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ARTICLE INFO ABSTRACT

Keywords: Purpose- This research was carried out to explain the scientific literacy
Science literacy profile of undergraduate science education students in the context of
Applied Science Applied Science, by examining (1) the proportion of science literacy
Dimension question dimensions in multiple-choice test instruments, and (2) student
Score mapping achievement scores on each of the question dimensions of scientific literacy.

Methodology- This is a descriptive, quantitative study with a one-shot,
cross-sectional measurement design. The study group included 115 pre-
service science teachers from four parallel (A-D) classes, sampled using
total sampling. The test contained 20 multiple-choice questions, which were
pre-aligned to four dimensions of scientific literacy, including knowledge,
attitudes, context, and competencies, and each of these dimensions was
explicitly defined. Procedures included administering the test, scoring
dichotomously (correct/incorrect), summarizing achievement by
dimension using percent correct, and conducting Classical Test Theory item
analysis by calculating percent correct for each item and classifying
difficulty.

Finding- This study reveals that dimension achievement showed the
highest performance in attitudes and moderate performance in knowledge,
whereas performance in context and competencies was lower. Item
difficulty analysis indicated that most items were easy (p > 0.70), a smaller
portion were moderate (0.30-0.70), and none were difficult (p < 0.30),
suggesting the instrument is effective for screening foundational mastery
but may be less effective at differentiating mid-to-high performance levels.

Significance- This study provides an applied-science, explicit scientific
literacy profile for science education students. It delivers practical
diagnostic evidence to improve the MCQ instrument by balancing the
blueprint, strengthening distractors, and increasing cognitive demand to
capture contextual decision-making better.
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INTRODUCTION

The rapid growth of science and technology, along with the increasing flow of information in the digital
world, makes scientific literacy ever more crucial for citizens who want to make evidence-based decisions
about health, the environment, energy, and technology (Seema, 2024). The consensus report of the National
Academies argues that the current information ecosystem facilitates the spread of scientific misinformation
and suggests increasing the ability of the masses to evaluate scientific assertions, evidence, and sources
(National Academies of Sciences Engineering & Medicine, 2025). However, scientific literacy has never had a
single definitive definition. Abell (2013) identified two competing conceptions of scientific literacy: first, the
idea that scientific literacy is knowledge about internal products and processes of science, facts, science
procedures, and the logic of inquiry; and, the idea that scientific literacy is based on knowledge that can be
applied in their personal, social, and civic lives in which citizens find themselves. Recent science education
research builds on this second, more applied idea when it emphasizes that the ability to assess claims and
distinguish credible scientific data has become a central element of science learning outcomes, particularly as
students are exposed to digital material that blends science, opinion, and propaganda (Dabran-Zivan &
Baram-Tsabari, 2025; Mellberg et al., 2025; Wahyuni et al., 2026). This distinction matters for the present study
because it signals that scientific literacy cannot be reduced to the amount of content knowledge a person holds;
it also concerns whether that knowledge can be mobilized to reason and act.

The improvement of scientific literacy at the global level is also considered an important indicator in
international measures. The Organization for Economic Co-operation and Development (OECD) (OECD,
2023b) defines scientific literacy as the ability to engage with science-related problems, utilize scientific
knowledge and procedures to develop informed solutions, and analyze evidence across various life scenarios.
The science literacy framework presented in PISA 2025 outlines the scientific literacy in three aspects: (a)
scientific competence, (b) scientific knowledge, including content, procedural, and epistemic aspects, and (c)
context, on a personal, local/national, to global range (OECD, 2023c). Read against Abell (2013)The PISA
framework can be viewed as a way to operationalize the second idea of science literacy because it explicitly
calls for content knowledge to be accompanied by the ability to apply it in a context, rather than being
measured in isolation. As a result, scientific literacy goes beyond the ability to master concepts and
encompasses data management, investigation design, and evaluation, and the critical analysis of the quality
of evidence.

