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Abstract— Multidisciplinary learning in ethnomedicine and ethics, phytochemistry, and antioxidant bioassay analysis requires students
to integrate ethical reasoning, chemical concepts, and quantitative data interpretation. This study conducted an initial psychometric
evaluation of a multidomain concept test and described students’ pre-intervention baseline performance across these three domains. The
assessment was administered to fifth-semester undergraduate pharmacy students enrolled in the Phytochemistry course at the Faculty of
Health and Science, UNIQHBA Bagu. A 28-item mixed-format instrument, consisting of multiple-choice, constructed-response, and
numerical items, was administered to 41 students, with a maximum possible score of 32 points. Descriptive statistics and Classical Test
Theory indices were calculated, including Cronbach’s alpha, item difficulty, D27 discrimination, and corrected item—total correlations.
The mean total score was 19.90 out of 32, equivalent to 62.20% =+ 13.05%, with a median of 20 and a score range of 11-29. Only 9 students,
or approximately 22.0%, achieved the >70% criterion. Domain-level performance was uneven. Ethnomedicine and ethics reached 7.88 +
1.25, or 78.80% of the domain maximum; phytochemistry reached 7.29 + 2.15, or 72.90%; and DPPH-ICS50 interpretation reached 4.73 +
2.54, or 39.40%. The instrument showed acceptable internal consistency, with Cronbach’s alpha of 0.756. However, item diagnostics
revealed floor and ceiling effects, as well as several challenging DPPH-ICS50 items. These findings indicate that the instrument is suitable
for preliminary diagnostic profiling and that DPPH-IC50 quantitative interpretation is the main baseline learning gap. The study provides
initial evidence for targeted instructional scaffolding and systematic item refinement to improve diagnostic differentiation across the
student ability spectrum.
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1. Introduction
Background and rationale

The integration of ethnomedicine, phytochemistry, and antioxidant bioassay analysis is increasingly relevant in
undergraduate pharmacy and science education. Students are expected not only to understand community-based medicinal
knowledge and its ethical implications, but also to connect this knowledge with chemical principles, secondary metabolites,
extraction procedures, and quantitative interpretation of experimental data. These domains require different but complementary
competencies, including ethical reasoning, conceptual understanding of phytochemical principles, and the ability to interpret dose—
response relationships in antioxidant assays.

Concept tests and concept inventories are widely used to identify misconceptions, describe baseline understanding, and
support targeted instruction. From a constructivist perspective, learning requires students to connect new information with prior
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knowledge and revise inaccurate conceptions through active engagement [1]. Concept inventories can help reveal conceptual errors
and guide instructional improvement [2]. Similarly, authentic research-based activities can strengthen engagement and deepen
conceptual understanding in science learning contexts [3]. These perspectives support the development of multidomain assessments
that evaluate student performance across related areas rather than focusing on a single content domain.

In phytochemistry education, students often experience persistent misconceptions related to secondary metabolites,
extraction logic, and structure—activity relationships [4][5]. They may also struggle to connect chemical representations and
laboratory procedures with biological or health-related contexts [6]. The inclusion of ethical reasoning adds another layer of
complexity because students must evaluate the use of traditional knowledge, community participation, informed consent, and
benefit-sharing within scientific inquiry [7]. Therefore, assessment in this field should capture not only factual knowledge, but also
reasoning across scientific, ethical, and contextual dimensions.

Quantitative literacy is also essential for interpreting antioxidant assays such as DPPH. Students may make errors when
calculating percentage inhibition, converting concentrations, or interpreting the relationship between concentration and antioxidant
activity [8]. They may also misunderstand IC50 as a comparative index, although it represents the concentration required to inhibit
50% of DPPH radicals [9]. In antioxidant analysis, measured activity generally changes with concentration, but students may not
fully understand how IC50 values are used to compare antioxidant capacity across samples [10]. Educational research further
emphasizes that quantitative literacy in laboratory learning involves interpreting dose—response curves, applying interpolation or
regression, and reasoning under uncertainty [11][12][13]. Formative assessment is therefore useful for identifying errors in data
interpretation and providing feedback that supports deeper learning [14][15].

