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Abstract:

Pharmaceutical calculations require a solid understanding of ratios, proportions, and percentages to
ensure accurate drug preparation and dosage determination. However, pharmacy students often
struggle to apply these concepts, which may lead to misconceptions. This study aimed to develop a
modified three-tier diagnostic test (MTTDT) to identify pharmacy students' misconceptions in ratio,
proportion, and percentage calculations. The instrument was developed using the ADDIE model.
Unlike conventional three-tier tests, the second tier was modified from a multiple-choice to an open-
ended essay format, enabling separate assessment of conceptual understanding, problem-solving
process, and calculation accuracy. Content validity was evaluated by seven experts using Aiken's V,
while empirical validity and reliability were assessed in a separate validation cohort using point-biserial
correlation and Cronbach's alpha (a = 0.727). Of the ten items initially designed, nine met the empirical
validity criterion and were retained for the main study, which was administered to 97 first-year
pharmacy students. On average, 20.44% of responses reflected misconceptions and 25.44% reflected a
lack of knowledge. Analysis of the open-ended second-tier responses revealed a marked disparity
between conceptual understanding (81.56%) and calculation accuracy (43.00%), although most students
recognized relevant concepts; their performance declined substantially during the problem-solving and
unit-conversion steps. These findings suggest that the modified three-tier diagnostic test, particularly
its open-ended second tier, can effectively surface procedural and unit-conversion-related
misconceptions that conventional multiple-choice formats may fail to detect, supporting its use for
targeted instructional intervention in pharmaceutical mathematics education.

Keywords: misconceptions, pharmaceutical mathematics, three-tier diagnostic test, ratio and
proportion, pharmacy education

Introduction

Mathematics in pharmacy is applied to drug development and optimizing the
dosage (Chamseddine & Rejniak, 2020; Woodcock & Woosley, 2008), concentration,
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dilution, and converting between measurement systems (Sharma & Dunham, 2025).
These calculations are essential in clinical contexts such as determining individualized
drug doses, preparing intravenous solutions, and adjusting medication regimens
based on patient-specific parameters. Because of its importance, mathematics is a
required subject in the pharmacy curriculum (Alrabiah et al., 2022). To guarantee
patient safety, pharmacists must possess strong mathematical proficiency. Calculation
competence is evaluated in the Mathematical Competence section of professional
licensure examinations (National Association of Boards of Pharmacy, 2024). In the
Indonesian pharmacy education system, mathematics is one of the basic science
subjects studied. In the undergraduate pharmacy curriculum, mathematics, along with
physics, general chemistry, organic chemistry, physical chemistry, and analytical
chemistry, accounts for 10-15% of the total credits (Commission for Educational
Development, 2013) to support the learning outcomes of pharmacy graduates
(Association of Indonesian Pharmacy Higher Education (APTFI), 2024). At the IKIFA
College of Health Science (STIKes IKIFA), the mathematics course is titled
Pharmaceutical Mathematics.

For healthcare workers, pharmaceutical calculations are a fundamental
requirement (Aronson et al., 2022; Mnatzaganian et al., 2020), such as for the proper
dosage, preparation, and administration of pharmaceuticals (Fredrickson et al., 2025);
yet some research has shown a lack of proficiency in this area among pharmacy
(Crawford et al., 2024) and nursing (Eastwood et al., 2011, McMullan et al., 2010;
Wennberg-Capellades et al., 2022). This lack of competence may compromise patient
safety, increase the risk of medication errors, and reduce the efficiency of healthcare
delivery systems (Jairoun et al., 2024). Most calculations in pharmacy involve only
basic mathematics, but some students still experience difficulties (Mnatzaganian et al.,
2020; Prescott et al., 2024), for example, with ratios (Hegener, 2021). Several studies
show that the composition of ratio and proportion applications in pharmaceutical
problems is quite large (Arkell & Rutter, 2012; Hegener et al., 2013). In addition, the
ratio and proportion approach, together with dimensional analysis, is the most widely
used by students in solving pharmaceutical problems (Klausner & Holt, 2022). Topics
related to proportion, fractions, decimals, and percentages are divided in the material,
with the largest composition for assessing students’ baseline mathematics assessment
(Frankart et al., 2025). Therefore, a solid conceptual understanding of ratio and
proportion is essential for pharmacy students, as weaknesses in these foundational
topics may directly affect their ability to perform pharmaceutical calculations
accurately.

Unfortunately, research on students' understanding of ratios and proportions has
largely been limited to pre-university education. However, existing studies rarely
focus on pharmacy students and do not specifically examine misconceptions in ratio
and proportion within pharmaceutical contexts. Research results show that students'
understanding of ratios and proportions is still lacking (Johar et al., 2024; Muttaqin et
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al., 2017; Nofriati et al., 2020; Sari et al., 2024, 2025b, 2025a; Sukasno et al., 2024;
Wahyuningrum et al., 2022). This lack of understanding often stems from underlying
misconceptions. Misconceptions can be defined as an individual's error in
comprehending a notion that does not align with the opinions of a scientific expert
(Wahyudi et al., 2021). When students improperly generalize a notion, it impairs their
capacity to interpret newly created information, leading to misconceptions
(Mohyuddin & Khalil, 2016). Identifying misconceptions early is essential for
designing targeted instructional interventions that improve students’ conceptual
understanding and calculation competence. Various methods, such as diagnostic tests
and interviews, can be used to identify misconceptions (Chen, 2009; Gurel et al., 2017;
Novak, 1990).

