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ABSTRACT 

Scientific reasoning skills (SRS) have become essential abilities for the 21st century. 

Scientific reasoning skills constitute a set of interrelated cognitive processes that underpin 

effective science learning. This study aims to analyse SRS through a systematic literature 

review from the years 2014 to 2023. This study conducted a systematic literature review 

using the PRISMA approach. Document searches were conducted using the keywords 

"Scientific Reasoning Skill" "Scientific Reasoning Competence" "Scientific Reasoning" or 

"Scientific thinking" "science education" "science learning" "social science" or "science" or 

"education" through the Scopus database. A total of 43 documents were analysed as the 

final data in this study. The results of the study indicate that SRS research in science 

education became the most published research category in 2021. The use of Lawson's 

Classroom Test of Scientific Reasoning (LCTSR) is the most dominant instrument used by 

researchers in measuring SRS. In terms of strategies that can be used to facilitate the SRS, 

it is through inquiry-based learning that students are encouraged to actively explore, 

question, and construct their own understanding through investigation and critical 

thinking rather than relying solely on direct instruction. Given the importance of 

scientific reasoning skills in science learning, an emphasis on these skills within the 

science education curriculum is essential.  
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Introduction  
 

Science learning is closely related to the process of inquiry (Ekici & Erdem, 2020). 

Experimental activities in the inquiry approach begin with the observation of a phenomenon, then 

move onto identification of possible underlying variables, stating hypotheses, setting up experiments 

using control variables, analysing results, formulating conclusions, and writing reports. Each of these 

processes involves SRS-related thinking skills (Bhaw et al., 2023). This is in line with the essence of 

science, which recognises itself as a product, a process, and an attitude (Chiappetta & Koballa, 2010; 

Lederman et al., 2013; Irzik & Nola, 2014). Science as a product refers to a discipline that discusses the 

facts, concepts and theoretical principles that can explain and understand nature and the phenomena 

occurring within it. Science is necessary for acquiring knowledge and numerous skills to detect, apply 

and investigate natural phenomena at various stages. Science learning also requires the development 

of scientific attitudes  (Kurniawan et al., 2019; Oh, 2017; Saputri et al., 2019; Suryandari et al., 2022). 

Lehrer & Schauble suggest that science is theory, science is logic, and science is practice. 

Science, as a body of theory, regards experiments as theoretical tests that may lead to conceptual 

change. In this context, the term “theory” refers to a conceptual framework such as the Atomic Theory 

that guides the interpretation of experimental evidence and supports the evolution of scientific 

understanding (Driver et al., 1996; Posner et al., 1982; Lederman & Lederman, 2023) Science as logic 

focuses on the use of control variables during experiments. Lastly, Science as practice views science 

not merely as a body of knowledge, but as a dynamic process of constructing, testing, and refining 

ideas through reasoning, modelling, and representation. Within this perspective, theory and reasoning 

function as essential tools that guide the development of models and representations to make abstract 

or unobservable phenomena accessible and understandable. Through modelling, learners engage in 

authentic scientific practices such as explaining, predicting, and revising their understanding 

reflecting how scientists interpret and communicate complex natural processes. This approach 

emphasizes that knowledge in science is not transmitted passively but actively constructed through 

inquiry, argumentation, and collaboration. Consequently, science as practice bridges theoretical 

understanding with hands-on investigation, enabling students to think and act like scientists. Such an 

orientation aligns with contemporary science education goals that promote inquiry, modelling, and 

reasoning as central components of scientific literacy. (Lehrer & Schauble, 2007). These characteristics 

of science allow students to observe a phenomenon using scientific reasoning. The application of 

scientific reasoning is identified in pedagogical environments that require students to learn scientific 

methods during experimental activities (Bhaw et al., 2023). Science as practice views science not 

merely as a body of knowledge, but as a dynamic process of constructing, testing, and refining ideas 

through reasoning, modelling, and representation. Within this perspective, theory and reasoning 

function as essential tools that guide the development of models and representations to make abstract 

or unobservable phenomena accessible and understandable. For pupils at the primary and secondary 

levels, engaging in such practices enables them to experience science as a way of thinking and doing 

rather than as facts to be memorised. Through modelling and inquiry, they learn to explain, predict, 

and revise their understanding, reflecting authentic scientific activity. This approach emphasises that 

scientific knowledge is actively constructed through exploration, argumentation, and collaboration. 