Ethnomedicine and ethical competencies are increasingly emphasized in science and health education. These competencies
include the ability to understand informed consent, community engagement, cultural sensitivity, benefit-sharing, and the responsible
use of shared knowledge. Scott describes the integration of ethical, legal, and social implications into life-science curricula as a way
to strengthen students’ understanding of research responsibility [16]. Goodwin also highlight the importance of community
involvement and explicit discussion of cultural dynamics in health-related contexts [17]. In addition, research on ethics in
educational settings shows the importance of clearly defining ethical responsibilities when participants and community knowledge
are involved [18]. These issues indicate the need for assessment tools that are aligned with domain-specific ethical and scientific
competencies.

Research problem and study purpose

Although ethnomedicine, phytochemistry, and DPPH-IC50 analysis are closely connected in pharmacy and science
education, courses often proceed without a clear baseline profile of students’ initial competencies. In addition, few assessments
provide preliminary psychometric evidence showing whether an instrument is suitable for diagnostic profiling across these domains.
Diagnostic pretests are useful for identifying baseline knowledge and locating specific learning gaps [19]. They can also support
targeted remediation and help instructors adjust learning activities according to students’ needs [20][21]. The Force Concept
Inventory provides an example of how pre-instruction concept assessment can reveal persistent misconceptions and inform teaching
decisions [22].

The central problem addressed in this study is whether students demonstrate adequate foundational proficiency in
ethnomedicine and ethics, phytochemistry, and DPPH-IC50 interpretation, and whether a multidomain concept test provides
sufficient preliminary measurement evidence for baseline diagnostic use. This focus is important because these three domains
represent different forms of reasoning. Ethnomedicine and ethics require contextual and normative reasoning, phytochemistry
requires conceptual understanding of chemical principles, and DPPH-ICS50 interpretation requires quantitative reasoning and data
interpretation.

This study was conducted in an authentic course context involving fifth-semester undergraduate pharmacy students
enrolled in the Phytochemistry course at FKES UNIQHBA Bagu. The study provides an initial psychometric evaluation of a
multidomain concept test designed to assess conceptual and quantitative reasoning across ethnomedicine, ethics, phytochemistry,
and DPPH-IC50 antioxidant assay analysis. The instrument consisted of 28 items in mixed formats, including multiple-choice,
constructed-response, and numerical items, with a maximum score of 32 points.

Thesis and contribution

This study positions the multidomain concept test as a preliminary diagnostic instrument rather than as a final validated
measure. Its contribution is twofold. First, it provides baseline evidence about students’ strengths and weaknesses across
conceptually connected but cognitively different domains. Second, it identifies item-level priorities for instrument refinement,
especially items showing extreme difficulty, extreme easiness, or limited discrimination.

By combining domain-level performance, internal consistency, item difficulty, discrimination, and corrected item—total
correlations, this study offers an empirical basis for improving both instruction and assessment. Instructionally, the findings can
guide targeted scaffolding in areas that require quantitative interpretation, particularly DPPH—IC50 calculation, curve reading, and
IC50 reasoning. Psychometrically, the findings can guide item revision so that the instrument provides better diagnostic information
across the student ability spectrum. Future validation using posttest data, larger samples, expert judgment, response-process
evidence, and structural analyses will be needed to strengthen the interpretation and use of the instrument.

2. Method
Study design and participants

This study used an exploratory quantitative design to conduct an initial psychometric assessment of a multidomain concept
test. The instrument was designed for diagnostic use before the development and implementation of instructional materials. The
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assessment focused on students’ baseline conceptual and quantitative understanding across three related domains: ethnomedicine
and ethics, phytochemistry, and DPPH-IC50 antioxidant assay interpretation.

