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Abstract

Background: Physician medication counseling (MC) skills are crucial for improving adherence, treatment outcomes, and minimizing preventable medical
errors. However, studies on MC among medical students, particularly in the pre-clinical stage, are scarce. Objective: This study analyzed an MC examination
to identify common errors and determine the number of assessment items and questions needed for reliable evaluation. Methods: Ninety-five third-year
students took a written examination on MC at the end of their third year. The exam included 10 questions on common drugs used in different systems,
each with five error types (item) that varied per question. There were eight assessment items: administration time, adverse drug reaction, drug interval,
indication, drug interaction, compliance, dosage form, and drug-specific information. Each item scored 2 for ‘Fully correct,’ 1 for ‘Partially correct, and 0
for ‘Incorrect.’” A Kruskal-Wallis test was used to compare the scores for each item, and a generalizability study was conducted to determine the sources of
variance and the optimal number of items and questions. Results: The Cronbach’s alpha for the exam is 0.88. The unidimensionality of the questions was
confirmed (Eigenvaluel:Eigenvalue2=4.95:0.97, A=0.52-0.82). The median (IQR) score is 52 (40-63) out of 100. Significant differences were found in the
mean rank of each item, H(7)=195.13, p<0.001. Items with relatively high medians (IQR) included dosage form (1.33 [1.00-1.67]) and drug interval (1.38
[1.13-1.50]), while drug interaction (1.00 [0.00-1.00]), compliance (0.80 [0.00-1.00]), and specific information (0.40 [0.00-0.80]) were lower. Most of the
variance is attributable to students (11.60%), and items nested within the question are 20.70%. The current study had a Phi-coefficient of 0.85; at least
eight questions are needed for reliable assessment using five items (Phi-coefficient = 0.82). Whereas utilizing all 8 items, 6 questions are required (Phi-
coefficient = 0.84). For optimization, at least six questions using six items are needed for reliable assessment (Phi-coefficient = 0.80).

Conclusion: This study identified MC errors and highlighted areas for improvement before transitioning from pre-clinical to clinical years. Moreover, most
variance is due to items nested within questions, indicating that different types of errors should be assessed in each question, which reflects real-life
counseling challenges.
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INTRODUCTION and treatment outcomes®. However, physicians also play a
significant role in MC, enhancing adherence and treatment
continuity and reducing prescription errors through better
medical reviews*. These errors can result in substantial

Medication counseling (MC) is a major responsibility for
physicians, with newly graduated doctors counseling in

numerous inpatient and outpatient settings. Medical curricula health and economic impacts, with estimates indicating that

worldwide and the Thailand Medical Council mandate that  reyentable medication errors could cost between $17 billion
medical students meet professional MC skills standards®. and $29 billion annually’. Moreover, patients often express
Moreover, hospitalization and discharge often involve care dissatisfaction with MC in various areas, including drug
discontinuity, multiple medication changes, and insufficient  jndications, drug interactions, adverse events, and costs, which
patient education on drug use, respiratory devices, disease  can lead to poor communication with physicians®s”. Therefore,
information, and potential side effects®. This can lead to  improving the effectiveness of MC can help build trust in the
medication nonadherence, a significant problem that  patient-physician relationship and enhance treatment quality?®.
can compromise patient care and treatment outcomes.

Pharmacists typically provide MC after the patient meets
with the physician, which is known to improve adherence

Given the high stakes involved, medical students must be
proficient in prescription counseling before encountering
patients. However, previous literature on physicians has mostly
focused on prescription writing rather than counseling skills®.
To the best of our knowledge, previous medication counseling

Sethapong Lertsakulbunlue. Department of Pharmacology,

Phramongkutklao College of Medicine, Bangkok 10400, training literature mostly focuses on pharmacy students
Thailand. Sethapong.ler@pcm.ac.th using Objective Structured Clinical Examinations (OSCE)¥!,
Anupong Kantiwong*. Department of Pharmacology, Among physicians, training typically targets senior medical
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context among pre-clinical years students is an innovative
approach to readying them to meet with real patients®®. Thus,
Phramongkutklao College of Medicine (PCM) provides pre-
clinical students with MC knowledge and conducts written
exams to identify potential pitfalls in their understanding. Well-
prepared written exams are essential for assessing students’
original and creative thinking, written expression skills, subject
knowledge, and applying knowledge and skills'*. Although
OSCE could provide a more realistic approach to assessing MC
skills, it consumes time, personnel and resources. It may also
not capture all the pitfalls in students’ understanding due to
their higher excitement than written exams?®.