Consequently, science as practice bridges theoretical understanding with hands-on investigation, 

fostering scientific literacy from an early age. 

Scientific Reasoning Skill are prerequisite skills that must be possessed by learners to master 

scientific activities (Edward et al., 2017; Stylinski et al., 2020). (Hasruddin & Aulia, 2023; Kambeyo & 

Scapo, 2018). Student learning outcomes improve when they can engage more deeply in scientific 

activities (Burgess et al., 2017; Edward et al., 2017; Gray et al., 2017; Phillips et al., 2018; Stylinski et al., 

2020). Science as practice views science not merely as a collection of facts, but as an active process of 

constructing, testing, and refining ideas through reasoning, modelling, and representation (Ülger, 

2021). Within this framework, theory and reasoning guide the development of models that help pupils 

make sense of abstract or unobservable phenomena. By engaging in authentic scientific practices—
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such as designing investigations, interpreting data, and revising explanations—pupils experience 

science as both a way of knowing and a way of doing. This experiential approach nurtures their ability 

to think critically and reason scientifically. 

This is also supported by the findings of Bruckermann et al. (2020), which show that scientific 

reasoning skills foster pupils’ conceptual understanding of scientific phenomena and their capacity to 

apply knowledge in new contexts. Consequently, developing scientific reasoning is not only essential 

for learning scientific content but also for deepening understanding of how scientific knowledge is 

generated and validated through practice. It is further explained that science learning, especially in 

inquiry activities, depends on certain prerequisites, namely students' proficiency in scientific 

reasoning (Bruckermann et al., 2023). Low scientific reasoning skills will have an impact on the decline 

in the process of inquiry received by students, it can also hinder the achievement of learning outcomes 

(Burgess et al., 2017; Edward et al., 2017; Gray et al., 2017; Phillips et al., 2018; Stylinski et al., 2020).  

Previous research has consistently highlighted the importance of scientific reasoning skills 

(SRS) in enhancing pupils’ understanding of scientific concepts and practices. These skills enable 

learners to formulate hypotheses, interpret evidence, and construct explanations that reflect authentic 

scientific inquiry. Bruckermann et al. (2020) demonstrated that the development of SRS contributes to 

pupils’ conceptual understanding and their ability to apply knowledge across different contexts. 

Similarly, Zimmerman (2007) emphasised that reasoning processes such as control of variables, 

evidence evaluation, and causal inference are central to meaningful science learning. Building on this 

body of research, the present study seeks to explore how SRS can be effectively facilitated through 

inquiry-based learning approaches that encourage pupils to engage in modelling, reasoning, and 

reflection. This focus aims to deepen understanding of how learners develop and use scientific 

reasoning as part of their overall scientific literacy. The higher the scientific skill of students, the more 

likely they are to understand a broader range of knowledge (Ding et al., 2023; Moore & Rubbo, 2012). 

As per the study conducted by Bao et al., scientific reasoning is strongly correlated with cognitive 

abilities (Bao et al., 2009). Scientific reasoning skills will improve at all levels if taught with a focus on 

critical thinking skills (Blumer & Beck, 2019; Hester et al., 2018; Yanto et al., 2019).  Other studies 

suggest that scientific reasoning can be developed at an early age (Zimmerman, 2007). There is 

increasing evidence that primary school pupils possess various scientific reasoning skills. Early 

development of scientific reasoning provides learners with greater opportunities to acquire higher-

level reasoning skills (Nagy & Korom, 2023). Higher-level reasoning is necessary for problem-solving 

and decision-making, including understanding complex concepts (Lawson, 2004).  

