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Abstract 17 

Background: Artificial intelligence (AI) tools are increasingly used by medical students for 18 

academic purposes, yet how patterns of such use relate to academic motivation and self-efficacy 19 

remain insufficiently characterized, particularly in the Iranian medical education context. This 20 

study examined the frequency and purpose of AI tool use among medical students and their 21 

associations with academic motivation and academic self-efficacy. 22 

Methods: A descriptive-analytical cross-sectional study was conducted among medical students 23 

at Kashan University of Medical Sciences, Iran, in  2026. Using proportionate stratified sampling 24 

across four educational stages, 111 students completed a questionnaire package comprising a 25 

researcher-developed AI-use instrument (separate frequency and purpose scores), the Persian 26 

Academic Motivation Scale, and the Persian College Academic Self-Efficacy Scale. Associations 27 

between the two AI-use scores and five outcomes (self-efficacy, intrinsic motivation, extrinsic 28 

motivation, amotivation, and composite positive motivation) were examined using Spearman 29 

correlation with Bonferroni correction, followed by five multiple linear regression models 30 

adjusting for age, sex, educational stage, and GPA. 31 

Results: Conversational AI tools, most notably ChatGPT, were used by nearly all participants. 32 

Both AI-use frequency and purpose were positively correlated with academic self-efficacy, 33 

intrinsic motivation, extrinsic motivation, and positive motivation, and negatively correlated with 34 

amotivation (Spearman ρ = 0.46–0.77; all p < 0.001, surviving Bonferroni correction). In adjusted 35 

models, AI-use purpose remained independently associated with all five outcomes (standardized 36 

β = 0.32–0.69), whereas AI-use frequency remained independently associated only with self-37 

efficacy (β = 0.55, p < 0.001). GPA was independently associated with intrinsic motivation, 38 

extrinsic motivation, and positive motivation, but not self-efficacy or amotivation. No significant 39 
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differences by sex or educational stage were observed. The five models explained 40% to 61% of 40 

outcome variance. 41 

Conclusions: The purpose for which medical students use AI tools showed more consistent 42 

independent associations with academic motivation and self-efficacy than frequency of use alone, 43 

suggesting that how AI is used may be more relevant to these outcomes than how often it is used.  44 

As an observational, cross-sectional study, these findings describe association rather than causal 45 

sequence, and contribute context-specific evidence on AI use and its psychological correlates 46 

among medical students in Iran. 47 

Keywords: Artificial Intelligence; Medical Students; Motivation; Self-Efficacy; Cross-Sectional 48 

Studies; Medical Education 49 

 50 
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Background 51 

Artificial intelligence (AI) tools, and conversational large language models in particular, have 52 

rapidly become common study aids for medical students. Survey evidence from North American 53 

and European medical schools indicates that a majority of respondents have used ChatGPT or a 54 

comparable tool for academic purposes at least once, most commonly to clarify course content, 55 

prepare for examinations, or support research-related writing [1-4]. This uptake has occurred 56 

against a curriculum that requires the absorption of a large volume of material and its integration 57 

with clinical reasoning, achieved largely through self-directed study outside formal contact hours 58 

[5, 6]. AI tools plausibly meet this demand by supplying explanation and feedback without 59 

depending on an instructor’s availability [1, 2]. 60 

Most existing research on this topic has examined prevalence, attitudes, readiness, or perceived 61 

usefulness of AI tools among health-profession students, generally using single-occasion 62 

perception or readiness instruments [2, 5, 7, 8]. A recent scoping review of AI chatbots in higher 63 

education reported that students often describe these tools as useful and motivating for completing 64 

academic tasks, but also noted that the underlying evidence remains uneven in method and setting 65 

[8]. Fewer studies have investigated associations between patterns of use of AI and established, 66 

validated measures of academically-relevant psychological constructs than have focused on 67 

attitudes towards the technology itself. 68 

Academic motivation and academic self-efficacy are two academically relevant constructs with 69 

well-established theoretical and empirical foundations. Self-determination theory conceptualizes 70 

motivation as a spectrum ranging from intrinsic interest for the sheer value of an activity to several 71 

forms of extrinsic regulation and finally to amotivation, in which a student feels little reason to 72 

engage at all to engage in an activity; motivation of this kind is linked to persistence and depth of 73 
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engagement in curricula, such as medical training, that depend heavily on self-managed study [9, 74 

