognitive load, motivation, user 
satisfaction, or perceived usefulness.

To ensure that the review addressed educa-
tional effectiveness rather than technical model 
benchmarking, eligible studies were required to 
include an explicit educational comparator. Accep-
table comparators included conventional teaching, 
written materials, literature-based learning, non-AI 
instructional approaches, parallel control groups, 
or pre-post educational designs with student-
level outcome assessment. Primary study types 
considered were randomized controlled trials 
(RCTs), quasi-experimental studies, and observa-
tional educational studies with a comparative or 
pre-post design.

Studies were excluded if they did not 
include real dental students; assessed chatbot 
performance only against examinations, experts, 
or human respondents without a student-cente-
red educational intervention; focused exclusively 
on patient-facing applications; lacked a meanin-
gful educational comparator or pre-intervention 
baseline; or failed to report extractable student-level 
outcomes. Editorials, narrative reviews, commenta-
ries, letters, protocols, and purely technical valida-
tion studies were also excluded. There were no 
restrictions regarding language or publication date, 
provided that full-text access was available.
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PICO FRAMEWORK

This review was guided by the following 
PICO elements:

Population (P): Real undergraduate or 
postgraduate dental students.

Intervention (I): Chatbot-assisted educational 
interventions used for academic, diagnostic, clini-
cal, or communication training in dental education.

Comparator (C): Conventional teaching 
methods, written materials, literature-based 
learning, parallel control conditions, or pre-post 
educational designs.

Outcomes (O): Academic performance, 
diagnostic learning, self-efficacy, clinical or 
communication-related competencies, motivation, 
user satisfaction, engagement, cognitive load, and 
perceived usefulness.

This focused framework was adopted to 
ensure conceptual alignment between the review 
question and the included evidence base, speci-
fically targeting the educational effectiveness of 
chatbot-assisted learning rather than the standa-
lone technical performance of chatbot systems.

INFORMATION SOURCES AND SEARCH STRATEGY

A comprehensive and systematic literature 
search was performed across PubMed/MEDLINE, 
Scopus, and Embase. The final search in all databa-
ses was conducted on May 30, 2026. Embase 
was searched through Elsevier Embase.com. 
The search strategy incorporated both controlled 
vocabulary (e.g., MeSH and Emtree terms, when 
applicable) and free-text terms to ensure broad 
coverage of relevant literature. Keywords included: 
chatbot, ChatGPT, generative artificial intelligence, 
large language model, LLM, artificial intelligence 
in education, AI-assisted learning, conversational 

agent, educational chatbot, dental chatbot, dental 
students, dental education, oral health educa-
tion, intelligent tutoring systems, virtual teaching 
assistant, machine learning in dentistry, adaptive 
learning, asynchronous learning, digital learning 
tools, diagnostic AI in dentistry, and simulation-
based learning. Boolean operators (AND, OR), 
truncation (e.g., educat), and proximity operators 
were applied to refine the search strategy. Search 
strings were adapted to the specific syntax of each 
database. The full search strategies for all databa-
ses are provided in Supplementary Table S1.

All retrieved records were exported to 
EndNote 21, where duplicates were identified using 
automated duplicate detection and then manually 
verified based on title, authors, year, journal, and 
DOI. Reference lists of all included studies were 
manually screened to identify additional eligible 
articles not captured through electronic searches. 
Grey literature sources, trial registries, preprint 
servers, and dissertation databases were not 
systematically searched. 

STUDY SELECTION

Two reviewers independently screened the 
titles and abstracts retrieved from the search. 
Potentially eligible articles were retrieved in full 
and assessed against the inclusion and exclu-
sion criteria. Particular attention was paid during 
full-text screening to confirm the presence of real 
dental student participants, a chatbot-assisted 
educational intervention, and a comparator or 
pre-post educational design consistent with the 
review objective. Disagreements were resolved 
through discussion or consultation with a third 
reviewer. The selection process was documented 
using a PRISMA flow diagram.

DATA EXTRACTION

Data were extracted independently by two 
reviewers using a standardized and pre-tested 
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form. Extracted data included study characteris-
tics, participant demographics, chatbot model 
and instructional purpose, comparator, measu-
red outcomes, assessment tools, and statistical 
results. Additional data relevant to the functional 
narrative synthesis were also extracted, inclu-
ding the primary instructional use of the chatbot, 
the targeted competency domain, the educatio-
nal setting, and the role of the chatbot within the 
learning process (e.g., explanatory support, virtual 
patient interaction, writing assistance, or operative 
guidance). Discrepancies were resolved through 
consensus or arbitration.

OUTCOME MEASURES

Primary outcomes included academic perfor-
mance (e.g., test scores, structured knowledge 
assessments), diagnostic learning, self-efficacy, 
and the development of clinical and communica-
tion competencies. Secondary outcomes included 
user satisfaction, engagement, cognitive load, 
motivation, and perceived usefulness. Outcomes 
related solely to chatbot accuracy against expert 
or faculty benchmarks were not treated as primary 
evidence of educational effectiveness and were 
considered only when directly linked to student-
centered educational interventions.

RISK OF BIAS AND EVIDENCE CERTAINTY

Risk of bias was assessed according to study 
design. Randomized controlled trials and randomi-
zed comparative studies were evaluated using the 
Cochrane RoB 2 tool (16), with judgments made at 
the outcome level for the main student educatio-
nal outcome reported by each study. Domain-level 
judgments, signaling-question responses, and 
rationales were recorded.

Non-randomized educational studies were 
assessed using the appropriate Joanna Briggs 
Institute (JBI) critical appraisal checklist accor-
ding to study design (17). Quasi-experimental or 

pre-post intervention studies were assessed using 
the JBI checklist for quasi-experimental studies, 
whereas analytical cross-sectional or comparative 
observational studies were assessed using the 
JBI checklist for analytical cross-sectional studies 
when applicable.

Certainty of evidence was evaluated using 
the GRADE approach, considering risk of bias, 
inconsistency, indirectness, imprecision, and 
publication bias (18). Full item-level RoB 2 and 
JBI assessments are provided in Supplementary 
Tables S2 and S3.

DATA SYNTHESIS AND EXPLORATORY
META-ANALYSIS

Quantitative synthesis was planned using 
random-effects meta-analysis when at least 
two studies reported student-level continuous 
outcomes considered sufficiently comparable for 
standardized effect-size estimation. Standardized 
mean differences (SMDs) with 95% confidence 
intervals (95% CI) were pre-specified for conti-
nuous outcomes to accommodate differences in 
measurement scales. Heterogeneity was assessed 
using the I² and Tau² statistics.