Diagnostic tests can be used to identify each student’s limitations, strengths, and
weaknesses, as well as to uncover common misconceptions among students. Various
forms of diagnostic tests with different levels have been developed, such as two-,
three-, and four-level multiple-choice diagnostic tests. Even today, multi-level
instruments have been developed for chemistry and science education (Habiddin et
al., 2021). In this study, a three-level diagnostic test was used to evaluate students’
misconceptions, where the second level did not use multiple-choice questions but
rather short descriptions, so that students not only selected the answer they considered
correct at the first level, but also briefly explained how they arrived at that answer.
This makes the use of three tiers more effective because it does not require questions
to measure confidence in the answer at the second tier (the fourth-tier question in a
four-tier diagnostic test) (Rusilowati, 2015). Additionally, the more tiers used, the more
choices students must make for a single question. This implies that the number of
questions available to students will be limited.

The three-tier diagnostic test has previously been applied in the field of
pharmacy to identify students’ misconceptions regarding biochemistry concepts
(Milenkovi¢ et al., 2016). In addition, the three-tier diagnostic test, combined with the
Certainty of Response Index, has been used to identify misconceptions among
prospective elementary school teachers on the topics of integers and fractions
(Nurwahida & Munir, 2022). However, to the best of the authors” knowledge, no study
has yet applied a three-tier diagnostic test to identify pharmacy students’
misconceptions specifically regarding ratios, proportions, and percentages despite
their central role in pharmaceutical calculations.

Misconceptions in mathematics can stem from two different sources: an
incomplete understanding of the underlying mathematical concepts (conceptual
knowledge), or a correct conceptual understanding accompanied by errors in the
procedural application of those concepts (procedural knowledge) (Hiebert & Lefevre,
1986). Basic mathematical calculations applied in pharmaceutical calculations (such as
ratio, proportion, and particularly unit conversion in dosage calculations) are prone to
the same types of misunderstandings, and errors of this kind may plausibly affect
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medication dosing accuracy. The conventional multiple-choice format used in second-
level diagnostic tests cannot distinguish between these two issues, as students may
select the correct answer without being able to perform the related calculations
accurately, or conversely, may perform the calculation correctly while still holding an
incorrect conceptual understanding of the underlying concept. Therefore, it is
necessary to modify the second-level test to an open-ended essay format, which
provides a more accurate assessment of conceptual understanding, problem-solving
process, and calculation accuracy as separate components.

The three-tier diagnostic test in this study was developed using the ADDIE
model, which consists of Analysis, Design, Development, Implementation, and
Evaluation phases (Branch, 2009). The ADDIE model was used because of its simplicity
and worldwide use in education development (Siahaan, 2025), such as in textbooks
(Savitri et al., 2025) or instruments (Maxnun et al., 2024; Ramdhani et al., 2025). An
analytical rubric is used to reduce subjectivity in the evaluation of the second tier
(Cahyadi et al., 2023; Jonan, 2020; Nurhaifa et al., 2020). This study contributes to the
limited research on misconceptions among pharmacy students. Therefore, this study
aims to develop a modified three-tier diagnostic test to identify pharmacy students’
misconceptions regarding ratios, proportions, and percentages.

Research Methods

This research was conducted at IKIFA College of Health Sciences. The population
comprised all active first-year Diploma III (D3) and undergraduate (S1) pharmacy
students who had received material on ratio, proportion, and percentage. A total of 97
respondents were sampled using a total sampling technique. Data were collected
through a modified three-tier diagnostic test administered directly to students at the
end of the course within a specified timeframe. The instrument was adapted and
developed from previous studies and validated before use. Ethical approval for this
study was granted by the Ethics Committee of IKIFA College of Health Sciences
(STIKes IKIFA) (N0:005452/Komite Etik Penelitian STIKes IKIFA/2025).

Instrument Development: ADDIE Model

This study used an educational Research and Development (R&D) design,
combining systematic instrument development with validation and descriptive
quantitative analysis. Instrument development followed the ADDIE model (Analysis,
Design, Development, Implementation, Evaluation) (Branch, 2009).