The concept test was administered to fifth-semester undergraduate pharmacy students at the Faculty of Health and Science
(FKES), UNIQHBA Bagu, during the Phytochemistry course. The analyzed sample consisted of 41 students. The study examined
total scores, domain subscores, item difficulty, item discrimination, and corrected item—total correlations to evaluate the preliminary
diagnostic usefulness of the instrument.

Instrument development, domains, and cognitive mapping

The multidomain concept test consisted of 28 items with a maximum possible score of 32 points. The content was organized
into three domains. The Ethnomedicine and Ethics domain measured students’ understanding of community-based medicinal
knowledge, informed consent, benefit-sharing, and ethical reasoning. The Phytochemistry domain measured students’
understanding of secondary metabolites, extraction principles, and structure—activity relationships. The DPPH-IC50 domain
measured students’ ability to interpret antioxidant assay data, including percentage inhibition, concentration—response relationships,
and IC50 reasoning. The maximum score was distributed across the three domains as follows: Ethnomedicine and Ethics = 10
points, Phytochemistry = 10 points, and DPPH-IC50 antioxidant assay interpretation = 12 points. This distribution reflected the
multidomain structure of the instrument and the need to assess both conceptual and quantitative reasoning.

Each item was mapped to a cognitive level based on Bloom’s taxonomy, ranging from C1 to C6. This mapping was used
to check whether item demands aligned with the intended construct and to support interpretation of item difficulty. Lower-level
items assessed recall and comprehension, whereas higher-level items assessed application, analysis, evaluation, or construction of
explanations. The item diagnostic tables report the cognitive level of each item to make this alignment transparent.

Item formats and scoring procedure

The instrument used a mixed-format design to capture different forms of student reasoning. Multiple-choice items assessed
conceptual recognition and discrimination among alternatives. Numerical items assessed calculation and quantitative interpretation.
Constructed-response items assessed students’ ability to explain, justify, or integrate concepts in written form.

Most multiple-choice and numerical items were scored from 0 to 1 point. Constructed-response items were scored from 0
to 2 points. A score of 0 indicated an incorrect, irrelevant, or missing response. A score of 1 indicated a partially correct response
that showed limited reasoning or incomplete use of relevant concepts. A score of 2 indicated a complete and accurate response that
demonstrated appropriate conceptual understanding and reasoning. This scoring approach follows the recommendation that mixed-
format assessments should use explicit rubrics to support scoring consistency [23]. Partial-credit scoring was used because it can
capture different levels of understanding in constructed-response and numerical tasks and provide more useful diagnostic
information than dichotomous scoring alone [24].

Because this study represents an initial psychometric assessment based on PRE data, the analysis focused on internal score
consistency and item-level diagnostics. Inter-rater reliability was not used as a primary source of evidence in the present analysis.
However, because constructed-response items were included, future validation should examine scoring consistency using inter-rater
agreement indices such as percentage agreement or Cohen’s kappa [25].

Data preparation and quality checks

Before analysis, all item scores and total score fields were converted into numeric format. The dataset was checked for
missing values and irregular entries. Total scores were recalculated from item-level scores and compared with the maximum possible
score of 32 points to ensure scoring accuracy. Domain subscores were also computed according to the predefined score allocation
for Ethnomedicine and Ethics, Phytochemistry, and DPPH-ICS50.

Statistical analysis and psychometric evaluation

Baseline performance was summarized using descriptive statistics, including mean, standard deviation, median, minimum,
maximum, and percentage of the maximum score. Total score distribution was examined to describe the spread of student
performance. Domain-level achievement was calculated by dividing the mean score of each domain by its maximum possible score
and expressing the result as a percentage. The psychometric evaluation followed Classical Test Theory. Internal consistency of the
28-item instrument was estimated using Cronbach’s alpha. Reporting reliability is a common practice in initial instrument evaluation
[26], and coefficients above 0.70 are commonly considered acceptable for preliminary educational measurement purposes [27].
However, alpha was interpreted cautiously because the instrument included multiple domains and mixed item formats.