In Indonesia, the need to strengthen scientific literacy is becoming increasingly apparent, since the PISA
score has consistently been below the OECD average. According to data from PISA 2022, Indonesians' average
science score was 383 points, which is significantly lower than the OECD average (485 points) (OECD, 2023a).
This is not a one-time shortfall: OECD’s own trend analysis identifies the drop in Indonesia’s science
performance between the 2015 and 2018 assessment cycles as one of the steepest declines recorded among all
participating countries and economies, and the 2022 results remained essentially flat relative to 2018, rather
than showing any sign of recovery (OECD, 2023a, 2023b). In addition, the Indonesian PISA report notes that
the proportion of students who achieve at least Level 2 in science is significantly lower than the OECD average
(Ayu et al., 2025). These results suggest that to enhance scientific literacy, it is necessary to systematically use
pedagogies and assessments grounded in the dimensions of scientific literacy.

This urgency carries particular weight in higher education, particularly in science education, where the
scientific literacy of prospective teachers plays a strategic role (Sarini et al., 2024). Science education students
are training to become the very people responsible for cultivating scientific literacy in the next generation;0 if
their own literacy remains narrowly conceptual, that limitation is likely to be reproduced in their future
classrooms. As prospective teachers, they are expected not merely to understand concepts but also to model
scientific thinking, assess evidence, and relate science to decision-making in personal, social, and global
contexts (Ceyhan et al., 2021). The science education research framework positions scientific literacy as the
primary goal of modern science education because it is directly linked to inquiry-based teaching, scientific
argumentation, and information evaluation (Tirumalamba et al., 2024). Thus, the scientific literacy of science
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education students in the context of applied science is key to developing the professional competencies of
prospective teachers who can connect science to real-world problems.

However, studies of scientific literacy in Indonesia remain quite diverse and primarily focus on aggregate
scores or broad categories, often using questionnaires or composite indicators. (Yanto et al., 2025). As a result,
these investigations are not granular enough to determine which specific dimensions are evaluated and which
still cause performance issues for the participant. Such deficiencies include the interaction between
competence, knowledge, and attitude (Yudhistian & Wulandari, 2025). Nor is this purely a conceptual gap:
comparative analyses of assessment construction itself, such as how many items in an instrument are actually
devoted to each dimension of scientific literacy, are markedly sparser than research on learning interventions,
even though PISA stresses that literacy performance is always elicited contextually by the specific demands of
the items used to measure it, so that the quality and composition of those items fundamentally shapes what is
being measured in the first place (OECD, 2023c). Thus far, few studies appear to have combined an item-level
mapping of dimension proportions with a corresponding dimension-level analysis of student achievement in
a single applied science course for pre-service science teachers, which is precisely the gap the present study is
designed to close.

This gap is consequential because assessment plays a double role: it is simultaneously an instrument for
quantifying what students have achieved and a catalyst that shapes what and how they subsequently learn
(Schiittpelz-Brauns, 2022). The present study addresses this gap within the Fundamentals of Science course, a
foundational applied science course in the Science Education curriculum, whose formally stated learning
outcome is that students can implement the scientific method as a structured, stepwise process for scientific
inquiry to solve problems and generate knowledge. Because this learning outcome is defined in explicitly
procedural and applied terms rather than in terms of content recall alone, the course provides a naturally
appropriate site for examining scientific literacy as a multidimensional construct: an evaluation instrument
dominated by content-knowledge items would, by construction, fail to capture whether students have actually
achieved the course's own stated outcome. When items of content knowledge dominate an evaluation
instrument in such a course, the resulting outcomes tend to over-weight conceptual mastery at the expense of
higher-order cognitive processes, data reasoning, evidentiary evaluation, or the design of inquiry, which are
the very substance of scientific literacy and of this course's learning outcome. Conversely, a test that maintains
a deliberate balance of items across the knowledge, attitude, context, and competency dimensions can yield
results that provide a considerably more precise diagnostic map for improving both the instrument and the
course itself (Dauer et al., 2025). International research on instrument development also highlights the
significance of competence, often considered the cornerstone of scientific literacy, and of scientific knowledge
and attitudes/identity, in the ability to demonstrate competence in authentic contexts. (Zhang et al., 2023).