This study utilized Generalizability theory, an extension of
classical reliability theory, to assess the primary variable of
interest and subject performance against error variance.
It statistically determines the reliability and validity of
educational assessments by analyzing variance sources such
as occasions, items, and students®®. Generalizability theory is
instrumental in evaluating and improving assessment quality.
Moreover, Decision studies identify specific assessment errors
and recommend optimal assessment structures, including the
necessary number of questions and assessment criteria (item)
for reliable results. Given the restricted time, this approach
would aid in designing both formative and summative
assessments for transitioning pre-clinical students to clinical
practice in medication counseling. Furthermore, to the best
of our knowledge, the use of generalizability theory in this
context is rare.

To the best of our knowledge, most published data focus
on prescription writing errors rather than understanding
prescription counseling®®. Hence, this study aimed to identify
common pitfalls in pre-clinical students’ knowledge of various
types of prescribing counseling. This insight will help improve
pre-clinical students’ comprehensive understanding of
medication counseling before they advance to clinical training
and are exposed to real patient counseling. This study also
employed Generalizability theory analysis to identify sources
of variance and determine the reliability of various numbers
of questions and items. The findings will help establish the
optimal number of items and questions for future written
MC exams, providing valuable insights for institutions with a
high student-to-teacher ratio and restricted time before the
transition to clinical years.

METHODS
Study design and subjects

A sample size of 66 was required for an effect size of 0.64
with 80% power at a significant level of 0.05 on a Two-sample
Wilcoxon rank-sum (Mann-Whitney) test using G*Power
3.1.9.7**%, This study retrospectively analyzed cross-sectional
data from a written prescription counseling examination among
95 third-year pre-clinical medical students at Phramongkutklao
College of Medicine in Bangkok, Thailand. Due to the analysis
of secondary data, the study received exemption approval
from the Medical Department Ethics Review Committee for

Research in Human Subjects, Institutional Review Board, Royal
Thai Army (IRBRTA) (Approval no. S041h/66_Xmp).

Written prescription counseling examination process and
development

At the end of their third year, after completing all pharmacology
courses in their pre-clinical years, the students were tested with
ten written examination questions on common medications
used in outpatient settings and instances of irrational drug
use. For example, the examination covered topics such as
insulin, drugs used in non-ST elevated myocardial infarction,
contraceptive drugs, migraine treatments, allergic rhinitis, and
ciprofloxacin, a common drug used for urinary tract infections,
along with its interaction with antacids. An example of the
examination format with key answers is shown in Figure 1.

The questions were developed according to the blueprint for
the must-know drugs for third-year medical students at PCM,
which aligns with the Thai national licensing criteria®®. The
overall assessment comprised eight items from reviews of
medical counseling steps and errors aligning with the context
of a written examination for pre-clinical students®571%12, Each
question included five items for assessment, which varied
between questions (Table of specifications is shown in Figure
2). These items included:

1) Drug interval: The administration interval, such as once
daily or as needed.

2) Administration time: When the drug should be

administered, such as before or after meals.

3) Dosage form: Explain the dosage form. For example,
insulin should be explained as being administered
subcutaneously.

4) Drug indication: Explain why the patient needs to take the
drug and provide a brief mechanism of how it works in
relation to the disease.

5) Adverse drug reaction: The possible adverse drug reactions
and precautions the patient should take.

6) Drug interaction: Potential drug interactions and steps the
patient should take to avoid them.

7) Compliance counseling: Instructions on how the patient
should adhere to the medication, including addressing
potential drug resistance in cases of nonadherence.

8) Drug-specific information: Information specific to the
particular drug. For example, what to do if a dose is missed
when taking contraceptive drugs.

Scores for each item were assigned as follows: 2 for ‘Completely
correct,” 1 for ‘Partially correct,” and O for ‘Incorrect.