Because the included studies were expected 
to vary in instructional format, comparator type, 
study design, and outcome domain, quantitative 
pooling was restricted to outcomes judged to be 
both statistically extractable and conceptually 
appropriate for synthesis. In particular, objective 
performance-based outcomes were considered 
for pooling when they reflected student educatio-
nal performance after chatbot-assisted learning. 
However, differences in the educational construct 
assessed by each study were explicitly considered 
when interpreting the pooled estimate.

The primary quantitative synthesis was 
therefore treated as exploratory. It was intended 
to provide a cautious estimate of overall student 
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educational performance rather than evidence for a 
single homogeneous educational outcome. Opera-
tive/procedural skill performance and knowledge 
examination performance were considered diffe-
rent manifestations of student performance and 
not identical constructs. Accordingly, the pooled 
estimate was interpreted alongside the study-level 
findings, design characteristics, and certainty-of-
evidence assessment.

Studies with substantial methodological, 
comparator, or outcome heterogeneity were not 
combined quantitatively. Subgroup analyses by 
educational domain and type of comparator were 
planned to explore potential sources of heteroge-
neity, but they were not performed because too 
few studies were available within each subgroup. 
When studies lacked sufficient or comparable 
quantitative data, meta-analysis was avoided. In 
such cases, findings were summarized narratively 
and stratified according to educational domain 
and study design, following the SWiM (Synthesis 
Without Meta-analysis) reporting framework.

In addition to the quantitative synthesis, 
a functional narrative synthesis was conducted 
to describe how chatbot-assisted learning was 
implemented across the included studies. For each 
study, data were extracted on the primary instruc-
tional purpose of the chatbot, the educational task 
in which it was used, the targeted student compe-
tency, the comparator or pre-post framework, and 
the main student-level outcome.

Studies were grouped according to their 
dominant educational function. The coding process 
was guided by the review objective and by the 
extracted intervention characteristics. When a study 
addressed more than one educational dimension, 
classification was based on the principal inten-
ded learning function of the chatbot intervention 
rather than on secondary or exploratory outco-

mes alone. This approach was used to identify 
recurrent patterns of chatbot-assisted learning 
across heterogeneous educational interventions 
and to support interpretation of findings that were 
not suitable for quantitative pooling.

Quantitative syntheses were conducted 
using Review Manager (RevMan) version 5.4.1 
using a random-effects model and standardized 
mean differences (Hedges g) for continuous outco-
mes. Sensitivity checks, cross-validation of pooled 
estimates and heterogeneity metrics, and figure 
rendering were performed in R version 4.3.2 using 
standard meta-analytic plotting functions. The 
summary statistics used for effect-size estimation 
and quantitative pooling are provided in Supple-
mentary Table S4.

RESULTS

STUDY SELECTION

A total of 2800 records were identified 
through systematic searches of PubMed/MEDLINE, 
Scopus, and Embase. After duplicate removal, 
records were screened by title and abstract, and 
studies were excluded when they were unrelated to 
chatbot-assisted learning in dental education, did 
not involve real dental students, lacked student-
centered educational outcomes, focused exclu-
sively on patient-facing applications, or corres-
ponded to non-eligible publication types such as 
editorials, narrative reviews, and commentaries. 
Of the 39 full-text articles assessed for eligibi-
lity, 8 studies met the final inclusion criteria and 
were included in the qualitative synthesis (3-6,19-
23). The 31 full-text studies excluded after appli-
cation of the revised eligibility criteria, together 
with the primary reasons for exclusion, are listed 
in Supplementary Table S5. Among the included 
studies, 2 provided sufficiently comparable conti-
nuous student-level outcomes with extractable 
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summary statistics and were therefore included 
in the exploratory meta-analysis (6,22). The study 
selection process is summarized in Figure 1.

Figure 1. Study selection process.

CHARACTERISTICS OF INCLUDED STUDIES

The final review set comprised 8 studies 
published between 2024 and 2026, represen-
ting a total of 716 real dental students exposed 
to chatbot-assisted educational interventions 
(3-6,19-23). All included cohorts were undergra-
duate dental student cohorts and used compa-
rative educational designs, including randomized 
controlled trials, mixed-methods interventions, 
observational pre-post studies, and comparative 
cross-sectional designs. A detailed overview of 
study characteristics is presented in Table 1. 

The included studies varied in methodolo-
gical structure but all evaluated chatbot-assisted 
learning within a clearly educational context. Three 
studies used randomized or randomized compa-
rative designs (3,6,23), two used mixed-methods 
comparative/intervention designs (5,22), one was 
an observational pilot study with a pre-post struc-

ture (19), and the remaining studies used compa-
rative educational designs (20,21). Comparators 
included conventional teaching, written materials, 
literature-based learning, video-based learning, 
traditional in-person workshops, and pre-post 
educational assessment. These design differences 
contributed to substantial heterogeneity in both 
intervention format and outcome reporting, as 
shown in Table 1. 

For interpretation, findings were conside-
red according to study design and strength of 
causal inference. Randomized or parallel compa-
rative studies were interpreted as providing stron-
ger evidence regarding educational effectiveness, 
whereas uncontrolled pre-post or primarily self-report 
studies were considered more informative for feasi-
bility, learner experience, perceived competence, 
and hypothesis generation. Therefore, pre-post 
improvements were not treated as equivalent to 
controlled evidence of comparative effectiveness.

The chatbot interventions were domina-
ted by the ChatGPT family of models, including 
ChatGPT, ChatGPT-3.5, ChatGPT-4o, and GPT-4–
based architectures, while one study evaluated 
Cogniti, an institutional virtual patient system built 
on GPT-4 Turbo (5). Across the included studies, 
chatbot-assisted learning was applied to a range 
of educational functions, including knowledge 
acquisition, history-taking practice, operative 
skills training, scientific writing, and AI-driven 
virtual patient simulation. This diversity in instruc-
tional purpose later informed the functional narra-
tive synthesis. Full details on intervention charac-
teristics, comparators, and outcome domains are 
provided in Table 1. 

Across the included studies, the most 
frequently reported outcomes were academic 
performance, self-efficacy, clinical or communica-
tion-related competence, motivation, cognitive load, 
and perceived usefulness or satisfaction. However, 
outcome structures were not uniform. Some 
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studies emphasized objective performance-based 
measures, such as post-test scores, knowledge 
examination grades, or operative skill performance 
(3,6,22,23), whereas others focused primarily on 
student-reported educational benefits, including 
perceived competence, confidence, usability, and 
motivational value (5,19-21). This heterogeneity 
limited the number of studies suitable for quanti-

tative pooling and supported the use of both an 
exploratory meta-analysis and a complementary 
functional narrative synthesis. A study-by-study 
breakdown of study characteristics is shown in 
Table 1, whereas detailed outcome-level results, 
assessment methods, sample sizes, and outcome 
classifications are provided in Supplementary 
Table S6.