10]. Academic self-efficacy, grounded in Bandura’s theory of self-efficacy, refers to a student’s 75 

belief in their own capacity to organize and execute the actions required to succeed at a specific 76 

academic task, and is understood to shape whether a student initiates a demanding task, how much 77 

effort they invest, and how long they persist [11]. Both constructs are measurable with established 78 

instruments and are plausible correlates of a technology that changes how quickly a question 79 

receives an answer and how much friction accompanies a difficult task. 80 

How AI use relates to these two constructs, however, remains less clearly characterized than AI 81 

use itself. Evidence connecting AI tool use specifically to academic motivation and self-efficacy 82 

is comparatively sparse for medical student populations, and sparser still in the Iranian medical 83 

education context, where a small number of recent studies have begun to examine medical 84 

students’ engagement with tools such as ChatGPT and their readiness for AI more broadly [12, 85 

13]. Most available instruments also collapse AI use into a single exposure metric, which cannot 86 

distinguish a student who uses AI tools often from one who uses them deliberately for a defined 87 

set of academic purposes; these two dimensions are conceptually distinct and may relate differently 88 

to motivational and self-efficacy outcomes. 89 

This study examined AI-use frequency and AI-use purpose separately among medical students at 90 

a single Iranian medical university and evaluated their associations with academic self-efficacy 91 

and three theoretically distinct dimensions of academic motivation (intrinsic motivation, extrinsic 92 

motivation, and amotivation), together with a composite positive-motivation score. The study 93 

further examined whether these associations remained after adjustment for age, sex, educational 94 

stage, and grade point average. 95 
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Methods 96 

Study design and setting 97 

This was a descriptive-analytical cross-sectional study, reported in accordance with the STROBE 98 

(Strengthening the Reporting of Observational Studies in Epidemiology) statement for cross-99 

sectional studies [14], conducted among medical students at Kashan University of Medical 100 

Sciences, Iran, between June and August 2026. 101 

Participants and sampling 102 

The target population comprised all medical students enrolled across the four educational stages 103 

of the Iranian medical curriculum (Basic Sciences, Pathophysiology, Clerkship, and Internship), 104 

totaling approximately 1,345 students. A required sample size was calculated from the standard 105 

deviation of a validated AI-readiness scale reported in a comparable Iranian medical student 106 

sample [13], with a 95% confidence level (Zα/2 = 1.96) and a margin of error of 5 scale points, 107 

yielding a minimum requirement that was then adjusted upward for the anticipated design effect 108 

of stratification and for expected non-response, giving a target of 110 participants. Participants 109 

were recruited by proportionate, stratified random sampling to represent the four educational 110 

stages as per their proportion in the target population; rounding of calculated stratified sample sizes 111 

led to the final analysis set of 111 completed questionnaires without missing values. 112 

Instruments 113 

A demographic questionnaire recorded age, sex, educational stage, and self-reported grade point 114 

average (GPA). AI tool use was evaluated using researcher-developed questionnaire comprising 115 

two separately scored components: a 10-item frequency component asking participants to rate, on 116 

a 6-point scale, how often they had used each of ten named AI tools (ChatGPT, Gemini, DeepSeek, 117 
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Grok, Claude, Qwen, Elicit, Research Rabbit, Copilot, and an open “other” option) for academic 118 

purposes over the preceding six months (summed range 10–60), and a 6-item purpose component 119 

rating the extent of use for specific academic purposes on a 7-point scale (summed range 6–42). 120 

This instrument was developed for the present study due to the absence of a validated Persian-121 

language measure of AI-use frequency and purpose; content validity was established using a panel 122 

of subject-matter experts (scale-level content validity index, S-CVI/Ave = 0.93), and internal 123 

consistency and test–retest reliability (intraclass correlation coefficient, ICC = 0.90, 95% CI 0.81–124 

0.95) were established in a pilot sample prior to the main study. The English version of the 125 

questionnaire is provided as Supplementary File 4. Internal consistency in the present analytic 126 

sample was good for both the frequency (Cronbach’s α = 0.87) and purpose (α = 0.88) components. 127 

Academic motivation was measured using the Persian version of the Academic Motivation Scale 128 

(AMS) [10, 15], a 28-item, 7-point Likert instrument yielding three subscales used in the present 129 

study: intrinsic motivation and extrinsic motivation (12 items each) and amotivation (4 items), 130 

together with a composite positive-motivation score calculated as the sum of the intrinsic and 131 

extrinsic motivation subscales combined with a reverse-coded amotivation score. Academic self-132 

efficacy was measured with the Persian version of the College Academic Self-Efficacy Scale 133 

