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equitable, high-quality science education aligned with SDG 4 and the
OECD’s science competency benchmarks. Using a developmental re-
search design, the tool was constructed based on key Genetics con-
cepts aligned with the Philippine BSED Science curriculum. Items
were reviewed by Genetics experts for content validity. The instru-
ment was pilot-tested among 200 undergraduates using stratified
random sampling to ensure representation across gender and aca-
demic backgrounds. Rasch analysis was conducted using R Studio
(TAM and eRm packages) to evaluate item fit, unidimensionality, dif-
ficulty targeting, differential item functioning (DIF), and reliability.
Results indicated that 33 of 40 items demonstrated good model fit,
with a principal component analysis (PCA) eigenvalue of 1.9 sup-
porting unidimensionality. The item-person map showed that item
difficulty aligned well with student ability levels, with minimal ceil-
ing and floor effects. DIF analysis confirmed measurement invari-
ance across gender and academic background, with all DIF contrast
values falling within +0.5 logits. Reliability indices were high (KR-20
and Cronbach’s Alpha = 0.87), and person separation index was 2.6,
confirming the tool’s capacity to differentiate among multiple ability
levels. The study concludes that the developed tool is psychometri-
cally sound, equitable, and instructionally valuable. It is recom-
mended for use in undergraduate Genetics courses for diagnostic
and summative assessment. Future research may expand the tool to
broader domains in Genetics and evaluate its impact on instruc-
tional quality and student learning outcomes.
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Introduction

In an era of rapid genomics, biotechnology,
and precision medicine advancements, genet-
ics literacy has become a cornerstone of 21st-
century scientific competency (OECD, 2018).
The OECD’s Programme for International Stu-
dent Assessment (PISA) underscores the need
for science education to evolve beyond rote
memorization, emphasizing critical thinking
and real-world application, principles that ge-
netics education uniquely fulfills (OECD, 2019).

Similarly, UNESCO’s Education for Sustain-
able Development (ESD) framework highlights
genetics as pivotal to addressing global chal-
lenges, from public health crises like genetic
disorders, pandemics to food security such as
GMOs, and climate-resilient crops (UNESCO,
2021).

These align with the United Nations Sus-
tainable Development Goals (SDGs), particu-
larly SDG 3 (Good Health and Well-being) and
SDG 4 (Quality Education), which advocate for
equitable access to transformative science edu-
cation (UN, 2022).

Yet, despite global recognition, significant
disparities persist. Studies reveal that students
in low- and middle-income countries (LMICs),
including the Philippines, struggle with founda-
tional genetics concepts such as Mendelian in-
heritance, gene expression, and ethical implica-
tions of CRISPR (Smith et al., 2020; Montecillo
et al.,, 2023). This gap mirrors broader inequi-
ties in STEM education resources and teacher
training, a concern raised by the World Bank’s
2023 report on LMIC science education (World
Bank, 2023).

In the Philippines, the Commission on
Higher Education (CHED) CMO No. 75, s. 2017
mandates outcomes-based education (OBE) for
BSED Science program, requiring valid, relia-
ble, and equitable assessments to measure stu-
dent competence (CHED, 2017).

However, genetics instruction in Philippine
universities often relies on improvised or out-
dated assessments that lack psychometric rigor
(Almerino et al, 2020). For example, a 2023
study at three state universities found that 65%

of genetics exams tested recall rather than
analysis, and no tools were validated using
modern psychometric methods (Montecillo et
al,, 2023). This misalignment risks producing
graduates ill-equipped to teach genetics effec-
tively in K-12 schools, a critical concern given
the DepEd’s recent integration of genomics into
the senior high school curriculum (DepEd Or-
der No. 021, s. 2022).

Interviews with Philippine science educa-
tors conducted preliminarily for this study re-
veal further pain points:

“We reuse test questions from old text-
books because we lack time to develop new
ones.”

“Students memorize terms but can’t explain
how DNA replication relates to cancer.”

These anecdotes underscore the need for a
standardized, theory-driven assessment tool.
One that aligns with CHED’s OBE standards
while addressing global science education
benchmarks.

Multiple-choice questions (MCQs) have be-
come the cornerstone of large-scale assess-
ments like PISA and TIMSS, prized for their
scalability, objectivity, and efficiency (Preston
et al,, 2020). Yet, their widespread use belies a
critical weakness. Poorly designed MCQs often
fall short of evaluating higher-order thinking or
distinguishing genuine mastery from lucky
guesses (Tarrant et al., 2021). Such limitations
undermine the potential of MCQs to meaning-
fully measure learning outcomes, especially in
contexts where resources for assessment de-
sign are scarce.