Table 1. Characteristics of the included studies.

Study Country Student 
population

Design Chatbot / 
platform

Comparator Main outcome 
domain(s)

Bhatia et al. 
(2024) (3)

India 100 undergra-
duate dental 
students

Randomized 
comparative 
educational 
study

ChatGPT Conventional 
teaching with 
textbooks after a 
common lecture

Academic performance

Or et al. 
(2025) (5)

Australia 31 dental 
students

Mixed-methods 
intervention 
study

Cogniti (GPT-4 
Turbo–based 
virtual patient 
chatbot)

Traditional 
in-person history-
taking workshops

Clinical reasoning and 
diagnostic communication 
training; perceived compe-
tence; engagement

Huang et al. 
(2025) (6)

China 187 undergra-
duate dental 
students

Randomized 
controlled trial

ChatGPT-3.5 Video-based 
learning only (blank 
control group)

Operative/procedural skill 
performance; cogni-
tive load; self-efficacy; 
motivation

Prinz et al. 
(2025) (19)

Germany 92 undergra-
duate dental 
students

Observational 
pilot study with 
pre-post design

GPT-4-
turbo–based 
virtual patient 
e-learning tool

Preintervention vs 
postintervention 
self-assessment

Clinical reasoning and 
diagnostic communication 
training; self-efficacy

Roganović 
(2024) (20)

Serbia 104 dental 
students

Comparative 
educational 
study

ChatGPT Use of ChatGPT vs 
description-only 
exposure vs no 
exposure

Knowledge acquisition and 
academic performance; 
expectations toward AI

Saravia-Rojas 
et al. (2024) 
(21)

Perú 55 fourth-year 
undergraduate 
dental students

Comparative 
sequential 
educational 
study

ChatGPT Conventional 
literature search in 
PubMed/scientific 
articles

Academic writing, evidence 
handling, and reflective 
task support

Kavadella
et al. (2024) 
(22)

Cyprus 77 second-year 
dental students

Mixed-methods 
comparative 
study

ChatGPT-3.5 Literature research 
group

Knowledge acquisition and 
academic performance; 
knowledge examination

Keles (2026) 
(23)

Turkey 70 fourth-year 
dental students

Randomized 
pre-test/post-
test educational 
study

ChatGPT-4o Written materials Knowledge acquisition and 
academic performance; 
motivation/perceptions
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PRIMARY QUANTITATIVE SYNTHESIS

Only two studies provided objective conti-
nuous student-level outcomes with extractable 
summary statistics and were therefore included 
in the exploratory meta-analysis (6,22). These 
studies evaluated chatbot-assisted learning in real 
dental student cohorts using explicit educational 
comparators, but they assessed different manifes-
tations of educational performance. Huang et al. 
(6) compared ChatGPT-assisted operative skills 
learning plus video instruction with video-based 
learning alone, whereas Kavadella et al. (22)
compared ChatGPT-supported assignment prepa-
ration with traditional literature-based learning. 
Accordingly, the pooled construct was interpre-
ted as an exploratory estimate of overall student 
educational performance rather than as evidence 
for a single homogeneous educational outcome.

In Huang et al. (6), the chatbot-assisted 
group demonstrated significantly higher perfor-
mance than the control group, with mean scores 
of 73.12 (SD 10.06) versus 65.54 (SD 12.48), 
respectively. In Kavadella et al. (22), students 
assigned to the ChatGPT group also achieved 
higher knowledge examination grades than those 
in the literature research group, with mean scores 
of 7.54 (SD 1.18) and 6.94 (SD 1.12), respecti-
vely. These raw group means were transformed 
into standardized mean differences for quantita-
tive pooling. Additional outcome-level details for 

all included studies are provided in Supplementary 
Table S6.

A random-effects meta-analysis using 
standardized mean differences (Hedges g) showed 
an overall effect favoring chatbot-assisted learning 
over comparator conditions (SMD=0.62, 95% CI: 
0.37 to 0.87). No statistical heterogeneity was 
detected (Tau²=0.00; I²=0%; Q=0.29; df=1; 
p=0.593). However, this finding should be inter-
preted cautiously because only two studies were 
available for pooling, limiting the ability of hetero-
geneity statistics to detect between-study diffe-
rences. Clinical, methodological, and educational 
heterogeneity therefore remained relevant despite 
the absence of detected statistical heterogeneity. 
The forest plot of the exploratory meta-analysis is 
presented in Figure 2.

Although both studies favored chatbot-
assisted learning, the pooled estimate should 
be interpreted with caution. One study assessed 
operative/procedural skill performance and the 
other assessed knowledge examination perfor-
mance. For this reason, the quantitative synthe-
sis reflects a broad and exploratory construct of 
overall student educational performance rather 
than a single narrowly defined learning outcome. 
The quantitative findings were therefore interpre-
ted alongside the narrative synthesis, the functio-
nal narrative synthesis, and the certainty-of-
evidence assessment.



ODOVTOS-International Journal of Dental Sciences Pineda-Vélez et al: Effectiveness of Chatbot-Assisted Learning in Real Dental Student Cohorts

ODOVTOS-Int. J. Dent. Sc. | Online First, 2026 | ISSN: 2215-3411. 767ODOVTOS-Int. J. Dent. Sc. | Online First, 2026 | ISSN: 2215-3411. 766

Figure 2. Forest plot of the exploratory meta-analysis comparing chatbot-assisted learning versus comparator conditions in real dental 
student cohorts. Effect sizes are presented as standardized mean differences (Hedges g) with 95% confidence intervals using a random-
effects model. The included studies were Huang et al. (6) and Kavadella et al. (22). The pooled estimate should be interpreted cautiously 
because only two studies were included and they assessed different manifestations of student educational performance.

FUNCTIONAL NARRATIVE SYNTHESIS

The functional narrative synthesis grouped 
the 8 included studies according to the dominant 
educational purpose of the chatbot intervention 
rather than by chatbot platform or study design. 
Four functional domains were identified: knowledge 
acquisition and academic performance; clinical 
reasoning and diagnostic communication training; 
operative and procedural skill support; and acade-
mic writing, evidence handling, and reflective 
task support. This classification is summarized in 
Figure 3.