Three professors from PCM’s pharmacology department
ensured content validity using the item-objective congruence
(I0C) method. They assessed content validity based on
language, relevance of context and items, realism, and clarity.
Each question and its corresponding items attained a content
validity index exceeding 0.67 out of 1.00, indicating good
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Figure 1. Example of medication counseling written examination format with key answer
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Figure 2. Table of specifications for medication counseling written examination

validity (above 0.50) as assessed by the instructors.
Preparation and assessments

Before the exam, students acquired medication counseling
knowledge through various classes, including interactive
lectures, case-based discussion, team-based learning and
problem-based learning throughout their pre-clinical years.
The tests were conducted during the final block for third-year
students. Subsequently, three pharmacology department
teachers from PCM, each with over ten years of teaching
experience, assembled and rated the students’ answers.
The students’ written exams were simultaneously marked
on a screen. In cases of disagreement, the final score was
determined by a two-out-of-three vote consensus among the
teachers.

Statistical analysis

The data were analyzed using IBM SPSS Statistics for Windows,
Version 29.0. Armonk, NY: IBM Corp and StataCorp, 2021, Stata
Statistical Software: Release 17. College Station, TX: StataCorp
LLC. Descriptive statistics were expressed as frequency with
percentages and median with interquartile ranges (IQR). The
internal consistency reliability of the assessment tool was
evaluated using Cronbach’s alpha. Exploratory factor analysis
was also done to confirm the construct validity of the questions.
The Kruskal-Wallis test compares the mean rank sum across
items.

To enhance the reliability assessment of the instrument, a

generalizability theory analysis was conducted using a 3-way
ANOVA with a person-by-item nested within-questions
(Px(I:Q)) design was conducted. The present analysis
comprised five components of variance: the main effects of
persons (P), questions (Q), items nested within questions
(I:Q), two-way interactions between persons and questions
(PQ), and the residual error variance (P1:Q, e). This approach
considered the influence of interactions among all facets and
other unidentified sources of variability. The nested design was
employed because each question contained different items.
Items were nested within questions due to multiple items per
question, with each question having unique items. The item
and question facets were crossed with persons because each
person responded to all items and questions?%2,

In addition, a decision study or optimization study was also
calculated for each item and question combination. The
absolute G-coefficient (Phi-coefficient) was selected to assess
the reliability of individual facet combinations. The error term
includes the Phi-coefficient, which adjusts for any systematic
(primary) effects of the facets that introduce error into the
estimate. The absolute coefficient was used because the
students’ prescription counseling scores were assessed based
on predetermined criteria rather than in comparison to one
another. A cutpoint of 0.80 was used to indicate good reliability
for summative examinations, while a cutpoint of 0.70 was used
for formative examinations!®?, The generalizability theory
analysis was done using EAuG version 6.0e?,

4

www.pharmacypractice.org (elssn: 1886-3655 ISSN: 1885-642X)

© the Authors


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/

Sethapong L, Anupong K. Assessing medication counseling skills during transitioning from pre-clinical to clinical years among medical
students: using generalizability theory to optimize reliable pharmacology exam design. Pharmacy Practice 2025 Apr-Jun;23(2):3147.

https:// doi.org/10.18549/PharmPract.2025.2.3147

RESULTS
Characteristics

Ninety-five third-year pre-clinical medical students at PCM
underwent a prescription counseling examination. Table 1
shows the scores of the students in the prescription counseling
written exam. The median (IQR) score is 52 (40-63) out of 100.
The median score for each question ranges between 4 and 7.
Figure 3 shows the scores stratified by each item. Over half of
the students answered correctly regarding the drug interval
(62.1%), administration time (56.0%), and dosage form (50.9%).
On the other hand, a high proportion of errors were observed
in the specific information (80.1%), compliance (80.1%), drug
interaction (62.6%), and adverse drug reaction (60.7%) items.

The Cronbach’s alpha for the exam is 0.88 (95%Cl 0.84:0.92).
Exploratory factor analysis was performed with principal
component analysis. The unidimensionality of the questions
was confirmed (Eigenvalue component 1: Eigenvalue
component 2=4.95:0.97). The Kaiser-Meyer—Olkin measure
of sampling adequacy was applied, yielding an overall index of
0.88, indicating sufficient data for factor analysis. Additionally,
Bartlett’s test for sphericity confirmed that the intercorrelation
matrix was factorable (x2 = 412.52, p<0.001). The factor
loadings are good, between 0.52 and 0.82, and all are over 0.30
(Supplementary Table 1).

