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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Drug-drug interactions (DDIs) significantly 

contribute to preventable adverse drug events and constitute a 
vital skill domain in pharmacy education. Recent advancements 
in generative artificial intelligence (GenAI) have created novel 
opportunities for enhancing clinical reasoning and medication 
safety training; however, evidence regarding their educational 
effectiveness remains limited.

Objective: To evaluate the effect of a generative AI-assisted 
DDI alert tool on pharmacy students' competence in managing 
complex DDI cases and to explore students' perceptions of AI-
supported clinical reasoning.

Methods: A comparative mixed-methods study was conducted 
among advanced-level undergraduate pharmacy students in 
Saudi Arabia during the 2025 academic year. Participants were 
allocated to either an AI-assisted group (n = 96) or a non-AI 
group (n = 88). Both groups completed identical case-based 
assessments involving high-risk DDIs. Objective competence 
was assessed using a standardized analytic rubric evaluating DDI 
identification, mechanism assessment, clinical management, 
and therapeutic justification. Quantitative data were analyzed 
using descriptive and inferential statistics, while qualitative 
responses were examined using thematic analysis.

Results: A total of 184 students completed the study. 
Compared with the non-AI group, students in the AI-assisted 
group reported significantly higher scores in understanding 
DDI mechanisms (p = 0.0089), confidence in clinical decision-
making (p = 0.0028), perceived appropriateness of challenge 
level (p = 0.0050), and overall satisfaction (p = 0.0004). 
Objective competence scores were significantly higher among 
AI-assisted students across all assessed domains, including DDI 
identification (p = 0.008), mechanism assessment (p = 0.002), 
clinical management (p = 0.005), and therapeutic justification (p 
= 0.004). The composite competence score was also significantly 
higher in the AI-assisted group (8.75 ± 1.09 vs. 8.10 ± 1.46; p = 
0.001). Qualitative analysis identified three overarching themes: 
clinical relevance and case realism, generative AI as a cognitive 

support tool, and the need for clearer assessment guidance and 
additional clinical detail.

Conclusion: Generative AI-assisted DDI support was 
associated with improved competence, confidence, and 
overall assessment experience among pharmacy students 
managing complex clinical cases. The findings suggest that 
generative AI can serve as an effective educational scaffold that 
enhances clinical reasoning and therapeutic decision-making 
when integrated within structured learning environments and 
supported by appropriate faculty oversight.

Key words. Generative artificial intelligence, drug–drug 
interactions, pharmacy education, clinical reasoning, case-based 
assessment, educational technology, mixed-methods research.
Introduction.

Drug–drug interactions (DDIs) are widely recognized as a 
major contributor to preventable adverse drug events (ADEs), 
particularly among populations with complex medication 
regimens such as the elderly and those with chronic comorbidities 
[1-3]. Numerous studies have shown that DDIs account for a 
substantial proportion of medication-related hospitalizations, 
thereby imposing significant clinical and economic burdens 
on healthcare systems². In light of this, it is essential to equip 
pharmacy graduates with the competence to identify, assess, and 
manage DDIs in real-time clinical settings [4].

Despite the inclusion of DDIs in pharmacotherapy curricula, 
recent evidence has indicated that many pharmacy students 
lack the applied skills necessary to evaluate interaction risks 
and make appropriate clinical judgments [5,6]. While these 
findings do not suggest a failure in knowledge acquisition, they 
do underscore a persistent gap in translating theoretical content 
into practice. This has prompted scholars to advocate for 
instructional approaches that incorporate experiential learning 
and decision-support tools to bridge this gap [7].

Over the last two years, there has been a marked increase 
in the integration of artificial intelligence (AI) in healthcare 
education. In particular, generative AI tools—based on large 
language models such as GPT-4—have been explored as 
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potential adjuncts to support clinical reasoning, simulate patient 
encounters, and generate drug-related explanations [8,9]. 
Several studies have shown that such models can outperform 
traditional search methods in generating context-relevant 
responses and summarizing complex clinical data [9-11].

It has been proposed that the use of AI in pharmacy education 
may enhance students’ ability to manage complex therapeutic 
scenarios by offering scaffolded support, particularly in 
identifying clinically significant DDIs [12]. For example, 
Liu et al. [13] introduced a pharmacy-specific chatbot 
("PharmacyGPT") and demonstrated improved diagnostic 
accuracy among final-year students. Similarly, a comparative 
study by Li et al. [14] found that generative AI tools varied 
in their performance but showed potential in helping students 
resolve clinical pharmacy problems.

Nevertheless, concerns regarding the reliability, transparency, 
and ethical use of generative AI persist. It has been argued that 
the use of these tools must be balanced with robust faculty 
oversight to avoid overreliance and potential propagation of 
misinformation [15,16]. A recent national survey by Ichikawa 
et al. [17] showed that while U.S. medical schools are adopting 
policies and training programs for AI integration, pharmacy 
education is still in the early phases of structured implementation. 
Additionally, Patel and Lam [18] emphasized that AI’s role in 
medical documentation—such as discharge summaries—could 
transform practice but raises questions about accountability and 
interpretability.