The Rasch model, a robust branch of Item
Response Theory (IRT), offers a transformative
solution to these challenges. By calibrating item
difficulty and student ability on a unified logit
scale, it enables precise measurement of com-
petency (Boone et al, 2022). Beyond mere
scoring, the model identifies misfitting items,
questions that high-achievers miss but low-
achievers answer correctly, through advanced
infit/outfit statistics (Wright & Stone, 2023).

[t also detects hidden biases, such as differ-
ential item functioning (DIF) across gender or
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institutional lines, ensuring assessments are
equitable (Arjoon et al., 2021). Globally, Rasch
has underpinned the validation of gold-stand-
ard tools like the Genetics Concept Assessment
(GCA) and BioMolecular Literacy Exam (BLE)
(Prevost et al., 2022). However, these instru-
ments rarely account for the unique curricular
and linguistic contexts of low- and middle-in-
come countries (LMICs), leaving educators
without reliable, locally relevant metrics.

A Rasch-validated MCQ tool tailored to Phil-
ippine genetics education could revolutionize
classroom practice. It would empower instruc-
tors to diagnose persistent misconceptions,
like conflating dominant and recessive traits,
and align teaching with CHED’s competency
standards, such as gene-environment interac-
tions.

Moreover, it would provide a benchmark to
compare student performance against global
science literacy frameworks like those of the
OECD (2020). This study pioneers such a tool,
bridging policy mandates like CHED’s out-
comes-based education (OBE) and DepEd’s K-
12 genomics curriculum with UNESCO’s
broader goals of equitable, sustainable educa-
tion.

This study responds to these gaps by devel-
oping and validating a Rasch-based MCQ tool
for undergraduate genetics, bridging CHED's
OBE mandates with global benchmarks (OECD,
UNESCO) and SDG 4’s equity goals. By integrat-
ing local curriculum needs with international
psychometric standards, this work aims to ad-
vance genetics education in the Philippines and
similar contexts.

Objectives of the Study
This study aimed to develop and validate a

multiple-choice assessment tool in undergrad-

uate Genetics using Rasch modeling. Specifi-
cally, it sought to:

1. To evaluate the item fit and unidimension-
ality of the developed Genetics assessment
tool based on the Rasch model.

2. To determine the appropriateness of item
difficulty levels and assess how well the
items target the ability range of the exami-
nees.

3. Toexamine measurement invariance of the
assessment tool by analyzing Differential
Item Functioning (DIF) across gender and
academic background.

4. To assess the reliability of the assessment
tool in terms of internal consistency and
item/person separation using Rasch-based
indices.

Methods
Research Design

This study utilized a developmental re-
search design, specifically focusing on the de-
velopment and validation of a multiple-choice
assessment tool in undergraduate Genetics.
The Rasch model, a modern psychometric ap-
proach, was employed to evaluate the psycho-
metric properties of the test items, including
item fit, unidimensionality, item difficulty,
measurement invariance, and reliability.

Participants and Sampling Technique

The respondents of the study were 200 un-
dergraduate students enrolled in a Genetics
course at a state college in the Masbate, Philip-
pines. Stratified random sampling was em-
ployed to ensure representation across gender
and academic backgrounds. This sampling ap-
proach included all the first-year to fourth-year
students to ensure that the data gathered were
adequate for Rasch analysis and generalizable
to a broader undergraduate population.

Research Instrument

The research instrument developed was a
multiple-choice assessment tool composed of
40 items focused on key concepts in under-
graduate Genetics. The items were aligned with
the course syllabus and learning competencies
and constructed following standard item-writ-
ing guidelines. Each item included one correct
answer and three plausible distractors. A panel
of three Genetics experts conducted content
validation using an adapted questionnaire to
ensure these elements; accuracy, relevance,
and clarity of each item. Revisions were made
based on expert feedback. The instrument was
administered in a controlled environment to
collect data for Rasch analysis, focusing on its
psychometric qualities.
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Data Gathering Procedure

The assessment tool was developed based
on the Genetics course syllabus, textbook con-
tent, and expert consultation with Genetics In-
structors and Professors. A total of 40 multiple-
choice items were initially constructed. The
tool underwent content validation by three Ge-
netics experts. After revisions, the test was pi-
lot-administered to the respondents. The stu-
dents completed the test under supervised
classroom conditions.