Comparison of median score stratified by item types

Table 2 shows the comparison of median scores for each
item. The Kruskal-Wallis test revealed significant differences
in the mean rank of each item, H(7) = 195.13, p<0.001. Items
with relatively high median (IQR) include dosage form (1.33
[1.00-1.67]) and drug interval (1.38 [1.13-1.50]), while drug
interaction (1.00 [0.00-1.00]), compliance (0.80 [0.00-1.00]),
and specific information (0.40 [0.00-0.80]) are at the lower
end. Dosage form (mean rank = 524.33) and drug interval
(mean rank = 500.61) have a relatively high mean rank. In
contrast, specific information has the lowest mean rank (mean
rank = 189.15), with post hoc analysis revealing that this item is
significantly lower than all other items.

Generalizability study (G-study)

Table 3 shows the results from the two-facet G-study for
the Px(I1:Q) nested design. The analysis reveals that 11.6%
of the total variance is attributable to the students (P),
representing the universe score. The variance component due
to the question (Q) accounts for 0%, while the items nested
within the question (1:Q) account for 20.70%. Additionally,
the percentage of variance due to the interaction between
students’ performance and questions is only 2.90%. Finally, the
residual variance is relatively high, comprising 64.80%.

Figure 3. Percentage of appropriate medication counseling stratified by items
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Table 1. Scores of medication counseling examination among third-year preclinical students (N=95)

Items
Drug Administration Dosage Drug A((jj\:ﬁrgse Drug Compliance Specific Total
Question Score interval time form indication reaction interaction Information
o
a1 2 73 (76.8) 58 (61.1) N/A N/A 25 (26.3) 44 (46.3) 21 (22.1) N/A
1 8(8.4) 1(1.1) N/A N/A 10 (10.5) 3(3.2) 35 (36.8) N/A 5 (4-7)
0 14 (14.7) 36 (37.9) N/A N/A 60 (63.2) 48 (50.5) 39 (41.1) N/A
Q2 2 30(31.6) 28 (29.5) 29 (30.5) 35(36.8) 27 (28.4) N/A N/A N/A
1 3(3.2) 2(2.1) 48 (50.5) 34 (35.8) 0(0.0) N/A N/A N/A 4 (2-5)
0 62 (65.3) 65 (68.4) 18 (19.0) 26 (27.4) 68 (71.6) N/A N/A N/A
Q3 2 71(74.7) 26 (27.4) N/A 29 (30.5) 30(31.6) N/A 10 (10.5) N/A
1 0(0.0) 46 (48.4) N/A 18 (19.0) 5(5.3) N/A 36 (37.9) N/A 5 (3-6)
0 24 (25.3) 23(24.2) N/A 48 (50.5) 60 (63.2) N/A 49 (51.6) N/A
Q4 2 26 (27.4) 39 (41.1) N/A 60 (63.2) 25(26.3) N/A N/A 23(24.2)
1 3(3.2) 33(34.7) N/A 4(4.2) 9(9.5) N/A N/A 8(8.4) 4 (2-6)
0 66 (69.5) 23(24.2) N/A 31(32.6) 61 (64.2) N/A N/A 64 (67.4)
Qs 2 88(92.6) 46 (48.4) N/A 34(35.8) | 48(50.5) N/A N/A 45 (47.4)
1 0(0.0) 30 (31.6) N/A 2(2.1) 1(1.1) N/A N/A 1(1.1) 6 (4-8)
0 7(7.4) 19 (20.0) N/A 59 (62.1) | 46 (48.4) N/A N/A 49 (51.6)
Q6 2 77 (81.1) 68 (71.6) N/A 47 (49.5) | 58(61.1) N/A 14 (14.7) N/A
1 0(0.0) 0(0.0) N/A 10 (10.5) 1(1.1) N/A 44 (46.3) N/A 7 (4-8)
0 18 (19.0) 27 (28.4) N/A 38(40.0) | 36(37.9) N/A 37(39.0) N/A
Q7 2 62 (65.3) 82 (86.3) N/A 35(36.8) | 61(64.2) N/A N/A 14 (14.7)
1 0(0.0) 2(2.1) N/A 52 (54.7) 3(3.2) N/A N/A 5(5.3) 7 (4-8)
0 33(34.7) 11 (11.6) N/A 8(8.4) 31(32.6) N/A N/A 76 (80.0)
Q8 2 N/A 67 (70.5) N/A 19 (20.0) 58 (61.1) 27 (28.4) N/A 3(3.2)
1 N/A 1(1.1) N/A 31(32.6) 2(2.1) 1(1.1) N/A 6(6.3) 4 (2-6)
0 N/A 27 (28.4) N/A 45 (47.4) 35(36.8) 67 (70.5) N/A 86 (90.5)
Q9 2 45 (47.4) N/A 39 (41.1) 47 (49.5) 4(4.2) N/A 27 (28.4) N/A
1 29 (30.5) N/A 37(39.0) 37(39.0) 24 (25.3) N/A 31(32.6) N/A 5 (4-7)
0 21(22.1) N/A 19 (20.0) 11 (11.6) 67 (70.5) N/A 37 (39.0) N/A
Q10 2 N/A 65 (68.4) 77 (81.1) 43 (45.3) N/A N/A 18 (19.0) 5(5.3)
1 N/A 0(0.0) 14 (14.7) | 40(42.1) N/A N/A 34 (35.8) 17 (17.9) 6 (4-7)
0 N/A 30(31.6) 4(4.2) 12 (12.6) N/A N/A 43 (45.3) 73 (76.8)
Total 2 472 (62.1) 479 (56.0) 145 (50.9) | 349 (40.8) | 336(39.3) | 71(37.4) 90 (18.9) 90 (18.9)
1 43 (5.7) 115 (13.5) 99 (34.7) | 228(26.7) | 55(6.4) 4(2.1) 180 (37.9) 37(7.8) 52 (40-63)
0 245 (32.2) 261 (30.5) 41(14.4) | 278(32.5) | 464 (54.3) | 115 (60.5) 205 (43.2) 348 (73.3)
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Table 2. Comparison of the scores across each item