1. Analyze Stage
At this stage, an analysis was conducted of the multiple-choice misconception
assessment instruments for two-level, three-level, and four-level diagnostic tests.
A review of the curriculum from the APTFI and the Commission for Educational
Development was also conducted, along with an analysis of common errors made
by students in pharmaceutical calculations, to serve as a guide in the development
of test items. The outputs from this stage are a series of priority topics (ratios,
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proportions, and percentages in dosages, dilutions, concentrations, and unit
conversions) and common error patterns.
2. Design Stage
At this stage, a blueprint for assessment instruments was developed for the
topics of ratios, proportions, and percentages in the context of pharmaceutical
calculations, such as dose and concentration calculations, solution dilution, and
unit conversion. Ten questions were designed, with each question consisting of
three stages: first, second, and third tiers.
a. The first tier
Consists of multiple-choice questions related to the application of
mathematical concepts in the pharmaceutical field, with five answer options,
four of which are distractors.
b. The second tier
This section contains the answers to the questions in the first tier, which in
the previous diagnostic test were in multiple-choice format (closed-ended
reasoning). However, in this study, the format was modified to include an
answer that describes the method for solving the question in the first tier (open-
ended reasoning).
c. The third tier
The third part of each item is a confidence level, which investigates whether
or not they are confident about their responses.
Additionally, a rubric has been designed for the second level of assessment; this
rubric is used solely to determine whether students’” answers are correct or
incorrect, not as a basis for assigning scores. The second tier involves open-ended
reasoning and is divided into three interconnected stages:
a. Conceptual Understanding
At this stage, students can understand the problem being asked by rewriting
all available information as known and requested information. If a student
writes only partial information or makes an error in writing it, they are
categorized as incorrect at this stage.
b. Problem-solving process
At this stage, students can write the problem-solving process correctly and
can also use the correct formula. If a student does not write the information in
the form of known and requested information (conceptual understanding
stage), but can solve the problem using the correct formula, they are categorized
as correct for conceptual understanding and the problem-solving process.
c. Calculation results
Students can write the calculation results correctly, including the correct
units. If a student does not complete the calculation or makes an error in
converting units, they are categorized as incorrect at this stage.
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There is a distinction between omitting known or requested information entirely
and writing it down but with errors. Some students immediately move on to the
problem-solving stage without formally listing the known and requested
information; this is considered a matter of writing style (the student’s preferred
approach to answering), not evidence of a conceptual misunderstanding, as long
as the subsequent problem-solving process is correct. Conversely, students’
attempts to write down this information, even if accompanied by errors, are
considered an indication of a genuine gap in conceptual understanding. A
student's answer is categorized as correct at the second tier if they can answer all
three stages correctly. The output of this stage was a ten-item instrument blueprint
accompanied by a three-component scoring rubric for the second tier.
Development Stage

Content validity was evaluated by a panel of seven experts: one lecturer with
a background in physics education who teaches Pharmaceutical Physics (co-
author), one lecturer with a background in mathematics education who teaches
Pharmaceutical Mathematics (co-author), one lecturer with a background in
microbiology who teaches Microbiology, and four pharmacist (apoteker) lecturers
whose teaching responsibilities cover chemistry and pharmacy coursework. The
corresponding author, who developed the test items, was not part of this
validation panel, thereby avoiding direct self-assessment of item content. Content
validity was assessed using Aiken's V, interpreted according to established criteria
(V 2 0.80 = strong; 0.70-0.79 = acceptable with minor revision required; <0.70 =
poor) (Tajuddin et al., 2025). In addition to assessing the relevance of test items
using Aiken’s V, the panel of experts also independently verified the accuracy of
the answer key by recalculating each test item using their own solution methods;
all of these recalculation results matched the established answer key, thereby
confirming the accuracy of the answer key prior to empirical testing.

Following the content validity assessment, empirical validity and reliability
testing were conducted on a separate group consisting of 60 upper-level pharmacy
students at STIKes IKIFA who had already completed the relevant coursework.
This group was distinct from both the practicality pilot group and the main study
sample. This separate group was necessary because the main study used a total
sampling technique, in which all first-year pharmacy students (n = 97) were
designated as the target sample. Point-biserial correlation was used to assess
empirical validity, while Cronbach’s alpha was used to assess reliability, with a
minimum acceptable value of 0.70. The output of this stage was a content and
empirically validated instrument, informed jointly by expert judgment and item
level statistical testing.
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4. Implementation Stage
The instrument was piloted on two lecturers and ten students. Feedback from
the pilot test was used to revise the items. The output of this stage was a revised
instrument informed by pilot-test feedback.
5. [Evaluation Stage
Item analysis included difficulty index, discrimination index, and distractor
effectiveness. Item difficulty was classified into five levels, ranging from very
difficult (0.00-0.19) to very easy (0.80-1.00). Discrimination indices were
categorized from poor (<0.19) to very good (20.40), with intermediate levels of fair
(0.20-0.29) and good (0.30-0.39) (Istyastono, 2016). Distractor effectiveness was
evaluated using the distractor index, which ranged from extremely poor (>200%)
to very good (76-125%) (Suryadin, 2024). The output of this stage was the item
difficulty, discrimination, and distractor-effectiveness indices used to finalize item
selection for the main study, along with the analysis of students' misconceptions.
Misconception Analysis Framework

Student responses were categorized based on correctness, reasoning, and
confidence levels using the framework proposed by Arslan et al. (2012), as shown in
Table 1. The second tier was modified into an open-ended format to capture students’
reasoning processes more comprehensively.

Table 1. Three-Tier Diagnostic Test Category

First tier Second tier Third tier Categories

Correct Correct Certain Scientific knowledge

Correct Incorrect Certain Misconception (false positive)
Incorrect  Correct Certain Misconception (false negative)
Incorrect  Incorrect Certain Misconception

Correct Correct Uncertain Lucky guess, lack of confidence
Correct Incorrect Uncertain Lack of knowledge

Incorrect  Correct Uncertain Lack of knowledge

Incorrect  Incorrect Uncertain Lack of knowledge

The percentage of misconceptions is calculated for each category in each question to
determine the most dominant concept experiencing misconceptions. The answers for
Level 1 (multiple-choice accuracy) and Level 2 (essay accuracy) were graded
separately by two graders (the corresponding author and a co-author) based on the
answer key, respectively, before reconciliation took place. Inter-rater agreement was
quantified using Cohen’s kappa (McHugh, 2012). Any differences in classification
(conceptual understanding, problem-solving process, and calculation results) at the
second tier were discussed until a consensus was reached based on the rubric. The
classification of essay responses into three subcomponents was performed by the
corresponding author. When the classification was uncertain, the co-author was
consulted before a final decision was made by the corresponding author. This single-
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rater procedure with consultation for subcomponent classification is acknowledged as

a limitation.

