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AbstractAbstract

AimAim To compare the accuracy and same-day response consistency of four free-tier AI chatbots on single-best-answer complete denture 
MCQs.
Material and methodMaterial and method Twenty-five English MCQs (A–E, single correct option) on complete denture prosthodontics were used. Four 
chatbots were tested via official web interfaces under default free-tier settings: ChatGPT, Claude, Gemini, and Grok. Each question was 
asked in a new chat to ensure zero prior context, using a standardized instruction requiring the output of only one option letter (“Answer: 
<A/B/C/D/E>”). 
ResultsResults Fleiss’ kappa showed significant within-day agreement for all chatbots (p<0.001), indicating non-random temporal consisten-
cy (ChatGPT κ=0.625; Claude κ=0.785; Gemini κ=0.813; Grok κ=0.693). Overall correct answer rates were 71% for Gemini, 67% for 
ChatGPT, 63% for Claude, and 53% for Grok. Correct response rates did not differ across morning/noon/evening for ChatGPT (p=0.607), 
Claude (p=0.779), or Grok (p=0.846), whereas Gemini showed a significant time-of-day effect (p=0.039), with higher evening accuracy 
(80%) than morning (68%) and noon (64%).
ConclusionConclusion All four free-tier chatbots demonstrated significant same-day response consistency, with Gemini and Claude showing the 
highest agreement. Accuracy was numerically highest for Gemini and lowest for Grok, although between-tool differences were not statis-
tically significant within the same time windows. These findings suggest that both accuracy and temporal stability should be considered 
when using free-tier chatbots for complete denture MCQ-based learning.

Keywords Keywords Accuracy, AI, Complete denture, Consistency, MCQ

Correspondence:Correspondence:  Kübra YILDIZ DOMANİÇ, kubra.domanic@atlas.edu.tr

1 Alanya Alaaddin Keykubat  University, Faculty of Dentistry, Department of Prost-
hodontics, Antalya, Turkiye

2 Kastamonu University, Faculty of Medicine, Department of Biostatistics, 
Kastamonu, Turkiye

3 İstanbul Atlas  University, Faculty of Dentistry, Department of Prosthodontics, İs-
tanbul, Turkiye
 
Received: 16.03.2026 / Accepted: 20.03.2026 / Published: 30.04.2026

IntroductionIntroduction

	 In recent years, AI chatbots and large language models 
(LLMs) have gained attention in medical and dental education 
because they can interpret complex prompts and generate nat-
ural-language responses that may support learning and clinical 
reasoning (1-4). Nevertheless, concerns such as hallucinations, 
outdated content, and variable accuracy emphasize the need for 
structured, domain-specific evaluation before these systems can be 
relied upon in specialty education (5, 6). From a patient-informa-
tion and communication perspective, chatbots may improve un-
derstanding of prosthodontic treatments and potentially support 
informed consent when they provide accurate and comprehensible 
information (7-9). However, LLM outputs can appear convincing 
while containing factual errors, and confidently delivered misin-

formation remains a clinically relevant limitation (10, 11). Because 
MCQs are widely used to assess dental knowledge, several studies 
have evaluated chatbot performance using exam-style, text-on-
ly multiple-choice questions and reported measurable differences 
across models and settings (2, 12). Most benchmarking in dentistry 
has historically focused on ChatGPT, whereas evidence regarding 
other widely accessible platforms (e.g., Gemini and Claude) par-
ticularly under free-tier conditions has been comparatively limited, 
supporting the rationale for multi-model comparisons (10, 13, 14). 
Despite its limited representation in the dental literature, Grok was 
included in the present study because it is an emerging and wide-
ly accessible LLM-based platform that has attracted growing public 
and academic attention. Its performance in dentistry-specific bench-
marking, however, remains insufficiently characterized, and includ-
ing it alongside more commonly studied chatbots enabled a broader 
comparison under free-tier conditions. 
	 In addition, model/version selection may influence out-
comes, as exam-based evaluations have shown that newer versions 
can outperform older ones under comparable conditions (15). Im-
portantly, reliability is not only a matter of single-time-point ac-
curacy; response consistency across repeated administrations is a 
distinct attribute, as the same question may yield different outputs 
even under standardized conditions (11). Accordingly, prosthodon-
tics research has operationalized consistency by repeating identical 
questions within a single day (morning/afternoon/evening) and 
quantifying agreement using metrics such as Cronbach’s alpha (16). 
Longitudinal repeated-measures designs have also been used to ex-
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amine whether performance remains stable over time and across 
repeated sessions (17). Despite this growing literature, evidence 
remains limited regarding how free-tier chatbots perform specif-
ically on complete denture domains when assessed using a stan-
dardized single-best-answer MCQ format while simultaneously 
capturing short-term temporal stability (5, 11, 14). Therefore, the 
aim of the present study is to evaluate and compare the accuracy 
and same-day response consistency of four widely used free-tier 
chatbot platforms (ChatGPT, Claude, Gemini, and Grok) when an-
swering single-best-answer MCQs covering core complete denture 
prosthodontics topics. 
	 The null hypotheses are that (i) accuracy will not differ 
among the evaluated chatbots and (ii) temporal consistency will 
not differ among the evaluated chatbots across the three-time win-
dows.

