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Abstract. Mapping domain-level scientific literacy can guide instruction on 

specific chemistry topics. Objective: To profile eleventh-graders’ scientific 

literacy on reaction rate using the PISA 2015 science framework (context, 
scientific competencies, scientific knowledge). Methods: Cross-sectional 

descriptive survey with N = 102 students (three intact classes). A 35-item 

multiple-choice test was developed; 25 items that met the point-biserial validity 

criterion (≥ 0.30) and yielded α = 0.87 were retained in the final instrument. 
Scores (total and domains) were expressed as percent-correct; analyses were 

descriptive only (mean, SD, median, IQR, range). Results: Overall score reached 

M = 75.29%, SD = 20.65, median 84%, IQR 57–96%, range 24–100%. Domain 

means were 75.17% for context, 76.12% for scientific competencies, and 
73.47% for scientific knowledge. Conclusion: Findings indicate mid-to-high 

performance with a relatively balanced domain profile and scope to strengthen 

scientific knowledge. These percentages are not directly comparable to PISA 

ability-scale scores (different metric and coverage); results are intended for 
internal mapping to inform improvement in reaction-rate instruction. 

1 Introduction 

Scientific literacy is now a main goal of modern science education because it helps people 

understand scientific information, think logically about evidence, and make good choices in their 

own lives and in society. It encompasses not only the mastery of scientific facts but also the 

ability to apply concepts, comprehend scientific inquiry, and assess data-driven assertions [1–3]. 

The PISA 2015 science framework defines scientific literacy through three interconnected 

domains: context, scientific competencies, and scientific knowledge [1]. These areas include 

students' ability to use scientific concepts in real-life situations, to think about problems in ways 

that lead to inquiry, and to use content, procedural, and epistemic knowledge to support scientific 

explanations. 

Indonesia's scores in PISA 2018 and PISA 2022 indicate that scientific literacy remains a 

challenge. The national average scores are still below the OECD average, and only a small 

number of students are proficient at Level 2 or higher [2,3]. These results show that there are 

problems with the system, but it's important to remember that PISA reports ability-scale scores 
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based on item-response theory, while classroom tests usually report percent-correct scores on 

limited sets of topics. You can't compare these two numbers directly, and you shouldn't treat 

school-level percentages as equivalent to PISA scale scores [1–3]. 

The topic of reaction rates in chemistry classes has significant potential to improve students' 

scientific literacy, as it prompts them to think about how things change over time and to connect 

chemical principles to real-world phenomena [4]. But students' understanding of concepts and 

their ability to reason from evidence are still hampered by persistent misunderstandings of 

collision theory, temperature effects, concentration, surface area, and the role of catalysts [4–6]. 

Previous research has indicated that students in secondary and tertiary education often encounter 

challenges in chemical kinetics reasoning and contextual problem-solving [14]. These 

misunderstandings show how important it is to have tests that measure not only what you know 

but also how well you can analyze data and judge explanations. 

Inquiry-based learning (IBL) is a well-established and effective way to teach chemistry, helping 

students become more scientifically literate. Systematic reviews and meta-analyses show that 

guided inquiry is especially good at helping students improve their reasoning, understanding of 

concepts, and ability to use scientific evidence [7,14]. When used to teach reaction rates, IBL can 

prompt students to ask questions, plan investigations, analyze graphs, and make sense of patterns 

in real life. Previous research in chemistry education shows that well-designed inquiry tasks can 

help students understand chemistry better and think more critically [4,7,12]. 

Even with these improvements, few studies have used the full structure of the PISA 2015 

framework to map scientific literacy at the domain level for a specific chemistry topic. Most 

research focuses only on general scientific literacy or conceptual mastery. It doesn't look at how 

well students do in all three areas: context, competency, and knowledge, in a way that is in line 

with the PISA standards. Furthermore, insufficient attention has been paid to evaluations in high-

performing public schools, where inquiry-based pedagogical approaches may foster 

competencies in some areas while leaving enduring deficiencies in others. 