Items Median (IQR) Mean Rank | Test statistic P-value S;gﬁr;:zz:\r;:a st::is;ttic P-value®
1.38(1.13-1.50) 500.61 5-1 -173.92 <0.001
6-1 194.36 <0.001
1. Drug interval
7-1 202.17 <0.001
8-1 311.46 <0.001
1.33(1.00-1.56) 481.04 5-2 154.34 <0.001
6-2 174.78 <0.001
2. Administration time
7-2 182.60 <0.001
8-2 291.88 <0.001
1.33(1.00-1.67) 524.33 4-3 106.84 0.021
5-3 -197.63 <0.001
195.13 <0.001
3. Dosage form 6-3 -218.07 <0.001
7-3 -225.88 <0.001
8-3 335.17 <0.001
1.11 (0.44-1.67) 417.48 6-4 -111.23 0.013
4. Drug indication 7-4 -119.04 0.005
8-4 -228.33 <0.001
5. Adverse drug reaction 0.78 (0.44-1.22) 326.69 8-5 137.54 <0.001
6. Drug interaction 1.00 (0.00-1.00) 306.25 8-6 117.10 0.006
7. Compliance 0.80 (0.00-1.00) 298.44 8-7 109.29 0.016
8. Specific Information 0.40 (0.00-0.80) 189.15
aSignificance values have been adjusted by the Bonferroni correction for multiple tests.

Table 3. Generalizability study for Px(1:Q) design for medication counseling exam, among 95 medical students, 10 questions and 5 items

Source of Variation Px(1:Q) design df SS MmS Estimated Variance Component % of Total Variance
Student (P) 94 529.756 5.636 0.099 11.6
Question (Q) 9 108.532 12.059 -0.011 0
Items:Question (1:Q) 40 694.758 17.369 0.177 20.7

PQ 846 572.728 0.677 0.025 2.9

PI:Q 3760 2082.042 0.554 0.554 64.8

Total 4749 3987.816 0.844 100

SS Sum of squares, MS Mean of squares, df Degree of freedom

Decision study (D-study)

Figure 4 presents the D-study for the Px(l:Q) nested design,
forecasting the reliability of different combinations of
assessment items and questions. The present study’s absolute
generalizability (G) coefficient (Phi-coefficient) is 0.85 for 5 items
nested within 10 questions. When using 5 items, 8 questions
are sufficient for reliable assessment (Phi-coefficient = 0.82).
Whereas for 10 questions, at least 4 items are needed (Phi-
coefficient = 0.83). When utilizing all 8 items, 6 questions are
required (Phi-coefficient = 0.84). For optimization, 6 items with
6 questions are needed for a reliable summative assessment
(Phi-coefficient = 0.80), while 4 items with 6 questions (Phi-
coefficient = 0.74) or 3 items with 8 questions (Phi-coefficient =
0.75) are necessary. Supplementary Table 2 demonstrates the

detailed calculation of the D-study.