Based on these conditions, the current study aims to characterize the scientific literacy profile of Science
Education students in the context of Applied Science by two main products: (1) science literacy question
dimensions proportion in multiple-choice test instruments, and (2) student achievement scores on each of the
question dimensions of scientific literacy. The novelty of this study is in the deliberate linking of the analysis
of assessment content (how scientific literacy dimensions were represented in the test items) to the analysis of
student performance (how students scored on each of the scientific literacy dimensions) in the same, but real,
assessment, in such a way that the analysis of assessment content becomes a basis for the analysis of student
performance and vice versa, thus generating an actionable diagnostic for two audiences at once: those who
design the item bank and those who design the learning experiences of the Fundamental of Science course.
This methodology ensures that the scientific literacy profile goes beyond aggregate scoring to provide a
dimensional mapping of related achievements, which can be used to make targeted recommendations to
improve underdeveloped aspects of scientific literacy.

The research questions for this study are: (1) What percentage of the scientific literacy dimension
(knowledge, attitude, context, and competency) covered in the scientific literacy test that was used are
included in the multiple-choice test of the Fundamentals of Science course? (2) What is the achievement level
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of Science Education students on each of these scientific literacy dimensions, and what is the pattern of relative
strengths and weaknesses in the students' achievement profile?

METHODOLOGY
Research Design

This study adopted a descriptive, quantitative research design with a one-shot, cross-sectional
measurement methodology. The assessments were conducted at a single point using a multiple-choice quiz
that mapped participants' science literacy profiles in the Applied Science context. (Zuleika & Legiran, 2022).
The selected methodology was intended to (1) define the composition of science-literacy dimensions captured
in the test items and (2) report the scores of the students on science literacy dimensions.

The research was conducted in the Fundamentals of Science course, within the context of applied science,
the foundational curricular component of the Science Education Study Program. The procedures and
measurement instruments were standardized across all participants (same items, time, completion

requirements, and scoring schema) to ensure that the outcomes reflected equal achievement.
Participant

The sampling method used was total sampling, meaning that all students enrolled in the four parallel
classes of the Fundamentals of Science Course (Classes A to D) during the semester in which data collection
took place were invited, rather than being narrowed through random or purposive selection. This approach
was deliberately chosen to minimize partial selection bias and to preserve the natural composition of the
course as it is actually taught, ensuring the resulting literacy profile reflects the full student population in that
offering rather than an artificially restricted sample. Of the 120 students initially enrolled across the four
classes, 115 students met all inclusion criteria. They provided complete, usable responses after the data-
cleaning process described below, yielding final class sizes of 29 students in Class A, 28 in Class B, 29 in Class
C, and 29 in Class D. Exclusion criteria were: (a) response sheets in which the student did not complete twenty
items, since partial completion would distort the calculation of dimension-specific scores and item-difficulty
indices; and (b) response patterns indicating non-serious engagement, such as identical answers selected
across all items regardless of content, identified through initial screening of the raw data matrix.

Data Collection

The data collection process commenced by scheduling and standardizing the administration of the tests
to all the participants under identical conditions. Time limit, spelled-out guidelines, and uniform completion
and scoring guidelines were put in place. The multiple-choice question (MCQ) test was given in a single sitting
after the lecture via Wayground to maintain the integrity of item content, instructions, and time constraints.

Based on the post-assessment, the responses were shipped to a matrix database (rows are students;
columns are items). Data completeness was ensured, and cleaning was performed using pre-established
exclusion criteria, yielding a valid dataset as the final sample. At the same time, items were mapped to
dimensions at the item level to clearly record the proportion of each dimension and the related achievement.
Coding guidelines that provide operational definitions and indicators for each dimension were developed.
The content validity was assessed using the best science learning assessment scholars, who found that the

instrument is acceptable and valid in its item-dimension classification
Instrument

The instrument used was a 20-item multiple-choice (MCQ) test with a single correct answer, designed to
reflect four dimensions of scientific literacy. Table 1 summarizes the sub-aspects covered under each
dimension, which served as the basis for item writing. These dimensions are consistent with the modern
understanding of science literacy, which emphasizes knowledge integration, competence in scientific
processes, and their applicability to real-world situations (OECD, 2023c). Assigning a rating of one point to a
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correct answer and zero to an incorrect answer, the total score range was 0-20. The derivation of dimension-
specific scores involved item grouping.

