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 Purpose of the study: The purpose of this study is to analyze and compare 

students’ ability to apply scientific concepts for problem-solving based on the 

TIMSS 2019 cognitive domain of applying in Indonesia, Laos, and Cyprus. 

Methodology: The study employed a quantitative comparative research design 

using secondary data from the TIMSS 2019 International Database released by 

the International Association for the Evaluation of Educational Achievement 
(IEA). Data were obtained from official international reports and analyzed 

descriptively using comparative statistical techniques to examine differences in 

the applying domain of science achievement. 

Main Findings: The results show that Indonesia achieved a low level of 
performance in the applying domain of science, while Laos demonstrated 

slightly higher but still limited performance. Cyprus achieved a moderate level 

of applying skills. The findings indicate significant disparities in students’ ability 

to apply scientific concepts across the three countries, reflecting differences in 

instructional emphasis and learning orientation. 

Novelty/Originality of this study: This study provides a focused cross-national 

comparison of the applying cognitive domain in science using TIMSS 2019 data, 

which is rarely examined explicitly. The findings contribute new insights into 
how the application of scientific concepts varies across educational contexts and 

offer empirical evidence to support curriculum and instructional reforms aimed 

at strengthening problem-solving skills in science education. 
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1. INTRODUCTION 

Science learning in the 21st century requires students to be able to understand scientific concepts and 

apply them to real-world situations [1], [2]. This ability not only reflects mastery of the material but also 

demonstrates the level of scientific literacy necessary for participation in modern society [3], [4]. One 

international measurement tool that illustrates this ability is the TIMSS (Trends in International Mathematics and 

Science Study) [5], [6]. By assessing the cognitive domain of applying, TIMSS provides an overview of the 

extent to which students can apply scientific concepts to solve problems. Therefore, studying TIMSS results is 

crucial for evaluating the quality of science learning in a country. 
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However, TIMSS results show a performance gap between countries, including between developing 

and European countries [7], [8]. Indonesia and Laos tend to be in the low to medium achievement category, 

while Cyprus records relatively better results in the applying domain. This gap indicates significant differences 

in the quality of science learning, curriculum readiness, and teacher competency [9], [10]. This gap analysis is 

important because it highlights that countries with different economic conditions face different challenges in 

science learning. Therefore, an in-depth study is needed to understand the factors influencing the achievements 

of these three countries [11], [12]. 

There is a notable research gap between previous studies conducted by Lay and Chandrasegaran [13] 

and Coşkun and Karadağ [14] and the present study. Lay and Chandrasegaran [13] focused on the contribution 

of teacher preparation to students’ science achievement in TIMSS, specifically comparing Malaysia and 

Singapore, with an emphasis on instructional quality as a determining factor of student performance. Meanwhile, 

Coşkun and Karadağ [14] examined the influence of student and school characteristics on science and 

mathematics achievement in Türkiye using TIMSS 2015 data, highlighting the role of demographic and 

institutional variables. However, both studies primarily concentrated on identifying predictive factors of 

achievement without specifically analyzing students’ applying skills as a distinct cognitive domain within the 

TIMSS framework. Furthermore, their scope was limited to single-country or bilateral comparisons and did not 

encompass cross-regional perspectives involving countries with varying levels of educational development. 

Therefore, this study addresses the gap by focusing explicitly on the comparative analysis of students’ applying 

skills in science based on TIMSS 2019 across Indonesia, Laos, and Cyprus, offering a more nuanced 

understanding of how higher-order cognitive skills are distributed across diverse educational contexts. 

The urgency of this research lies in the importance of understanding students' ability to apply scientific 

concepts as a foundation for developing scientific literacy. Application ability is a key indicator in TIMSS, 

reflecting students' readiness to face context-based problems [15], [16]. Countries like Indonesia and Laos need 

to identify specific areas of weakness so that policy interventions can be targeted. Furthermore, the analysis of 

Cyprus can provide insights into best practices for developing countries [17], [18]. This makes this research 

relevant in the context of improving science learning globally and nationally. 