The present study seeks to address this gap by assessing 
whether the use of a generative AI-assisted DDI alert tool 
improves pharmacy students’ competence in managing high-risk 
clinical cases. By drawing on mixed-methods design, the study 
aims to (i) compare student performance in AI-assisted and 
non-assisted conditions; and (ii) explore students’ reflections on 
the benefits and limitations of AI in clinical decision-making. 
This research aims to contribute to current debates by providing 
empirical data on the instructional utility of AI in pharmacy 
education and by informing the development of AI-integrated 
curricular strategies. To our knowledge, this is among the first 
mixed-methods studies to empirically examine the instructional 
value of generative AI–assisted DDI alerts within undergraduate 
pharmacy education in KSA.
Methodology.
Study design:

This study employed a comparative mixed-methods design 
to evaluate pharmacy students’ competence in managing 
complex drug–drug interaction (DDI) cases with and without 
the assistance of generative artificial intelligence (GenAI). A 
mixed-methods approach was selected to integrate quantitative 
comparisons of perceived competence and assessment 
experience with qualitative insights into students’ clinical 
reasoning processes and reflections on AI-supported learning.
Participants and Setting:

Participants were final-year and advanced-level undergraduate 
pharmacy students enrolled during the 2025 academic year. This 
cohort was selected to ensure adequate foundational knowledge 
of pharmacotherapy, DDIs, and exposure to clinical decision-
making relevant to professional practice.

Eligibility criteria included: (1) enrollment in the final year or 
an advanced stage of the pharmacy program, (2) prior instruction 
in DDI concepts, and (3) voluntary consent to participate. 
Students with prior experience using advanced AI tools for 
clinical decision-making were excluded to reduce potential bias 
related to AI familiarity.
Sample Size Considerations:

A total sample size of approximately 189 participants was 
targeted. This sample size provides 80% statistical power at a 
two-sided significance level of 0.05 to detect a small-to-moderate 
between-group effect size (Cohen’s d ≈ 0.41) for independent 
group comparisons between AI-assisted and non-AI conditions. 
This sample was considered sufficient to support confirmatory 
quantitative analysis while also enabling meaningful qualitative 
triangulation.
Group Allocation:

Participants were allocated into two parallel groups based 
on assessment condition. The non-AI group completed the 
assessment without access to generative artificial intelligence 
(GenAI) tools and relied solely on their existing knowledge 
and clinical reasoning skills. The AI-assisted group completed 
the same assessment with access to a generative AI–assisted 
DDI alert tool (ChatGPT, GPT-4 architecture, OpenAI), 
which provided interaction alerts, explanatory summaries, and 
suggested management strategies.

Group allocation was conducted using a convenience-based 
approach while ensuring comparable academic standing across 
groups. Random allocation was not feasible due to scheduling 
and logistical constraints associated with the supervised 
assessment environment and controlled AI access conditions. 
To reduce the risk of selection bias, both groups were recruited 
from the same academic cohort, completed identical clinical 
cases and assessment instruments, and were evaluated under 
standardized assessment conditions. Baseline comparisons 
demonstrated no statistically significant differences between 
groups in age, GPA, sex distribution, or prior exposure to AI 
tools (Appendix E).
Nature of the Complex Clinical Cases:

The assessment consisted of high-risk, case-based clinical 
scenarios designed to reflect authentic pharmacy practice. Each 
case incorporated polypharmacy, multiple comorbidities, and 
at least one clinically significant DDI requiring interpretation, 
risk assessment, and clinical management rather than simple 
identification.

Cases included commonly encountered therapeutic classes such 
as cardiovascular agents, endocrine therapies, anticoagulants, 
and antimicrobials. Relevant patient context—including age, 
renal function, and clinical history—was provided to support 
realistic decision-making.

All cases were reviewed by academic pharmacy faculty 
with clinical expertise to ensure content validity, appropriate 
complexity for final-year students, and alignment with learning 
outcomes related to medication safety and DDI management.
Operationalization and Scoring of Competence:

Student competence was operationalized across four 
predefined domains:
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(1) identification of clinically significant DDIs,
(2) assessment of interaction severity and underlying 

mechanisms,
(3) clinical decision-making and selection of appropriate 

management strategies, and
(4) justification and clarity of therapeutic reasoning.
Each domain was scored on a 10-point standardized scale using 

a structured analytic rubric developed for this study (maximum 
composite score = 40). Domain scores were summed to generate 
a composite competence score, which was subsequently 
standardized to a mean scale for comparative analysis.

The rubric included explicit performance descriptors for each 
score level to ensure consistency in evaluation across domains. 
Responses were independently assessed by trained evaluators 
who were blinded to group allocation. Scoring discrepancies 
were resolved through consensus discussion. To minimize 
the possibility of evaluators inferring AI-assisted status from 
linguistic patterns, submitted responses were anonymized and 
assessed using structured rubric criteria emphasizing clinical 
content and reasoning rather than writing style alone.