Material and MethodsMaterial and Methods

	 This experimental, cross-sectional study evaluated the ac-
curacy and same-day response consistency of four AI-based chat-
bots when answering single-best-answer multiple-choice questions 
(MCQs) in complete denture prosthodontics. Ethical approval was 
not required because no human participants were involved and 
no personal data were collected. The scope and blueprint of the 
question set were based on core theoretical and clinical domains 
in complete denture therapy, guided by Çalıkkocaoğlu’s textbook 
on conventional complete dentures (18). Within this framework, 
the authors drafted 25 MCQs covering key topics such as phonet-
ics and speech, occlusal concepts, immediate dentures, the neutral 
zone technique, vertical dimension and wax rim principles, acrylic 
resin porosity, anatomical boundaries relevant to denture retention 
and border seal, denture hygiene and delivery/post-insertion eval-
uation, and impression-making concepts. Items were initially pre-
pared and then translated into English to match the chatbot testing 
language. Each question consisted of one stem and five options 
(A–E) with only one correct answer. An answer key was generated 
by the authors, and the draft set was independently reviewed by 
two external prosthodontists (not involved in the study) for con-
tent coverage, clinical accuracy, language clarity, and appropriate-
ness of the single-best-answer format. Ambiguous items or those 
potentially allowing more than one plausible correct option were 
revised until consensus was achieved on the final 25-question set. 
The final question set and answer key are provided as supplemen-
tary material.
	 Four free-tier chatbot platforms were evaluated via their 
official web interfaces under default settings: ChatGPT (https://
chatgpt.com/), Claude (https://claude.ai/), Gemini (https://gemini.
google.com/), and Grok (https://grok.com/). These platforms were 
accessed under default free-tier settings. Because explicit model/
version labels were not consistently displayed in the user interfaces 
at the time of testing, the systems were identified and reported by 
their platform names rather than by underlying model versions. 
All platforms were accessed through a standard web browser 
without plug-ins, extensions, or additional custom system-level 
instructions. To prevent carryover effects and ensure zero prior 
context, a new chat session was initiated before each question. A 
standardized instruction prompt was appended immediately be-

fore each MCQ to constrain output format and enable objective 
scoring: “The following is a multiple-choice question with a single 
best answer among options A–E. Respond with only the single let-
ter (A/B/C/D/E) corresponding to the option you believe is cor-
rect. Do not write the option text. Do not provide any explanation 
or additional text. Do not say ‘I am not sure’; select the best option. 
Required output (single line only): Answer: <A/B/C/D/E>.” Imme-
diately after this instruction, the question stem and A–E options 
were entered. The complete 25-question set was administered three 
times on the same day within predefined time windows: morning 
(09:00–11:00), noon (13:00–15:00), and evening (17:00–19:00), 
yielding three responses per question per chatbot (75 responses per 
chatbot; 300 total responses). After each session, the selected op-
tion letter (A–E), question identifier, chatbot name, and time win-
dow were recorded in a Microsoft Excel file. For accuracy assess-
ment, each response was compared with the answer key and coded 
as correct (1) or incorrect (0); accuracy was summarized as the 
proportion of correct answers per chatbot overall and within each 
time window. Differences in accuracy across time windows with-
in each chatbot and differences across chatbots within each time 
window were evaluated using Cochran’s Q test (α=0.05). Same-day 
response consistency was assessed using (i) full stability, defined 
as the percentage of questions for which the same option letter 
was selected across all three administrations (morning–noon–eve-
ning), and (ii) Fleiss’ kappa coefficients computed separately for 
each chatbot based on categorical A–E responses across the three 
repetitions. Kappa values were interpreted according to the Landis 
and Koch (19) classification as follows: κ < 0.00, poor; 0.00–0.20, 
slight; 0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, substantial; 
and 0.81–1.00, almost perfect agreement. All statistical analyses 
were performed using IBM SPSS Statistics for Windows (Version 
31; IBM Corp., Armonk, NY, USA). A two-sided P value < 0.05 was 
considered statistically significant.