Table 1. Scientific Literacy Dimensions and Their Sub-Aspects covered by the Instrument

Dimension Sub-aspects/indicators covered
Knowledge Content knowledge, procedural knowledge, epistemic knowledge
Attitude Curiosity, openness to evidence, precision/carefulness, critical stance toward

information sources, and environmental consciousness
Context Personal, social, global

Competency Explanation of phenomena, assessment/design of investigations, interpretation of data

Data Analysis

Data analysis was done at various levels. At the item level, the frequency (n) and proportion (percentage)
of items in each dimension were computed and presented in a distribution table and as bar charts. Mean
dimension-specific and standard deviation, as well as percentage correct, had been calculated at the student
level (correct responses/responses per dimension). The item difficulty statistics (p-values) were generated to
identify the hardest and easiest items in each dimension. The categories for item difficulty (p-value) levels
based on the guidelines Rashwan et al. (2024) are shown in Table 2. All the processing was done in SPSS 26
and Microsoft Excel.

Table 2. Item Difficulty Categories Based on p-value

Category p-value range

Difficult p<0.30

Moderate 030<p<0.70
Easy p>0.70

FINDINGS
Data Screening of Participants

According to science literacy test results from four classes in which the test was administered, 115 of 120
students passed and met the inclusion criteria. Incomplete data were excluded, and the resulting sample sizes
after data cleansing are given in Table 3.

Table 3. Overall Test Participant in All Classes

Class N (initial) N (final)
A 30 29
B 30 28
C 30 29
D 30 29

Mapping of Scientific Literacy Dimensions

The analysis of score achievement precedes the classification of each test item into distinct scientific
literacy dimensions. Figure 1 shows the percentage of items to be given to each dimension in the multiple-
choice questionnaire. Items 1-5 were coded as the knowledge dimension (content, procedural, and epistemic);
items 6-10 as the scientific attitudes dimension; items 11-15 as the context dimension (personal, social, and
global); and items 16-20 as the competency dimension (explaining scientific phenomena,
designing/evaluating investigations, and interpreting scientific data and evidence). Table 3 lists the
dimensions of scientific literacy mapped to each test item and achievement indicator.
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As shown in Figure 1, the 20 items were distributed evenly across the four dimensions, with 5 items (25%)
assigned to each dimension. This balanced proportion was an intentional feature of the test blueprint, designed
to ensure that no single dimension would be over-represented at the expense of the others, so that the
achievement profile discussed in the following section can be meaningfully compared across dimensions
without the confound of unequal item weighting.

25% 25%
Knowledge (ltems 1-5)
Attitudes (Items 6-10)
Context (Iltems 11-15)
Competencies {Items 16-20)
25% 25%

Figure 1. The Proportions of Scientific Literacy Dimensions in the MCQ Test

To make this mapping transparent and traceable to the underlying construct, Table 4 presents the
complete correspondence between each item number, its assigned scientific-literacy dimension, and the
specific indicator that the item was designed to measure, allowing readers to verify the alignment between
item content and the intended dimension before proceeding to the achievement results reported in the
following sections.

Table 4. Mapping Science Literacy Dimensions in Items

Item Dimenssion Indicator

125 Knowledge (Content) Identifying and applying core scientific concepts in everyday
contexts

3 Knowledge (Procedural) Understanding experimental procedures to test hypotheses

4 Knowledge (Epistemic) Ur?derstandmg how scientific knowledge changes with new
evidence

6-10 Attitudes Cur10§1ty, openngss to evidence, carefulness, critical source
checking, and environmental concern

11 Context (General) Re.cogm.zmg science-in-context as real-life situations where
science is used

12-13 Context (Personal) Using science-related information for personal health/choices