Inter-rater reliability was evaluated using a two-way random-
effects intraclass correlation coefficient (ICC), reflecting absolute 
agreement between raters. The observed ICC demonstrated 
good reliability for educational assessment, supporting the 
consistency and robustness of the scoring process.
Instrument Development:

The evaluation instrument was developed through a structured 
multi-step process:

Step 1: Content Specification:
Key competencies related to DDI identification, assessment, 

and management were mapped to curricular learning outcomes 
and professional practice expectations.

Step 2: Case and Item Development:
Clinical cases and corresponding open-ended and closed-ended 

items were designed to assess applied knowledge, reasoning, 
and decision-making.

Step 3: Expert Review:
The draft instrument was reviewed by a panel of pharmacy 

education and clinical pharmacy experts to evaluate relevance, 
clarity, and appropriateness of case complexity. Revisions were 
made iteratively.

Step 4: Pilot Testing:
The revised instrument was piloted with a group of pharmacy 

students not included in the final sample to refine wording, 
timing, and scoring criteria.

Step 5: Reliability and Finalization:
Inter-rater reliability was examined for the scoring rubric, and 

disagreements were resolved through discussion. The finalized 
instrument demonstrated acceptable reliability for educational 
research.
Data Collection:

Participants completed the assessment using an online 
questionnaire comprising demographic items, case-based 
questions, Likert-scale perception measures, and open-ended 
reflection prompts. Students in the AI-assisted group were 
permitted to consult the GenAI tool during case completion, 
whereas the non-AI group completed the assessment without 
AI support.

Data Analysis:
Quantitative data were analyzed using descriptive statistics 

and inferential tests appropriate to data distribution to compare 
outcomes between groups. Effect sizes were calculated to 
estimate the magnitude of observed differences.

Qualitative data from open-ended responses were analyzed 
using thematic analysis. Two researchers independently coded 
the data, with codes refined into themes through iterative 
discussion and consensus.
Ensuring Rigor and Trustworthiness:

Methodological rigor was ensured through standardized 
scoring procedures, blinded evaluation, and consistent 
assessment conditions. Qualitative credibility was supported 
through investigator triangulation and independent coding. 
Dependability and confirmability were enhanced through 
maintenance of an audit trail and reflexive discussions within 
the research team.
Ethical Considerations:

This study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki for research involving 
human participants. Ethical approval was obtained from the 
Ministry of Health Research Committee, Hail City, Kingdom of 
Saudi Arabia (Approval No. MOH-HL-REC-2025-017).

Participation was voluntary, and written informed consent was 
obtained from all participants prior to data collection. Students 
were informed about the study objectives, procedures, and their 
right to withdraw at any time without academic consequences. 
Participation or non-participation did not influence course 
grades or academic standing.

All responses were anonymized prior to analysis, and no 
personally identifiable information was collected. Data were 
stored securely on password-protected institutional systems 
accessible only to the research team.

For the AI-assisted group, only fictional case scenarios were 
entered into the generative AI system. No real patient data or 
identifiable health information were used. Participants were 
informed about the limitations of generative AI systems, 
including the potential for inaccurate outputs, and were 
instructed to critically appraise AI-generated information before 
incorporating it into their clinical reasoning.
Results.

A total of 184 students completed the assessment (AI-assisted 
group, n = 96; non-AI group, n = 88). Descriptive comparisons 
of mean Likert-scale scores for perceived competence and 
assessment experience across the five evaluated domains are 
presented in Table 1. Overall, students in both groups reported 
positive perceptions, with mean scores above the midpoint of 
the scale in all domains.

Across all domains, the AI-assisted group demonstrated higher 
mean scores than the non-AI group. The largest descriptive 
differences were observed for overall satisfaction and confidence 
in clinical decision-making. These trends are visually illustrated 
in Figure 1.
Inferential Analysis:

Between-group comparisons using Welch’s independent 
samples t-tests are summarized in Table 2.
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Figure 1. Mean Perception Scores by Study Group (95% CI).

Figure 2. Qualitative Themes Identified from Students’ Open-Ended Responses.
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Domain AI-Assisted Group (Mean) Non-AI Group (Mean)
Case clarity 4.33 3.91
Understanding of DDI mechanisms 4.50 3.91
Confidence in clinical decision-making 4.33 3.73
Appropriate challenge level 4.50 3.91
Overall satisfaction 4.67 3.91

Table 1. Mean Likert Scores for Perceived Competence and Assessment Experience by Study Group.