Many studies have examined the importance of scientific reasoning skills in science learning, 

but there has been relatively little in-depth investigation into scientific reasoning skills in science 

education (Rampean & Rohaeti, 2025). Analysing credible research on scientific reasoning skills 

provides a profound overview of the paradigm shift in education, moving from a focus on content 

memorisation towards the development of scientific thinking processes that prepare learners to solve 

real-world problems (Miftakhul Falah et al., 2024). While numerous studies examine scientific 

reasoning, the literature remains scattered across various subjects, educational levels, and 

methodological approaches, as well as the evaluations used, making it difficult for educators to 

implement evidence-based practices. Previous studies have underscored the significance of scientific 

reasoning skills (SRS) in promoting meaningful science learning (Bruckermann et al., 2020; 

Zimmerman, 2007). SRS enable pupils to interpret evidence, formulate hypotheses, and justify 

conclusions—core components of scientific literacy. However, research also indicates that these skills 

are often insufficiently developed in school contexts, where science instruction tends to emphasise 

factual recall rather than reasoning and inquiry (Istyadji & Sauqina, 2023). Moreover, the integration 

of inquiry-based learning (IBL) as a pedagogical approach to enhance SRS remains underexplored in 

certain educational settings. Addressing these issues is essential for cultivating learners who can think 

critically, reason scientifically, and engage in authentic scientific practices. 

Considering the importance of this skill as a fundamental skill that students must possess in 

experimental and inquiry activities, conducting a systematic literature review can explore the efforts 
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of researchers and educators in developing scientific reasoning skills (Illescas-Navarro et al., 2025). 

This systematic literature review aims to analyse learning models that facilitate scientific reasoning 

skills, the aspects and indicators of scientific reasoning skills, and the correlation between scientific 

reasoning skills and other variables. In addition, it will also explore the research trends on the topic in 

terms of countries, institutions, and most productive authors, as well as the differences in the types of 

research conducted by researchers. Accordingly, the present study aims to address this gap by 

exploring the role of inquiry-based learning in developing scientific reasoning skills among pupils in 

science classrooms. A literature review is used as an effective method for creating a strong foundation 

for facilitating knowledge and facilitating theory development (Webster & Watson, 2002). By 

integrating the results and perspectives of many empirical studies, The literature review informs the 

direction of this study by mapping existing knowledge, evaluating its limitations, and articulating the 

research questions that have not yet been empirically addressed (Snyder, 2019). While meta-analysis 

statistically aggregates results across studies, a literature review synthesises theoretical and empirical 

insights to construct a conceptual framework that guides further research (Snyder, 2019). This 

systematic literature review is important to provide information to researchers, teachers, and 

education practitioners (Ubaidillah et al., 2023), especially regarding the development of leaners' 

scientific reasoning skills. The results of this study can be used as a strong basis for planning and 

developing a science education curriculum that is more effective in encouraging and strengthening 

scientific reasoning skills as a very important skill in science learning. 

The objective of this research is to analyse articles sourced from the Scopus database from 

2014 to 2023, focusing on scientific reasoning skills in science learning. This study has the following 

problem statement: 

1. What are the dominant trends and developments in research on scientific reasoning 

skills (SRS) in science education between 2014 and 2023? 

2. Which science learning strategies have been reported to facilitate SRS development? 

3. What aspects and instruments have been used to measure SRS across studies? 

4. How does research on SRS vary according to educational level (e.g., primary, 

secondary, tertiary)? 

5. What relationships between SRS and other variables have been explored in existing 

literature? 

 

Methods  

 

Research Type 
 

This study is a systematic literature review research.  The use of a literature review is an 

effective method for establishing a strong foundation for facilitating knowledge and facilitating theory 

development (Webster & Watson, 2002). This method is used to identify and critically assess relevant 

studies, as well as to collect and analyse data from these studies (Liberati, 2009). The purpose of this 

systematic review is to identify all empirical evidence that meets the predefined inclusive criteria to 

answer the research questions. By using a systematic method to review articles and all available 

empirical evidence, bias can be minimised, making the findings reliable for drawing conclusions and 

making decisions (Moher, 2009; Snyder, 2019).  

 

Data Collection 
 

Literature data collection was conducted using the Scopus database, spanning the last 10 years 

from 2014 to 2023. Scopus is one of the high-quality data sources, making it a consideration in 

document selection (Wei et al., 2023). Data selection was conducted using the PRISMA method 

developed by Moher, Liberti, Tetzlaff, & Altman (Moher, 2009). The PRISMA method is the most 

widely used method for systematic literature reviews (Page et al., 2021). The PRISMA method 
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provides a roadmap for reporting systematic reviews in a transparent, objective, and explicit manner 

(Rehman et al., 2020). This systematic review (Fig. 1) adapted from Kulakli & Osmanaj; Yang, et al; 

Bonilla-Chaves & Palos-Sánchez; Wei, et al (Bonilla-Chaves & Palos-Sánchez, 2023; Kulakli & 

Osmanaj, 2020; Wei et al., 2023; Yang et al., 2017).  