DISCUSSION

The present study successfully conducted a written examination
on medication counseling among third-year medical students.
The development of the examination was described, and
its validity and reliability were found to be satisfactory, as
evidenced by content validity, construct validity, internal
consistency reliability, and generalizability theory analysis. The
students demonstrated good counseling skills regarding dosage
timing, intervals, and dosage forms. However, improvements
may be needed in counseling about drug interactions,
compliance, and specific information before they enter their
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Figure 4. Decision study for the Px(1:Q) nested design, evaluating medication counseling among 95 pre-clinical medical students across 5 items
nested within 10 questions. The coefficients indicate the projected phi-coefficient for various combinations of items and questions. The dotted

line indicated an acceptable phi-coefficient of over 0.80.

clinical years. Additionally, the format with eight different types
of items using five items nested within a question showed good
reliability, exceeding 0.80, even with only eight questions.
Furthermore, the decision study successfully estimated the
reliability of different items and question combinations.

Although patient education on prescribed medications is
crucial to a practitioner’s role, previous studies have revealed
patient dissatisfaction in some areas of physician medication
counseling®®. In the present study, errors in medication
counseling were relatively high regarding adverse drug
reactions, drug interactions, compliance, and drug-specific
information. This aligns with a study that identified practice
gaps in these areas, revealing that information on adverse
drug reactions, drug interactions, and their management is
often inadequate from the patient’s perspective®. Additionally,
a survey in Ethiopia found that patient knowledge about drug
storage and precautions was low after medication dispensing®.
Related studies have also noted that patients need assistance
incorporating medication regimens into their daily routines

and want information about medication costs’. These aspects
would be valuable additions to future medication counseling
examinations for clinical medical students who have experience
working with real patients.

The participants in this study scored relatively higher on
counseling items about dosage form, drug interval, and
administration time, which are also of high concern to
patients®. Despite the higher scores, some of the answers were
only partially correct. Most students’ information on dosage
forms and drug indications was not comprehensively written.
For example, the drugs were explained in terms of their name
and disease, but not how their mechanisms help treat the
disease. Additionally, in compliance counseling, the majority
of students tend to forget to mention the probability of drug
resistance in cases of nonadherence. Therefore, implementing
techniques or checklists to improve the comprehensiveness of
patient counseling may be advisable®.

The G-study in this research showed that most of the total
variance is attributed to the items nested within the questions.

8

www.pharmacypractice.org (elssn: 1886-3655 ISSN: 1885-642X)

© the Authors


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/

Sethapong L, Anupong K. Assessing medication counseling skills during transitioning from pre-clinical to clinical years among medical
students: using generalizability theory to optimize reliable pharmacology exam design. Pharmacy Practice 2025 Apr-Jun;23(2):3147.

https:// doi.org/10.18549/PharmPract.2025.2.3147

This occurred due to differences in difficulty among each type
of item. These results are realistic and reflect the nature of
real-life scenarios, where errors in medication counseling vary
for each drug and drug combination®’. Nevertheless, the study
identified weaknesses in medication counseling among the
students, and the variance may decrease if these weaknesses
are addressed and improved in future assessments. On the
other hand, the variance attributed to the questions is relatively
low, revealing that the student’s performance is less likely to
be attributed to the questions. This highlights that the exam
should be diverse and not limited to a single type of error.

Earlier research utilized the G-theory to investigate variance
across various instructional and learning models'®. This
theory pinpoints potential error sources within the ‘facets’
of measurement conditions in the universe of permissible
observations. Numerous studies assessing performance-
based evaluations frequently report a significant percentage
of unexplained residual variance!®??>, The present study also
exhibited a relatively high percentage of unexplained residual
variance. Future investigations might need to explore different
facets more extensively, including drug systems, raters, and
occasions. Nevertheless, good reliability was achieved in the
present study examination format.