The largest domain was knowledge acqui-
sition and academic performance, which included 
Bhatia et al. (3), Roganović [20], Kavadella et al. 
(22), and Keles (23). These studies used chatbots 
mainly as learning aids for didactic reinforcement, 
content review, assignment preparation, or struc-
tured educational support. However, the direction 
of findings was not uniform. Some studies repor-
ted better performance or favorable educatio-
nal responses with chatbot support (20,22,23), 
whereas Bhatia et al. (3) found higher perfor-
mance with conventional instruction. This indica-

tes that chatbot-assisted learning in knowledge-
oriented tasks may be beneficial when embedded 
in a structured learning activity, but it does not 
consistently outperform conventional teaching.

The second domain comprised clinical 
reasoning and diagnostic communication training, 
represented by Or et al. (5) and Prinz et al. (19). 
In these studies, chatbots functioned primarily as 
virtual patients or simulated conversational partners, 
providing opportunities for repeated practice in 
history-taking, diagnostic questioning, and clinical 
communication. The findings were generally favora-
ble, particularly for perceived competence, confi-
dence, engagement, and self-assessed improve-
ment. Nevertheless, the evidence in this domain 
was mainly based on subjective or self-reported 
outcomes and lacked strong objective compara-
tive assessment, limiting the strength of inference 
regarding measurable competency gains.

Operative and procedural skill support was 
represented by Huang et al. (6). This study provi-
ded the clearest evidence of a direct performance-
related educational benefit, showing that chatbot-
assisted instruction combined with video-based 
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learning improved operative skills performance 
compared with video-based learning alone. The 
intervention also showed favorable effects on 
cognitive load, self-efficacy, and motivation. 
Although this domain was supported by only 
one study, its randomized design and objec-
tive skills-oriented assessment make it one of 
the more informative contributions to the current 
evidence base.

The final domain, academic writing, evidence 
handling, and reflective task support, was repre-
sented by Saravia-Rojas et al. (21). In this study, 
ChatGPT was used as a support tool for acade-
mic and evidence-related tasks, but conventional 
literature-based learning performed better across 
several rubric-based criteria. This finding suggests 
that chatbot use may not be sufficient, and may 
even be less effective, when the educational task 
requires critical evidence retrieval, appraisal, 
argument construction, and reflective integra-

tion. Therefore, this domain provides a cautionary 
signal that chatbot-assisted learning should not be 
assumed to improve all forms of academic work.

Overall, the functional narrative synthesis 
indicates that chatbot-assisted learning in dental 
education is best understood as a set of distinct 
educational applications rather than as a single 
homogeneous intervention. The most consis-
tent benefits appeared when chatbots were used 
as adjunctive scaffolds for structured learning, 
simulation, or procedural support. In contrast, 
evidence was weaker or more mixed when chatbots 
were used for independent knowledge acquisition 
or evidence-based academic tasks. This functio-
nal heterogeneity helps explain why only a limited 
number of studies were suitable for quantitative 
pooling and supports interpreting the meta-analy-
sis as a broad estimate of educational performance 
rather than as evidence of uniform effectiveness 
across all chatbot-assisted learning domains.

Figure 3. Functional narrative synthesis of chatbot-assisted learning in dental education. Included studies were classified according to 
their dominant educational purpose into four domains: knowledge acquisition and academic performance (3,20,22,23); clinical reasoning 
and diagnostic communication training (5,19); operative and procedural skill support [6]; and academic writing, evidence handling, and 
reflective task support (21). Studies marked with an asterisk contributed to the exploratory meta-analysis.
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RISK OF BIAS AND EVIDENCE CERTAINTY

Risk of bias was assessed according to 
study design, using RoB 2.0 [16] for the rando-
mized studies and the JBI checklist (17) for the 
non-randomized studies. 

Overall, the methodological profile of the 
included evidence was mixed. The randomized 
studies generally showed more robust design 
features, whereas the non-randomized studies 
were more frequently limited by self-reported 
outcomes, non-equivalent comparators, sequential 
designs, or expectation-related confounding. The 
study-level assessments are summarized separa-
tely for randomized and non-randomized studies in 
Table 2 and Table 3, respectively.

Among the randomized studies, Huang 
et al. (6) and Keles (23) were judged to have 
some concerns overall. Both studies reported 
appropriate randomization procedures, clearly 
defined intervention and comparator conditions, 
and objective or structured educational outcome 
assessment. However, some concerns remained 
in the selective reporting domain because the 
availability of a prespecified analysis plan for all 
reported educational outcomes was unclear. By 
contrast, Bhatia et al. (3) was judged to have high 
risk of bias overall, because internal inconsisten-

cies were noted between the text, participant flow, 
and numerical reporting, and because allocation 
concealment and blinding were not described. 
These randomized-study judgments are summari-
zed in Table 2, with item-level details provided in 
Supplementary Table S2.

Among the non-randomized studies, 
methodological quality varied from moderate to low. 
Kavadella et al. (22), Or et al. (5), and Prinz et al. 
(19) were judged to have moderate methodologi-
cal quality overall. Kavadella et al. used parallel 
comparison groups and an objective examina-
tion outcome, although some participants did not 
complete the final assessment. Or et al. clearly 
described the intervention and student cohort, but 
the main outcomes were largely self-reported and 
not supported by a strong concurrent control struc-
ture. Prinz et al. reported a clearly defined educa-
tional intervention, but the pre-post design lacked 
a control group and relied mainly on self-perceived 
improvement. By contrast, Saravia-Rojas et al. (21) 
and Roganović (20) were judged to have lower 
methodological quality, mainly because of sequen-
tial within-cohort comparison in the former and 
self-selection plus expectation-related confoun-
ding in the latter. A summary methodological 
appraisal of the non-randomized studies, based 
on the most relevant JBI domains, is presented in 
Table 3.

Table 2. Risk of bias assessment of randomized studies using RoB 2.0.

Study Randomization 
process

Deviations 
from intended 
interventions

Missing 
outcome data

Measurement 
of the outcome

Selection of 
the reported 

result

Overall 
judgment

Bhatia et al. 
(2024) (3)

Some concerns High risk Some concerns Some concerns High risk High risk

Huang et al. 
(2025) (6)

Low risk Low risk Low risk Low risk Some concerns Some concerns

Keles (2026) 
(23)

Low risk Low risk Low risk Low risk Some concerns Some concerns
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Table 3. Summary methodological appraisal of non-randomized studies based on JBI criteria. This table 
presents a condensed summary of the main methodological strengths and limitations of the included 
non-randomized studies, derived from the JBI checklist domains most relevant to comparative educa-
tional research. It should be interpreted as an overall methodological profile rather than as a full item-
by-item JBI scoring matrix.