The novelty of this research lies in its comparative focus on three countries with different economic 

backgrounds, cultures, and educational systems, all participating in the same study. Most previous research has 

only compared countries with similar characteristics, such as within Southeast Asia or within Europe. Few 

studies have specifically examined how TIMSS application skills can vary significantly between Indonesia, 

Laos, and Cyprus. This approach allows for the identification of richer patterns of differences and similarities in 

the application of science concepts. Thus, this research makes a novel contribution to the internationally studied 

science education literature. 

Furthermore, this research offers a new perspective by combining analysis of TIMSS achievement with 

learning support factors that influence science problem-solving skills. This comparative approach not only 

illustrates differences in scores but also highlights the curricular, pedagogical, and learning environment factors 

that play a role in each country. This research also provides contextual recommendations based on these 

comparative findings, which can be used as a reference in developing science education policies. Thus, this 

research is expected to provide a comprehensive picture of the challenges and opportunities for improving 

science literacy. Ultimately, this research emphasizes the importance of strengthening the application domain to 

improve the quality of science learning across countries. 

 

 

2. LITERATURE REVIEW 

2.1. TIMSS (Trends in International Mathematics and Science Study) 

TIMSS (Trends in International Mathematics and Science Study) is a large-scale international study 

conducted by the International Association for the Evaluation of Educational Achievement (IEA) [19], [20]. This 

study aims to measure and compare student learning outcomes in mathematics and science at the fourth and 

eighth grade levels. TIMSS is conducted every four years, allowing for the analysis of trends in educational 

outcomes over time [21], [22]. TIMSS results are widely used by governments and researchers as a basis for 

evaluating educational quality. Therefore, TIMSS plays a strategic role in mapping the quality of global science 

education. 

In addition to measuring learning outcomes, TIMSS also collects contextual data through student, 

teacher, and school questionnaires [23], [24]. This contextual data includes information on the curriculum, 

instructional practices, teacher characteristics, and the learning environment. This approach allows for a more 

comprehensive analysis of the factors influencing student achievement. Therefore, TIMSS serves not only as an 

outcome evaluation tool but also as a diagnostic instrument for education systems [25], [26]. This makes TIMSS 

relevant for science education policy studies. 

In the context of science education, TIMSS emphasizes the importance of balancing conceptual mastery 

with cognitive thinking skills. The TIMSS assessments are designed based on an international curriculum 
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framework that reflects modern science teaching practices [27], [28]. This framework allows for comparisons of 

outcomes across countries with different educational systems. Therefore, TIMSS serves as a primary reference 

for comparative research in science education. This study utilizes this framework to analyze the application of 

science concepts across countries. 

 

2.2. TIMSS Cognitive Domains in Science Learning 

TIMSS classifies students' cognitive abilities into three main domains: knowing, applying, and 

reasoning [29], [30]. The knowing domain encompasses mastery of basic science facts, concepts, and 

procedures. The applying domain focuses on using this knowledge to solve contextual problems [31], [32]. 

Meanwhile, the reasoning domain assesses higher-order thinking skills such as analysis, generalization, and 

evaluation. These three domains are designed to represent the spectrum of cognitive abilities in science learning. 

The knowing domain is often associated with rote-based learning and basic conceptual understanding. 

While important, mastery of this domain alone is not sufficient to meet the challenges of the 21st century. 

TIMSS emphasizes that students need to move beyond knowing to the ability to apply and reason scientific 

concepts [33], [34]. Therefore, the applying domain is a crucial indicator in assessing the quality of science 

learning. Success in this domain demonstrates students' ability to connect concepts to real-world situations. 

In learning practice, imbalances between cognitive domains are common, particularly in developing 

countries. Science learning tends to emphasize knowing and neglect applying concepts. This situation results in 

low student achievement in the applying domain in the TIMSS study [35], [36]. Therefore, analyzing the TIMSS 

cognitive domains is crucial for identifying weaknesses in science learning. This research specifically focuses on 

the applying domain as a crucial aspect of scientific literacy. 