The decision study revealed that only eight questions with five
items each are adequate for a reliable summative assessment.
However, the number of questions should be balanced with the
learning objectives for each block or system. This information
suggests that the present format could be used within a study
block with less content, reducing the number of questions and
learning objectives while still achieving a reliable assessment.
Increasing the number of occasions with a lesser number of
questions, maybe through formative examinations, could also
be done to improve knowledge retention?®?’. The current study
also revealed that only five questions are needed for reliable
formative assessment using the five-item format. Therefore,
a formative peer-led mock examination is encouraged
to contribute to timely and resource-efficient learning in
medication counseling®.

Minimizing the number of items to three requires at least
twelve questions. This approach could help focus on improving
specific areas for the students, such as drug-specificinformation
and drug interactions. Furthermore, the assessment could be
more focused and less prone to errors or inconsistencies®.
Having fewer criteria helps students understand the essential
skills and competencies they must demonstrate. This clarity
provides direction and purpose, motivating students to
concentrate their efforts on what matters most*°. However, the
current exam, which has ten questions, takes about two hours
to complete, and increasing the number of questions may not
be feasible in some situations. Furthermore, the construct
validity should be reconsidered once the number of items is
decreased.

The current study presents a written examination assessing
medication counseling. To the best of our knowledge, this
is the first study to provide information on common errors
in medical counseling among pre-clinical medical students.

Additionally, it provides significant insights into using G-theory
to determine the number of items and questions needed for a
reliable assessment. Minimizing the number of items may be
beneficial to improve specific contextual knowledge. Hosting
multiple occasions and reducing the number of questions to
five may also enhance knowledge retention. Moreover, the
present exam used in this study does not focus solely on a
single system of drug prescriptions, thereby providing realistic
results that represent the medication counseling errors of
pre-clinical medical students from PCM. This would provide
insights into what should be emphasized in future preclinical
pharmacology education and identify which errors should be
addressed before preclinical students transition to their clinical
years and contact real patients.

This study has certain limitations. Given the context-specific
nature of Generalizability theory, our results may not be
generalizable to different educational environments, clinical
scenarios, and instructors®®. Therefore, external validation is
necessary to evaluate the broader applicability of our findings
across various educational settings, academic levels, clinical
environments, and cultural contexts. Furthermore, this study
was limited to a retrospective analysis of student answers
and scores without evaluating students’ confidence levels
or performance during clinical years. Future research should
focus on blueprinting, standard setting, consequences, quality
control, prediction of later performance, and the relationship
to other measures of medication counseling. Additionally,
the assessments in this study were designed for written
examinations and did not evaluate oral examinations or
practical performance. Therefore, future assessments of real
performance in OSCEs, workplace-based assessments or with
simulated patients should be considered during the clinical
years. Moreover, other aspects of medication counseling could
be assessed in clinical years. For example, the information
on the cost of drugs and the demonstration of inhalers®’.
Nevertheless, the focus on error types identified in this study
could be adapted for these future assessments.

CONCLUSION

This study analyzes a written examination of medication
counseling among pre-clinical year students. The common
errors identified include providing drug-specific information,
compliance counseling, drug interaction, and adverse drug
reactions. These insights can help prepare students for effective
medication counseling before transitioning to clinical years and
counsel real patients. Furthermore, the generalizability theory
analysis revealed that a major source of variance is attributed
to the items nested within the questions. This indicates that
each question may not need to assess the same type of errors,
reflecting real-life situations where each drug combination may
present different counseling challenges.
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Supplementary table 1. Exploratory factor analysis of medication counseling questions
Question 1 0.74
Question 2 0.71
Question 3 0.77
Question 4 0.61
Question 5 0.63
Question 6 0.75
Question 7 0.66
Question 8 0.52
Question 9 0.77
Question 10 0.82

Eigenvalues 4.95

Extraction Method: Principal Components Analysis

Supplementary Table 2.1 Decision study of two-facet Px(1:Q) nested design medication counseling exam, among 95 medical students, 10 questions and 5 items