Results and Discussions

Development of the Modified Three-Tier Diagnostic Test (MTTDT)

The MTTDT instrument includes changes to the measurement objectives,

response format,

reasoning

construction,

approaches, and cognitive levels as shown in Table 2.

assessment techniques,

validation

Table 2. Comparison of the Standard and Modified Three-Tier Diagnostic Test

Instruments
Dimension Standard TTDT  Modified TTDT (This study) Type of
modification
Measurement Identifying Identifying misconceptions Modification of
Objective misconceptions and locating where measurement
misconceptions occur in the objective

problem-solving process

Second-tier =~ Multiple-choice =~ Open-ended reasoning in Modification of
format reasoning essay form response
(closed-ended) format
Reasoning Understanding Applying mathematical Conceptual
Construct mathematical concepts in the modification
concepts pharmaceutical calculations

context
Scoring Dichotomous Analytical rubric for Methodological
Technique in scoring evaluating conceptual modification
the second (correct/incorrect) understanding, problem-
tier solving process, and

calculation results
Validation Content validity Content validity through Modification of
Technique via expert review expert review of both answer the validation

and open-ended reasoning approach

tiers, with empirical validity

analysis conducted on first-

tier responses
Cognitive Reasoning Reasoning tasks in Bloom’s Cognitive-level
Level options in C3-C5 require procedural modification

Bloom’s C2-C3

and quantitative reasoning

These modifications indicate that the instrument not only identifies students’
misconceptions but also captures their reasoning processes and locates errors within
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the problem-solving stages. In particular, the use of open-ended responses in the
second tier and an analytical rubric enables a more comprehensive assessment of

students” conceptual understanding, problem-solving process, and calculation
accuracy. Following these modifications, the instrument was constructed in the form
of ten items representing various pharmaceutical contexts. These items were designed
to reflect real-world calculation scenarios encountered in pharmacy practice. An
example of the modified three-tier diagnostic test item is presented in Figure 1.

engan Konsentrasi 0,4
) tiga kali sehari,

C. 24 mg
D. 48 mg
E. 96 mg

Second Tier (Jelaskan cara mendapatkan jawaban pada first fier)

First tier

A cough medicine contains
brompheniramine = maleate = with a
concentration of 0.4 mg/mL.

If the dosage instruction is 2 teaspoons (1
teaspoon = 5 mL) three times a day, how
many milligrams of brompheniramine
maleate are consumed by the patient in 4
days?

Second tier

Explain how you obtained your answer in
the first tier.

Third tier

Are you confident in your answer?

A. Yes

B. No

Figure 1. Example of the modified three-tier diagnostic test item.

Content Validity (Aiken’s V)

After the instrument was constructed, its quality was evaluated through content
validity assessment by expert reviewers. The results of the content validity analysis
using Aiken’s V coefficient are presented in Table 3.

Table 3. Content Validity Results (Aiken’s V)

Items Aiken’sV Interpretation

1 0.905 Strong content validity

2 0.857 Strong content validity

3 0.810 Strong content validity

4 0.810 Strong content validity

5 0.905 Strong content validity

6 0.762 Acceptable, minor revision required
7 0.857 Strong content validity

8 0.810 Strong content validity
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Items Aiken’sV Interpretation
9 0.857 Strong content validity
10 0.762 Acceptable, minor revision required

As shown in Table 3, eight of the ten items achieved V > 0.80 (strong content validity),
while the remaining two items (Items 6 and 10) achieved V = 0.762 (acceptable, minor
revision required). Expert feedback and the corresponding revisions are summarised
in Table 4.

Table 4. Expert Feedback

Subject area Item Expert suggestions Revision

numbers
Basic 1,2,6,10 a. Incorrect writing of a. “S3dd” revised to
pharmaceutics “S3dd” “S.3dd”

b. Incorrect b. Unit abbreviation
abbreviation of revised from “gr”
units to “g”

c. The type of c. Antibiotics
antibiotic used in changed from
the item  was Penicillin to
replaced with a Cefixime
more relevant one trihydrate

d. Options should be d. Options arranged
arranged from from smallest to
largest to smallest largest

or vice versa
e. Image
clarification

needs

e. Image re-edited for
clarity

Semi-solid and 3

The written dosage

The dosage volume

Liquid volume needs “60 ml” revised to “60
Pharmaceutical clarification regarding ml/bottle”
Technology the dosage form

container
Chemistry 4,7,8 a. Percentage writing a. Writing of 2/5%

should not be in
fractional form

b. Options should be
arranged from
largest to smallest
Or vice versa

revised to 0.4%

b. Options arranged
from smallest to
largest
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Subject area Item Expert suggestions Revision
numbers
Microbiology 9 Image needs Image re-edited for
clarification clarity
Phytochemicals 5 a. Image needs a. Data in the image
clarification presented in table
b. Additional form for clarity
explanation is b. Explanation of the
needed during the yield formula
lecture provided during

the lecture.