(CASES) [16, 17], a 32-item, 5-point instrument yielding a single total score. Internal consistency 134 

for all seven scores in the present sample ranged from acceptable to excellent (Cronbach’s α = 135 

0.85–0.97). 136 

Procedure 137 

The combined questionnaire package was administered as a single online form (Porsline platform) 138 

with a printed paper alternative offered to students without convenient online access. The paper 139 

and online versions contained identical items, and responses from the paper questionnaires were 140 
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manually entered and checked before analysis. Participation was voluntary; the study information 141 

and consent statement preceded the questionnaire items, and students could decline or withdraw 142 

at any stage without consequence. 143 

Statistical analysis 144 

All analyses were performed in SPSS version 22 at a two-tailed significance level of 0.05 unless 145 

otherwise specified. The distribution of the nine main quantitative variables (age, GPA, AI-use 146 

frequency, AI-use purpose, academic self-efficacy, and the four motivation scores) was assessed 147 

using the Shapiro–Wilk test; all nine showed a statistically significant deviation from a normal 148 

distribution, and non-parametric methods were used accordingly throughout. Associations 149 

between the two AI-use scores and the five outcome variables (ten pre-specified comparisons 150 

directly addressing the two study hypotheses) were examined using Spearman’s rho, with a 151 

Bonferroni-corrected significance threshold (α = 0.05/10 = 0.005) applied in addition to the 152 

conventional threshold of 0.05. Exploratory associations of age and GPA with the same five 153 

outcomes were examined at the conventional 0.05 threshold. Group differences by sex and by 154 

educational stage were examined using the Mann–Whitney U test and Kruskal–Wallis test, 155 

respectively, consistent with the non-normal distribution of the study variables. 156 

The independent contribution of AI-use frequency and AI-use purpose to each of the five 157 

outcomes, adjusting for age, sex, educational stage, and GPA, was examined using five multiple 158 

linear regression models (simultaneous entry method), one per outcome. Sex was coded with male 159 

as the reference category and educational stage was dummy-coded with Basic Sciences as the 160 

reference category. The absence of problematic multicollinearity was confirmed using the variance 161 

inflation factor (VIF); model assumptions were assessed via residual normality, the Breusch–162 

Pagan test for heteroscedasticity, the Durbin–Watson statistic, and Cook’s distance for influential 163 
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observations, with heteroscedasticity-consistent (HC3) standard errors calculated as a sensitivity 164 

analysis for models in which heteroscedasticity was detected. 165 

Ethical considerations 166 

The study protocol was approved by the Research Ethics Committee of Mashhad University of 167 

Medical Sciences (approval code IR.MUMS.MEDICAL.REC.1405.062). All participants 168 

provided informed consent prior to completing the questionnaire, and confidentiality of responses 169 

was maintained throughout data collection and analysis. 170 

Results 171 

Participant characteristics 172 

Of 111 questionnaires distributed according to the stratified sampling plan, all 111 were returned 173 

complete, with no missing values on any variable (completion rate 100%). Mean age was 22.27 ± 174 

2.28 years (range 18–28); 60 participants (54.1%) were male and 51 (45.9%) were female. 175 

Participant characteristics and descriptive statistics for the study’s main variables are summarized 176 

in Table 1. 177 

Table 1 Participant characteristics and descriptive statistics of the study variables (N = 111) 178 

Characteristic n (%) or Mean ± SD 

Age, years (Mean ± SD) 22.27 ± 2.28 

Sex – Male 60 (54.1) 

Sex – Female 51 (45.9) 

Educational stage – Basic Sciences 47 (42.3) 

Educational stage – Pathophysiology 18 (16.2) 

Educational stage – Clerkship 27 (24.3) 

Educational stage – Internship 19 (17.1) 

GPA (range 0-20) 16.14 ± 1.45 
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Characteristic n (%) or Mean ± SD 

AI use – frequency score (range 10–60) 25.95 ± 9.97 

AI use – purpose score (range 6–42) 30.38 ± 6.96 

Academic self-efficacy, total (range 32–160) 114.23 ± 24.51 

Intrinsic motivation (range 12–84) 60.51 ± 13.30 

Extrinsic motivation (range 12–84) 62.50 ± 12.36 

Amotivation (range 4–28) 11.91 ± 5.49 

Positive motivation, composite (range 28–196) 143.11 ± 28.70 

Abbreviations: SD, standard deviation; AI, artificial intelligence; GPA, grade point average. 179 