 

Data Analysis 
 

The literature search was conducted in March-April 2024 through the Scopus database. This 

study was conducted using keywords with Boolean operators AND and OR resulting in the following 

search terms "Scientific Reasoning Skill" OR "Scientific Reasoning Competence" "Scientific Reasoning" 

OR "Scientific thinking" AND "science education" OR "science learning" OR "social science" OR 

"science" OR "education".  

 

Table 1 

Presents a summary of these criteria 

Criteria Decision 

When the predefined keywords exist as a whole or at least in the title, keywords, or 

abstract section of the paper. 

Inclusion 

The paper was published in a scientific journal. Inclusion 

The paper should be written in the English language. Inclusion 

Papers that were published before 2014. Exclusion 

Papers that are not accessible, review papers, and meta-data. Exclusion 

 

A total of 1,308 documents were obtained for the years 2014-2023. The obtained documents 

were then filtered to include only those in English, document types such as journal articles, final stage 

documents, and open access, resulting in 375 documents. Next, their relevance to the research topic 

was analysed through titles, abstracts, and keywords, resulting in 155 documents. After conducting an 

in-depth analysis through a full-text examination, a total of 43 final documents were obtained. The 

data were analysed using the PRISMA stages, which consist of four stages: identification, screening, 

eligibility, and inclusion.  

 

Figure 1 

Presents the flow of the research procedure applied in this review 

 
 

https://sciprofiles.com/profile/317555
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The identification stage is the first stage in the PRISMA method. This stage involves 

identifying what, how, and where to find the relevant data. Once all the data is obtained, the data is 

then identified and filtered. This identification process is conducted as thoroughly as possible to avoid 

missing any important data. This process is referred to as sensitivity in the initial screening stage 

(Siddaway et al., 2019).  

The next stage is screening, where articles are assessed to determine if they meet the criteria 

for inclusion in the qualitative synthesis. Assessment is based on inclusive assessment (Busalim & 

Hussin, 2016), meaning that document assessment is based on reputable journals or journals indexed 

in Scopus. In selecting data sources, Scopus was prioritised due to its extensive repository of peer-

reviewed research and established reputation for quality indexing (Wei et al., 2023). Document 

screening is also conducted on documents that are only in the form of journal articles because they are 

considered the most recent records or the latest scientific studies of knowledge in any field, and 

journals are deemed more up-to-date than other sources (Cronin et al., 2008; Rehman et al., 2020)  

Therefore, documents other than journals, such as books and conference are ignored.  Relevant studies 

were identified through searches of Scopus, Web of Science, and ERIC. To ensure comparability and 

methodological rigour, only peer-reviewed journal articles published in English were considered. 

English is an internationally recognised language so it is a recommended language in writing journal 

articles, especially in reputable journals. The period of 2014–2023 was chosen to provide a balanced 

representation of recent research trends in scientific reasoning skills. While extending the timeframe 

could yield a larger sample, Cronin et al. (2008) emphasise that an overly broad range may dilute 

focus and include conceptually obsolete studies. Thus, a ten-year span is adequate to ensure both 

scope and relevance (Cronin et al., 2008). Cronin et al. suggest that ideally, the document timeframe 

for a systematic literature review is 5-10 years, while Nundy et al. corroborated that systematic 

literature reviews have been conducted over the last 10 years (Nundy et al., 2022).  

The next stage is eligibility, during this stage, the screened documents are read thoroughly, 

including their full papers. If it is in line with the research objectives, the next step is data extraction 

and qualitative analysis. This research uses Microsoft Excel for data extraction. This form is used to 

organise qualitative synthetic information (Rehman et al., 2020). Several columns containing notes of 

important information include the author's name, year, title, institution, research design, types of 

learning models supporting SR, research subjects, and the correlation between SR and other variables.  

Based on the analysis of the systematic literature review procedure steps, Figure 2 is a conceptual 

mapping obtained from the keyword search results. 

Figure 2   

Conceptual mapping   
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Figure 2 presents the conceptual mapping generated from the keyword analysis. This 

mapping served as the basis for developing the coding framework applied to the selected articles in 

the systematic review. 