As previously described, empirical validity and reliability testing (using SPSS
version 26) yielded the following results. Nine of the ten items achieved statistically
significant point-biserial correlations (r = 0.390-0.786, p < 0.05), while one item (Item 5)
did not (r = 0.141, p = 0.283) and was therefore excluded from the final instrument.
Although Item 5 had strong content validity according to the expert panel (Aiken’s V
=0.905, see Table 3), its exclusion following empirical testing was likely due to a ceiling
effect (the validation group consisted of upper-level pharmacy students who had
already mastered this phytochemistry topic through previous coursework), resulting
in a high proportion of correct answers (Mir et al., 2025). This finding highlights the
limitations of using upper-level cohorts for empirical item validation when the
instrument is intended for a different target population (first-year students), as prior
mastery of the material can obscure an item’s discriminative power for the intended
audience. Reliability testing yielded a Cronbach’s alpha value of 0.727 for the
remaining nine items.

After conducting empirical validity and reliability testing, the misconception
instrument was then tested on a pilot study with 2 lecturers and 10 students, where
one of the improvements was related to writing 3/4 to %.

Item Analysis

Following the finalization of the instrument, an evaluation was conducted to
assess its quality. This evaluation included item analysis, such as item difficulty,
discrimination index, and distractor effectiveness. The results of the item analysis are
presented in Table 5 (there was a change in the order of the questions during the
validity testing and data collection phases).

Table 5. Summary of Item Analysis

Item  Difficulty Index Discrimination Index  Distractor Quality
Value  Category Value Category
1 0.57 Moderate  0.620 Very good Ineffective
2 0.27 Difficult 0.603 Very good Functional
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Item  Difficulty Index Discrimination Index  Distractor Quality
Value  Category Value Category
3 0.49 Moderate  0.614 Very good Functional
4 0.33 Difficult 0.757 Very good = Moderately effective
5 0.53 Moderate  0.636 Very good = Moderately effective
6 0.43 Moderate  0.719 Very good Functional
7 0.35 Difficult 0.620 Very good Ineffective
8 0.54 Moderate  0.701 Very good Functional
9 0.48 Moderate  0.699 Very good Ineffective

As shown in Table 5, several items (Items 2, 3, 6, and 8) contain functional distractors,
indicating that the incorrect options were sufficiently plausible to capture students
with misconceptions. In contrast, Items 1, 7, and 9 contain ineffective distractors,
suggesting that some incorrect options were not sufficiently attractive to serve as
diagnostic indicators. Meanwhile, Items 4 and 5 demonstrate moderately effective
distractors, reflecting partial effectiveness in identifying students’ conceptual errors.
This classification is used to determine the extent to which incorrect answer options
reveal learners' contextual error patterns (Suprihanto & Sahrul, 2026).

The analysis results show that most are in the difficult category. This distribution
indicates the instrument levels of challenge. The discrimination index for all items is
in the very good category, indicating that each item discriminates between students
with high and low levels of conceptual understanding. Furthermore, the presence of
distractors that function in several items indicates that the incorrect answer options
are plausible enough to attract students with less precise or incomplete conceptual
understanding. Thus, these distractors serve as diagnostic indicators that help reveal
patterns of students' conceptual errors. Overall, the results of the item analysis indicate
that the developed instrument is appropriate for use in diagnosing misconceptions in
pharmaceutical mathematics.

Analyzing the Misconceptions of Pharmacy Students

Prior to the categorization process, inter-rater reliability was calculated using
Cohen’s kappa, with values of Cohen’s « = 0.995 (99.77% agreement) for the first tier
and x = 0.991 (99.54% agreement) for the second tier, across all 873 assessment pairs (9
items x 97 students). Table 6 presents the distribution of students” responses for the
nine items (n = 97 per item). Scientific Knowledge (SK) accounted for 40.22% of
responses on average, which implies that fewer than half of all students showed
correct understanding paired with appropriate reasoning and confidence. However,
on average, 20.44% of respondents held misconceptions; specifically, 44 respondents
(45.4% of the sample) held misconceptions regarding question 4. This phenomenon
can be interpreted using the perspective of confidence-based assessment, which
suggests that incorrect answers accompanied by high confidence are often associated
with misconceptions rather than a simple lack of knowledge (Hasan et al., 1999).
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Additionally, false positives and false negatives accounted for 7.67% and 0.22%,
respectively. The relatively high proportion of false positives suggests that some
students selected correct answers without providing appropriate reasoning, indicating
the possibility of guessing.

In addition to false positives, the lucky guess category (correct answer, correct
reasoning, but low confidence) accounted for an average of 3.00% of responses.
Although this proportion is comparatively small, its presence alongside false positives
indicates that correctness alone is an unreliable indicator of genuine understanding:
some students arrived at correct answers without full conviction in their reasoning,
while others expressed confidence in answers unsupported by valid reasoning.
Together, these two categories underscore why a conventional multiple-choice format,
which captures only the final answer, would have misclassified a combined 10.67% of
responses as unproblematic, when in fact they reflect either guesswork or
unwarranted confidence.