Consequently, this study aims to provide a descriptive, PISA-aligned domain profile of Grade 

11 students’ scientific literacy regarding the reaction-rate topic at a high-achieving Indonesian 

senior high school. This study examines how well students perform in the areas of context, 

scientific knowledge, and scientific competencies using a validated multiple-choice tool based 

on the PISA 2015 science framework. It also gives detailed descriptive statistics for the whole 

class and each individual student. The study adds to a more nuanced understanding of domain-

specific scientific literacy in chemistry, and evidence to help with inquiry-based instructional 

design. It also makes it clear that percent-correct scores from this study should not be directly 

compared to PISA ability-scale scores. 

2 Method 

2.1 Research design 

This study employed a descriptive survey design to profile students’ scientific literacy regarding 

the reaction-rate topic, according to the PISA 2015 science framework. Because the purpose of 

this research was to obtain a domain-level description rather than to test causal hypotheses, no 

experimental manipulation, group comparison, or inferential statistical testing was conducted. 

All analyses were descriptive and focused on mapping student performance across the domains 

of context, scientific competencies, and scientific knowledge. 
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2.2 Participants and setting 

The three classes comprised 34 students each (N = 102 in total) of Grade 11 enrolled in a high-

achieving Indonesian public senior high school. The school is known for its strong academic 

culture and emphasis on inquiry-oriented science instruction. Students were distributed across 

three natural science classes (11B, 11C, and 11F). Participation was voluntary, and all data were 

collected with school approval and in accordance with established ethical procedures. 

2.3 Instrument development 

A 35-item multiple-choice test on the reaction-rate topic was initially constructed based on the 

structure and operational definitions of the PISA 2015 science framework. Following pilot testing 

and item analysis, 25 items that met the validity criterion (rₚᵦ ≥ 0.30) were retained as the final 

instrument. These items were designed to represent three domains: context (personal, 

local/national, and global), scientific competencies (explaining phenomena scientifically; 

evaluating and designing scientific inquiry; interpreting data and evidence scientifically), and 

scientific knowledge (content, procedural, and epistemic knowledge). The item development 

process adhered to the Standards for Educational and Psychological Testing [8] and established 

principles of science assessment [9]. In addition, contextual scenarios, graphical representations, 

and data tables were integrated into the items to mirror the reasoning demands characteristic of 

PISA science items. 

2.3.1 Content validation and review 

Three experts in chemistry education reviewed the items for content alignment, clarity, contextual 

appropriateness, and domain consistency. Revisions were made prior to field testing. 

2.3.2 Pilot testing and item analysis 

A small pilot cohort (non-sample) completed the draft to examine empirical validity, reliability, 

difficulty (p), discrimination (e.g., upper–lower 27%/point-biserial), and distractor functioning 

(non-functioning distractors <5% endorsement revised/removed). Retention criteria followed 

CTT conventions p ≈ 0.30–0.70 as acceptable difficulty and D ≥ 0.30 as good discrimination 

prior to the main administration.  

Pilot testing and item analysis were conducted using a pilot implementation administered to 

students outside the main sample. The item analysis procedure included calculating item 

difficulty indices (p-values), corrected item–total correlations (rₚᵦ), and distractor analyses to 

evaluate the plausibility and functioning of each distractor option [10,11]. Items with rₚᵦ ≥ 0.30 

were retained, in line with widely accepted criteria for ensuring adequate internal consistency 

and construct discrimination [9,10]. Based on the response distribution patterns, all distractors 

were found to function adequately, indicating that students successfully attracted students with 

lower understanding while remaining less attractive to students with higher understanding. 

2.3.3 Reliability 

Internal consistency reliability was evaluated using Cronbach’s alpha, which is an appropriate 

coefficient for dichotomously scored items [12]. The final instrument showed acceptable 

reliability for descriptive domain-level reporting. 
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2.4 Data Collection 

The final instrument was administered during regular chemistry instructional time. Students were 

given 45 minutes to complete the test individually without external resources. Responses were 

scored dichotomously (1 = correct, 0 = incorrect). 