Study Main methodological strengths Main methodological concerns Overall 
methodologi-

cal quality

Or et al. (2025) 
(5)

Clearly described intervention, student cohort, 
and educational setting; appropriate mixed-
methods design for exploratory educational 
evaluation

Main outcomes relied largely on self-reported 
perceived competence and experience; no 
strong concurrent comparator for the principal 
educational outcome

Moderate

Prinz et al. (2025) 
(19)

Clearly defined intervention and pre-post 
framework; focused educational objective; 
transparent reporting of student perceptions

No control group; reliance on self-perceived 
improvement; dropout reduced confidence in 
stability of findings

Moderate

Roganović (2024) 
(20)

Clear description of participant groups and 
quiz-based outcome; relevant educational 
question

Self-selection into groups, possible expecta-
tion-related confounding, and limited ability to 
isolate the specific effect of chatbot use

Low

Saravia-Rojas
et al. (2024)
(21)

Clearly structured educational task and rubric-
based outcome assessment; direct compari-
son with a conventional strategy

Sequential within-cohort design, substan-
tial risk of order and carryover effects, and 
unequal completion across phases

Low

Kavadella et al. 
(2024) (22)

Parallel comparison groups; objective 
knowledge examination outcome; clearly 
described intervention and comparator

Incomplete final examination data and limited 
control of potential confounding related to 
group differences

Moderate

Taken together, these assessments indicate 
that the evidence base includes a small number 
of comparatively stronger controlled studies, 
alongside several informative but more bias-prone 
educational studies. This pattern should be consi-
dered when interpreting both the pooled estimate 
and the domain-specific findings from the functio-
nal narrative synthesis.

CERTAINTY OF EVIDENCE (GRADE)

Certainty of evidence was assessed using 
GRADE (18), but only for outcomes that remained 
central to the revised review question and were 
supported by the final included studies. Because 
the evidence base was small, methodologically 
mixed, and outcome-heterogeneous, certainty was 
generally limited by risk of bias, indirectness, and 

imprecision. A summary of certainty judgments is 
provided in Table 4.

For the primary exploratory meta-analytic 
outcome, overall student educational perfor-
mance, the certainty of evidence was judged as 
low. The evidence was based on only two studies, 
one randomized study (6) and one non-randomi-
zed comparative study (22). Although the pooled 
estimate favored chatbot-assisted learning, confi-
dence in this estimate was limited by study limita-
tions, indirectness, and imprecision. Indirectness 
was considered serious because the two pooled 
studies assessed different manifestations of 
educational performance, namely operative/proce-
dural skill performance and knowledge examina-
tion performance. Imprecision was also considered 
because only two studies contributed to the pooled 
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estimate. Publication bias could not be formally 
assessed because of the very small number of 
studies included in the quantitative synthesis.

For clinical reasoning and diagnostic commu-
nication training, the certainty of evidence was 
judged as very low, because the evidence was 
based mainly on Or et al. (5) and Prinz et al. (19), 
both of which suggested educational benefit but 
relied largely on self-perceived improvement and 
lacked robust parallel controlled comparisons. 
For self-efficacy, the certainty was also judged 
as very low, because the evidence came from a 
small number of studies with mixed designs and 
incomplete pooled-ready quantitative reporting.

For academic writing, evidence handling, and 
reflective task support, the certainty of evidence 
was judged as very low, because this domain was 
informed essentially by a single high-risk study, 
Saravia-Rojas et al. (21), in which the conventional 

strategy outperformed ChatGPT on several rubric-
based criteria, but the sequential design prevented 
confident causal interpretation. 

Secondary outcomes such as motivation, 
cognitive load, and perceived usefulness were not 
supported by a sufficiently large and methodo-
logically consistent body of evidence to justify 
ratings above low or very low, depending on the 
domain. In particular, cognitive load and motiva-
tion were informed primarily by Huang et al. (6) 
and, in a more limited perceptual form, by Keles 
(23), whereas perceived usefulness was derived 
largely from self-report data across non-rando-
mized educational studies.

Overall, the certainty profile indicates that 
chatbot-assisted learning in dental education is 
promising, but the current evidence remains too 
limited and heterogeneous to support strong 
conclusions across all educational domains.
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DISCUSSION

This systematic review, meta-analysis, and 
functional narrative synthesis examined the educa-
tional effectiveness of chatbot-assisted learning 
in real dental student cohorts, focusing only on 
studies with explicit educational comparators or 
meaningful pre-post designs. Compared with the 
broader literature on chatbot benchmark perfor-
mance, this narrower synthesis offers a more educa-
tionally relevant view of how these tools function in 
authentic learning settings. Across 8 studies invol-
ving 716 students, the evidence suggested that 
chatbot-assisted learning may improve overall 
student educational performance, although the 
effect should be interpreted cautiously because 
the underlying outcomes were heterogeneous and 
the certainty of evidence was low. Consistent with 
the functional narrative synthesis presented in the 
Results, chatbot-assisted learning has not been 
used in a single uniform way; rather, it has been 
implemented across four educational domains: 
knowledge acquisition and academic perfor-
mance; clinical reasoning and diagnostic commu-
nication training; operative and procedural skill 
support; and academic writing, evidence handling, 
and reflective task support.

The primary quantitative finding favored 
chatbot-assisted learning over comparator condi-
tions for overall student educational performance. 
However, this result should be interpreted as 
exploratory and context-dependent. The pooled 
estimate was derived from only two studies and 
combined different manifestations of educational 
performance: operative/procedural skill perfor-
mance in one study and knowledge examina-
tion performance in the other (6,22). Therefore, 
the meta-analysis should not be interpreted as 
demonstrating general superiority of chatbot-
assisted learning across dental education. Rather, 
it suggests a preliminary positive signal in selec-
ted objective performance-based outcomes, which 

requires confirmation in larger, methodologically 
stronger, and more outcome-consistent studies.