14 Context (Sodial) Conr-lectmg science to societal issues and public decision-
making

15 Context (Global) Con.nectmg science to global-scale issues (e.g., energy,
environment)

16-20 Competencies Explaining phenomena, designing/evaluating investigations,

interpreting data and evidence

Total Score Achievement

In general, students' total scores on the science literacy test provide an initial overview of their overall
mastery level before further analysis of each dimension. Of the 20 MCQ items, students' scores across 4 classes
(M =16.68, SD = 2.50). which is then converted to a 0-100 point scale to facilitate interpretation (score 0-20
multiplied by 5); thus, the score is equivalent (M = 83.40, SD =12.54) points on a 0-100scale, with ascore range
of 82-86. A descriptive statistics summary of the total score across 4 classes, including mean and standard
deviation values, is presented in Table 5.
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Table 5. Descriptive Statistics of Total Scores by Class

Class Mean £ SD Min-Max
A 81.55 +11.89 55-100
B 81.95+14.74 50-100
C 84.50 +11.37 60-100
D 85.70 £12.16 60-100
Overall 83.40+12.54 50-100

While Table 5 summarizes the central tendency and spread of scores numerically, it does not on its own
reveal potential asymmetries, outliers, or overlapping performance ranges between classes. Figure 2, therefore,
complements this table by visualizing the same data as a boxplot, allowing the median position, interquartile
range, and any extreme values within each class to be inspected directly rather than inferred from a mean and
standard deviation alone.

Boxplot of Total Scares (0-100) by Class

1 1 1

1004

_
. T 1 71

404

Total score (0-100)

20

Class
Figure 2. Boxplot Diagram of the Distribution of Scores by Class

Achievement Scores on The Scientific Literacy Dimension

The achievement scores for each dimension show contrasting patterns across the aspects of scientific
literacy. The outcome shows that students scored highest on the attitude dimension, indicating positive traits
such as curiosity, openness to evidence, thoroughness, and caution when using information sources.
Achievement in the knowledge dimension ranked medium-high, indicating that most students had a fairly
good command of conceptual basics and reaction/epistemic features. In its turn, success in the context and
competency dimensions was the last, which presupposes that the main difficulty of students is the use of
science in their personal, social, and global context and in addressing the needs of the scientific process,
especially the interpretation of data/evidence and the design/evaluation of investigations. The mean,
standard deviation, and percentage of correct responses per dimension are presented as summary statistics in
Table 6.

Table 6. Descriptive Statistics of Students’ Scientific Literacy Achievement by Dimension

Dimension Items Mean * SD Percent correct (%)
Knowledge 1-5 3.85+1.19 77.0
Attitudes 6-10 4.51 £ 0.69 90.3
Context 11-15 1.50 £ 0.58 30.1
Competencies 16-20 1.83+0.40 36.5
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Beyond the summary values reported in Table 6, the relative size of the achievement gap between
dimensions is easier to grasp visually than numerically. Figure 3, therefore, presents the same percentage-
correct values in a bar-chart format, contrasting the comparatively strong performance in the attitude
dimension and the comparatively weak performance in the context and competency dimensions immediately
apparent.

100 Scientific Literacy Achievement by Dimension (Score 0-100 basis)

Percent correct (%)

Knowledge Attitudes Context Competencies
Dimension

Figure 3. Scientific Literacy Achievement by Dimension
Item Difficulty Analysis and Instrument Diagnosis

The results of the item difficulty analysis indicate that the instrument's difficulty level is concentrated in
the easy category, with only a small portion in the moderate category and none in the very difficult category.
When viewed by dimension, the items in the attitude dimension are generally in the easy category. In contrast,
the most challenging items tend to appear in dimensions that require application and reasoning (e.g., context
and competence), and some in the knowledge dimension, which requires a more precise understanding of
concepts. A summary of the p-proportion correct (p-value) per item, along with the dimensions, difficulty
categories, and summary indicators, is presented in Table 7 as a basis for diagnosis.