Domain AI (n=96) 
Mean (SD)

Non-AI (n=88) 
Mean (SD)

Mean diff
(AI–Non-AI) 95% CI p-value Hedges g

Case clarity 4.33 (1.11) 3.91 (1.79) 0.42 −0.01 to 0.86 0.0582 0.29
Understanding of DDI mechanisms 4.50 (1.12) 3.91 (1.79) 0.59 0.15 to 1.03 0.0089 0.40
Confidence in clinical decision-making 4.33 (0.75) 3.73 (1.72) 0.61 0.21 to 1.00 0.0028 0.46
Appropriate challenge level 4.50 (0.77) 3.91 (1.79) 0.59 0.18 to 1.00 0.0050 0.43
Overall satisfaction 4.67 (0.75) 3.91 (1.79) 0.76 0.35 to 1.17 0.0004 0.56

Table 2. Between-Group Comparison of Mean Perception Scores Using Welch’s t-Test.

Domain n Mean (SD) Median IQR
AI usefulness 96 3.83 (1.68) 5.0 2.0–5.0
Ease of use 96 3.83 (1.68) 5.0 2.0–5.0
Future intention to use AI 96 4.33 (0.95) 5.0 3.0–5.0

Table 3. Student Perceptions of Generative AI Use Among AI-Assisted Participants.

Group n Mean (SD)
AI-assisted 96 4.47 (0.85)
Non-AI 88 3.87 (1.77)

Table 4. Composite Perception Scores by Study Group.

Domain AI-Assisted (n=96) 
Mean (SD)

Non-AI (n=88) 
Mean (SD)

Mean Difference 
(AI–Non-AI) 95% CI p-value Hedges g

DDI Identification 8.72 (1.35) 8.11 (1.62) 0.61 0.16 to 1.06 0.008 0.40
Mechanism Assessment 8.85 (1.21) 8.09 (1.70) 0.76 0.29 to 1.23 0.002 0.47
Clinical Management 8.64 (1.29) 8.02 (1.58) 0.62 0.19 to 1.05 0.005 0.43
Justification Clarity 8.78 (1.18) 8.17 (1.64) 0.61 0.19 to 1.03 0.004 0.42
Composite Competence Score 8.75 (1.09) 8.10 (1.46) 0.65 0.27 to 1.03 0.001 0.45

Table 5. Objective Competence Scores by Study Group.

Statistically significant differences were observed in four of 
the five domains. Compared with the non-AI group, the AI-
assisted group reported significantly higher scores for:

•	 Understanding of DDI mechanisms (p = 0.0089)
•	 Confidence in clinical decision-making (p = 0.0028)
•	 Appropriate challenge level (p = 0.0050)
•	 Overall satisfaction (p = 0.0004)
The difference in case clarity approached statistical significance 

(p = 0.0582).
Effect sizes ranged from small to moderate (Hedges g = 0.29–

0.56), with the largest effect observed for overall satisfaction (g 
= 0.56). These findings indicate a consistent pattern favoring the 
AI-assisted condition across multiple perception domains.
Perceptions of Generative AI Use:

Students’ perceptions of generative AI use are presented in 
Table 3. Among AI-assisted participants, perceptions were 
generally favorable.

Mean scores indicated positive views regarding AI usefulness 
(M = 3.83, SD = 1.68) and ease of use (M = 3.83, SD = 1.68). 
Intention to use AI tools in future assessments demonstrated the 

highest mean score (M = 4.33, SD = 0.95). Median scores of 5 
across all three items suggest strong agreement among many 
participants despite variability in responses.
Composite Perception Score:

A composite perception score was calculated by averaging the 
five primary perception domains for each participant.

As shown in Table 4, the AI-assisted group demonstrated a 
significantly higher composite score (M = 4.47, SD = 0.85) 
compared with the non-AI group (M = 3.87, SD = 1.77). This 
difference was statistically significant (p = 0.005) and associated 
with a moderate effect size (Hedges g = 0.43).
Objective Competence Outcomes:

Objective competence was evaluated using the structured 
analytic rubric across four predefined domains: (1) identification 
of clinically significant DDIs, (2) assessment of interaction 
severity and mechanisms, (3) clinical decision-making and 
management selection, and (4) clarity and justification of 
therapeutic reasoning. Domain scores were aggregated to 
generate a composite competence score.
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Inter-rater reliability for rubric scoring demonstrated good 
agreement between blinded evaluators (intraclass correlation 
coefficient [ICC] = 0.82), indicating consistent scoring 
procedures.
Interpretation:

Across all four competence domains, the AI-assisted group 
demonstrated significantly higher mean rubric scores compared 
with the non-AI group. Effect sizes ranged from small to 
moderate (Hedges g = 0.40–0.47), indicating a consistent 
advantage associated with AI-assisted case completion.

The largest observed difference was in assessment of 
interaction mechanisms (g = 0.47), suggesting that AI support 
may have particularly strengthened mechanistic reasoning and 
interpretive analysis rather than simple identification alone.

The composite competence score was also significantly higher 
in the AI-assisted group (p = 0.001; g = 0.45), indicating an 
overall improvement in objective performance.
Qualitative Results:

Thematic analysis of open-ended responses identified three 
dominant themes describing students’ experiences with the 
case-based DDI assessment (Figure 2).