Item difficulty was calculated as the proportion of students who answered each item correctly and was expressed as a
percentage. Items with difficulty values between 0.30 and 0.70 were considered more informative for diagnostic purposes because
they reduce extreme floor or ceiling effects while still differentiating among students [23]. Items with very low p values were
interpreted as potentially too difficult, whereas items with very high p values were interpreted as potentially too easy.

Item discrimination was evaluated using the D27 index, which compares performance between the upper and lower 27%
of students. Values above approximately 0.30 were interpreted as indicating useful discrimination between higher- and lower-
performing students [23]. Corrected item—total correlations were also calculated to examine the alignment between each item and
overall test performance after removing the item’s own contribution from the total score.

To support diagnostic refinement, items were classified according to their difficulty and discrimination patterns. Items with
extreme p values below 10% or above 90%, especially when combined with low discrimination, were identified as priorities for
revision [28]. For multiple-choice items, distractor effectiveness analysis is recommended in future refinement to identify distractors
that fail to represent plausible misconceptions [29]. Response-process evidence, such as think-aloud protocols or cognitive
interviews, should also be used in later validation phases to examine how students interpret item prompts and construct their answers
[30]. After item revision, reliability should be recalculated to determine whether the revised instrument maintains or improves its
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psychometric quality [31].

Graphical diagnostics were used to support item-level interpretation. The analysis included a difficulty curve by item
number, a discrimination curve by item number, and a joint diagnostic map plotting item difficulty against D27 discrimination.
These visualizations were used to identify items that were too easy, too difficult, weakly discriminating, or diagnostically
informative.

Considerations for subsequent validation phases

This study should be interpreted as an exploratory psychometric assessment based on a limited sample. Therefore,
additional validity evidence is needed before the instrument can be used for stronger inferential purposes. Future studies should
include expert review to strengthen content validity, response-process methods to examine how students understand and answer the
items, and larger samples to support structural analyses.

For evaluating internal structure, exploratory factor analysis may be more appropriate than confirmatory approaches during
early-stage validation, especially when sample size is limited [32]. Bootstrapping may also be used to produce more stable
confidence intervals for estimated parameters in small-sample contexts [33]. If domain subscores are used for diagnostic
interpretation, each domain must remain theoretically grounded, and correlations among domains should be interpreted carefully to
avoid overfitting or unsupported subscale claims [34].

3. Result and Discussion
Results
Overall PRE performance and score distribution

The analyzed cohort consisted of 41 fifth-semester undergraduate pharmacy students enrolled in the Phytochemistry course
at FKES UNIQHBA Bagu. All students completed the PRE concept test, which had a maximum score of 32 points. Table 1
summarizes the descriptive statistics of the total scores.

Table 1. Descriptive Statistics of Total Scores

N  Maximum Score (points)  Mean (points)  SD (points) Median (points)  Min—Max (points) Mean (%) 5,;))
0

41 32 19.90 4.18 20.00 11-29 62.20 13.05

The mean total score was 19.90 out of 32, equivalent to 62.20% of the maximum score. The standard deviation was 4.18
points, or 13.05% in percentage-score terms. The median score was 20.00, and the observed score range was 11-29 points. These
results indicate moderate baseline performance with substantial variation among students.
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Figure 1. Histogram of score percentages (%) with a normal curve as a visual reference
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Figure 2. Empirical cumulative distribution function (ECDF) showing the proportion of students scoring below a given threshold.

Figures 1 and 2 show the distribution of PRE percentage scores. The histogram provides a visual overview of score spread,
while the ECDF shows the cumulative proportion of students below each score threshold. Together, these diagnostics indicate that
students entered the course with uneven levels of initial competence.

Mastery threshold profile

A mastery criterion of >70% was used to contextualize baseline achievement. Based on this criterion, 9 students, or
approximately 22.0% of the cohort, reached the mastery threshold. The remaining 32 students, or approximately 78.0%, did not
reach the threshold. This pattern shows that most students had not yet achieved the expected level of baseline competence before
targeted instructional support.

The mastery threshold should be interpreted diagnostically rather than as a definitive indicator of competence. Because the
study used an initial PRE design and the instrument still requires further validation, the threshold mainly serves as a practical
reference for identifying students who may need additional support.