 

2.3. The Concept of Applying in Science Learning 

The “apply” domain in TIMSS refers to students' ability to use scientific knowledge to solve problems 

in various contexts [37], [38]. This ability includes the application of scientific concepts, laws, and principles to 

new situations. Application questions are typically presented as contextual problems that require a deep 

understanding of the concepts. Therefore, this domain measures more than just memory of the material. The 

"apply" domain reflects functional thinking skills in science. 

In modern science learning, the application of concepts is a primary goal of meaningful learning. 

Students are expected to be able to relate scientific concepts to natural phenomena and everyday life problems. 

Learning approaches such as inquiry-based learning and problem-based learning strongly support the 

development of this ability [39], [40]. Through these approaches, students are trained to observe, analyze, and 

draw conclusions based on scientific concepts. Therefore, the “apply” domain is an indicator of the success of 

effective science learning implementation. 

Low student achievement in the “apply” domain is often attributed to the dominance of lecture methods 

and a lack of experimental activities. Students are given few opportunities to actively use scientific concepts in 

problem-solving. As a result, conceptual understanding becomes shallow and difficult to apply. This is reflected 

in TIMSS results in several developing countries. Therefore, the “apply” domain is an important focus in efforts 

to improve the quality of science learning. 

 

2.4. Problem Solving Ability in Science Education 

Problem-solving skills are a core competency in 21st-century science education. This competency 

encompasses the process of understanding problems, selecting relevant concepts, applying solution strategies, 

and evaluating results. In science learning, problem-solving enables students to develop critical and analytical 

thinking skills [41], [42]. These skills are also closely related to scientific literacy. Therefore, problem-solving is 

a primary goal of modern science learning. 

TIMSS integrates problem-solving skills into applied domain questions. These questions require 

students to use scientific concepts flexibly and contextually. Problem-solving skills depend not only on 

conceptual mastery but also on the ability to read and understand the context of the questions [43], [44]. Thus, 

problem-solving is multidimensional. TIMSS provides an objective picture of these skills through an 

internationally standardized assessment instrument. 

Learning that does not emphasize problem-solving tends to produce students with low application 

skills. This is a major challenge in many developing countries, including Indonesia and Laos. The lack of 

contextual problem-solving exercises and experiments results in students' low readiness for TIMSS questions. 

Therefore, problem-solving skills need to be systematically integrated into science learning. TIMSS analysis 

helps identify the extent to which this goal has been achieved. 

 

2.5. Factors Affecting the Achievement of the TIMSS Applying Domain 

Student achievement in the applying domain is influenced by various interrelated factors. Internal 

factors include students' initial abilities, learning motivation, and scientific reading literacy. Reading literacy 
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plays a crucial role because TIMSS questions are generally text- and context-based. Students with low reading 

skills tend to have difficulty understanding the problems presented [45], [46]. Therefore, achievement in the 

applying domain cannot be separated from internal student factors. 

External factors include teacher quality, teaching methods, and the availability of learning facilities. 

Teachers with high pedagogical competence tend to implement learning that emphasizes the application of 

concepts [47], [48]. Laboratory facilities and learning media also support the development of application skills. 

Curricula that provide space for problem-based learning also contribute to TIMSS achievement. Thus, the 

learning environment has a significant influence on student learning outcomes. 

The TIMSS study shows that countries with high achievement generally have education systems that 

support active learning. These countries emphasize experimentation, discussion, and problem-solving in science 

learning. Conversely, countries with low achievement tend to still focus on memorization. This difference 

highlights the importance of science learning reform. Therefore, analysis of these factors is an important part of 

the TIMSS comparative research. 

 

2.6. Science Education in Indonesia, Laos, and Cyprus from a TIMSS Perspective 

Indonesia and Laos generally show low to medium TIMSS science achievement. This reflects the 

challenges in implementing science learning that focuses on applying concepts. Learning in both countries is still 

dominated by conventional, teacher-centered methods [49], [50]. Furthermore, limited laboratory facilities are a 

major obstacle. This impacts students' low ability in the application domain. 

Cyprus, as a European country, shows relatively better achievement in TIMSS science. The Cypriot 

education system emphasizes inquiry-based learning and the use of experiments in the classroom. Cypriot 

teachers also receive ongoing professional training [51]. The curriculum encourages students to apply scientific 

concepts in various contexts. These factors contribute to higher achievement in the application domain. 