Within the domain of knowledge acquisi-
tion and academic performance, the findings were 
clearly mixed. Conventional instruction outperfor-
med ChatGPT-assisted teaching in one randomi-
zed study, suggesting that rapid access to genera-
ted explanations may not necessarily translate into 
deeper conceptual understanding in all contexts (3). 
By contrast, another study found higher knowledge 
examination scores in the ChatGPT group than in 
the literature-search group, indicating that chatbot 
support may be helpful when the educational task 
requires quick synthesis and structured retrieval of 
information (22). This mixed picture is compatible 
with the broader literature showing that LLM-based 
tools can perform strongly in some dental educa-
tional settings while remaining highly dependent 
on task design, prompting strategy, and curricu-
lar context (24). Related comparative work has 
also shown that chatbot performance can vary by 
subject complexity and by whether the task privi-
leges recall, interpretation, or clinically contex-
tualized reasoning (25,26). Taken together, these 
findings suggest that chatbot-assisted learning is 
unlikely to replace conventional teaching, but it 
may enhance academic performance when used 
as a scaffold for guided study, clarification, and 
structured review. The newer randomized study 
by Keles reinforces the relevance of this domain 
by examining chatbot-supported learning in perio-
dontal-systemic teaching, although the broader 
lesson remains that chatbot utility depends on how 
the tool is positioned pedagogically rather than on 
the technology alone (23).

The review also identified a distinct domain 
of clinical reasoning and diagnostic communication 
training, in which the main value of chatbot-assis-
ted learning appeared to lie in practice opportuni-
ties, structured dialogue, and confidence-building 
rather than in objective performance superiority. 
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Virtual patient interaction and AI-driven simulated 
clinical encounters were associated with impro-
ved perceived competence, better organization of 
questioning, and more opportunities for repeated 
low-risk practice (5,19). These findings are educa-
tionally meaningful because they address common 
challenges in dental training, including limited time 
for individualized supervision and restricted oppor-
tunities for repeated rehearsal of communication 
skills. At the same time, broader studies outside 
the final review set have shown that chatbots can 
perform strongly in structured diagnostic tasks, 
particularly when prompts are well specified and 
the clinical problem is text-based (27). Those data 
are useful as contextual evidence, but they should 
not be conflated with educational effectiveness in 
student cohorts, because strong AI performance 
does not automatically mean that student learning 
improves to the same extent.

A third and particularly important domain 
was operative and procedural skill support. In this 
review, the strongest evidence for a direct educa-
tional effect came from the randomized controlled 
trial by Huang et al. (6), in which chatbot-assisted 
instruction was associated with higher perfor-
mance in operative skills training, lower cognitive 
load, and better self-efficacy and motivation than 
video-based learning alone. This study is notable 
because it moves beyond knowledge recall and 
into technically oriented preclinical education. 
Its findings suggest that chatbots may support 
procedural learning by structuring information, 
reducing extraneous processing, and helping 
learners focus on relevant task elements. This is 
one of the clearest indications from the current 
evidence base that chatbot-assisted learning may 
have value not only in didactic reinforcement, but 
also in skills-oriented training. However, evidence 
from adjacent educational tasks remains mixed. 
Automated essay scoring and related evaluative 
applications, for example, suggest that LLMs may 
assist with feedback processes while still showing 
limitations in nuanced educational judgment (28). 

Similarly, work examining the reliability of ChatGPT 
in orthodontic information delivery has raised 
concerns about consistency and content quality, 
reinforcing the need for human supervision when 
these tools are used in clinically sensitive educa-
tional contexts (29).

The final functional domain, academic 
writing, evidence handling, and reflective task 
support, produced a more cautionary pattern. In 
the study by Saravia-Rojas et al. (21), the conven-
tional literature-search strategy outperformed 
ChatGPT across several rubric-based criteria, 
including evidence use, argument evaluation, and 
generation of alternatives. This finding is highly 
informative because it shows that chatbot-assis-
ted learning is not automatically superior when 
students are expected to search, evaluate, and 
integrate evidence critically. That interpretation is 
strengthened by external findings showing persis-
tent limitations of current AI systems in image-
dependent and multimodal dental tasks, where 
performance may deteriorate substantially when 
reasoning must be linked to radiographic or visual 
information (30). At the same time, broader analy-
ses of LLMs in standardized dental testing suggest 
that these tools can still serve as useful adjuncts 
for review and preparation, particularly in text-
dominant formats (31). 

Evidence from reflective assignments 
and qualitative educational tasks also suggests 
that chatbots may help structure initial ideas or 
organize material, but do not replace deeper inter-
pretive work by students and educators (32). Thus, 
in this domain, chatbots are better understood as 
supportive tools rather than as replacements for 
rigorous evidence-based academic work.

An important implication of this review is 
that the educational value of chatbots is likely to 
be context-dependent. The strongest benefits were 
observed when the chatbot served as a scaffold, 
a practice partner, or a supportive adjunct, rather 
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than as an autonomous substitute for faculty 
guidance or evidence-based study. This interpre-
tation is also consistent with the broader litera-
ture in oral and maxillofacial radiology and other 
image-intensive fields, where LLM-based systems 
may perform reasonably in text-based questioning 
but remain less dependable when interpretation 
requires integration of visual findings, contex-
tual nuance, or specialty-specific judgment (33). 
In endodontic diagnosis, for example, strong AI 
performance against students has been reported 
in structured settings (34), but such findings again 
reflect benchmarking rather than direct evidence 
of learning gain. In this sense, the current review 
supports a model of assisted integration, not 
unrestricted substitution.

The interpretation of these findings should 
also account for study design. Randomized and 
parallel comparative studies provide stronger 
evidence regarding the comparative effectiveness 
of chatbot-assisted learning, whereas uncon-
trolled pre-post studies are more vulnerable to 
testing effects, maturation, regression to the mean, 
expectation-related bias, and other contextual 
influences. Accordingly, improvements observed in 
pre-post designs were interpreted as supportive 
or hypothesis-generating rather than as definitive 
evidence that chatbot-assisted learning is superior 
to conventional educational approaches.

This review has several strengths. First, it 
deliberately restricted inclusion to studies invol-
ving real dental student cohorts, thereby avoiding 
the conceptual conflation of educational effecti-
veness with technical benchmark performance. 
Second, it required explicit educational compara-
tors or meaningful pre-post designs, which impro-
ved the pedagogical coherence of the evidence 
base. Third, it combined exploratory meta-analysis 
with a functional narrative synthesis, allowing both 
quantitative estimation and interpretive understan-
ding of how chatbots are being used across diffe-
rent educational purposes. Finally, the methodolo-

gical appraisal was tailored to study design, using 
RoB 2.0 (16), JBI (17), and GRADE (18), which 
strengthened the rigor of interpretation.