 

Findings  

 
The study analyses the profile of studies on scientific reasoning skills, how to facilitate 

scientific reasoning skills, aspect and measurement instruments of scientific reasoning skills, 

differences in types of institutions, and the correlation between scientific reasoning skills and other 

variables. 

 

The Profile of Research on Scientific Reasoning Skills in Science Education Based on the 

Number of Publications from 2014 to 2023 
  

Research on scientific reasoning skills in science education over the past 10 years, from 2014 to 

2023, sourced from the Scopus database, reveals that studies on this theme consistently contribute 

each year (Fig. 3).  

 

Figure 3 

Comparison of research on SRS from 2014 to 2023 

 

 
Figure 3 shows a modest increase in publications around 2021, when eight studies on scientific 

reasoning skills were published. Nonetheless, with fewer than fifty studies overall, this variation 

reflects a descriptive pattern rather than a statistically meaningful change in research productivity. 

However, a slight decline was observed in 2022. Over the ten-year period, nearly all studies were 

written collaboratively, with only a single publication authored individually. This indicates that 

research on scientific reasoning skills is typically conducted through collaborative efforts. These 

results indicate that researchers worldwide have extensively engaged in collaboration when 

researching scientific reasoning skills. 

The apparent decline in the integration of scientific reasoning skills within science education 

research should be viewed as tentative. It may reflect contextual factors such as evolving research 

priorities, publication delays, or the emergence of alternative conceptual frameworks rather than a 

true reduction in scholarly attention. One of them is the limitations of a curriculum that focuses more 

on mastering material than developing scientific thinking skills (C. A. Dewi & Rahayu, 2024). This is 

exacerbated by a standardised test-based evaluation system that emphasises memorisation over 

analysis and synthesis of information. In addition, the readiness of educators is also an important 

factor, where many teachers have not received adequate training in teaching scientific reasoning 

explicitly. The continued dominance of lecture-based and memorisation-oriented teaching methods in 

tertiary science education may limit students’ opportunities to develop higher-order cognitive and 

1
3 3

2

5
4

3

8
7 7

0

2

4

6

8

10

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Fr
e

q

Years



Fatimah, Sarwi, Linuwih, Dewi, Hartono, &  Subali, 2026 

 

77 

  

scientific reasoning skills, also do not provide enough space to develop learners' critical thinking 

skills. Another contributing factor is limited resources, including a lack of access to teaching aids, 

laboratories, and institutional support in the form of training and professional development. Low 

pupil motivation and limited engagement in science lessons can hinder the development of scientific 

reasoning skills, particularly when instructional materials are perceived as difficult or disconnected 

from students’ everyday experiences. Furthermore, rapid changes in educational policy—such as the 

increasing emphasis on digitalisation and STEM literacy—may unintentionally divert attention away 

from cultivating scientific thinking skills in science education (Kaçar, 2023). These factors suggest that 

both pedagogical and systemic influences play important roles in shaping the extent to which 

scientific reasoning is integrated into classroom practice. 

Although the data do not conclusively demonstrate a decline in the integration of scientific 

reasoning skills, there remains significant potential to strengthen their presence in science education. 

One promising direction is the adoption of inquiry-based and problem-based learning approaches, 

which provide pupils with authentic opportunities to investigate phenomena, conduct experiments, 

and engage in real-world problem-solving. These pedagogical strategies can help bridge the gap 

between theoretical knowledge and practical scientific reasoning. In addition, improving the quality of 

training for educators is also of key importance in ensuring that teachers have sufficient skills to teach 

scientific reasoning effectively (Kirya et al., 2024). The use of digital technologies and tools, such as 

simulations, virtual laboratories, and artificial intelligence-based learning platforms, can also help 

them analyse data, formulate hypotheses, and test their conclusions in greater depth. The integration 

of cross-disciplinary approaches, such as linking science with mathematics, engineering and social 

sciences, can also strengthen students' understanding of the importance of scientific reasoning in 

various contexts. In addition, reforms in the evaluation system, by replacing rote-based assessment 

methods with performance-based assessments such as open-ended investigations and concept 

mapping, can encourage students to further develop their critical thinking skills. Governments and 

educational institutions can also play a role in designing policies and curricula that explicitly 

accommodate the development of scientific reasoning skills as part of the main learning objectives. 