The differences in achievement between the three countries indicate a gap in the quality of science 

learning. This gap is influenced not only by economic factors but also by educational policies and instructional 

practices. This comparative analysis provides insights into best practices that developing countries can adapt. 

Therefore, a comparative study of Indonesia, Laos, and Cyprus is important in the context of improving the 

quality of science education. TIMSS provides an appropriate framework for such analysis. 

 

2.7. Conceptual Framework of the Research 

The conceptual framework of this research is based on theoretical studies of TIMSS and science 

learning. The ability to apply science concepts is viewed as the result of the interaction between the curriculum, 

the learning process, and the learning environment. TIMSS serves as a measuring tool to objectively assess the 

results of this interaction. The applying domain was chosen as the primary indicator of science problem-solving 

ability [52], [53]. This framework positions TIMSS as the basis for comparative analysis across countries. 

Within this framework, the achievement of students in the applying domain of Indonesia, Laos, and 

Cyprus is compared to identify differences and similarities. The analysis focuses not only on scores but also on 

the educational context of each country. Factors such as learning methods, teacher quality, and learning facilities 

are considered as supporting variables. This approach allows for a more comprehensive interpretation of the 

results. Thus, the conceptual framework supports a holistic analysis. 

This conceptual framework serves as the basis for discussing the research findings. The analysis is 

expected to explain the relationship between learning practices and TIMSS outcomes. Furthermore, this 

framework also serves as a basis for developing science education policy recommendations. With this approach, 

the research is expected to provide both theoretical and practical contributions. This conceptual framework 

strengthens the research's position in international science education studies. 

 

 

3. RESEARCH METHOD 

This study employed a comparative descriptive approach with a quantitative comparative research 

design approach based on secondary quantitative data [54], [55]. This type of research was chosen because the 

primary objective was to compare the achievement of conceptual application skills in solving science problems 

across countries without manipulating variables. The descriptive approach was used to describe the achievement 

of each country based on the applying domain indicators in TIMSS. Meanwhile, the comparative approach was 

used to identify differences and similarities in the achievements of Indonesia, Laos, and Cyprus. This approach 

allows researchers to interpret TIMSS data in depth within different socio-educational contexts. 

This study uses secondary data obtained from the official TIMSS 2019 report published by the 

International Association for the Evaluation of Educational Achievement (IEA). The data used includes the 

average country score in the applying domain, detailed achievement per indicator, and contextual explanations 

related to science learning [56], [57]. Furthermore, this study utilizes supporting sources such as scientific 

articles, education policy reports, and international publications relevant to the educational context in Indonesia, 
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Laos, and Cyprus. All data were selected purposively based on their relevance to the research focus. The use of 

secondary data allows researchers to obtain an authentic picture of the performance of the three countries based 

on credible sources. 

Data collection techniques were conducted through documentation and literature review. The 

documentation process involved downloading and reviewing official TIMSS documents available online, 

including executive summaries, national reports, and international reports. Furthermore, researchers conducted a 

literature review of journal articles, UNESCO reports, and other scientific publications relevant to the topic of 

the ability to apply science concepts and its supporting factors [58], [59]. Each document was carefully read to 

identify information related to scores, achievement trends, and the educational context of each country. This data 

collection method enabled researchers to obtain comprehensive and in-depth data. 

Data analysis was conducted using comparative descriptive analysis techniques [60], [61]. The first 

stage is data reduction, which involves selecting relevant data such as domain applying scores, score change 

trends, and indicators demonstrating the ability to apply concepts. The second stage is data presentation, where 

data is arranged in tables, graphs, or narrative descriptions to facilitate comparative reading. The third stage is 

drawing conclusions, which involves comparing the achievements of the three countries and identifying factors 

influencing these differences based on supporting literature. The analysis was conducted holistically, considering 

the educational context of each country. With this analysis technique, the research results can describe the 

situation objectively and in-depth. This study has several limitations that should be considered. First, the study 

used only secondary data from official sources, so the analysis relies on the completeness and accuracy of the 

TIMSS reports. Second, the study did not collect primary data such as classroom observations or teacher 

interviews, so the interpretation of causal factors is based on supporting literature. Third, the study focused only 

on the applying domain, so it did not cover all cognitive domains of TIMSS. Fourth, there are potential 

differences in TIMSS implementation methodology in each country that are not discussed in detail. However, 

these limitations do not diminish the validity of the findings because the study still refers to credible official 

sources. 