1. Clinical Relevance and Case Realism:
Students emphasized the authenticity of the scenarios, 

particularly the inclusion of polypharmacy and high-risk 
interactions. Many described the cases as reflective of real-
world pharmacy practice and appropriate for final-year training.

2. Generative AI as a Cognitive Support Tool:
Participants in the AI-assisted group reported that generative 

AI helped structure clinical thinking, clarify interaction 
mechanisms, and support management decisions. AI was 
described as a cognitive aid that enhanced explanation and 
reassurance rather than replacing independent clinical judgment.

3. Need for Clearer Instructions and Additional Clinical 
Detail:

Across both groups, students suggested improvements in 
assessment instructions, response expectations, and inclusion 
of additional contextual data such as laboratory values. This 
feedback related to assessment design rather than AI use.

Overall, qualitative findings provide contextual depth to 
the quantitative results, indicating that AI-assisted students 
experienced enhanced reasoning support and confidence while 
maintaining independent clinical engagement.
Integration of Qualitative Findings:

Collectively, the qualitative findings provide important context 
for the quantitative results. While both groups reported positive 
engagement with the assessment, the qualitative data reveal that 
generative AI influenced how students approached and reflected 
on complex clinical reasoning tasks. Students did not report 
overreliance on AI; rather, AI was viewed as an educational 
scaffold that supported explanation, validation, and confidence. 
Additionally, qualitative responses may have been influenced 
by social desirability bias, whereby students provided favorable 
perceptions of AI use because they believed such responses 
aligned with researcher or educational expectations.

These insights reinforce the interpretation that generative 
AI can enhance the learning experience when integrated 

thoughtfully into case-based assessments, particularly when 
paired with clear instructional guidance and faculty oversight.
Discussion.

This study examined the educational impact of a generative 
AI–assisted drug–drug interaction (DDI) alert tool on pharmacy 
students’ perceived competence and learning experiences when 
managing complex clinical cases. By integrating quantitative 
comparisons with qualitative insights, the findings provide 
empirical evidence on how generative AI may support clinical 
reasoning and assessment experiences within undergraduate 
pharmacy education.

In addition to higher perceived competence, objective rubric-
based evaluation demonstrated significantly higher performance 
among AI-assisted students across all competence domains. 
These findings indicate that AI-assisted support was associated 
not only with enhanced self-reported confidence but also with 
measurable differences in clinical reasoning performance. 
Notably, the largest effect was observed in mechanistic 
interpretation of drug–drug interactions, suggesting that AI 
may serve as a scaffold for deeper pharmacological reasoning 
rather than merely supporting surface-level identification of 
interactions. This pattern aligns with the interpretation that 
generative AI functions as a structured cognitive aid, helping 
students organize and articulate therapeutic reasoning in 
complex cases.

Quantitative results demonstrated that students in both 
AI-assisted and non-AI groups reported generally positive 
perceptions across all evaluated domains, indicating that the 
case-based assessment design was appropriate for final-year 
pharmacy students and aligned with curricular expectations. 
Students who had access to generative AI reported significantly 
higher scores in four of the five domains, including understanding 
of DDI mechanisms, confidence in clinical decision-making, 
perceived appropriateness of challenge level, and overall 
satisfaction (Table 2 and Figure 1).

The observed effect sizes ranged from small to moderate, 
which is consistent with prior educational research examining 
decision-support tools designed to augment, rather than replace, 
clinical reasoning [12-15]. These findings suggest that generative 
AI contributes meaningfully to students’ learning experiences 
by enhancing interpretive confidence and engagement with 
complex clinical tasks. The absence of a statistically significant 
difference in perceived case clarity indicates that AI support 
primarily influenced reasoning and decision-making processes 
rather than basic comprehension of case content.

Qualitative analysis provided important explanatory context 
for the quantitative results. Students consistently emphasized 
the clinical relevance and realism of the assessment cases, 
particularly in relation to polypharmacy and high-risk DDIs. 
This finding reinforces prior evidence supporting the use 
of authentic, case-based assessments to strengthen applied 
competence in pharmacy education [16-18].

A central qualitative theme was the perceived role of 
generative AI in supporting clinical reasoning. Students in the 
AI-assisted group described AI as a cognitive aid that helped 
structure thinking, clarify interaction mechanisms, and validate 
management decisions. Importantly, AI was not perceived as 
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replacing clinical judgment. Instead, students viewed AI as a 
supportive resource that enhanced explanation and reassurance 
during complex decision-making (Figure 2). This aligns with 
prior studies demonstrating that generative AI tools can enhance 
contextual understanding and explanatory depth when used as 
adjuncts to human reasoning rather than autonomous decision-
makers [19-21].