2.5 Data Analysis 

Because the purpose of this study was descriptive domain mapping, the data analysis was limited 

to calculating percent-correct scores for each item and domain, as well as computing descriptive 

statistics, including the mean, standard deviation, median, minimum, and maximum. In addition, 

the interquartile range (IQR) was used as a robust index of dispersion, appropriate for data that 

may not follow a normal distribution [13]. The results were further summarized as domain-level 

profiles covering context, scientific competencies, and scientific knowledge. No inferential 

analyses (t-tests, ANOVA, regression, or normality tests) were conducted, as the study did not 

aim to compare groups or establish causal effects. Moreover, percent-correct results obtained 

from classroom assessments were not interpreted as equivalent to PISA ability-scale scores [1–

3]. 

3. Result and Discussion  

3.1 Overall Performance on the Reaction-Rate Scientific Literacy Test 

A total of 102 students completed the 25-item PISA-aligned scientific literacy assessment on the 

reaction-rate topic. Students’ overall performance yielded a mean score of 75.29% (SD = 20.65), 

with a median of 84%, and a score range of 24–100%. The interquartile range (IQR) was 57–

96%, indicating that the middle 50% of students performed within this interval. These values 

suggest that most students achieved relatively high levels of performance, with moderate 

variability across the sample. 

3.2 Performance Across the PISA 2015 Domains 

Consistent with the PISA 2015 science framework, students’ scientific literacy was analysed 

across three domains: context, scientific competencies, and scientific knowledge. Table 1 

presents the descriptive statistics for each domain. 

Table 1. Descriptive statistics for scientific literacy across the three PISA domains. 

Domain Mean (%) SD Median Min–Max 

Context 75.17 20.63 83 25–100 

Scientific competencies 76.12 22.74 83 17–100 

Scientific knowledge 73.47 18.92 75 25–100 

Students performed highest in the scientific competencies domain (M = 76.12%), suggesting 

relative strengths in interpreting data, evaluating inquiry, and applying reasoning to contextual 

problems. In contrast, scientific knowledge (M = 73.47%) showed slightly lower performance, 

indicating possible gaps in conceptual, procedural, or epistemic understanding relevant to 

reaction-rate phenomena. 
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3.3 Class-Level Descriptive Statistics 

Descriptive results for each class (11B, 11C, and 11F) are presented in Table 2. While minor 

differences were observed across classes, these differences were not analysed inferentially, as the 

study did not aim to compare instructional treatments or demographic backgrounds. 

Table 2. Class-level descriptive statistics. 

Class N Mean (%) SD Median IQR Min–Max 

11B 34 77.35 18.91 87 67–97 33–100 

11C 34 74.71 21.80 83 56–94 25–100 

11F 34 73.82 21.39 83 54–96 24–100 

Overall 102 75.29 20.65 84 57–96 24–100 

Class 11B exhibited a slightly higher mean and narrower IQR than Classes 11C and 11F, 

suggesting relatively greater score homogeneity. However, given that the study did not involve 

experimental manipulation or group comparisons, these descriptive differences are presented 

only to characterise the data, not to support inferential claims. 

3.4 Domain-Level Profile 

To provide a visual overview of the domain distribution, Figure 1 shows the mean percent-correct 

scores for each of the three PISA science domains. The pattern shows a modest but consistent 

tendency for students to score higher on contextual reasoning and scientific competencies than 

on scientific knowledge, echoing findings from prior studies that inquiry-oriented classrooms 

often strengthen data interpretation skills more than deep conceptual understanding. 

 
Fig. 1. Domain-level scientific literacy performance (percent-correct) for context, scientific competencies, 

and scientific knowledge. 