To ensure data validity, this study employed source triangulation. Score data were obtained from 

official TIMSS reports and then verified with scientific publications discussing TIMSS results in the three 

countries. Furthermore, interpretation of the educational context was reinforced by literature from each country's 

ministry of education, UNESCO reports, and international articles. This triangulation was conducted to avoid 

interpretation bias and provide a more comprehensive picture. Thus, the validity of the analysis results can be 

academically justified. 

 

 

4. RESULTS AND DISCUSSION 

4.1. TIMSS 2019 Data Sources and Processing 

The data used in this study comes from the TIMSS 2019 International Results in Science, published by 

the International Association for the Evaluation of Educational Achievement (IEA). TIMSS 2019 provides data 

on eighth-grade students' achievement in science, including the distribution of abilities based on the cognitive 

domains of knowing, applying, and reasoning. The IEA does not present numerical data on the applying domain 

as a single score, but rather as the percentage of correct answers on items classified as applying. Therefore, this 

study uses a descriptive analysis approach based on the percentage of achievement in the applying domain, 

compiled from the TIMSS 2019 international report. This approach is commonly used in TIMSS-based 

comparative research and is academically sound. 

Data processing was carried out by identifying indicators of the applying domain in the TIMSS 2019 

cognitive framework and then examining the percentage of achievement by country on these items. Furthermore, 

national average science scores were used as supporting data to provide context for the overall achievement of 

each country. Data from Indonesia, Laos, and Cyprus were selected because they represent developing and 

European countries with different educational system characteristics. All data were analyzed comparatively to 

identify differences in the ability to apply science concepts. Thus, the analysis results reflect both a quantitative 

and interpretive picture of achievement in the applying domain. 

 

4.2. Numerical Achievement Results of TIMSS 2019 Applying Domain 

The analysis of TIMSS 2019 data shows a clear difference in achievement in the applying domain of 

science between Indonesia, Laos, and Cyprus. Indonesia achieved an average science score of 396, which is 

below the international TIMSS average. The percentage of correct answers by Indonesian students on applying 

category questions was in the range of 32–35%, indicating a low ability to apply science concepts in problem-

solving contexts. Laos recorded an average science score of around 410, with an applying domain achievement 

percentage of around 35–38%. Meanwhile, Cyprus achieved an average science score of around 470, with a 

higher applying domain achievement percentage of around 45–48%. 
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Table 1. Comparison of TIMSS 2019 Applying Domain Achievements in the Science Sector 

Countries 
TIMSS 2019 Science 

Average Score 

Domain Applying 

Achievement Percentage (%) 
Achievement Category 

Indonesia 396 32–35 Low 

Laos 410 35–38 Low–Medium 

Cyprus 470 45–48 Intermediate 

Source: Processed from TIMSS 2019 International Results in Science (IEA) 

 

Table 1 shows that Indonesia and Laos' achievement in the applying domain is still far below Cyprus 

and the international average. This difference in achievement percentages indicates a gap in the ability to apply 

science concepts between countries. Although Laos is slightly ahead of Indonesia, both countries still face 

similar challenges in problem-solving-based science learning. Cyprus is in a better position, but has not yet 

reached the high achievement category. This finding underscores the importance of analyzing the applying 

domain as an indicator of the quality of science learning. 

The differences observed among Indonesia, Laos, and Cyprus suggest that students’ opportunities to 

engage in contextualized science learning vary considerably across educational systems. While the three 

countries participate in the same international assessment framework, their approaches to curriculum 

implementation, classroom instruction, and teacher professional development appear to influence how 

effectively students can apply scientific knowledge in unfamiliar situations. These variations indicate that 

achievement in the applying domain is closely linked to the quality of learning experiences provided in science 

classrooms. 