With these concerted efforts, scientific reasoning skills can once again become a central component of 

science education, equipping pupils with the critical thinking and problem-solving abilities necessary 

to navigate the challenges of the future. 

 

Different Types of Research on the Theme of Scientific Reasoning Skill 
 

Various types of research are conducted to study scientific reasoning skills. The reviewed 

studies were categorised into five types: empirical research articles, position papers, theoretical 

papers, review articles, and others. However, only papers presenting new empirical data were 

included in the final analysis. The differences in these types of research are adopted from Lin et al., 

2014 and Tsai & Lydia Wen, 2005 Based on the analysis results, research on scientific reasoning skills 

is predominantly conducted empirically (41 documents). The remainder consists of review studies (1 

document) and theoretical papers (1 document). The empirical research conducted by researchers 

consists of four classifications: qualitative research, quantitative research, and mixed methods.  

 

Table 2  

Differences in empirical research in scientific reasoning skills 

Empirical Research Type Freq 

Experimental quantitative 25 

Survey quantitative 6 

Qualitative  8 

Mixed method 3 
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Table 2 shows that experimental research is the most frequently conducted type of research by 

researchers in facilitating scientific reasoning skills, with a total of 25 documents.  Experimental 

research is conducted by researchers to compare learning outcomes between experimental and control 

groups. Survey research is the second most dominant type of research after experimental research. 

Researchers extensively investigate the relationship between scientific reasoning skills and other skills 

or abilities through surveys. Additionally, researchers have extensively investigated the level of 

scientific reasoning skills using various standardized test instruments.  

 

Strategies for Facilitating Scientific Reasoning Skills 
 

Scientific reasoning skills can be facilitated through hands-on activity-based science learning. 

Hands-on activities are conducted through practicum activities, either performed in person or online. 

Table 3 explains the strategies used to facilitate scientific reasoning skills.  

 

Table 3 

Strategies for facilitating scientific reasoning skills 

Authors Strategy Freq. 

(Omarchevska et al., 2022; Parmin et al., 2022) Virtual experiment 2 

(Acar & Patton, 2016; Blumer & Beck, 2019; Kaiser & Mayer, 2019; 

Malone & Schuchardt, 2023; Novia & Riandi, 2017; Olschewski et al., 

2023; Omarchevska et al., 2022; Orosz et al., 2022; Schlatter et al., 

2020; Willemsen et al., 2023) 

Inquiry 10 

(Owens et al., 2020; Özkul & Özden, 2020; Van Vo & Csapó, 2023) STEM 3 

(Coleman et al., 2023; Russ & Odden, 2017; van der Graaf et al., 2018) Laboratory course 3 

(L. Dewi et al., 2023) Problem Centred 

Thinking Skills (PCTS) 

1 

(Acar & Patton, 2016; Iwuanyanwu, 2023) Scientific 

Argumentation 

2 

(Marušić & Dragojević, 2020) Active Learning 1 

(Mendoza et al., 2018) Problem Based 

Learning 

1 

(Heijnes et al., 2018) Drawing based 

modelling 

1 

(Dowd et al., 2019) Concept map 1 

(Bruckermann et al., 2023) Citizen science project 1 

(Rost & Knuuttila, 2022) Epistemic artifact 1 

(Cheng et al., 2018) Problem-Solving 

Instruction 

1 

(Hardy et al., 2021) Scaffolding 1 

(Mendoza et al., 2018) 

 

(Owens et al., 2020) 

Collaborative learning 

SSI 

1 

 

1 

(Cabello et al., 2021) 

 

(Upmeier Zu Belzen et al., 2021) 

 

(Vaesen & Houkes, 2021) 

 

(Alabdulaziz et al., 2022) 

Image Representation 

Abductive Learning 

Model 

Gieres' Framework 

Model 

E-learning 

1 

 

1 

 

1 

 

1 

 

Table 3 shows that inquiry-based learning has been identified in several empirical studies as 

the most effective strategy for facilitating scientific reasoning skills. Science learning through inquiry 

focuses on experimental activities, whether conducted in-person or online. Some types of inquiry-
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based learning used are inquiry learning through virtual laboratories (J. Chen et al., 2018; 

Omarchevska et al., 2022), guided inquiry (Acar & Patton, 2016; Blumer & Beck, 2019; Kaiser & Mayer, 

2019; Orosz et al., 2022), and argumentation based inquiry course (Acar & Patton, 2016). These results 

show that the majority of researchers are using guided inquiry in conducting investigations as a 

model to facilitate SRS. 