ResultsResults

	 Temporal consistency (agreement across morning–
noon–evening) was significant for all four chatbots (Fleiss’ kappa, 
p<0.001 for each), indicating non-random within-day stability of 
categorical responses. Google Gemini showed the highest agree-
ment (κ=0.813), followed by Anthropic Claude (κ=0.785), Grok 
(κ=0.693), and ChatGPT (κ=0.625) (Table 1). 

Table 1:Table 1: Same-day response agreement of AI chatbots across morning, noon, and 
evening sessions assessed using Fleiss’ kappa

Fleiss kappaFleiss kappa zz pp

ChatGPTChatGPT 0.625 10.5 <0.001

Anthropic ClaudeAnthropic Claude 0.785 12.5 <0.001

Google GeminiGoogle Gemini 0.813 13.7 <0.001

GrokGrok 0.693 10.6 <0.001

	 Accuracy distributions by time window and between-tool 
comparisons are presented in Table 2. Within-chatbot compari-
sons across morning, noon, and evening did not show significant 
differences for Anthropic Claude (p=0.779), Grok (p=0.846), or 
ChatGPT (p=0.607). In contrast, Google Gemini exhibited a sig-
nificant time-of-day effect (p=0.039), with higher accuracy in the 
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evening session (80%) compared with morning (68%) and noon 
(64%). 

Table 2:Table 2: Distribution of correct and incorrect responses across time windows and 
Cochran’s Q test results

Anthropic Anthropic 
ClaudeClaude

Google GeminiGoogle Gemini GrokGrok ChatgptChatgpt Co-Co-
chran's chran's 

Q P Q P 
ValueValueFalse True False True False True False True

MorningMorning 9 
(%36)

16 
(%64)

8 
(%32)

17 
(%68)

12 
(%48)

13 
(%52)

7 
(%28)

18 
(%72)

0.321

NoonNoon 9 
(%36)

16 
(%64)

9 
(%36)

16 
(%64)

11 
(%44)

14 
(%56)

9 
(%36)

16 
(%64)

0.825

EveningEvening 10 
(%40)

15 
(%60)

5 
(%20)

20 
(%80)

12 
(%48)

13 
(%52)

9 
(%36)

16 
(%64)

0.112

TotalTotal 28 
(%37)

47 
(%63)

22 
(%29)

53 
(%71)

35 
(%47)

40 
(%53)

25 
(%33)

50 
(%67)

 

Cochran's Cochran's 
Q p valueQ p value

0.779 0.039  0.846 0.607

	 When chatbots were compared within the same time win-
dow, no statistically significant differences were observed in the 
morning (p=0.321), noon (p=0.825), or evening (p=0.112). Overall 
accuracy was numerically highest for Google Gemini (71%), fol-
lowed by ChatGPT (67%) and Anthropic Claude (63%), whereas 
Grok demonstrated the lowest overall accuracy (53%) (Figure 1). 

Figure 1:Figure 1: Distribution of correct and incorrect responses by chatbot and time win-
dow

DiscussionDiscussion

	 This experimental, cross-sectional benchmark study 
compared the accuracy and same-day short-term response consis-
tency of four widely used free-tier AI chatbots (ChatGPT, Claude, 
Gemini, and Grok) on 25 single-best-answer multiple-choice 
questions (MCQs) covering core theoretical and clinical concepts 
in complete denture prosthodontics. Across repeated administra-
tions within the same day (morning–noon–evening), all chatbots 
demonstrated statistically significant agreement in their categor-
ical responses (Fleiss’ κ: ChatGPT 0.625; Claude 0.785; Gemini 
0.813; Grok 0.693; all p < 0.001), indicating that outputs were not 
randomly distributed across time. In contrast, when accuracy was 
compared between chatbots within the same time window, no sta-
tistically significant differences were observed for morning (p = 
0.321), noon (p = 0.825), or evening (p = 0.112). Collectively, these 
findings support the null hypothesis that accuracy does not differ 
between chatbots within the same time window, while consisten-