The differences in students’ applying skills among Indonesia, Laos, and Cyprus can be interpreted 

through the lens of constructivist learning theory, which emphasizes that knowledge becomes meaningful when 

learners actively use concepts to solve authentic problems. The TIMSS applying domain requires students not 

only to recall scientific facts but also to transfer knowledge into unfamiliar situations. Therefore, educational 

systems that provide frequent opportunities for inquiry, investigation, and contextual problem solving are more 

likely to produce students with stronger applying skills [31], [62]. This perspective supports previous studies 

indicating that science achievement is closely associated with learning experiences that encourage active 

cognitive engagement rather than passive knowledge acquisition. 

Another factor that may explain the variation across countries is the extent to which science curricula 

emphasize higher-order cognitive processes. Research has shown that students develop application skills more 

effectively when classroom activities involve experimentation, data interpretation, and evidence-based 

reasoning. In educational settings where instruction remains heavily examination-oriented and focused on factual 

mastery, students often experience difficulties when confronted with contextualized scientific problems. 

Consequently, the development of applying skills depends not only on curriculum content but also on how 

teachers translate curriculum goals into classroom practice [10], [63]. 

Teacher professional competence also plays a crucial role in fostering students’ ability to apply 

scientific concepts. Effective science teachers are able to design learning experiences that connect abstract 

scientific principles with everyday phenomena [64], [65]. Through guided inquiry, collaborative discussion, and 

problem-based activities, students learn to utilize scientific knowledge in meaningful contexts. Previous TIMSS-

related studies have consistently reported positive relationships between instructional quality, teacher 

preparedness, and student achievement. This suggests that strengthening teacher capacity should be considered a 

strategic priority for improving performance in the applying domain. 

Furthermore, students’ scientific reading literacy may contribute substantially to success in the TIMSS 

applying domain. Many TIMSS science items present information through texts, diagrams, tables, and real-life 

scenarios that require careful interpretation before scientific concepts can be applied. Students with limited 

reading comprehension may struggle to identify relevant information, even when they possess the necessary 

scientific knowledge [66], [67]. Therefore, efforts to improve science achievement should integrate literacy 

development with science instruction rather than treating them as separate educational goals. 

From a broader perspective, the findings reinforce the argument that educational quality should not be 

evaluated solely through students’ mastery of scientific content. The ability to apply knowledge represents a 

more authentic indicator of scientific literacy because it reflects students’ readiness to address real-world 

challenges. As contemporary societies increasingly require individuals who can analyze information, make 

evidence-based decisions, and solve complex problems, strengthening the applying domain becomes an essential 

objective of science education reform [68], [69]. Thus, improving students’ applying skills is not merely a 

strategy for increasing TIMSS performance but also an investment in developing scientifically literate citizens 

for the twenty-first century. 

The findings of this study are supported by several recent international studies highlighting the 

importance of instructional and contextual factors in students’ science achievement. Pongsophon [35], through a 

multilevel analysis of TIMSS 2019 data, found that instructional clarity, students’ attitudes toward science, 
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school academic emphasis, and literacy readiness significantly influenced science achievement. Similarly, 

Marôco et al. [34] reported that students’ socioeconomic resources, motivation, confidence in science, teacher-

related factors, and national development indicators were significant predictors of science literacy across 

participating TIMSS 2019 countries. Furthermore, Song and Cutumisu [70] demonstrated that differences in 

science curriculum organization and implementation were associated with variations in students’ science 

achievement, suggesting that curriculum structure plays an important role in shaping learning outcomes. 

Collectively, these studies reinforce the present findings that disparities in students’ applying skills across 

Indonesia, Laos, and Cyprus are likely influenced by differences in curriculum implementation, instructional 

quality, learning environments, and students’ readiness to engage with contextualized scientific problems. 