Data Analysis Procedure

Rasch analysis was conducted using R Stu-
dio software to evaluate the psychometric
properties of the assessment tool. Specifically,
the "TAM" (Test Analysis Modules) and "eRm"
(Extended Rasch Modeling) packages were em-
ployed considering its accessibility and it’s free
and an open source compared to other pack-
ages. The TAM package facilitated the estima-
tion of item and person parameters, while eRm
was used to assess unidimensionality through
principal component analysis of residuals and
other fit diagnostics. The data analysis included
examination of item fit statistics (infit and out-
fit mean square values), unidimensionality as-
sessment through PCA of residuals, analysis of
item difficulty in relation to examinee ability
using an item-person map, detection of Differ-
ential Item Functioning (DIF) across gender
and educational background, and calculation of
reliability and separation indices to determine
internal consistency and discrimination power
of the tool.

Ethical Considerations

Informed consent was sought from all par-
ticipants. Anonymity and confidentiality were
strictly maintained. The students were in-
formed that participation was voluntary and
that their performance would not affect their
course grades. Additionally, the use of artificial
intelligence applications was disclosed. These
tools were used to assist in the drafting and ed-
iting of this manuscript, and all content was
carefully reviewed to ensure academic integ-
rity and accuracy.

Result and Discussion

This section presents the findings of the
Rasch analysis conducted on the multiple-
choice assessment tool in undergraduate Ge-
netics. The results are organized according to
the study’s research questions, covering item
fit and unidimensionality, item difficulty and
targeting, differential item functioning (DIF),
and reliability and separation indices. Visual
representations accompany the discussion to
enhance understanding, supported by relevant
literature and implications for teaching and as-
sessment.

Item Fit and Unidimensionality

Figure 1 presents the distribution of Infit
Mean Square (MNSQ) values for the 40 test
items in the developed Genetics assessment
tool. According to Rasch model conventions, In-
fit MNSQ values between 0.70 and 1.30 are
considered acceptable, indicating that an item
contributes meaningfully to measuring the un-
derlying construct without introducing noise
or distortion (Bond & Fox, 2015). In this analy-
sis, 33 items fell within this acceptable range,
suggesting good fit and consistent measure-
ment behavior. However, seven items exhibited
misfit; overfit items (Infit MNSQ <0.70), and
these are theitems 11, 20, and item 32; underfit
items (Infit MNSQ >1.30) are items 4, 15, 26,
and item 38.

Overfit items (e.g., Item 11 with an MNSQ
below 0.70) may be overly predictable or re-
dundant, and students of all ability levels likely
answered these questions similarly. Such items
may not add unique measurement value and
could be revised to increase cognitive challenge
or removed if redundant.

Underfit items (e.g, Item 4, 15, 26, and 38
with MNSQ above 1.30) may behave erratically,
potentially confusing high-ability students or
including misleading distractors. These items
should be reviewed for content clarity, align-
ment with learning outcomes, or flaws in dis-
tractor design. If revisions do not improve fit,
they may be candidates for removal.
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Item Fit Statistics Distribution (Infit MNSQ)
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Figure 1. Item Fit Statistics Distribution Chart

The Principal Component Analysis (PCA) of
standardized residuals yielded a first contrast
eigenvalue of 1.9, which supports unidimen-
sionality. In Rasch analysis, a first contrast ei-
genvalue below 2.0 typically indicates no sub-
stantial secondary dimension in the data (Lina-
cre, 2021). This means that the set of items is
likely measuring a single latent trait, in this
case, Genetics understanding, rather than mul-
tiple unrelated constructs.

This result aligns with the findings of Boone
etal. (2014), who emphasized that good item fit
and low residual contrast are indicators of con-
struct validity in Rasch modeling.

Similarly, Bond and Fox (2015) asserted
that unidimensionality is a prerequisite for in-
terpreting Rasch-based measures meaning-
fully. The conformity of most items to Rasch ex-
pectations confirms that the tool measures a
single underlying construct with Genetics un-
derstanding.