Frequency and pattern of AI tool use 180 

Conversational AI tools were used by nearly all participants: ChatGPT had been used by 100.0% 181 

of respondents, followed by DeepSeek (85.6%), Gemini (72.1%), Grok (68.5%), and Claude 182 

(47.7%); tools oriented toward literature search and discovery (Elicit, Research Rabbit) were the 183 

least commonly used, at 36.0% each (Fig. 1). Internal consistency reliability for all study 184 

instruments in the present sample was good to excellent (Cronbach’s α range 0.85–0.97). 185 

 186 

Fig. 1 Proportion of students reporting at least minimal use of each AI tool, ranked (N = 111) 187 
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Associations between AI use and study outcomes 188 

Since Shapiro–Wilk testing revealed a statistically significant deviation from normality for all nine 189 

of the main quantitative variables, Spearman’s rho was used for all correlational analyses. Both 190 

AI-use frequency and AI-use purpose were significantly positively correlated with academic self-191 

efficacy, intrinsic motivation, extrinsic motivation, and positive motivation, and significantly 192 

negatively correlated with amotivation; all ten correlation coefficients remained statistically 193 

significant at the conservative Bonferroni-corrected threshold (α = 0.005) (Table 2). Using 194 

Cohen’s benchmarks, effect sizes ranged from moderate to large (ρ = 0.46 to 0.77). In exploratory 195 

analyses, age was not significantly associated with any of the outcomes (all p > 0.05), 196 

whereas GPA showed statistically significant, weak-to-moderate associations with all five 197 

outcomes (ρ = 0.29 to 0.35 in absolute value). 198 

Table 2 Spearman correlation coefficients between AI-use scores and study outcomes (N = 111) 199 

AI-use dimension Outcome Spearman ρ 95% CI p 

Frequency Academic self-efficacy 0.771 0.683, 0.837 <0.001 

Frequency Intrinsic motivation 0.500 0.346, 0.628 <0.001 

Frequency Extrinsic motivation 0.461 0.301, 0.597 <0.001 

Frequency Amotivation −0.558 −0.675, −0.415 <0.001 

Frequency Positive motivation 0.526 0.376, 0.649 <0.001 

Purpose Academic self-efficacy 0.696 0.586, 0.781 <0.001 

Purpose Intrinsic motivation 0.616 0.485, 0.720 <0.001 

Purpose Extrinsic motivation 0.608 0.475, 0.713 <0.001 

Purpose Amotivation −0.539 −0.659, −0.392 <0.001 

Purpose Positive motivation 0.637 0.511, 0.736 <0.001 

All p-values remain significant after Bonferroni correction for the 10 primary comparisons (α = 0.05/10 = 0.005). 200 
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Group comparisons 201 

No statistically significant difference by sex was observed for any of the seven principal study 202 

variables (Mann–Whitney U test, all p > 0.05). Across the four educational stages, no statistically 203 

significant differences was observed for six of the seven variables (Kruskal–Wallis test, all p > 204 

0.05); the exception was AI-use frequency, for which the omnibus test approached but did not 205 

reach significance (H = 7.09, p = 0.069), and none of the pairwise post-hoc comparisons remained 206 

significant after Bonferroni correction. 207 

Multiple regression analyses 208 

Variance inflation factors for all predictors were well below the conventional threshold of 5 (range 209 

1.09–2.89), indicating that multicollinearity, including the moderately high bivariate correlation 210 

between the two AI-use scores (Spearman ρ = 0.707), was not a concern for interpretation of the 211 

models. All five regression models were statistically significant overall (all p < 0.001), with 212 

adjusted R² ranging from 0.351 (amotivation) to 0.581 (academic self-efficacy) (Table 3). Residual 213 

diagnostics indicated approximately normal residuals for two of the five models and a statistically 214 

significant but slight deviation from normality for the remaining three (Shapiro–Wilk W > 0.97 215 

throughout); the Breusch–Pagan test indicated statistically significant heteroscedasticity for the 216 

self-efficacy and extrinsic-motivation models, for which a heteroscedasticity-consistent (HC3) 217 

sensitivity analysis reproduced the same pattern of statistical significance as the conventional 218 

models. Cook’s distance did not identify any observation exceeding the conventional threshold of 219 