Domain-level performance and subscore profile

Table 2 summarizes mean attainment across the three domains, and Figure 3 presents the domain-level comparison as a
percentage of the maximum score.

Table 2. Mean attainment by domain

Domain Maximum Score Mean (points) SD  Mean (% of maximum)
Ethnomedicine / Ethics 10 7.88 1.25 78.80
Phytochemistry 10 7.29 2.15 7290
DPPH-IC50 12 4.73 2.54 3940
80 1
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70 4
E
£
‘5 65
£
sé 60 |
E 551
g 50
45 |
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Domain

Figure 3. Curve of mean attainment by domain (% of maximum score)
The domain profile revealed a clear imbalance. Students performed relatively well in Ethnomedicine and Ethics, with a
mean score of 7.88 out of 10, or 78.80% of the domain maximum. They also showed moderate-to-high performance in
Phytochemistry, with a mean score of 7.29 out of 10, or 72.90%. In contrast, performance in DPPH-IC50 interpretation was
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considerably lower, with a mean score of 4.73 out of 12, or 39.40%.
This pattern identifies DPPH-IC50 interpretation as the main baseline learning gap. The relatively high standard deviation
in this domain also suggests uneven quantitative reasoning skills among students.

Reliability of the multidomain concept test

The internal consistency of the 28-item instrument was acceptable for preliminary diagnostic use, with Cronbach’s a =
0.756. This value indicates that the instrument had sufficient internal consistency for initial baseline profiling. However, because
the instrument contains multiple domains and mixed item formats, this coefficient should not be interpreted as complete validity
evidence. Further reliability estimates at the domain level, as well as complementary indices such as McDonald’s omega and the
standard error of measurement, should be considered in future studies.
Item difficulty and discrimination diagnostics

Item-level diagnostics were calculated using Classical Test Theory. Item difficulty was expressed as the proportion of
correct responses, or p value. Item discrimination was examined using the D27 index, which compares the upper and lower 27% of
students. Corrected item—total correlations were also calculated to assess the alignment of each item with overall test performance.
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Figure 4. Item difficulty curve (p) by item number
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Figure 5. D27 discrimination curve by item number
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Figure 6. Item diagnostic map: difficulty (p) versus discrimination (D27)
Figures 4—6 provide item-level diagnostic information. Figure 4 shows the difficulty pattern across the 28 items, Figure 5

shows discrimination values across items, and Figure 6 combines difficulty and discrimination to identify items that are
diagnostically useful, too easy, too difficult, or weakly discriminating.

Most difficult items
Table 3 shows the eight most difficult items based on the lowest p values.

Table 3. Eight most difficult items (lowest p values, %)

. Cognitiv Max Proportion Corrected Item—
Item  Domain e Level Format Points  Correct (p, %) D27 Total Correlation
Ethnomedicine /
4 Ethics C4 MCQ 1 0.00 0.00  NaN
28 DPPH-IC50 C6 CR 2 9.80 023 037
27 DPPH-IC50 Cs CR 2 14.60 027 043
23 DPPH-IC50 C3 NUM 1 17.10 0.18  0.29
22 DPPH-IC50 C3 NUM2 1 24.40 045 043
21 DPPH-IC50 C3 NUM 1 31.70 036  0.28
18 Phytochemistry  C6 CR 2 46.30 0.68 0.45
20 DPPH-IC50 C2 MCQ 1 56.10 036 0.34

The most extreme result was Item 4, which had p = 0.00%, D27 = 0.00, and a non-estimable corrected item—total
correlation. This result suggests that the item should be reviewed for possible problems in wording, keying, content alignment, or
cognitive demand.

Most difficult items were concentrated in the DPPH-IC50 domain. Items 28, 27, 23, 22, and 21 showed relatively low p
values, indicating that students struggled with quantitative assay interpretation. However, not all difficult items were
psychometrically weak. Item 22 showed useful discrimination, with D27 = 0.45 and corrected r = 0.43. Item 18 in the
Phytochemistry domain also showed strong discrimination, with D27 = 0.68 and corrected r = 0.45. These items should not be
removed automatically; instead, they should be reviewed for clarity while preserving their diagnostic value.