This combination of good item fit, low ei-
genvalue, and coherent targeting confirms that
the test measures a single unified construct. As
such, the tool can be validly used for summative
evaluations, like the final grades, and diagnos-
tic purposes in identifying conceptual gaps. The
identification of misfitting items also provides
clear evidence for future refinement, ensuring
continuous improvement of the instrument.

Item Difficulty and Targeting

The Item-Person Map generated through
Rasch modeling provides a visual representa-
tion of the alignment between item difficulties
and examinee abilities on a common logit scale.
In this study, item difficulties as presented in
Figure 2 ranged from -2.0 to +2.5 logits, align-
ing closely with the distribution of student abil-
ities. This alignment indicates that the assess-
ment tool is well-targeted for the sample popu-
lation, effectively capturing varying levels of
student understanding in Genetics.

A well-targeted assessment is character-
ized by a close match between item difficulties
and person abilities, ensuring that items are
neither too easy nor too difficult for the exami-
nees. This balance enhances the precision of
measurement across the ability spectrum.

The minimal presence of items at the ex-
treme ends of the difficulty continuum suggests
limited ceiling and floor effects. Ceiling effects
occur when test items are too easy, leading to
high scores that do not differentiate among
higher-ability examinees. Conversely, floor ef-
fects happen when items are too difficult, re-
sulting in low scores that fail to distinguish
among lower-ability examinees. Both effects
can compromise the assessment's ability to ac-
curately measure the intended construct.

The Rasch model's capacity to place both
item difficulties and person abilities on the
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same scale allows for the evaluation of meas-
urement invariance and fairness across diverse
groups. This property ensures that the assess-
ment measures the same construct equiva-
lently across different subpopulations, such as
gender or academic background.

These results indicate that the test can cap-
ture varying levels of student understanding ef-
fectively, allowing instructors to identify learn-
ers who need additional support or who are ex-
celling.

3.0 25 2.0 15 10 0.5

ltem-Person Map

Logit Scale (Ability / Difficulty)

11

05 10 15 2.0 2.5 3.0

Figure 2. Item-Person Map

Differential-Item Functioning

Differential Item Functioning (DIF) refers
to a psychometric property wherein an item on
a test functions differently for distinct groups
of examinees, even when those groups possess
comparable levels of the latent trait being
measured (Zumbo, 2007). In the context of
Rasch measurement, DIF is quantified through

contrast values expressed in logits, typically
calculated as the difference in item difficulty
between groups. A common guideline, as pro-
posed by Linacre (2012), suggests that items
with DIF contrast values exceeding #0.5 logits
may warrant further investigation for potential
bias.
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Figure 3. Differential Item Functioning Analysis Plot
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Figure 3 presents the DIF analysis plot for
the 40-item Genetics multiple-choice assess-
ment. Each bar reflects the DIF contrast for a
particular item, with red dashed lines marking
the £0.5 logit threshold. The visual distribution
of bars indicates that all items fall well within
the acceptable range, with contrast values
ranging approximately from -0.45 to +0.45
logits.

The result aligns with Zumbo's (2007) per-
spective that only contrast values approaching
or exceeding +0.5 logits, especially when
paired with statistical significance, should raise
concerns about potential item bias. In this
study, negligible DIF is statistically not signifi-
cant meaning items are likely to be ignored,
while significant means possible item bias.

This result implies that no item displayed
significant DIF based on the grouping variable,
such as gender or academic background, which
supports the measurement invariance of the
tool. This empirical evidence aligns with the ex-
pectations of fair and unbiased assessment. Ac-
cording to Bond and Fox (2015), measurement
invariance ensures that items are interpreted
similarly across diverse subgroups, which is a
foundational requirement for equitable testing
practices.

Moreover, Tavakol and Dennick (2011) em-
phasized the role of invariance in supporting
the validity and fairness of inferences drawn
from test scores. Comparable findings were
also reported in a study by Alnahdi (2020),

which used Rasch analysis to demonstrate the
fairness of a university admission test across
gender, with nearly all items falling within the
+0.5 DIF boundary. Similarly, Chung (2022)
found minimal DIF in a language assessment
tool using Rasch modeling, reinforcing the ro-
bustness of DIF as an equity indicator.

The absence of notable DIF in the current
study indicates that the Genetics assessment
tool provides equitable measurement across
subgroups of students. This characteristic is
particularly important for use in heterogene-
ous classrooms where learners may differ in
gender, academic background, or other socio-
demographic variables. Thus, the tool demon-
strates not only psychometric rigor but also
fairness in evaluating varying student abilities
without introducing bias through item content
or phrasing.

