(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 5 (374) Maii 2026

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 (GenAl) 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 Al-assisted
DDI alert tool on pharmacy students' competence in managing
complex DDI cases and to explore students' perceptions of Al-
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 Al-assisted group (n = 96) or a non-Al
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-Al group, students in the Al-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
Al-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 Al-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 Al as a cognitive
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support tool, and the need for clearer assessment guidance and
additional clinical detail.

Conclusion: Generative Al-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 Al 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 systems?. 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 Al 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 Al 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 Al 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 Al 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 Al 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 Al-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 Al-assisted and
non-assisted conditions; and (ii) explore students’ reflections on
the benefits and limitations of Al in clinical decision-making.
This research aims to contribute to current debates by providing
empirical data on the instructional utility of Al in pharmacy
education and by informing the development of Al-integrated
curricular strategies. To our knowledge, this is among the first
mixed-methods studies to empirically examine the instructional
value of generative Al-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 (GenAl). 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 Al-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.
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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 Al tools for
clinical decision-making were excluded to reduce potential bias
related to Al 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 Al-assisted and non-Al 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-Al group completed the
assessment without access to generative artificial intelligence
(GenAl) tools and relied solely on their existing knowledge
and clinical reasoning skills. The Al-assisted group completed
the same assessment with access to a generative Al-assisted
DDI alert tool (ChatGPT, GPT-4 architecture, OpenAl),
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 Al 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 Al
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
predefined domains:

operationalized across four



(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 Al-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 Al-assisted group were
permitted to consult the GenAl tool during case completion,
whereas the non-Al group completed the assessment without
Al support.
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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 Al-assisted group, only fictional case scenarios were
entered into the generative Al system. No real patient data or
identifiable health information were used. Participants were
informed about the limitations of generative Al systems,
including the potential for inaccurate outputs, and were
instructed to critically appraise Al-generated information before
incorporating it into their clinical reasoning.

Results.

A total of 184 students completed the assessment (Al-assisted
group, n = 96; non-Al 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 Al-assisted group demonstrated higher
mean scores than the non-Al 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).
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Table 1. Mean Likert Scores for Perceived Competence and Assessment Experience by Study Group.

Domain Al-Assisted Group (Mean) Non-Al Group (Mean)
Case clarity 4.33 391
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 2. Between-Group Comparison of Mean Perception Scores Using Welch's t-Test.

. Al (n=96) Non-AI (n=88) Mean diff o
Domain Mean (SD) Mean (SD) (AI-Non-AI) 95% CI p-value Hedges g
Case clarity 433 (1.11) 3.91(1.79) 0.42 —0.01t0 0.86 0.0582 0.29
Understanding of DDI mechanisms 4.50 (1.12) 3.91(1.79) 0.59 0.15to 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 0.35t0 1.17 0.0004 0.56
Table 3. Student Perceptions of Generative Al Use Among Al-Assisted Participants.
Domain n Mean (SD) Median IQR
Al 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 Al 96 4.33 (0.95) 5.0 3.0-5.0
Table 4. Composite Perception Scores by Study Group.
Group n Mean (SD)
Al-assisted 96 4.47 (0.85)
Non-Al 88 3.87 (1.77)
Table 5. Objective Competence Scores by Study Group.

. Al-Assisted (n=96) Non-Al (n=88) Mean Difference o
Domain Mean (SD) Mean (SD) (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 0.29to0 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

Statistically significant differences were observed in four of
the five domains. Compared with the non-Al group, the Al-
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
Al-assisted condition across multiple perception domains.
Perceptions of Generative Al Use:

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

Mean scores indicated positive views regarding Al usefulness
(M = 3.83, SD = 1.68) and ease of use (M = 3.83, SD = 1.68).
Intention to use Al tools in future assessments demonstrated the
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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 Al-assisted group demonstrated a
significantly higher composite score (M = 4.47, SD = 0.85)
compared with the non-Al 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.



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

The largest observed difference was in assessment of
interaction mechanisms (g = 0.47), suggesting that Al 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 Al-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 Al as a Cognitive Support Tool:

Participants in the Al-assisted group reported that generative
Al helped structure clinical thinking, clarify interaction
mechanisms, and support management decisions. Al 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 Al use.

Overall, qualitative findings provide contextual depth to
the quantitative results, indicating that Al-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 Al influenced how students approached and reflected
on complex clinical reasoning tasks. Students did not report
overreliance on Al; rather, Al 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 Al use because they believed such responses
aligned with researcher or educational expectations.

These insights reinforce the interpretation that generative
Al can enhance the learning experience when integrated
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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
Al-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 Al 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 Al-assisted students across all competence domains.
These findings indicate that Al-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 Al
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 Al functions as a structured cognitive aid, helping
students organize and articulate therapeutic reasoning in
complex cases.

Quantitative results demonstrated that students in both
Al-assisted and non-Al 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 Al 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
Al 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 Al 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 Al in supporting clinical reasoning. Students in the
Al-assisted group described Al as a cognitive aid that helped
structure thinking, clarify interaction mechanisms, and validate
management decisions. Importantly, Al was not perceived as



replacing clinical judgment. Instead, students viewed Al as a
supportive resource that enhanced explanation and reassurance
during complex decision-making (Figure 2). This aligns with
prior studies demonstrating that generative Al 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 Al and erosion of critical thinking were not
substantiated in this study [22-24]. Students did not report
diminished independence; rather, Al 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 Al exposure, underscoring that
effective instructional design remains essential regardless of
technological augmentation.