Table 7. Item Difficulty (p-value) and Instrument Diagnosis

Item Dimensions p-value Percent correct (%) Category
1 Knowledge 0.896 89.6 Easy
2 Knowledge 0.765 76.5 Easy
3 Knowledge 0.887 88.7 Easy
4 Knowledge 0.713 71.3 Easy
5 Knowledge 0.591 59.1 Moderate
6 Attitudes 0.757 75.7 Easy
7 Attitudes 0.870 87.0 Easy
8 Attitudes 0.878 87.8 Easy
9 Attitudes 0.904 90.4 Easy
10 Attitudes 0.939 93.9 Easy
11 Context 0.809 80.9 Easy
12 Context 0.765 76.5 Easy
13 Context 0.609 60.9 Moderate
14 Context 0.783 78.3 Easy
15 Context 0.791 79.1 Easy
16 Competencies 0.826 82.6 Easy
17 Competencies 0.783 78.3 Easy
18 Competencies 0.870 87.0 Easy
19 Competencies 0.696 69.6 Moderate
20 Competencies 0.826 82.6 Easy
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DISCUSSION

Based on the research findings presented, MCQs are well-suited to efficiently mapping cognitive
achievement in large classes, especially when the items are structured around a clear blueprint and defined
indicators. (Abdellatif, 2023). The dataset consisted of 115 respondents from four classes (A-D), each
completing the same 20 items, which is an adequate sample size for descriptive analysis and for an initial
diagnosis of instrument quality using classical test theory (CTT) (Fauzie et al., 2021; Gebremichael et al., 2025).
Two features make the dataset well-suited for this diagnosis. First, because every respondent answered the
same 20 items, the risk of missing data at the respondent level is low, allowing dimension scores to be
interpreted directly without estimating missing values. Second, the data show, for each item, how many
students answered correctly and how many did not; this is the basic information needed to calculate each
item's difficulty index (p-value) under CTT and to check whether item difficulty is appropriately distributed
for diagnostic purposes (Ohiri & Okoye, 2023; Rashwan et al., 2024).

This study thus directly addresses the gap mentioned in the introduction. Most previous studies of
scientific literacy in Indonesia report only a single overall score, which does not show how performance differs
across the different aspects of scientific literacy. This study looked at both sides of the picture. First, mapping
the 20 MCQ items showed they were evenly distributed across the four dimensions, with 5 items per
dimension. Second, once achievement was broken down by dimension, a very different picture appeared:
performance was considerably higher in two of the four dimensions than in the other two. This is exactly why
combining content analysis (how the instrument is built) with performance analysis (how students actually
performed) matters. If this study had reported only a single total score, as earlier Indonesian studies on
scientific literacy typically do, the headline figure for these 115 students would have been a moderate-to-high
average (M = 83.40 on a 0-100 scale; see Table 5). That single number would have hidden the unevenness
across dimensions rather than revealing it.

After disaggregating achievement by dimension, a clear and consistent pattern emerges. The students'
results were best in the attitude dimension (90.3% correct), followed by knowledge (77.0%), competency
(36.5%), and context (30.1%). This pattern is not entirely consistent with purely content-focused models of
scientific literacy, which predict that once students master core knowledge, reflected in their relatively high
knowledge scores, that knowledge is integrated into personal, social, and global contexts and mobilized into
skills such as interpreting data or designing investigations. Instead, this transfer clearly does not occur at the
same rate. This is in line with the science literacy framework for PISA 2025, which sets forth content,
procedural and epistemic knowledge as essential but not sufficient elements in the scientific competence, with
a particular emphasis on the epistemic and procedural knowledge, specifically knowledge about how science
works (investigative practice, the use of evidence, the justification of claims), which are consistently more
difficult to demonstrate than factual content knowledge (Lin & Puntambekar, 2025; Zetterqvist & Bach, 2023).
Similar findings have also been reported in studies of prospective teachers, where understanding of science
literacy and dimensions of knowledge related to the nature of science (NOS) and the use of evidence often
require systematic reinforcement in lectures (Al Sultan et al., 2021; Nieminen & Ketonen, 2024). In studies of
science literacy among prospective teachers in Indonesia, varying achievement across aspects is also
commonly observed and is often influenced by instrument characteristics, particularly the context and the
demands of data-based reasoning (Himmah et al, 2024; Yudhistian & Wulandari, 2025). The relative
underachievement in the context dimension is also found in the science literature, which suggests that the
ability to recognize a concept in a text is not equivalent to the ability to recognize how that concept applies in
an unfamiliar, real-world context (Cian, 2020). The even lower achievement on competency items supports
this, as data interpretation, evidence evaluation, and investigation design are advanced skills that require
integrating knowledge with reasoning, not just recognition (Janouskova et al., 2023).