Several limitations must also be acknowled-
ged. The evidence base was small, and all inclu-
ded cohorts were undergraduate dental students, 
limiting generalizability to postgraduate training. 
Most studies were single-center and short-term, 
and the methodological quality was variable. Only 
two studies contributed to the exploratory meta-
analysis. Although no statistical heterogeneity 
was detected, this finding should be interpreted 
cautiously because heterogeneity statistics are 
unreliable and underpowered when based on only 
two studies. Moreover, the pooled construct combi-
ned different manifestations of student perfor-
mance, including operative/procedural skill perfor-
mance and knowledge examination performance. 
Several outcomes, particularly in the communica-
tion and self-efficacy domains, were based mainly 
on self-report rather than standardized objective 
assessment. In addition, there was substantial 
heterogeneity in intervention format, compara-
tor type, educational domain, study design, and 
outcome measurement, which limited the scope 
of quantitative pooling and reduced certainty 
of evidence. Because grey literature sources, 
trial registries, preprint servers, and disserta-
tion databases were not systematically searched, 
unpublished, recently completed, or non-indexed 
educational studies may have been missed. Publi-
cation bias could not be formally or meaningfully 
assessed because too few studies contributed to 
the pooled analysis.

From an educational and curricular 
perspective, the findings support the selective and 
supervised incorporation of chatbots into dental 
training. These tools appear most useful when 
they are embedded in clearly defined instructio-
nal designs, such as preparatory review, guided 
discussion, virtual patient interaction, or struc-
tured practice support. They may be particularly 
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valuable in settings where faculty time is limited, 
where repeated low-risk rehearsal is needed, or 
where learners benefit from immediate clarifica-
tion and feedback. However, chatbot use should 
remain aligned with curriculum objectives, suppor-
ted by faculty oversight, and framed explicitly as an 
adjunct rather than a replacement for conventional 
teaching, critical appraisal, or clinical judgment. 
In clinically oriented teaching, their greatest 
immediate value may lie in simulation and structu-
red reasoning support rather than in independent 
decision-making.

Future research should prioritize well-
designed comparative trials with clearly defined 
chatbot interventions, robust educational compa-
rators, and validated outcome measures. Greater 
emphasis is needed on objective student perfor-
mance outcomes, not only on perceptions or 
satisfaction. Longitudinal studies should examine 
whether chatbot-assisted learning improves reten-
tion, transfer to clinical settings, and sustained 
competency development. It will also be important 
to study how these tools function across different 
curricular levels, including postgraduate dental 
training, and whether their effects vary by prior 
AI familiarity, learning style, or clinical experience. 
Finally, future studies should report outcomes with 
sufficient statistical detail to support secondary 
synthesis and should distinguish clearly between 
improvements in educational experience and 
improvements in measurable competence.

CONCLUSIONS

This systematic review, exploratory meta-
analysis, and functional narrative synthesis suggests 
that chatbot-assisted learning may provide educa-

tional support in selected areas of dental education. 
However, the available evidence remains limited, 
heterogeneous, and generally low to very low in 
certainty. The exploratory quantitative synthesis 
indicated a favorable effect on overall student 
educational performance, but this estimate was 
based on only two studies assessing different 
educational outcomes and should not be interpreted 
as evidence of general superiority over conventio-
nal instruction.

At present, chatbots appear most appro-
priate as adjunctive and supervised educational 
tools that may support knowledge reinforcement, 
structured practice, communication rehearsal, and 
selected academic tasks. Their integration into 
dental curricula should therefore be cautious and 
pedagogically structured, with continued emphasis 
on faculty guidance, critical reasoning, evidence 
appraisal, and clinically grounded learning. Further 
well-designed comparative studies with objective 
outcomes and longer follow-up are needed before 
stronger conclusions can be drawn about their 
long-term educational value and curricular role.
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SUPPLEMENTARY

Table S1. Search strategies used across databases.

Database Search strategy

PubMed/MEDLINE (

  "Artificial Intelligence"[Mesh]

  OR "Natural Language Processing"[Mesh]

  OR chatbot*[tiab]

  OR "chat bot*"[tiab]

  OR ChatGPT[tiab]

  OR Gemini[tiab]

  OR Copilot[tiab]

  OR Claude[tiab]

  OR Bard[tiab]

  OR "large language model*"[tiab]

  OR LLM[tiab]

  OR LLMs[tiab]

  OR "generative artificial intelligence"[tiab]

  OR "generative AI"[tiab]

  OR "conversational agent*"[tiab]

  OR "educational chatbot*"[tiab]

  OR "virtual teaching assistant*"[tiab]

  OR "intelligent tutoring system*"[tiab]

)

AND

(

  "Education, Dental"[Mesh]

  OR "Students, Dental"[Mesh]

  OR "Schools, Dental"[Mesh]

  OR "Education"[Mesh]

  OR "dental education"[tiab]

  OR "oral health education"[tiab]

  OR "dental student*"[tiab]

  OR "undergraduate dental student*"[tiab]

  OR "postgraduate dental student*"[tiab]

  OR "dental curriculum"[tiab]

  OR "dental training"[tiab]

  OR "dental school*"[tiab]

  OR "dentistry education"[tiab]

)

AND

(

  dentist*[tiab]

  OR dental[tiab]

Database Search strategy

  OR dentistry[tiab]

  OR oral[tiab]

  OR orthodontic*[tiab]

  OR endodontic*[tiab]

  OR periodont*[tiab]

  OR prosthodontic*[tiab]

  OR radiolog*[tiab]

  OR "oral medicine"[tiab]

  OR "oral pathology"[tiab]

)

Scopus TITLE-ABS-KEY(

  "artificial intelligence"

  OR "natural language processing"

  OR chatbot

  OR chatbots

  OR "chat bot"

  OR "chat bots"

  OR chatgpt

  OR gemini

  OR copilot

  OR claude

  OR bard

  OR "large language model"

  OR "large language models"

  OR llm

  OR llms

  OR "generative artificial intelligence"

  OR "generative ai"

  OR "conversational agent"

  OR "conversational agents"

  OR "educational chatbot"

  OR "educational chatbots"

  OR "virtual teaching assistant"

  OR "virtual teaching assistants"

  OR "intelligent tutoring system"

  OR "intelligent tutoring systems"

)

AND

TITLE-ABS-KEY(

  "dental education"
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Database Search strategy

  OR "oral health education"

  OR "dental student"

  OR "dental students"

  OR "undergraduate dental student"

  OR "undergraduate dental students"

  OR "postgraduate dental student"

  OR "postgraduate dental students"

  OR "dental curriculum"

  OR "dental training"

  OR "dental school"

  OR "dental schools"

  OR "dentistry education"

)

AND

TITLE-ABS-KEY(

  dentist

  OR dentists

  OR dental

  OR dentistry

  OR oral

  OR orthodontic

  OR orthodontics

  OR endodontic

  OR endodontics

  OR periodontics

  OR periodontal

  OR prosthodontic

  OR prosthodontics

  OR radiology

  OR radiologic

  OR "oral medicine"