Although no systematic audit of Al-generated inaccuracies was
performed, some students reported encountering incomplete
or overly generalized interaction explanations during case
completion. In several reflections, students described
independently verifying Al-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 Al into pharmacy education.

When considered together, the quantitative and qualitative
findings suggest that generative Al 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 Al-assisted students,
qualitative findings revealed that Al supported reasoning clarity,
confidence, and validation without fostering dependence.

This convergence supports the interpretation of generative Al
as an educational scaffold, consistent with emerging evidence
that Al 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 Al-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 Al 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 Al is used ethically,
transparently, and pedagogically, particularly as adoption
increases across health professions education [29-31]. Rather
than positioning Al as a standalone solution, educators should
embed Al tools within structured learning activities that
emphasize justification, reflection, and clinical reasoning.

147

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 Al 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 Al-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 Al 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 Al queries without standardized prompting protocols,
differences in how students formulated prompts may have
influenced the quality, specificity, and clinical relevance of
Al-generated outputs. Consequently, part of the observed
performance differences may reflect variability in prompt-
construction skills in addition to Al-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 Al-supported learning.

Additionally, although evaluators were blinded to group
allocation, the possibility of residual detection bias cannot be
entirely excluded. Al-assisted responses may have exhibited
recognizable linguistic structures or explanatory patterns that
could indirectly suggest Al involvement despite anonymization
procedures. To minimize this risk, responses were evaluated



using predefined rubric criteria emphasizing clinical reasoning
and therapeutic justification rather than writing style alone.

Finally, although students generally described Al 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 Al
withdrawal, or the extent to which students critically verified
Al-generated recommendations. Furthermore, qualitative
reflections may have been influenced by social desirability bias,
whereby participants expressed favorable perceptions of Al 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 Al-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
Al within pharmacy education [32-34].

Conclusion.

This study demonstrated that the use of a generative Al-
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 Al assistance achieved higher performance across DDI
identification, mechanism assessment, clinical management,
and therapeutic justification, while qualitative findings indicated
that Al 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
Al 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 Al-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.

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

Score Range Descriptor

Fails to identify major clinically

0-2 significant interaction(s)

35 I(.ien.tiﬁes interaction(s) but misses clinical
significance or relevance

6-8 C(?rrectly .ide.:ntiﬁes major interaction(s) with
minor omissions

9-10 Accurately identifies all clinically

significant interactions with clear prioritization

149

Domain 2: Assessment of Interaction Severity and
Mechanisms (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 3: Clinical Decision-Making and Management
Strategy (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—base.:d, context-sensitive, patient-specific
recommendation

Domain 4: Justification and Clarity of Therapeutic
Reasoning (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

Appendix B.
Standardized AI Access Protocol.

Generative AI Tool and Access Conditions:

Students in the Al-assisted group were provided access to
a generative artificial intelligence tool powered by a large
language model (ChatGPT, GPT-4 architecture, OpenAl)
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 Al tool was used exclusively as a decision-support aid
during completion of the case-based DDI assessment. Internet
searches outside the Al platform were not permitted.

Standardized Instructions Provided to Students:

To ensure consistency of Al use across participants, the
following written guidance was provided:
1. The Al tool may be used to assist in identifying potential
drug—drug interactions.
2. Students must independently interpret Al-generated
information in the context of the provided case.
3. Final answers must reflect the student’s own clinical
reasoning and justification.
4. Al-generated text must not be copied verbatim into the
submitted response.
5. Students are responsible for verifying the clinical
appropriateness of any Al-generated suggestions.
Students were reminded that generative Al systems may
produce incomplete or inaccurate information and that
professional accountability remains with the user.



Scope of Permitted AI Queries:

Students were informed that Al 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 Al-assisted group had access to the Al tool only during
case completion.
+ Submitted responses were evaluated solely on the basis of
rubric criteria.
» Al outputs were not graded directly; only student-submitted
responses were assessed.
+ Evaluators were blinded to group allocation.
Students were informed that Al 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 Al
system. All clinical scenarios were fictional and developed for
educational purposes.

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

Rationale for AI Integration:

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

Encourage critical appraisal of Al-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 Al-assisted and non-Al groups responded
to the following five items:
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. The case scenarios were clearly presented.
. 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.

[N

AI-Specific Perception Items (AI-Assisted Group Only):

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

6. The Al tool was useful in supporting my clinical reasoning.

7. The Al tool was easy to use.

8. I would consider using similar Al tools in future clinical

assessments.

These items assessed perceived utility, usability, and future
behavioral intention regarding Al-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.

Al-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”

e “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

Al was perceived as structuring reasoning, clarifying
mechanisms, and reinforcing management decisions without
replacing independent judgment.



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.
Table E1. Baseline Characteristics

Al-Assisted Non-Al

Characteristic (n = 96) (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 Al exposure, n (%) 28 (29.2%) 24 (27.3%) 0.79
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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 Al exposure).
No statistically significant baseline differences were observed
between groups (all p > 0.05).
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