Item difficulties provide information about the causes of the differential achievement pattern. 19 of the
20 items were in the easy range (p > 0.70), 3 were in the moderate range, and none were in the difficult range.

In fact, among the items that scored in the moderate range, one was from each of the dimensions of knowledge,
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context, and competency, and none of the five attitude items fell in the moderate range; all five were easy. This
distribution indicates that the overrepresentation of easy items is not evenly distributed across dimensions,
but is particularly high in the attitude dimension, in which multiple-choice items might be more vulnerable to
social-desirability cueing, as students who do not have a well-developed disposition towards a given construct
might be able to select the correct answer by recognizing the “correct-sounding” choice rather than by
internalizing the item's attitude. (Garcia-Carmona, 2025; Hu & Bi, 2025). However, the three dimensions of
knowledge, context, and competency each had at least one moderately difficult item; it is specifically two of
these three dimensions (context and competency) that achievement was also relatively low, likely one reason
why they were also more likely to be classified as difficult, as items requiring procedural or epistemic
reasoning, contextual transfer, or data-based competency are inherently harder to answer through recognition
alone than items that simply require recalling a fact, and this same underlying demand is what makes such
items both harder to classify as easy and harder to answer correctly (Lee et al., 2024; Rame & Hoinbala, 2024;
Srisomsak et al., 2025). In addition to the dimension-specific explanation, the overall pattern of easier items on
the instrument is also consistent with a common pattern of easy item types overall in the classroom level of
assessment, where poorly functioning distractors, or items pitched mainly at the recognition level, tend to
inflate the proportion of easy items on an instrument (Chauhan et al., 2023; Hartono et al., 2023).

The distribution of the p-values suggests that the instrument has a good ability to function as a screening
tool for foundational mastery, as nearly all items are sufficiently easy for most students to achieve, but the
instrument is not yet well-suited to distinguish between students with medium-to-high performance levels,
where the real differences in scientific literacy are likely to occur (Nur et al., 2025; Tani & Nchia, 2025). The
lack of difficult items is itself informative: it indicates that even the context and competency dimensions, which
are conceptually the more demanding dimensions of scientific literacy, were not difficult enough to create a
distinction between high and low performance levels, a finding that is associated with the need for rebalancing
the blueprint to include more items that demand higher reasoning rather than greater topical difficulty
(Abdellatif, 2023; Pawade et al., 2022).

These results should be interpreted in light of the intrinsic limitations of the multiple-choice test format
used to measure scientific literacy. At best, an MCQ will be able to assess whether a student can choose a
scientifically appropriate answer from a closed set of answers; it will not assess whether the student can form
an evidence-based argument without prompting; it will not assess whether the student can design an original
investigation from scratch; or it will not assess whether the student can justify a claim in their own words,
which are all part of the competency dimension as defined in this study and in the PISA framework more
generally (OECD, 2023c). This may help explain why competency achievement remained comparatively low
even though every competency item was classified as easy or moderate in difficulty: a multiple-choice format
can allow students to select a correct answer through partial cues, elimination techniques, or fortunate
guessing without genuinely possessing the underlying competency, meaning the true competency gap may
in fact be larger, not smaller, than the reported 36.5% suggests. The same caveat applies to the attitude
dimension, and even more so, because the items on the attitude scale in an MCQ format require students to
recognize or endorse a scientifically appropriate attitude, but not necessarily to demonstrate an attitude in an
authentic decision, the 90.3% achievement percentage is likely an overestimate of the extent to which such
attitudes are internalized in practice. Overall, these considerations suggest that the diagnostic value of this
instrument lies less in its absolute achievement percentages and more in the relative patterns it reveals across
dimensions, particularly for the context and competency dimensions, where the multiple-choice format has
the greatest impact on what is actually measured; and that future versions of the instrument (and associated
course it serves) would benefit from having constructed response or performance based tasks specifically for
the context and competency dimensions (Arfiani et al., 2025; Irawan et al., 2025; Steinbach et al., 2025).