Reliability and Separation

To determine the psychometric robustness
of the 40-item multiple-choice Genetics assess-
ment tool, reliability and separation statistics
were examined using Rasch analysis. Specifi-
cally, two internal consistency indices were cal-
culated; the Kuder-Richardson Formula 20
(KR-20), appropriate for dichotomous items,
and Cronbach’s Alpha, a general measure of re-
liability. Additionally, the person separation in-
dex (G) was computed to assess the test's abil-
ity to distinguish among different levels of stu-
dent ability.
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Figure 4. Reliability and Separation Statistics
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Figure 4 presents a scatter plot that visually
correlates the reliability indices (KR-20 and
Cronbach’s Alpha) to the person separation in-
dex. Both KR-20 and Alpha yielded a value of
0.87, while the corresponding person separa-
tion index was 2.6.

These data points are represented as mark-
ers located in the upper-right region of the plot,
signaling both high internal consistency and
strong person separation. The tight clustering
of the two reliability values at the same coordi-
nate, with the separation index, confirms that
both metrics converge in supporting the test's
precision.

A person separation index of 2.6 indicates
that the instrument can reliably classify exami-
nees into three distinct ability strata: students
who are slow, medium, and high performers.
According to Linacre (2021), the person sepa-
ration index approximates how well a test can
spread students along the latent trait contin-
uum, with values above 2.0 suggesting the tool
is capable of discriminating among at least
three statistically meaningful levels of ability.

This result indicates that the assessment
tool demonstrates high internal consistency,
confirming that the items function cohesively
to measure the intended construct. The person
separation index of 2.6 suggests that the tool
can differentiate students into at least three
statistically distinct ability levels, which is con-
sidered robust for educational assessment
(Linacre, 2021).

The visual presentation confirms that the
high reliability values align with a strong sepa-
ration ratio. According to Bond and Fox (2015),
reliability coefficients above 0.80 are indicative
of consistent response patterns, while person
separation indices above 2.0 indicate that the
instrument is sensitive enough to detect mean-
ingful differences in performance.

Boone et al. (2014) also highlighted that a
reliable test with high separation power can
support both instructional decisions and em-
pirical research by offering precise and inter-
pretable measurements.

The alignment of high reliability and ade-
quate separation in this study confirms that the
Genetics assessment tool is both statistically
sound and educationally useful. The results
emphasize the tool’s ability to provide accurate

diagnostic feedback, which can be used to
group learners, identify instructional needs, or
evaluate curricular outcomes.

Conclusion and Recommendation

This study successfully developed and vali-
dated a 40-item multiple-choice assessment
tool for undergraduate Genetics using Rasch
modeling. The psychometric evaluation of the
tool demonstrated strong evidence of validity
and reliability. [tem fit statistics confirmed that
the majority of items conformed to Rasch ex-
pectations, supporting the tool’s unidimension-
ality and its ability to measure a single underly-
ing construct, Genetics understanding. The
item-person map revealed a well-targeted as-
sessment, with item difficulty levels closely
aligned with the ability levels of the respond-
ents, minimizing both ceiling and floor effects.

Importantly, the Differential [tem Function-
ing (DIF) analysis showed no significant item
bias across gender and academic background,
affirming the fairness and measurement invar-
iance of the instrument. This indicates that the
tool's potential to be used equitably in diverse
classroom settings. Furthermore, the high per-
son and item reliability indices, along with ro-
bust separation values, indicated that the tool
can distinguish among multiple ability strata
and consistently measure student perfor-
mance.

The findings have emphasized the utility of
Rasch modeling in constructing rigorous, equi-
table, and instructionally useful assessments in
science education. The validated tool aligns
with CHED’s outcomes-based education frame-
work. It also supports global benchmarks for
science literacy, such as those advocated by the
OECD and UNESCO. The developed instrument
is beneficial not only for use in Genetics class-
rooms in the Philippines but also as a model for
assessment development in similar low- and
middle-income contexts.

This study was limited to undergraduate
students from one region, so the results may
not apply to all student populations. It also used
only multiple-choice questions, which may not
fully capture students’ deeper understanding
of genetics.

Future studies may consider expanding the
tool for broader genetics domains and
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evaluating its effectiveness in informing in-
structional interventions and improving stu-
dent learning outcomes.
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