Strategies for integrating scientific reasoning skills in science education can be more effective 

if they are tailored to the educational level and cultural context. Each level of education has different 

cognitive characteristics and learning needs, while cultural backgrounds also influence how students 

understand and apply scientific concepts. Therefore, a flexible approach is required for these strategies 

to be optimally implemented.   

At the primary level, learning strategies should emphasize inquiry-based and exploratory 

approaches that engage pupils through enjoyable, hands-on experiences. Pupils can be introduced to 

scientific concepts through simple experiments, storytelling, and guided questions that encourage 

curiosity. As noted in previous studies, inquiry-based and exploratory approaches enable pupils to 

observe, predict, and reason about phenomena logically, while avoiding the difficulties associated 

with abstract conceptual understanding at early developmental stages (Harlen, 2021). Meanwhile, at 

the intermediate and senior levels, strategies can be more oriented towards problem-based learning 

(PBL) and STEM (Kurniahtunnisa et al., 2024). Learners can be involved in case studies, data analysis, 

and evidence-based discussions that demand critical thinking skills. The use of virtual laboratories 

and digital tools can also help them understand the scientific process more interactively. At the higher 

education level, inquiry-based approaches, STEM, PBL, and Problem solving become more effective. 

Students can be encouraged to critique scientific literature, design experiments, and engage in 

academic discussions to strengthen analytical and problem-solving skills in various disciplines. 

In addition to adapting strategies to the level of education, adaptations also need to be made 

to the cultural context. In Western education systems that tend to emphasise inquiry-based learning 

and student autonomy, more open strategies such as independent projects, democratic discussions, 

and evidence-based investigations can be applied to improve scientific reasoning. In contrast, in 

collectivist cultures such as in many Asian, African and Latin American countries, cooperation-based 

approaches are more effective. Strategies involving group projects, collaboration-based learning, and 

peer teaching can help students develop scientific thinking skills in an environment that fits their 

social norms. Meanwhile, in resource-constrained areas, strategies need to be adapted to the 

availability of facilities. The use of local materials for experiments, and community-based projects, as 

well as the utilisation of open digital resources and mobile learning, can be solutions to ensure that 

scientific reasoning skills can still be taught effectively despite limited infrastructure.   

By customising strategies based on educational level and cultural context, the integration of 

scientific reasoning skills in science education can be done more effectively. This approach not only 

assists students in better understanding and applying scientific concepts but also ensures that they 

have critical thinking and problem-solving skills relevant to their learning environment.  

Besides the learning models, various media can be used to facilitate scientific reasoning skills. 

The media used include modules, student worksheets, pictures, and videos. For more details, refer to 

Table 4. 

 

Table 4 

Media for facilitating scientific reasoning skills 

Authors Media Freq. 

(Blumer & Beck, 2019; Coleman et 

al., 2023) 

Modules 2 

(Orosz et al., 2022; Russ & Odden, 

2017; Schlatter et al., 2020, 2021, 

2022) 

Student 

worksheets 

5 
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Authors Media Freq. 

(Bicak et al., 2021; Kaiser & Mayer, 

2019; Russ & Odden, 2017) 

Videos 3 

(Cabello et al., 2021) Pictures 1 

 

Table 4 shows that the media used in science learning is student worksheets, with 5 

researchers utilising this media to facilitate SRS. Based on the data analysis results, 80% of video 

media is used in inquiry-based learning. 

 

Aspects and Instruments for Measuring Scientific Reasoning Skills  
 

Scientific reasoning skills have dimensions related to the inquiry process. Starting from 

analysing problems to concluding. This becomes an aspect measured by researchers in analysing 

scientific reasoning skills. Based on the results of the meta-analysis, it was found that all researchers 

measured scientific reasoning skills used test-based instruments. A total of 27% of studies used the 

Lawson Classroom Test Scientific Reasoning (LCTSR) instrument developed by Lawson (Lawson, 

2004). Table 5 illustrates the complete types of instruments for measuring scientific reasoning skills. 

 

Table 5 

Aspects and instruments for measuring scientific reasoning skills 

Aspect Instrument Freq. 