The results have clear instructional implications for the Fundamentals of Science course in particular. The
relatively low levels of achievement in these two dimensions (context and competency) suggest that students'
ability to use the scientific method as a structured approach to problem-solving and knowledge creation is not
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fully realized, contrary to the course's learning outcomes. Students are seen as more competent in recognizing
scientifically appropriate knowledge and attitudes than they are in acting upon that knowledge in the
structured and evidence-based thinking that the scientific method requires (Calik & Wiyarsi, 2025; Hogstrom
et al., 2025; Hiifner et al., 2025). Two clear ways forward for improving the course are outlined here. In the
first place, learning activities could be restructured to allow students to have more intentional practice in
applying their knowledge to new personal, social, and global contexts, such as through tasks related to socio-
scientific issues, which the literature shows can be used to strengthen context-based reasoning (Rathnayake &
Senevirathne, 2024; Zhang et al., 2023). Second, because competency items proved the most challenging of all,
structured opportunities for students to practice data interpretation and to design or critique investigations
(preferably hands-on or project-based, rather than only covered in lecture format), would target the dimension
most closely related to the procedural learning outcome (Khery et al., 2022). The overall message in both
directions is the same: improving scores on this instrument is not an end in itself; it is a diagnostic tool for
redesigning how the scientific method is taught and assessed in the Fundamentals of Science course.

Taken together, these findings point to this study's dual contribution: item-level mapping of how
scientific literacy dimensions are distributed in real course assessments, combined with dimension-level
analysis of student achievement on the same assessments, thus helping to close some of the gaps identified at
the beginning of this paper. The study concretely demonstrates why aggregate literacy scores are incomplete
diagnostics: achievement is strong in the attitudes and knowledge dimensions but much weaker in context
and competence, a pattern that item-level analysis traces partly to the near-total dominance of easy items,
particularly in the attitudes dimension, and partly to the significantly higher reasoning demands of context-
and competence-based items. The instrument itself is adequate for screening for basic mastery but is not yet
sensitive enough to distinguish between stronger students or to capture higher-order competencies; if
anything, its multiple-choice format likely underestimates the true competency gap while overestimating how
internalized students' scientific attitudes actually are. These conclusions chart two complementary directions
for improvement: rebalancing the instrument design toward items with higher genuine reasoning demands,
supplemented with performance-based tasks for both context and competency dimensions, and redesigning
the Science Foundations course itself so that improving test scores is not the primary goal, but rather a means
toward more deliberate practice in context-based and evidence-based scientific reasoning (Dewi et al., 2023).

CONCLUSION

Based on the discussion, it is known that this study has mapped the science literacy profile of science
education students in the context of applied science through (1) analysis of the composition of science literacy
dimensions in a 20-item MCQ instrument and (2) analysis of student performance achievements per
dimension, while also conducting an initial diagnosis of the quality of CTT-based instruments. The dataset,
comprising 115 students with complete responses to all items, was deemed suitable for descriptive analysis
and item diagnosis. It showed a pattern of achievement that was relatively stronger in the attitude dimension
than in other dimensions. In contrast, the knowledge dimension and indicators that required transfer to
authentic contexts and scientific processes (context-competence) still needed strengthening. In terms of
instrument quality, the distribution of the difficulty index (p-value) shows a dominance of easy items, with a
small proportion of moderate items and none in the difficult range, making the instrument effective for
screening basic mastery but not yet optimal for distinguishing abilities in the medium-high range.
Recommendations aim to balance the blueprint, increase demand for evidence-based reasoning, and improve
the quality of distractors in overly easy items, thereby making the instrument more diagnostic and better

aligned with the science literacy framework.
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