In the context of the three-tier diagnostic test used in this study, students’
confidence responses in the third tier indicate how strongly they believe in their
answers. This finding highlights the importance of incorporating an essay format in
the second tier of the MTTDT, as it enables the evaluation of the consistency between
answers and reasoning.

Variations in the level of misunderstanding among the items were found to be
related to differences in the content of the items and the structure of their calculations.
Question 4, which recorded the highest number of answers containing
misunderstandings (44 out of 97 students, see Table 6), required only a single unit
conversion step (converting the given concentration per 1,000 mL to a quantity of 120
mL, with a final conversion from grams to milligrams). Although its structure is
simple, this question was often answered incorrectly by students due to decimal errors
or unit conversion mistakes, as illustrated in Figure 2. This suggests that even a simple
question involving a single unit conversion step can lead students to become
overconfident and careless in their calculations. Conversely, questions requiring
several sequential steps, such as Question 9 (batch-scale production calculation),
recorded the lowest rate of misunderstanding (9 out of 97 students), tied with Question
5. Unlike Question 9, however, Question 5's low misconception rate cannot be
attributed to procedural complexity, as it involved only a straightforward two-step
calculation (division followed by percentage conversion); its low error rate may
instead reflect the familiarity of percentage-based reasoning to pharmacy students,
who encounter this format frequently across coursework.

In contrast, item 2 (see Table 6), which recorded the lowest number of “Scientific
Knowledge” responses (26 out of 97 students), required students to work backward
from a known result (a measured mass of 1.2 mg) to an unknown initial quantity,
rather than following the more common forward approach of calculating a result from
a given value. This inverse ratio structure appears to be conceptually more challenging
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than the forward ratio format used in most other test items. As illustrated in Figure 4,
this difficulty is often compounded by incomplete unit conversion: students perform
the inverse calculation correctly (x = 300mg) but fail to convert the result to the
grams specified by the question, indicating that the demand for reverse reasoning and
the unit conversion step interact to produce a higher error rate on this item. Item 1,
which recorded the highest number of Scientific Knowledge responses (49 out of 97
students), involved a single, direct percentage-to-fraction calculation without reverse
reasoning or multi-step sequencing, consistent with its relatively lower difficulty level.

Table 6. Analysis of the modified three-tier diagnostic test

Items Categories
SK FP FN M LG LK

1 49 5 0 10 7 26
2 26 6 0 29 2 34
3 44 8 0 15 4 26
4 30 0 2 44 2 19
5 47 8 0 9 4 29
6 39 2 0 30 2 24
7 31 13 0 20 2 31
8 48 9 0 18 4 18
9 48 18 0 9 0 22

Average 4022 7.67 022 2044 3.00 2544

SK = Scientific Knowledge, FP = Misconception (False Positive), FN = Misconception (False Negative),
M = Misconception, LG = Lucky Guess, LK = Lack of Knowledge

To provide a clearer understanding of how these misconceptions manifest in
students” reasoning (second-tier), particularly for Item 4 as discussed above, an
example of a student’s response is presented in Figure 2. Figure 2 presents an example
of a student's answer to Item 4, where the student used the principle of proportion to
determine the amount of nutrient broth needed for 120 mL of solution. In a
proportional calculation, all quantities must be expressed using the same units of
measurement. The student's answer in the final calculation yielded 156 mg. Using a
proportional calculation would have yielded a value of 1.56 grams first, which would
then have to be converted to milligrams to match the units required in the problem. In
fact, by solving this problem from the beginning, students can convert 13 grams to
13,000 milligrams (mg) to match the final units, so there is no need for further
conversion at the end. However, the result of the conversion made by the students is
wrong, namely 1,300 milligrams instead of 13,000 milligrams.
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Berikut ini adalah etiket di kemasan media pertumbuhan Nutrient Broth. dekahg ¢ 1”9 dalam Loy u:’- m! ( wgdar e Ypengeocrin ]
Hitunglah berapa milligram yang = 1%00 9 Udlan oo M)
dibutuhkan untuk membuat media
sebanyak 120mL jika dilabel tertulis ditanyga Brrapa iy daldm 12,0 m|
suspensikan 13,0z ke dalam -~
1000mL! i | I
awak laom !
A. 1,56 mg ) — % ey %
B. 15.6 mg (oge ! i
C. 156 mg . ot 13 4 =7
D. 1.560 mg : 'f/:;—ﬁ % e '
E. 15.600 mg ?
L LR
= 156 my

First tier (Problem)
How many milligrams of Nutrient Broth are needed to prepare 120 mL of medium
if 13.0 g dissolves in 1000 mL?

Second tier (Student’s written reasoning)

Known: 13 gram in 1000 mL
Asked: Amount of Nutrient Broth in 120 mL

Answer:
120 mL

~ 1000 mL
_120mlL

T 10 mL
=12x13

=156 mg
Third tier (Students’ confidence)
Certain

X 13g —* Use of non-equivalent units

X 13g

Figure 2. Example of uncategorized response in Item 4

The second-tier responses were evaluated using a rubric consisting of three
components: conceptual understanding, problem-solving process, and calculation
results. A student's answer is categorized as correct at the second tier if they can
answer all three stages correctly. Table 7 presents the distribution of correct and
incorrect responses for each rubric component in the second tier.