1.0 in any model. 220 

Across the five adjusted models, a consistent pattern emerged (Table 3): AI-use purpose was an 221 

independent, statistically significant predictor in all five models (standardized β = 0.32 to 0.69), 222 

whereas AI-use frequency retained independent significance only in the academic self-efficacy 223 
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model (β = 0.55, p < 0.001), and was not a significant independent predictor of any of the four 224 

motivation-related outcomes once purpose of use was accounted for. GPA was an independent, 225 

significant predictor of intrinsic motivation, extrinsic motivation, and positive motivation, but not 226 

of self-efficacy or amotivation. Sex and educational stage were not significant independent 227 

predictors in any model, with the isolated exception of the Pathophysiology-stage coefficient in 228 

the self-efficacy model (B = 10.39, p = 0.026). 229 

Table 3 Adjusted associations between AI-use scores and study outcomes across five multiple regression 230 

models (N = 111) 231 

Predictor Self-efficacy Intrinsic mot. Extrinsic mot. Amotivation Positive mot. 

AI use – frequency 0.55** 0.12 −0.03 −0.21 0.08 

AI use – purpose 0.32** 0.58** 0.69** −0.43** 0.65** 

Age 0.08 0.15 0.15 −0.09 0.15 

GPA 0.04 0.16* 0.18* −0.10 0.17* 

Sex (female vs male) 0.09 0.07 0.01 0.02 0.03 

Adjusted R² 0.581 0.497 0.503 0.351 0.555 

Model F (8, 102) 20.08** 14.58** 14.92** 8.43** 18.13** 

Values are standardized regression coefficients (β) unless otherwise indicated. Reference categories: sex = male; 232 

educational stage = Basic Sciences (stage coefficients omitted from this summary; full stage-level coefficients for all 233 

five models are provided in Additional file 1). * p < 0.05; ** p < 0.001. Mot., motivation; GPA, grade point 234 

average. 235 

Discussion 236 

In this cross-sectional study of medical students at an Iranian medical university, both the 237 

frequency and the purpose of AI tool use were positively associated with academic self-efficacy 238 

and with a more favorable motivational profile, and negatively associated with amotivation; these 239 

associations were of moderate to large magnitude and robust to a conservative correction for 240 

multiple testing, supporting the study’s two primary hypotheses. Considered jointly in adjusted 241 

regression models, however, a clear dissociation emerged: purpose of use remained an 242 
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independent, significant correlate of all five outcomes, while frequency of use retained 243 

independent significance only for academic self-efficacy. This pattern was not attributable to 244 

collinearity between the two AI-use scores, which was low by conventional criteria and confirmed 245 

by a robust-standard-error sensitivity analysis. 246 

This dissociation is consistent with the theoretical basis for treating AI-use frequency and AI-use 247 

purpose as distinct constructs. Self-determination theory characterizes motivation in terms of the 248 

reasons underlying an action rather than its raw frequency [9, 10]; a purpose-of-use score, which 249 

asks what a student uses AI tools for, is conceptually closer to this “why” than a frequency score, 250 

which counts occurrences of use without reference to intent. This may explain why purpose, rather 251 

than frequency, showed the more consistent independent association with the three motivation 252 

subscales and the composite positive-motivation score. Academic self-efficacy followed a 253 

different pattern, in which frequency retained an independent association alongside purpose. This 254 

is compatible with Bandura’s account of mastery experience, in which repeated successful 255 

engagement with a task, here, repeated successful use of a tool to resolve an academic problem, is 256 

itself a proposed source of self-efficacy independent of the reason for engaging [11]; prior studies 257 

of AI-chatbot use in health-profession students have similarly reported associations between 258 

chatbot engagement and self-efficacy or related self-directed learning outcomes [18, 19], 259 

consistent with a frequency-sensitive pathway specific to self-efficacy. On this account, sheer 260 

repetition of successful AI-assisted problem-solving could plausibly contribute to self-efficacy 261 

beliefs through a pathway less dependent on the student’s stated purpose. 262 

Several alternative, non-causal explanations for these associations warrant explicit consideration. 263 