Concerns commonly raised in the literature regarding 
overreliance on AI and erosion of critical thinking were not 
substantiated in this study [22-24]. Students did not report 
diminished independence; rather, AI was perceived as an 
educational scaffold that supported reflective reasoning and 
confidence without undermining professional judgment.

The third qualitative theme highlighted the need for clearer 
instructions and additional case detail, such as laboratory 
values and explicit expectations regarding response depth. This 
feedback was expressed across both groups and was related to 
assessment structure rather than AI exposure, underscoring that 
effective instructional design remains essential regardless of 
technological augmentation.

Although no systematic audit of AI-generated inaccuracies was 
performed, some students reported encountering incomplete 
or overly generalized interaction explanations during case 
completion. In several reflections, students described 
independently verifying AI-generated recommendations against 
their pharmacotherapy knowledge before finalizing management 
decisions. These observations reinforce the importance of 
maintaining critical appraisal and professional oversight when 
integrating generative AI into pharmacy education.

When considered together, the quantitative and qualitative 
findings suggest that generative AI primarily influenced how 
students approached and reflected on complex clinical reasoning 
tasks rather than simply improving surface-level perceptions. 
While quantitative results demonstrated higher perceived 
competence and satisfaction among AI-assisted students, 
qualitative findings revealed that AI supported reasoning clarity, 
confidence, and validation without fostering dependence.

This convergence supports the interpretation of generative AI 
as an educational scaffold, consistent with emerging evidence 
that AI tools are most effective when embedded within 
structured pedagogical frameworks and supported by faculty 
oversight [22-25].
Implications for Pharmacy Education.

The findings have several implications for pharmacy education. 
First, generative AI–assisted tools may be strategically integrated 
into case-based assessments to support students’ reasoning 
and confidence when managing complex DDIs. Second, clear 
guidance on appropriate AI use is essential to mitigate risks 
associated with automation bias and to reinforce professional 
accountability [26-28].

Faculty development and institutional policies will play a 
critical role in ensuring that generative AI is used ethically, 
transparently, and pedagogically, particularly as adoption 
increases across health professions education [29-31]. Rather 
than positioning AI as a standalone solution, educators should 
embed AI tools within structured learning activities that 
emphasize justification, reflection, and clinical reasoning.

Limitations and Future Directions.
Several limitations should be considered when interpreting 

these findings. First, although objective differences in rubric-
based competence were observed, the comparative cross-
sectional design and convenience-based group allocation 
preclude definitive causal inference. While both groups were 
drawn from the same academic cohort, completed identical 
clinical cases, and demonstrated no statistically significant 
baseline differences in demographic or academic characteristics, 
unmeasured factors—such as digital literacy, learning 
preferences, or informal familiarity with AI systems—may still 
have influenced performance outcomes.

Second, performance was evaluated within a simulated, case-
based assessment environment rather than real-world clinical 
practice. Although the assessment scenarios were designed to 
reflect authentic pharmacy workflows involving polypharmacy 
and clinically significant DDIs, they cannot fully replicate the 
complexity, time pressures, interprofessional communication, 
and contextual uncertainty encountered in actual healthcare 
settings. Consequently, the extent to which AI-assisted 
improvements translate into sustained clinical performance 
during experiential training or professional practice remains 
uncertain.

Third, the study was conducted within a single institutional 
and educational context, which may limit generalizability 
to pharmacy programs with different curricular structures, 
assessment models, technological policies, or student 
populations. Multi-institutional investigations would strengthen 
external validity and provide broader insight into contextual 
influences affecting AI integration within pharmacy education.

Fourth, although the structured analytic rubric demonstrated 
acceptable inter-rater reliability, rubric-based evaluation may not 
fully capture all dimensions of higher-order clinical reasoning, 
particularly adaptive judgment under uncertainty, nuanced 
prioritization, or real-time therapeutic decision-making. Future 
research may benefit from incorporating objective structured 
clinical examinations (OSCEs), simulation-based performance 
assessments, or longitudinal measures of clinical competence.

Another limitation relates to variability in students’ prompt-
engineering abilities. Because participants generated their 
own AI queries without standardized prompting protocols, 
differences in how students formulated prompts may have 
influenced the quality, specificity, and clinical relevance of 
AI-generated outputs. Consequently, part of the observed 
performance differences may reflect variability in prompt-
construction skills in addition to AI-assisted reasoning itself. 
Although the absence of standardized prompts was intentional 
to preserve authentic clinical reasoning processes, future studies 
should examine how prompt quality influences educational 
outcomes and whether structured prompting guidance improves 
consistency of AI-supported learning.

Additionally, although evaluators were blinded to group 
allocation, the possibility of residual detection bias cannot be 
entirely excluded. AI-assisted responses may have exhibited 
recognizable linguistic structures or explanatory patterns that 
could indirectly suggest AI involvement despite anonymization 
procedures. To minimize this risk, responses were evaluated 
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using predefined rubric criteria emphasizing clinical reasoning 
and therapeutic justification rather than writing style alone.