Table 7. Distribution of Student Responses in the Second Tier Based on the

Analytic Rubric
No Conceptual Problem-solving Calculation
Understanding Process Results
Correct Incorrect Correct Incorrect Correct Incorrect
1 90 7 62 35 55 42
2 77 20 42 55 26 71
3 80 17 51 46 48 49
4 73 24 64 33 32 65
5 84 13 60 37 51 46
6 84 13 48 49 42 55
7 75 22 48 49 34 63
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No Conceptual Problem-solving Calculation
Understanding Process Results
Correct Incorrect Correct Incorrect Correct Incorrect
8 91 6 70 27 52 45
9 80 17 54 43 47 50

Average 81.56 15.44 55.44 41.56 43.00 54.00

The results show that conceptual understanding is generally higher than
procedural accuracy and calculation correctness. The second-tier assessment results
reveal a significant disparity between conceptual understanding, problem-solving
processes, and the accuracy of calculation outcomes. Although most students were
able to recognize relevant concepts and select appropriate formulas, their performance
declined at the problem-solving stage and further declined at the calculation stage,
particularly when systematic procedures and unit conversions were required.

Key findings show that the average conceptual understanding score (81.56%)
was considerably higher than the average calculation accuracy score (43.00%),
indicating that students were able to identify the correct formula by rote memorization
without fully understanding it, particularly in terms of unit conversion (Winarni et al.,
2025). This pattern aligns with the theory proposed by Sweller (1988) regarding
cognitive load, where tasks requiring the simultaneous retention and processing of
multiple pieces of information in working memory impose a heavier intrinsic
cognitive load than tasks requiring only formula recognition.

This finding is also consistent with the study by Wang et al. (2022), which found
that as the number of calculation steps required to solve algebraic problems increases,
the accuracy rate drops dramatically. Similarly, in this study, pharmaceutical
calculations involving dosages, dilutions, and unit conversions require students to
maintain and process several interrelated elements (such as known values, units,
conversion factors, and the order of operations) that may exceed working memory
capacity even when the underlying concepts are understood. This gap may also reflect
a lack of procedural automation: Wang et al. (2022) demonstrated that repeated
practice significantly reduces the cognitive load on multi-step calculation tasks.
Although their finding was based on repeated exposure within a single testing session
rather than curriculum-level training, it plausibly extends to suggest that more
frequent, applied practice with dosage and dilution calculations, beyond didactic
instruction alone, may help reduce procedural errors of this kind.

This pattern is consistent with the high prevalence of misconceptions and false-
positive responses reported in Table 6, in which apparently correct answers were not
supported by coherent reasoning or consistent results. Overall, the findings
demonstrate that students’ difficulties in pharmaceutical mathematics are primarily
associated with challenges in the integrated application of concepts, procedures, and
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computational precision, rather than deficiencies in conceptual knowledge, as
identified through the modified three-tier diagnostic assessment.

Several findings from the second-tier responses indicate that some students made
errors in unit conversion at the final stage, while others misinterpreted the problem,
leading to incorrect multiplication (arithmetic errors) during the calculation process
(Figure 3). In addition, some students approached the problem using different
conceptual strategies compared with their peers but failed to complete the required
unit conversion to grams, reflecting incomplete quantitative reasoning (Figure 4).

Dilk « Lonunicox Beomfercomn = O My 4l -, 1 H femotem = 2 5 2 5.
fsdt = g mL.

Dolom 4 H:> 2 x 3 xg @ .
Die - {oeul ,1() Brompencamn  dulom ¢ Fori frmouan

Jowdb: doln ¢ 2 26 mLx 4z 100 mL. / H.
Leonsentroy Qra(n(d\imm'\ = Oq -75 2 _[_Z':k
X © @oml
:qo "B

e 2
—_—

Second tier
Known: Brompheniramine concentration = 0.4 mg/mL,
1 day of consumption = 3 x 2 teaspoons
1 teaspoon =5 mL
Inlday:2x3x5=25mlL  —— arithmetic errors
Asked: total mg of brompheniramine in 4 days of consumption
Answer:
In 4 days: 25 ml x4 =100 mL
4mg  1mL

. . . .0
Brompheniramine concentration: .

Figure 3. Example of a student response showing an arithmetic error in dosage
calculation.

The answer in Figure 3 indicates that the student incorrectly calculated the total
volume as 2 X 3 X 5 = 25 mL, resulting in 25 mL instead of the correct value. These
tindings indicate that the error was not caused by a misconception about the
concentration concept (mg/mL), but rather by an arithmetic error in calculating
2x3x5 as 25 mL. This initial error in representing the problem information
propagated throughout the entire problem-solving process. This finding suggests that
in pharmaceutical mathematics, mastery of ratio and concentration concepts must be
accompanied by fluency in basic arithmetic to prevent dosage errors that may have
clinical implications (Aydin & Ding, 2017; Hijji, 2025).