cy should be interpreted as generally high yet not identical across 
models, given the observed variability in κ magnitudes.
	 An important practical observation is that numerical dif-
ferences in accuracy (Gemini highest; Grok lowest) did not trans-
late into statistically significant between-chatbot differences within 
time windows. This pattern is common in MCQ-based bench-
marking and may relate to the limited item count, heterogeneous 
item difficulty, and the nature of the single-best-answer format, 
which can make small performance differences difficult to detect 
with conventional hypothesis testing. Therefore, while descriptive 
accuracy differences may still be educationally meaningful, the 
present results suggest that larger item pools or higher-powered 
designs may be required to robustly discriminate performance 
among free tier chatbots.
	 Our findings are consistent with the MCQ-based intra-
oral maxillofacial prosthodontics study by Ayata and Albayrak 
(20), which used a comparable repeated-measures protocol and 
likewise reported no significant differences in accuracy among the 
evaluated chatbots; that work also highlighted the importance of 
question identity (item difficulty) as a contributor to performance 
variance. In our study, Copilot was replaced by Grok, thereby ex-
panding the comparative scope under free-tier conditions. How-
ever, the broader literature also demonstrates that model/version 
selection can substantially influence measured performance. For 
example, Salem et al. (15) reported significantly higher perfor-
mance of ChatGPT-4.0 compared with ChatGPT-3.5 on an implant 
certification examination–derived question set, with ChatGPT-4.0 
approaching dentist-level performance in that context. Likewise, 
in an implant-supported prostheses benchmark, Yılmaz et al. (21) 
found that ChatGPT-4.0 achieved higher accuracy than Gemini 
and that pre-prompting enhanced performance, with the most 
pronounced improvement observed for Gemini. Such discrepan-
cies across studies likely reflect differences in access tier (free vs 
paid), prompting strategy (pre-prompt vs none), test language, and 
question format, each of which may meaningfully modulate ob-
served outcomes.
	 Performance heterogeneity across prosthodontic sub-
domains has also been repeatedly emphasized. Freire et al. (5) 
reported that ChatGPT-4 could show relatively limited accuracy 
and weaker consistency for removable and tooth-supported fixed 
prosthodontic questions, suggesting that difficulty may shift de-
pending on domain and cognitive demands. Likewise, Eraslan et 
al. (4) highlighted variability in chatbot performance across prost-
hodontic subtopics, underscoring that areas integrating biolog-
ical and mechanical determinants may be more challenging for 
LLM-based systems. In line with this, Shirani (17) observed that 
although repeatability can be acceptable in repeated testing, overall 
accuracy may remain suboptimal and performance profiles may 
differ by chatbot. Together, these studies support a key interpreta-
tion of our results: high same-day stability can coexist with moder-
ate accuracy, and performance is sensitive to both the prosthodon-
tic subdomain and the assessment design.
	 Patient-question–oriented and rubric-based evaluations 
further contextualize the present findings. In implant dentistry, 
Taymour et al. (22) reported higher “reliability/usefulness” rat-
ings for Gemini compared with ChatGPT versions, highlighting 
that some comparative conclusions depend on the endpoint used. 
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Similarly, in patient-question settings, Gemini has shown strong 
performance in some scenarios; however, these studies typically as-
sess multidimensional outcomes (e.g., response quality, readability, 
and perceived usefulness) rather than MCQ accuracy alone (11, 23, 
24). In contrast, broader prosthodontic commentaries emphasize 
that LLM outputs should not be considered clinically authorita-
tive when used in isolation and that performance is sensitive to 
question type, context, and the chosen evaluation approach (25, 
26). Our results align with these cautions: fluent and stable outputs 
do not guarantee correctness, and independent validation remains 
necessary, particularly for clinically nuanced topics.
	 A further contribution of this study is its inclusion of 
Claude and Grok alongside ChatGPT and Gemini. The current 
dental literature has largely concentrated on ChatGPT and Gem-
ini, with fewer studies incorporating Claude, and even fewer di-
rectly evaluating Grok in dentistry-specific benchmarking. A 
multi-model educational comparison incorporated Claude (Pro); 
however, it was not conducted within a complete-denture–focused 
MCQ framework (4). Pediatric dentistry studies have includ-
ed Claude variants (e.g., Claude 2/Claude-instant), but these are 
outside the complete denture domain (16). Regarding Grok, it has 
been mentioned among newer/emerging models in the literature; 
however, direct prosthodontic patient-question comparisons have 
generally been limited to ChatGPT and Gemini (24). Therefore, by 
reporting both accuracy and same-day consistency for Grok and 
Claude in a complete denture MCQ benchmark, our work extends 
multi-platform comparison under free-tier conditions and pro-
vides domain-specific baseline data for future studies.
	 Item-level analysis suggested that errors were not ran-
domly distributed; instead, incorrect responses tended to cluster in 
specific topic areas. All chatbots failed the phonation/phonetics-re-
lated item (Question 6), which may reflect the need for fine-grained 
clinical distinctions in speech assessment and the high “distractor 
proximity” typical of single-best-answer formats. Increased error 
frequency was also observed in topics requiring multi-factor pro-
cess knowledge (e.g., acrylic resin porosity; impression materials 
such as zinc oxide–eugenol; and impression techniques) and in 
questions dependent on mandibular anatomy, including an item 
with visual content. Such items require integrated anatomical–me-
chanical reasoning and, in the visual case, may additionally depend 
on multimodal capabilities that can be limited or inconsistent-
ly available in free-tier interfaces. Similarly, questions on factors 
improving impression tray retention involve practical, detail-rich 
knowledge where multiple options may appear plausible, increas-
ing the likelihood of incorrect selection in single-best-answer 
MCQs. Importantly, the combination of high consistency and re-
current errors implies that stable outputs may also represent stable 
reproduction of incorrect choices—reinforcing the need to avoid 
equating repeatability with correctness in educational use.
	 The same-day, three-time-window design is a method-
ological strength because it captures short-term stability under 
standardized conditions; nevertheless, the observation of time-de-
pendent variability—most notably the improvement in Gemini’s 
evening accuracy—suggests that performance may remain dynam-
ic even within a single day. Potential contributors include service 
load, background model updates, and inherent probabilistic output 
generation. These considerations support repeated-measures ap-