Effect | Estimate Variance Components In D-Study

Px(l:Q) | n’:nq’ | 03:04 | 03:06 | 03:08 | 03:10 | 03:12 | 04:04 | 04:06 | 04:08 | 04:10 | 04:12 | 05:04 | 05:06 | 05:08 | 05:10 | 05:12
Opz 0.1 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 0.1 0.099 | 0.099 | 0.099 | 0.099 0.1
cqz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ci:qz 0.18 0.015 0.01 0.007 | 0.006 | 0.005 | 0.011 | 0.007 | 0.006 | 0.004 0 0.009 | 0.006 | 0.004 | 0.004 0
cypq2 0.03 0.006 | 0.004 | 0.003 | 0.003 | 0.002 | 0.006 | 0.004 | 0.003 | 0.003 0 0.006 | 0.004 | 0.003 | 0.003 0
cxpi:q2 0.55 0.046 | 0.031 | 0.023 | 0.018 | 0.015 | 0.035 | 0.023 | 0.017 | 0.014 0.01 0.028 | 0.018 | 0.014 | 0.011 | 0.01
82 0.052 | 0.035 | 0.026 | 0.021 | 0.017 | 0.041 | 0.027 0.02 0.016 0.01 0.034 | 0.023 | 0.017 | 0.014 | 0.01
6%, 0.067 | 0.045 | 0.034 | 0.027 | 0.022 | 0.052 | 0.035 | 0.026 | 0.021 0.02 0.043 | 0.029 | 0.021 | 0.017 | 0.01
Ep? 0.654 0.739 0.791 0.825 0.85 0.708 0.784 0.829 0.858 0.88 0.745 0.814 | 0.854 | 0.879 0.9
(0] 0.596 0.689 0.747 0.787 0.816 0.656 0.741 0.792 0.827 0.85 0.698 0.776 | 0.822 | 0.853 | 0.87

o: Variance component, n": number of items, nq’: number of questions, 626: relative estimated total variance, 62A: absolute estimated total variance, Ep*:
relative reliability coefficient, ®: Phi-coefficient (absolute reliability coefficient), Bold = good reliability (>0.80)

Supplementary Table 2.2 Decision study of two-facet Px(1:Q) nested design medication counseling exam, among 95 medical students, 10 questions and 5 items

www.pharmacypractice.org (elssn: 1886-3655 ISSN: 1885-642X)

© the Authors

Effect Estimate Variance Components In D-Study

n’ 6 6 6 6 6 7 7 7 7 7 8 8 8 8 8
Px(1:Q)

nq’ 4 6 8 10 12 4 6 8 10 12 4 6 8 10 12
sz 0.099 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099 | 0.099
qu 0 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

i:qz 0.177 0.007 | 0.005 | 0.004 | 0.003 | 0.002 | 0.006 | 0.004 | 0.003 | 0.003 | 0.002 | 0.006 | 0.004 | 0.003 | 0.002 | 0.002
qu2 0.025 0.006 | 0.004 | 0.003 | 0.003 | 0.002 | 0.006 | 0.004 | 0.003 | 0.003 | 0.002 | 0.006 | 0.004 | 0.003 | 0.003 | 0.002
cpi:qz 0.554 0.023 | 0.015 | 0.012 | 0.009 | 0.008 | 0.020 | 0.013 | 0.010 | 0.008 | 0.007 | 0.017 | 0.012 | 0.009 | 0.007 | 0.006
&% 0.029 | 0.020 | 0.015 | 0.012 | 0.010 | 0.026 | 0.017 | 0.013 | 0.010 | 0.009 | 0.024 | 0.016 | 0.012 | 0.009 | 0.008
6%, 0.037 | 0.024 | 0.018 | 0.015 | 0.012 | 0.032 | 0.022 | 0.016 | 0.013 | 0.011 | 0.029 | 0.019 | 0.015 | 0.012 | 0.010
Ep? 0.771 | 0.835 | 0.871 | 0.894 | 0.910 | 0.792 | 0.851 | 0.884 | 0.905 | 0.919 | 0.808 | 0.863 | 0.894 | 0.913 | 0.926
0] 0.730 0.802 0.844 0.871 | 0.890 | 0.754 | 0.821 | 0.860 | 0.884 | 0.902 | 0.773 | 0.836 | 0.872 | 0.895 | 0.911
o: Variance component, n/: number of items, n ": number of questions, 6°;: relative estimated total variance, 6°,: absolute estimated total variance, Ep*:
relative reliability coefficient, ®: Phi-coefficient (absolute reliability coefficient), Bold = good reliability (>0.80)
12


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/