Easiest items
Table 4 shows the eight easiest items based on the highest p values.

Table 4. Eight easiest items (highest p values, %)

ltem  Domain Lol Format g % P27 Tow Comelation
7 Etﬁi‘;medicme/ C3 MCQ 1 100.00 0.00 NaN
2 Etﬁ?c‘;medi"i“e/ 2 MCQ 1 97.60 0.00  —0.00
5 giﬁ‘ilc"smedicme/ 2 MCQ 1 95.10 0.18 022
6 Ethnomedicine / C4 MCQ 1 95.10 0.09  0.08
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Ethics
Ethnomedicine /
1 Ethics Cl MCQ 1 92.70 0.18 0.28
Ethnomedicine /
3 Ethics C3 MCQ 1 92.70 0.18 0.28
10 Phytochemistry  Cl1 MCQ 1 92.70 0.27 0.47
16 Phytochemistry C3 MCQ 1 92.70 0.09 0.09

The easiest items were mainly located in the Ethnomedicine and Ethics domain. Items 7 and 2 showed strong ceiling
effects, with p = 100.00% and p = 97.60%, respectively. Both items also had D27 = 0.00, indicating that they did not distinguish
higher-performing students from lower-performing students. These items should be revised by increasing cognitive demand,
improving distractor plausibility, or adding contextual complexity.

Some easy items still showed useful alignment with the overall score. For example, Item 10 had p =92.70%, D27 = 0.27,
and corrected r = 0.47. This item may be retained with minor revision, especially if it assesses an essential foundational concept.

Discussion
Overview of findings

This exploratory study provides an initial diagnostic profile of students’ baseline competence and the preliminary
psychometric quality of a multidomain concept test. The main finding is a clear imbalance across domains. Students showed
relatively stronger performance in Ethnomedicine and Ethics and Phytochemistry, but substantially weaker performance in DPPH—
IC50 interpretation.

The overall PRE result was moderate, with a mean score of 19.90 out of 32, or 62.20% + 13.05%. The observed score
range of 11-29 points indicates substantial variation in students’ initial understanding. Similar variability is often found in concept-
test and diagnostic-assessment contexts, where differences in prior knowledge, conceptual preparation, and learning experience
influence pretest performance [35][36][37][38][39][40].

The use of a >70% mastery threshold provided a practical reference for identifying students who may need additional
support. However, mastery thresholds must be interpreted carefully because score meaning depends on instrument alignment,
difficulty distribution, and validation evidence [41][42][43][44][45][46]. In this study, the threshold functions as a diagnostic
indicator rather than a final standard of competence.

Domain imbalance and the DPPH-ICS0 learning gap

The domain-level results showed a clear hierarchy. Ethnomedicine and Ethics reached 78.80% of the maximum score,
Phytochemistry reached 72.90%, and DPPH-IC50 reached only 39.40%. This pattern suggests that students were more prepared for
concept-based and contextual domains than for quantitative assay interpretation. Domain subscores are useful because they can
reveal specific strengths and weaknesses that may be hidden by a total score [47][48]. However, their interpretation requires caution.
Subscores should be supported by item-level evidence, theoretical construct alignment, and internal-structure evidence before they
are used for strong diagnostic decisions [47][49].

The low DPPH-IC50 score likely reflects the complex nature of antioxidant assay interpretation. Students must calculate
percentage inhibition, understand concentration—response relationships, interpret curves, and reason about IC50 as a comparative
index. These tasks require both conceptual understanding and procedural quantitative fluency. The current pattern is consistent with
studies showing that students often perform better on knowledge-based tasks than on quantitative reasoning or curve-interpretation
tasks [50]. Therefore, future instruction should strengthen graph interpretation, mathematical reasoning, and practice-based
interpretation of experimental data [51][52].