The response in Figure 4 indicates that the student did not complete the solution
because the final result was not converted into grams. The response in Figure 4(a)

Riemann: Research of Mathematics and Mathematics Education, August 2026, Vol. 8, No. 2
499 |



Analyzing Student Misconceptions in Ratio....

applied basic multiplication, whereas the response in Figure 4(b) used a proportional
reasoning approach. Both responses suggest that students focused primarily on
obtaining a numerical answer without adequately considering the measurement units
required in the problem. This phenomenon can be explained from the perspective of
quantitative reasoning (Thompson, 2022) which emphasizes that quantities represent
the coordination between numerical values and meaningful units. Therefore, although
students demonstrate procedural competence, their integrated quantitative
understanding has not yet been fully developed.

dletahui = ©,4°46 ™MISoy dengan berat (2 Mg Miket ,pm:mba{ﬁan c{:qu Gan boal tegnetium fu!{a(:g fersedra
FHtim

dilany e ¢ berat awal Mooy beral gyang ang = 1,3 me
dawab ‘Mmtf' Beocd mule- mula gebraen masneh wm ,;u({a{ 2
O;‘(v[o » (X) = 1,2M9 JW e/ . Bar /()‘07
o & . - 7R
T_o;. X Cx) = [,2mo 2 f-ua}af l(/JLI’LlN'nan )
0,004 x (KD = [,2my Wl = bang  aiewl
X = l,amo 09 % < 120 % 5 4 =300
0,004 Qé—_zzﬁ‘—‘&;:‘%—'—;e
X = 300m9 % = (20
o4
(a) (b)

Second tier Second tier
Known: 0.4% MgSO, with weight 1.2 mg Known: weighing of 0.4% from magnesium sulfate
Asked: 0.4% MgSO, with weight 1.2 mg available
Answer: weight that was weighed =1.2 mg
0,4% X x = 1,2 mg Asked:
04 X x =12mg initial weight of magnesium sulfate?
100 ’ Answer:
0,004 x x = 1,2mg

part
x_l,ng %=ttl><100%

0,004 2 mg
x =300 mg 0,4% = p x 100%
120%
0,4% =

120

The process isn't finished yet; the units | X = 04

haven't been converted as asked in the | y = 300
question.

The process isn't finished yet; the units haven't been
converted as asked in the question.

Figure 4. Examples of student responses showing errors in unit interpretation during
pharmaceutical calculations: (a) using basic multiplication; (b) using proportional
reasoning

Overall, these findings suggest that instructional strategies specifically targeting
the procedural execution of unit conversion, rather than the introduction of additional
conceptual material, may yield the greatest improvement in pharmaceutical
calculation accuracy. Repeated, low stakes practice opportunities, such as brief in class
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calculation drills or laboratory based exercises specifically targeting the unit-
conversion steps identified as high error points in this study (e.g., Items 2 and 4), may
be more effective than relying solely on summative examinations to develop this skill.

Conclusions and Suggestions

This study developed and empirically validated a modified three-level diagnostic
test to identify misconceptions among pharmacy students regarding ratios,
proportions, and percentages, which are fundamental concepts in calculating drug
doses and concentrations. The main findings indicate that many of the difficulties
experienced by students stem from errors in procedural execution (e.g., unit
conversion), rather than a lack of understanding of basic concepts; many students were
able to identify the correct concepts and formulas but still produced incorrect final
answers due to unit conversion errors. This discrepancy has direct implications for
patient safety, as calculations that are conceptually correct but procedurally flawed
can result in drug dosages that are off by an order of magnitude (a pattern illustrated
by the students” answers in this study) without the students realizing their errors. The
open-ended essay format in the second stage proved capable of revealing these
differences, something that the conventional multiple-choice format could not
demonstrate.

For pharmacy faculty, these findings imply that the focus of instruction should not
be limited to conceptual understanding but must also include deliberate and repeated
practice focused on unit conversion steps, delivered through low stakes formative
exercises rather than relying solely on summative exams. The diagnostic instrument
developed in this study can serve as a formative tool for this purpose, enabling
instructors to identify specific points of procedural error before those errors surface in
high stakes assessments or clinical practice. This study was limited to students from a
single institution, and future research should examine whether this conceptual
procedural disparity replicates across other pharmacy programs and curricular

structures.
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  25   m l   × 4 = 100   m L


    0 , 4   m g  x =   1   m L  100   m L = 40   m g


  2 × 3 × 5 = 25   m L


  2 × 3 × 5


  0 , 4 % × x = 1 , 2   m g


    0 , 4 100 × x = 1 , 2   m g


    0 , 4 100 × x = 1 , 2   m g


  0 , 004 × x = 1 , 2   m g


  0 , 004 × x = 1 , 2   m g


  x =   1 , 2   m g  0 , 004


   3 4


  x =   1 , 2   m g  0 , 004


  x = 300   m g


  x = 300   m g


  % =   p a r t  t o t a l × 100 %


  0 , 4 % =   1 , 2   m g  x × 100 %


  0 , 4 % =   1 , 2   m g  x × 100 %


  0 , 4 % =   120 %  x


  0 , 4 % =   120 %  x


  x =  120  0 , 4


  x =  120  0 , 4


  x   =   300


  x = 300


  x = 300


  =   120   m L  1000   m L × 13 g


  =   120   m L  10   m L × 13 g


  =   120   m L  10   m L × 13 g


  = 12 × 13


  = 12 × 13


  = 156   m g