  OR "oral pathology"

)

(

Embase   'artificial intelligence'/exp

  OR 'natural language processing'/exp

  OR chatbot*:ti,ab,kw

  OR 'chat bot*':ti,ab,kw

  OR chatgpt:ti,ab,kw

  OR gemini:ti,ab,kw

  OR copilot:ti,ab,kw

  OR claude:ti,ab,kw

Database Search strategy

  OR bard:ti,ab,kw

  OR 'large language model*':ti,ab,kw

  OR llm:ti,ab,kw

  OR llms:ti,ab,kw

  OR 'generative artificial intelligence':ti,ab,kw

  OR 'generative AI':ti,ab,kw

  OR 'conversational agent*':ti,ab,kw

  OR 'educational chatbot*':ti,ab,kw

  OR 'virtual teaching assistant*':ti,ab,kw

  OR 'intelligent tutoring system*':ti,ab,kw

)

AND

(

  'dental education'/exp

  OR 'dental student'/exp

  OR 'education'/exp

  OR 'dental school'/exp

  OR 'dental education':ti,ab,kw

  OR 'oral health education':ti,ab,kw

  OR 'dental student*':ti,ab,kw

  OR 'undergraduate dental student*':ti,ab,kw

  OR 'postgraduate dental student*':ti,ab,kw

  OR 'dental curriculum':ti,ab,kw

  OR 'dental training':ti,ab,kw

  OR 'dental school*':ti,ab,kw

  OR 'dentistry education':ti,ab,kw

)

AND

(

  'dentistry'/exp

  OR dentist*:ti,ab,kw

  OR dental:ti,ab,kw

  OR dentistry:ti,ab,kw

  OR oral:ti,ab,kw

  OR orthodontic*:ti,ab,kw

  OR endodontic*:ti,ab,kw

  OR periodont*:ti,ab,kw

  OR prosthodontic*:ti,ab,kw

  OR radiolog*:ti,ab,kw

  OR 'oral medicine':ti,ab,kw

  OR 'oral pathology':ti,ab,kw

)
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Table S4. Summary statistics used in the exploratory meta-analysis.

Study Outcome included 
in

meta-analysis

Chatbot-
assisted 
group (n)

Mean SD Comparator 
group (n)

Mean SD

Huang et al. 
(2025) (6)

Operative/procedural 
skill performance

94 73.12 10.06 93 65.54 12.48

Kavadella et al. 
(2024) (22)

Knowledge
examination
performance

37 7.54 1.18 40 6.94 1.12

Outcome measures were transformed into standardized mean differences (Hedges g) and pooled using a random-effects model. In Huang 
et al. (6), the final analyzed sample comprised 187 students after exclusion of 5 participants who did not meet eye-tracking calibration 
requirements.
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Table S5. Full-text studies excluded after application of the revised eligibility criteria and primary 
reasons for exclusion.

Study Primary reason for exclusion from the revised review

Wu et al. (2025) No real dental student cohort; benchmark study based on multiple-choice questions only.

Nguyen et al. (2025) No real dental student intervention; head-to-head LLM benchmark on MCQs.

Khareedi et al. (2025) No real dental student cohort; exploratory comparison of chatbot outputs evaluated by academics.

Kinikoglu (2025) No real dental student educational intervention; AI benchmark on specialty examination questions.

Kim et al. (2025) No real dental student intervention; licensing examination benchmark of LLMs.

Ullah et al. (2025) Included real students, but compared ChatGPT performance against students rather than evaluating a 
chatbot-assisted educational intervention.

Metin & Goymen (2025) Comparative diagnostic benchmark across chatbots, students, dentists, and specialists; no student-cente-
red educational intervention.

Öztürk et al. (2025) No real dental student intervention; evaluation of chatbot output quality, reliability, and readability.

Fukuda et al. (2025) No real dental student cohort; benchmark on national examination questions.

Durmazpinar & Ekmekci 
(2025)

Included students, but assessed diagnostic performance of ChatGPT versus students rather than educatio-
nal effectiveness of chatbot-assisted learning.

Ali et al. (2024) No real dental student cohort; exploratory assessment of ChatGPT on examination items.

Davies (2025) Comparative diagnostic benchmark of AI versus students; no chatbot-assisted educational intervention.

Katebzadeh et al. (2025) Focused on GenAI performance versus students rather than student outcomes following chatbot-assisted 
learning.

Kim & Kim (2025) Focused on item generation and question quality, not on chatbot-assisted learning outcomes in students.

Stephan et al. (2024) Compared AI-generated and student-generated radiology reports; no chatbot-assisted educational interven-
tion.

Aldukhail (2025) No real dental student cohort; AI systems were evaluated as test subjects.

Li et al. (2025) Compared chatbot versions and student performance, but did not evaluate a defined chatbot-assisted 
educational intervention against an educational comparator.

Künzle & Paris (2024) No real dental student cohort; benchmark study based on test questions only.

Tomo et al. (2024) Diagnostic performance comparison involving specialists, dentists, and students; no student-centered 
educational intervention.

Quah et al. (2024) Focused on automated essay scoring by ChatGPT rather than chatbot-assisted learning as an educational 
intervention.

Demirsoy et al. (2024) Evaluated perceived quality of ChatGPT responses among students, specialists, and patients; no educatio-
nal intervention or learning comparator.

Morishita et al. (2024) No real dental student cohort; image-based national examination benchmark.

Sabri et al. (2025) No real dental student educational intervention; standardized examination benchmark of LLMs.

Brondani et al. (2024) Did not evaluate chatbot-assisted learning effectiveness in students; focused on thematic analysis support.

Jeong et al. (2024) Compared chatbot and student performance on examination questions; no chatbot-assisted educational 
intervention.

Qutieshat et al. (2024) Compared diagnostic accuracy of ChatGPT and students; no student-centered educational intervention.

Rokhshad et al. (2024) Comparative benchmark involving clinicians and students; no chatbot-assisted educational intervention.

Rahad et al. (2024) Exploratory mixed-participant study without a clear educational comparator and without a defined student-
centered intervention design.

Giannakopoulos et al. 
(2023)

No real dental student cohort; faculty-based evaluation of chatbot responses to evidence-based questions.

Hultgren et al. (2023) Mixed students/teachers study focused on comparing ChatGPT with teacher responses and intended 
learning outcomes, rather than student-level educational effectiveness.

Danesh et al. (2023) No real dental student cohort; benchmark study on board-style multiple-choice questions.
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