Finally, although students generally described AI as a supportive 
educational scaffold rather than a replacement for independent 
reasoning, the study design did not formally assess automation 
bias, long-term retention of reasoning skills following AI 
withdrawal, or the extent to which students critically verified 
AI-generated recommendations. Furthermore, qualitative 
reflections may have been influenced by social desirability bias, 
whereby participants expressed favorable perceptions of AI use 
because they believed such responses aligned with educational 
or researcher expectations.

Future research should employ randomized or quasi-
experimental designs, longitudinal follow-up, and multimodal 
performance metrics to evaluate the durability, transferability, 
and educational sustainability of AI-assisted learning effects. 
Additional investigation into faculty preparedness, institutional 
governance frameworks, ethical implementation strategies, 
and structured prompting protocols will be essential to support 
responsible and pedagogically sound integration of generative 
AI within pharmacy education [32-34].
Conclusion.

This study demonstrated that the use of a generative AI-
assisted DDI support tool was associated with significant 
improvements in pharmacy students’ objective competence, 
confidence, and overall assessment experience when managing 
complex medication-related clinical scenarios. Students who 
received AI assistance achieved higher performance across DDI 
identification, mechanism assessment, clinical management, 
and therapeutic justification, while qualitative findings indicated 
that AI was perceived as a cognitive support tool that facilitated 
reasoning and decision-making without replacing independent 
clinical judgment.

The findings support the thoughtful integration of generative 
AI into pharmacy education as an educational scaffold that 
complements traditional teaching and case-based learning 
approaches. Nevertheless, effective implementation requires 
structured guidance, critical appraisal skills, and ongoing faculty 
oversight to ensure responsible use and maintain professional 
accountability. Future research should explore the long-term 
impact of AI-assisted learning, its transferability to real-world 
clinical practice, and optimal strategies for sustainable curricular 
integration.
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Appendix A.
Analytic Rubric for Evaluation of DDI Case Responses:

Each domain was scored on a 0–10 scale using explicit 
performance descriptors.

Score Range Descriptor

0–2 Fails to identify major clinically 
significant interaction(s)

3–5 Identifies interaction(s) but misses clinical 
significance or relevance

6–8 Correctly identifies major interaction(s) with 
minor omissions

9–10 Accurately identifies all clinically 
significant interactions with clear prioritization

Domain 1: Identification of Clinically Significant DDIs (0–
10).

Score Range Descriptor
0–2 No justification provided
3–5 Minimal or unclear reasoning
6–8 Clear justification supported by rationale

9–10 Well-structured, logically coherent, and clinically 
grounded explanation

Domain 4: Justification and Clarity of Therapeutic 
Reasoning (0–10)

Score Range Descriptor
0–2 Inappropriate or unsafe recommendation
3–5 Partially appropriate management plan
6–8 Clinically appropriate management strategy

9–10 Evidence-based, context-sensitive, patient-specific 
recommendation

Domain 3: Clinical Decision-Making and Management 
Strategy (0–10).

Score Range Descriptor
0–2 No mechanistic explanation or incorrect reasoning
3–5 Partial or superficial explanation of mechanism

6–8 Accurate explanation of pharmacokinetic 
or pharmacodynamic mechanism

9–10 Comprehensive mechanistic explanation 
integrated with clinical context

Domain 2: Assessment of Interaction Severity and 
Mechanisms (0–10).

Appendix B.
Standardized AI Access Protocol.

Generative AI Tool and Access Conditions:
Students in the AI-assisted group were provided access to 

a generative artificial intelligence tool powered by a large 
language model (ChatGPT, GPT-4 architecture, OpenAI) 
through the standard web-based interface. Access was provided 
during the scheduled assessment period only. Students used 
their own devices under supervised academic conditions. 
The AI tool was used exclusively as a decision-support aid 
during completion of the case-based DDI assessment. Internet 
searches outside the AI platform were not permitted.
Standardized Instructions Provided to Students:

To ensure consistency of AI use across participants, the 
following written guidance was provided:

1.	 The AI tool may be used to assist in identifying potential 
drug–drug interactions.

2.	 Students must independently interpret AI-generated 
information in the context of the provided case.

3.	 Final answers must reflect the student’s own clinical 
reasoning and justification.

4.	 AI-generated text must not be copied verbatim into the 
submitted response.

5.	 Students are responsible for verifying the clinical 
appropriateness of any AI-generated suggestions.

Students were reminded that generative AI systems may 
produce incomplete or inaccurate information and that 
professional accountability remains with the user.
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Scope of Permitted AI Queries:
Students were informed that AI queries may include:
•	 Identification of potential interactions between listed 

medications
•	 Explanation of pharmacokinetic or pharmacodynamic 

mechanisms
•	 Assessment of clinical severity and risk stratification
•	 Suggested evidence-based management strategies
Students were encouraged to frame queries clearly and to 

refine prompts iteratively if clarification was needed.
No standardized or pre-scripted prompts were supplied to 

avoid constraining authentic clinical reasoning processes.
Assessment Integrity Safeguards:

To preserve assessment validity:
•	 All students completed identical case scenarios.
•	 The AI-assisted group had access to the AI tool only during 

case completion.
•	 Submitted responses were evaluated solely on the basis of 

rubric criteria.
•	 AI outputs were not graded directly; only student-submitted 

responses were assessed.
•	 Evaluators were blinded to group allocation.
Students were informed that AI assistance would not 

automatically result in higher scores and that clear justification 
of reasoning was required to achieve high rubric ratings.
Data Handling and Ethical Considerations:

No identifiable patient information was entered into the AI 
system. All clinical scenarios were fictional and developed for 
educational purposes.

Students were informed of the experimental nature of AI-
assisted assessment and provided informed consent prior to 
participation. Participation did not affect academic grading 
outside the study context.
Rationale for AI Integration:

The AI tool was integrated as a structured cognitive support 
mechanism rather than an autonomous decision-maker. The 
protocol was designed to:

Encourage critical appraisal of AI-generated information
Maintain student accountability for clinical judgment
Minimize automation bias
Preserve assessment rigor

Appendix C.

Perceived Competence and Assessment Experience 
Scale.
Response Format:

All items were measured using a 5-point Likert scale:
1 = Strongly disagree
2 = Disagree
3 = Neutral
4 = Agree
5 = Strongly agree
Higher scores indicate stronger agreement with the stated item.

Core Perception Items (Administered to All Participants):
Participants in both AI-assisted and non-AI groups responded 

to the following five items:

1.	 The case scenarios were clearly presented.
2.	 I understood the mechanisms underlying the identified 

drug–drug interactions.
3.	 I felt confident in my clinical decision-making.
4.	 The level of challenge was appropriate for my training 

level.
5.	 I was satisfied with the overall assessment experience.
These items were designed to evaluate perceived clarity, 

mechanistic understanding, clinical confidence, appropriateness 
of difficulty, and overall satisfaction with the assessment.
AI-Specific Perception Items (AI-Assisted Group Only):

Participants in the AI-assisted group additionally responded 
to the following items evaluating their experience with the 
generative AI tool:

6.	 The AI tool was useful in supporting my clinical reasoning.
7.	 The AI tool was easy to use.
8.	 I would consider using similar AI tools in future clinical 

assessments.
These items assessed perceived utility, usability, and future 

behavioral intention regarding AI-assisted learning.
Composite Score Calculation:

The primary composite perception score was calculated by 
computing the mean of Items 1–5 for each participant. Higher 
composite scores reflect more positive perceived competence 
and assessment experience.

AI-specific items (Items 6–8) were analyzed descriptively and 
were not included in the primary composite perception score.
Appendix D.
Qualitative Coding and Thematic Analysis Framework.

Analytical Approach:
Qualitative responses were analyzed using reflexive thematic 

analysis through the following steps:
1.	 Familiarization with data via repeated reading.
2.	 Independent open coding by two researchers.
3.	 Code comparison and reconciliation through consensus 

discussion.
4.	 Grouping of codes into categories.
5.	 Development and refinement of overarching themes.
6.	 Maintenance of an audit trail documenting analytic 

decisions.
Examples of Initial Codes:

•	 “Realistic clinical scenario”
•	 “Helped organize my thoughts”
•	 “Clarified interaction mechanism”
•	 “Provided reassurance”
•	 “Wanted more lab values”
•	 “Instructions not detailed enough”

Final Themes 
Theme 1: Clinical Relevance and Case Realism

Participants described scenarios as authentic and aligned with 
real-world pharmacy practice.
Theme 2: AI as a Cognitive Support Tool

AI was perceived as structuring reasoning, clarifying 
mechanisms, and reinforcing management decisions without 
replacing independent judgment.
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Theme 3: Need for Clearer Assessment Guidance
Students suggested improvements in instructions and inclusion 

of additional clinical data.
Trustworthiness Measures

•	 Independent dual coding
•	 Investigator triangulation
•	 Audit trail documentation
•	 Reflexive memoing

Appendix E.
Baseline Participant Characteristics by Study Group.

Statistical Notes
•	 Independent samples t-tests were used to compare 

continuous variables (age, GPA).
•	 Chi-square tests were used to compare categorical variables 

(sex, prior AI exposure).
No statistically significant baseline differences were observed 

between groups (all p > 0.05).

Characteristic AI-Assisted 
(n = 96)

Non-AI 
(n = 88) p-value

Mean age, years (SD) 23.8 (0.9) 23.7 (1.0) 0.48
Female, n (%) 62 (64.6%) 55 (62.5%) 0.77
Mean GPA (SD) 4.21 (0.32) 4.18 (0.35) 0.54
Prior AI exposure, n (%) 28 (29.2%) 24 (27.3%) 0.79

Table E1. Baseline Characteristics
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