Instrument quality and psychometric interpretation

The instrument showed acceptable internal consistency for preliminary diagnostic profiling, with Cronbach’s o = 0.756.
This value supports the use of the test for early-stage mapping of student competence. However, alpha should be interpreted
cautiously because the instrument is multidomain and includes mixed item formats. Cronbach’s alpha is widely used in educational
measurement, but it does not by itself establish validity or dimensionality [53]. Future studies should report additional reliability
evidence. McDonald’s omega may provide a more appropriate estimate when item covariance structures are complex [54][55][56].
The standard error of measurement can also clarify score precision. For multidomain instruments, subscale reliability should be
examined so that domain-specific interpretations are not based only on a single total-score coefficient [S7][58][59].

Item difficulty, discrimination, and revision priorities

The item diagnostics provide clear guidance for instrument refinement. Items with p values between 0.30 and 0.70 are
generally considered more informative for diagnostic purposes, whereas items below 0.30 may be too difficult and items above 0.70
may be too easy [60][61]. Discrimination indices such as D27 and corrected item—total correlations help determine whether an item
distinguishes higher-performing students from lower-performing students [62][63]. Several items require revision because they
showed extreme difficulty or extreme easiness. Item 4 is the strongest candidate for immediate review because no student answered
it correctly. This may indicate a scoring-key error, unclear wording, content misalignment, or excessive cognitive demand. In
contrast, Items 7 and 2 were answered correctly by nearly all students but showed no discrimination. These items should be made
more cognitively demanding or revised with more plausible distractors.

The DPPH-ICS50 items require a more nuanced approach. Some were difficult but still discriminative. Item 22, for example,
had p =24.40%, D27 = 0.45, and corrected r = 0.43. This suggests that the item was challenging but useful for differentiating student
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ability. Similarly, Item 18 in Phytochemistry had strong discrimination, with D27 = 0.68 and corrected r = 0.45. Such items should
generally be retained, with refinements to wording or scoring criteria if needed. Difficult but discriminative items can remain
valuable when they align with the intended construct and are supported by appropriate instruction [66]. Items that are too easy and
weakly discriminating should be revised by increasing contextual complexity, strengthening distractors, or requiring more reasoning
rather than recall [63][64]. Items that are too difficult and weakly discriminating should be simplified through clearer wording,
reduced irrelevant cognitive load, intermediate prompts, or segmentation into smaller steps [65]. The goal is not to make all items
easier, but to improve the balance between difficulty, discrimination, and construct alignment.

Pedagogical implications

The PRE results show that students need targeted support in DPPH-IC50 quantitative interpretation. Instruction should
begin with foundational calculations, such as percentage inhibition and concentration conversion, before moving to curve reading,
interpolation, and IC50 comparison. Worked examples can reduce cognitive load by showing step-by-step reasoning and calculation
procedures [1]. Scaffolding can then guide students from simple calculations to more complex assay interpretation tasks [2] [3].

Explicit instruction in graph and curve interpretation is also needed. Visual representations of concentration—inhibition
relationships can help students connect numerical data with biological meaning. This is important because students often struggle
to connect chemical concepts, representations, and biological contexts [4][5][6]. Peer discussion and inquiry-based activities may
further support reasoning because students must explain, compare, and justify their interpretations [7]. Regular formative assessment
can also help identify misconceptions early and provide timely feedback [8].

Aligning future evaluation with diagnostic use

Because this study used only PRE data, it cannot support claims about instructional effectiveness. The results show baseline
competence and item performance, not learning gains. Future studies should include posttest data and, when possible, comparison
groups. Pre—post comparisons can show whether students improve in quantitative assay interpretation after targeted instruction [9].
Rubric-based performance tasks can provide richer evidence of procedural reasoning and conceptual accuracy than total scores
alone [10]. Longitudinal tracking may also show whether students retain and transfer quantitative interpretation skills across
laboratory contexts [11].