4 Discussion 

The results of this study indicate that students demonstrated relatively high performance on the 

reaction-rate scientific literacy test, with an overall mean score of 75.29%. While these findings 

appear substantially higher than Indonesia’s performance in PISA 2018 and PISA 2022 [2,3], the 

difference must be interpreted with caution. As emphasised in the PISA technical framework, 

percent-correct scores from classroom-based assessments cannot be directly compared with PISA 
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ability-scale scores, which are derived from item-response modelling and calibrated across a large 

international pool of heterogeneous items [1]. The higher scores observed in this study, therefore, 

do not imply that students have achieved PISA-equivalent proficiency, but rather reflect 

performance on a bounded, topic-specific assessment aligned to the reaction-rate content taught 

in school. Similar patterns of difficulty have been observed even among first-year university 

students, who tend to struggle with mechanistic and epistemic aspects of chemical kinetics 

despite adequate procedural familiarity. 

Class-level results showed only modest variation across classes, with Class 11B exhibiting 

slightly higher homogeneity as reflected in its narrower interquartile range. These descriptive 

differences likely reflect natural variability in classroom composition rather than instructional 

differences, as no experimental or comparative treatments were applied. 

At the domain level, students performed highest on scientific competencies (M = 76.12%), 

followed by context and scientific knowledge. This pattern aligns with evidence suggesting that 

inquiry-oriented instructional environments tend to strengthen students’ abilities to interpret 

graphs, analyse data, and reason with evidence, skills central to scientific competencies [7,14]. 

The participating school is known for its strong academic culture and emphasis on guided inquiry, 

which may help explain, in a non-causal, descriptive sense, why students excelled in data 

interpretation and contextual reasoning tasks embedded in the assessment. 

In contrast, the slightly lower performance in the scientific knowledge domain (M = 73.47%) 

suggests the persistence of conceptual or epistemic gaps related to reaction-rate concepts. 

Research in chemistry education consistently documents misconceptions about collision theory, 

concentration effects, temperature, surface area, and catalysts [4–6]. Such misconceptions can 

reduce accuracy on items that require mechanistic explanations or the integration of procedural 

and epistemic knowledge, even when students can successfully interpret data patterns. The 

present findings thus support prior arguments that inquiry-based instruction, although valuable, 

may not automatically ensure deep conceptual restructuring unless explicitly scaffolded to 

address underlying misconceptions [7,12]. 

The stronger performance in the context domain indicates that students were able to recognise 

and reason about reaction-rate phenomena situated in personal, local, or global contexts. This is 

consistent with the broader goals of Indonesia’s current curriculum reforms, which emphasise 

contextualised, competency-based learning aligned with the Profil Pelajar Pancasila. However, 

without complementary strengthening of conceptual and epistemic knowledge, contextual 

reasoning may remain superficial rather than mechanistic. 

These findings highlight the importance of domain-level diagnostic assessment in chemistry 

education. By examining performance across the domains of context, scientific competencies, 

and scientific knowledge as conceptualised in the PISA 2015 framework, teachers can obtain a 

nuanced understanding of students’ strengths and areas requiring deeper instructional support. In 

the present study, the results illustrate a pattern typical of inquiry-oriented classrooms: strong 

data-analytic reasoning but lingering gaps in conceptual understanding. These insights can inform 

instructional refinement, such as integrating more explicit conceptual scaffolding, targeted 

feedback, and epistemic prompts into inquiry-based reaction-rate lessons. 

5 Conclusion  

This study demonstrated the proficiency of Grade 11 students in a high-performing Indonesian 

public school in understanding reaction rates, aligning with the PISA test criteria. Overall, the 

students did well, especially in science and understanding the context. Students were good at 

understanding information, using facts to support their points, and putting what students knew to 

use in real life. But the fact that the students did a little worse on the science test shows that the 

conceptual and epistemic gaps people often talk about in reaction-rate learning are still there. You 
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shouldn't think of these scores as the same as PISA ability-scale scores because the two tests use 

very different ways to measure things. The results show that domain-level diagnostic assessment 

can help make teaching better instead. The domain pattern here shows that the person is good at 

asking questions but still doesn't fully understand some concepts. So, inquiry-based teaching 

could be even better if it had clear conceptual scaffolding and tailored feedback for each student. 

Researchers may utilize samples from multiple schools, incorporate constructed-response items, 

and connect assessments to broader metrics of the quality of inquiry-based learning in the future. 
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