proaches as more realistic than single-time-point testing for evalu-
ating educational reliability in real-world usage settings.
This study has limitations. First, the evaluation was restricted to 
a 25-item single-best-answer MCQ set; thus, generalizability is 
constrained by item coverage and difficulty distribution. Second, 
testing was limited to free-tier web interfaces, and model labels, 
server-side updates, or access conditions may change over time, 
potentially affecting reproducibility across study periods. Third, 
constraining responses to a single-letter output improves scoring 
objectivity but prevents assessment of explanatory quality, reason-
ing depth, safety warnings, and citation behavior. Fourth, temporal 
consistency was assessed only within a single day; longer-term sta-
bility (days/weeks) and the effects of iterative model updates were 
not examined. Fifth, the limited number of visual items restricts 
conclusions regarding multimodal performance. Furthermore, the 
question set was developed by a single research team and was not 
externally validated using independent question banks from other 
institutions; therefore, its representativeness beyond the present 
academic context should be interpreted with caution. Future stud-
ies should (i) compare free-tier versus paid tiers (e.g., GPT-4-level 
access) and dentistry-adapted models; (ii) evaluate the effects of 
structured pre-prompts and prompt-engineering strategies; (iii) 
adopt longer longitudinal designs to capture stability over weeks/
months; and (iv) directly compare free-tier and paid-tier chatbot 
versions using case-based, visual, and multimodal question sets to 
better reflect real-world educational and clinical scenarios, partic-
ularly for anatomically and visually demanding complete denture 
tasks. In addition to MCQ accuracy, systematic rubrics assessing 
response quality and safety—such as transparency, uncertainty 
communication, contraindication emphasis, and evidence refer-
encing—may provide a more comprehensive framework for edu-
cational and clinical decision-support contexts.

ConclusionConclusion

	 Within the limits of this study, four free-tier AI chatbots 
demonstrated similar accuracy within the same time windows and 
generally high same-day response consistency on complete denture 
MCQs. However, the clustering of incorrect responses in clinically 
nuanced topics and difficulties in visually/anatomically demanding 
items suggest that these tools should not be used as stand-alone 
authorities in complete denture education. Instead, they are best 
positioned as adjunctive resources used alongside expert supervi-
sion and up-to-date evidence-based references.
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