Balancing content coverage and psychometric quality

A multidomain concept test must balance content representativeness and psychometric quality. The instrument should
include items across relevant domains and cognitive levels, but it should also avoid excessive clustering of items at very low or very
high difficulty levels. Balanced cognitive demand is important so that the instrument captures both foundational knowledge and
higher-order reasoning [67]. At the same time, items must discriminate adequately among students with different levels of
competence [68]. The current findings suggest two main refinement needs. First, Ethnomedicine and Ethics items with strong ceiling
effects should be revised to better differentiate students. Second, DPPH-IC50 items should be reviewed to ensure that they measure
the intended quantitative reasoning skills rather than unnecessary procedural overload. These revisions can improve diagnostic
information across the full ability spectrum.

Roadmap for further validity evidence

The present findings provide preliminary evidence, but a stronger validity argument is still needed. Future validation should
begin with expert content review to confirm that items match the intended constructs, indicators, and cognitive levels [69]. Cognitive
interviews or other response-process methods should then be used to examine how students understand prompts and construct their
answers [70]. With larger samples, structural analyses such as exploratory factor analysis, [tem Response Theory, or Rasch modeling
can be used to examine dimensionality and item functioning beyond Classical Test Theory [71]. Known-groups validity testing can
determine whether the instrument distinguishes students with different levels of preparation [72]. Differential item functioning
analysis can also help evaluate fairness across student groups [73].

Limitations

This study is limited by its PRE-only design. The results describe baseline competence and preliminary item performance,
but they do not demonstrate instructional effectiveness or learning gains. The sample was also drawn from a single cohort of fifth-
semester undergraduate pharmacy students in one institutional and course context. Therefore, generalization to other programs,
semesters, or institutions should be made cautiously. The instrument also requires further validation. Although Cronbach’s alpha
was acceptable, additional evidence is needed for content validity, response processes, internal structure, subscore reliability, and
scoring consistency for constructed-response items. Future research should include larger samples, posttest data, expert review, and
more complete psychometric analyses.

Concluding synthesis

The PRE results reveal a clear domain-specific gap in DPPH-IC50 interpretation. Students showed stronger baseline
performance in Ethnomedicine and Ethics and Phytochemistry, but weaker performance in quantitative antioxidant assay
interpretation. This finding supports the need for targeted scaffolding in percentage inhibition calculation, curve reading, and IC50
reasoning.

The multidomain concept test showed acceptable internal consistency for preliminary diagnostic profiling. However, item
diagnostics revealed floor and ceiling effects that should be addressed through systematic item revision. Overall, the findings provide
a useful empirical basis for improving both instruction and instrument development in multidomain phytochemistry-related
assessment.
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4. Conclusion

This initial pre-intervention assessment shows that students’ foundational proficiency in ethnomedicine and ethics,
phytochemistry, and DPPH-IC50 interpretation was uneven. Although the overall mean score reached 62.20% of the maximum
score, most students did not meet the >70% mastery threshold. Domain-level results identified DPPH-IC50 interpretation as the
main learning gap, with students achieving only 39.40% of the domain maximum. This finding indicates that students need stronger
support in quantitative assay interpretation, particularly in percentage inhibition calculation, dose—response interpretation, and IC50
reasoning.

The mixed-format instrument demonstrated acceptable internal consistency for preliminary diagnostic use, with
Cronbach’s alpha of 0.756. However, item diagnostics revealed floor and ceiling effects, as well as variation in item discrimination.
These findings suggest that the instrument is useful for initial baseline profiling but still requires refinement before broader
diagnostic application. Future development should revise extreme items, rebalance item difficulty across domains, and strengthen
the measurement of DPPH-IC50 quantitative reasoning. Further validation should also include expert review, response-process
evidence, inter-rater reliability for constructed-response items, structural analysis, and larger samples with posttest or comparison-
group data. Overall, this study provides preliminary empirical evidence for a multidomain diagnostic assessment framework that
integrates ethnomedicine, phytochemistry, and antioxidant assay interpretation in pharmacy education. The findings can guide both
targeted instructional scaffolding and systematic instrument refinement.
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