Because the design is cross-sectional, reverse causation is fully consistent with the observed 264 

pattern: students with higher baseline self-efficacy and more self-determined motivation may be 265 
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more likely to identify specific, purposeful uses for AI tools, rather than purposeful AI use causing 266 

these psychological states. A reciprocal relationship, in which motivation and purposeful use 267 

reinforce one another over time, is equally consistent with a single cross-sectional snapshot. Shared 268 

method variance is a further concern, since all variables were obtained by self-report in the same 269 

questionnaire administration; the purpose items, which describe specific, sanctioned academic 270 

uses, may also be more susceptible to socially desirable responding than the frequency items, 271 

particularly in a context where AI use carries academic-integrity connotations, which could inflate 272 

the apparent independent contribution of purpose relative to frequency. 273 

These findings extend a growing literature describing widespread AI tool use among medical and 274 

health-profession students internationally [1-3, 5, 7], in which ChatGPT use approaching near-275 

universal levels, as observed in the present sample, has been reported in several other settings [1, 276 

3, 4, 20]. A recent scoping review concluded that AI chatbots are often described by students as 277 

useful and motivating for academic tasks, while noting that the supporting evidence remains 278 

methodologically uneven [8]. The present study extends this literature by using validated, 279 

multidimensional instruments for both motivation and self-efficacy rather than single-item 280 

perception measures, and by empirically distinguishing frequency from purpose of use rather than 281 

treating AI use as a single exposure. Within the Iranian medical education context specifically, 282 

where evidence on AI readiness and use among health-profession students has begun to 283 

accumulate [12, 13], evidence associating patterns of AI use to validated motivational and self-284 

efficacy outcomes has to date been limited; direct numerical comparison with these studies is not 285 

appropriate given differences in population, instruments, and outcome constructs, but the present 286 

findings are broadly consistent with a picture of substantial and largely favorably regarded AI 287 

engagement among Iranian medical students. Absence of significant sex or educational-stage 288 
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differences in the present sample should be interpreted as an absence of detected difference in this 289 

sample rather than as evidence of true equivalence, given the more limited statistical power 290 

available for these subgroup comparisons. 291 

If replicated in longitudinal or experimental designs capable of establishing temporal or causal 292 

sequence, these findings would suggest that how medical students use AI tools may carry more 293 

information about their motivational engagement than how often they use them, with a possible 294 

implication that institutional guidance on AI use might reasonably emphasize cultivating 295 

purposeful, task-specific engagement rather than focusing primarily on limiting frequency of use. 296 

This possibility is offered as a hypothesis for future testing rather than as a recommendation 297 

supported by the present observational evidence. 298 

Limitations 299 

This study has several limitations. Firstly, the cross-sectional design permits only the description 300 

of associations and cannot establish temporal sequence; reverse causation and reciprocal 301 

relationships remain fully consistent with the observed patterns. Secondly, the study was 302 

conducted at a single institution during a specific academic period, so the findings should be 303 

generalized cautiously and primarily to comparable Iranian medical education settings. Thirdly, 304 

all variables were obtained by self-report; the six-month recall window for AI-use frequency may 305 

introduce imprecision, and socially desirable responding cannot be excluded in a context where 306 

AI use carries academic-integrity connotations. Fourthly, the sample size, although adequate for 307 

the primary analysis, subgroup estimates within smaller educational strata carry wider uncertainty, 308 

and null findings for sex and stage should be interpreted as an absence of detected difference rather 309 

than evidence of equivalence. Finally, the specific pattern of tool use reflects the technological 310 
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landscape of 2025–2026 and may not fully capture patterns associated with subsequent generations 311 

of generative AI tools. 312 

Conclusions 313 

Among medical students at this Iranian medical university, both frequency and purpose of AI tool 314 

use were positively associated with academic self-efficacy and a more favorable motivational 315 

profile. When examined jointly, purpose of use showed a more consistent independent association 316 

with academic motivation and self-efficacy than frequency of use, which retained an independent 317 

association only with self-efficacy. As these findings arise from an observational, cross-sectional 318 

design, they describe statistical association rather than causal or temporal sequence, and reverse-319 

causal and reciprocal explanations remain equally consistent with the data. The principal 320 

contribution of this study is the empirical distinction between frequency and purpose as separable 321 

dimensions of AI utilization, examined against multiple, theoretically differentiated motivational 322 

outcomes and academic self-efficacy simultaneously, in an Iranian medical education context in 323 

which such evidence has so far been limited. Longitudinal and multi-institutional studies are 324 

needed to clarify the direction of these associations and their generalizability. 325 
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