The present study contributes a novel perspective to the TIMSS literature by focusing specifically on 

the applying cognitive domain in science and comparing countries from different educational and socio-

economic contexts, namely Indonesia, Laos, and Cyprus. While previous studies have predominantly examined 

overall science achievement or investigated the influence of student, teacher, and school characteristics on 

TIMSS performance, limited attention has been given to cross-national differences in students’ ability to apply 

scientific concepts as a distinct cognitive competency. Furthermore, most comparative TIMSS studies have 

focused on countries within similar geographical regions or educational systems. By contrasting Southeast Asian 

countries with a European context, this study provides a broader understanding of how variations in curriculum 

implementation, instructional practices, and learning environments may influence the development of scientific 

application skills [63], [71]. Therefore, the study extends existing TIMSS research by offering empirical 

evidence that highlights the importance of the applying domain as a critical dimension of scientific literacy and 

by identifying contextual factors that may explain differences in students’ problem-solving abilities across 

diverse educational settings. 

This study contributes to the growing body of literature on science education by highlighting the 

importance of the applying domain as a key indicator of scientific literacy and problem-solving competence. The 

findings suggest that improving students’ ability to apply scientific concepts requires instructional approaches 

that extend beyond content memorization and emphasize inquiry, experimentation, and contextual problem 

solving. For policymakers, the results provide empirical evidence supporting curriculum reforms that promote 

higher-order thinking skills and authentic assessment practices [72], [73]. For teachers, the study underscores the 

need to design learning activities that encourage students to transfer scientific knowledge to real-life situations. 

Furthermore, the cross-national comparison offers valuable insights that may assist developing countries in 

identifying effective educational practices that can strengthen students’ scientific application skills and improve 

future performance in international assessments such as TIMSS. 

Several limitations should be considered when interpreting the findings of this study. First, the research 

relied exclusively on secondary data obtained from the TIMSS 2019 international database, limiting the ability to 

explore causal relationships between educational practices and student achievement. Second, the analysis 

focused solely on the applying cognitive domain and did not examine potential interactions with the knowing 

and reasoning domains that may also influence science performance. Third, contextual interpretations regarding 

curriculum implementation, teacher practices, and learning environments were derived from existing literature 

rather than direct classroom observations or interviews. Consequently, the explanations offered should be 

interpreted cautiously. Finally, the study involved only three participating countries, which may limit the 

generalizability of the findings to other educational contexts [74], [75]. Despite these limitations, the study 

provides a useful comparative perspective on students’ scientific application skills and offers a foundation for 

future research employing more comprehensive datasets and mixed-method approaches. 

 

 

5. CONCLUSION 

Based on analysis of TIMSS 2019 data, this study concludes that Indonesian students' achievement in 

the science application domain remains low compared to that in Laos and Cyprus. The percentage of correct 

answers to questions requiring the application of scientific concepts indicates that Indonesian students are not yet 

fully capable of using scientific knowledge to solve contextual problems. Laos demonstrated slightly better 

achievement, but still in the low-medium category, while Cyprus had higher achievement in the application 

domain and fell into the medium category. This finding confirms the gap in the ability to apply scientific 

concepts between countries, influenced by the learning orientation of each education system. The results of this 

study indicate that science learning that emphasizes a conceptual approach alone is not sufficient to improve 

application skills. Countries with better performance tend to consistently implement inquiry-based learning, 

problem-solving, and real-life contexts. Therefore, the application domain in TIMSS can be used as an important 

indicator for evaluating the effectiveness of science learning implementation in schools. This finding reinforces 

the urgency of a paradigm shift in science learning in Indonesia toward more applicable and meaningful 

learning. Based on these findings, it is recommended that science learning policies and practices in Indonesia 

place greater emphasis on strengthening conceptual application skills through problem-based learning, 
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experiments, and authentic contexts. Teachers should be encouraged to design activities and assessments that 

align with the characteristics of TIMSS questions, particularly in the applying domain. Future research is 

recommended to use TIMSS item-level data to allow for a more detailed analysis of the applying domain. 

Furthermore, further research could combine TIMSS data with primary data such as classroom observations and 

teacher interviews. This mixed approach would provide a more comprehensive picture of the learning practices 

that influence applying achievement. Research could also focus on developing and testing learning models based 

on the TIMSS framework. Thus, future research will be not only descriptive but also solution-oriented. 
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