Conservation of matter and volume, proportional reasoning, control of 

variables, probability reasoning, correlation reasoning, and 

hypothetical-deductive reasoning 

Lawson Classroom Test 

Scientific Reasoning 

(LCTSR) 

 

14 

Understanding scientific concepts and problem-solving Scientific Concept 

Dependent Reasoning 

Test (SCDRT) 

 

1 

Complexity, perspective taking, inquiry, scepticism, fracking, Branville The Quantitative 

Assessment of SSR 

(QuASSR) 

1 

 

Generating investigable questions, evaluating evidence, designing 

experiments, drawing conclusions 

 

 

Conservative reasoning, proportional reasoning, controlling variables, 

combinatorial reasoning, probabilistic reasoning, correlational 

reasoning 

 

Scientific Reasoning 

InventoryThinking 

(SRI) 

 

Modified Lawson  

Classroom Test of 

Scientific Reasoning 

(MLCTSR) 

 

2 

 

 

 

1 

 

Table 5 shows that research on scientific reasoning skills is frequently measured using the 

Lawson Classroom Test of Scientific Reasoning (LCTSR) instrument. The dimensions of scientific 

reasoning skills according to LCTSR include Conservation of matter and volume, proportional 

reasoning, control of variables, probability reasoning, correlation reasoning, and hypothetical-

deductive reasoning. 

 

Different Types of Institutions in Scientific Reasoning Skills Research  
 

Research on scientific reasoning skills in science education has been conducted extensively in 

various institutions from preschool to university level.  
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Figure 4 

Different types of institutions in scientific reasoning skills research 

 
 

Figure 4 illustrates that the university level is the most frequently studied institution, 

accounting for 53%. This indicates that the measurement of scientific reasoning skills has been 

extensively conducted at the university level, particularly targeting prospective science teachers.    

 

The Correlation of Scientific Reasoning Skills with Other Variables  
 

Scientific reasoning skills are correlated with other variables. Some researchers associate 

scientific reasoning skills with other skills.  Table 6 represents the correlation of scientific reasoning 

skills with other variables.   

 

Table 6 

The correlation of scientific reasoning skills with other variables 

Authors Correlation between variables Freq. 

(Acar & Patton, 2016; Cheng et al., 2018; Ding et al., 

2016; Malone & Schuchardt, 2023) 

Conceptual understanding 4 

(Fischer et al., 2022; Iwuanyanwu, 2023) Scientific argumentation skills 2 

(Coleman et al., 2023) Science process skills 1 

(Dowd et al., 2019) Scientific report writing skills 1 

(van der Graaf et al., 2015; Van Vo & Csapó, 2023) Variable manipulation skills 2 

(Cheng et al., 2018; Hejnová et al., 2018; 

Iwuanyanwu, 2023; Olschewski et al., 2023) 

Problem-solving skill 4 

(Blumer & Beck, 2019) Experiment design skills 1 

(Omarchevska et al., 2022) Self regulation 1 

(Bruckermann et al., 2023) 

(L. Dewi et al., 2023) 

(Van Vo & Csapó, 2023) 

Epistemological beliefs 

Critical thinking skills 

Science motivation 

1 

1 

1 

 

Table 6 shows that conceptual understanding and problem-solving skills are the variables 

most frequently researched by researchers about SRS.  

Understanding the correlation between scientific reasoning skills and the effectiveness of 

science education can be the basis for designing a more integrative and effective curriculum. The 

integration of these skills into the curriculum should be done systematically by ensuring that each 

stage of learning supports the development of students' critical and analytical thinking. One way of 

utilising this correlation is by adopting an inquiry-based approach that emphasises not only concept 

mastery but also scientific thinking processes. An effective curriculum can incorporate methods such 

as problem-based learning (PBL), and STEM, as well as inquiry-based approaches that require 

students to analyse data, design experiments, and draw evidence-based conclusions. In addition, the 

curriculum needs to adapt learning strategies to the cognitive development level of learners.  

5%
12%

25%

5%

53%

Preeschool Elementary School Yunior high school

Senior high school University
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At the primary level, exploratory approaches with simple experiments and guided discussions 

can be used to build the foundation of scientific thinking, while at the middle and upper levels, pupils 

can be given more complex challenges through case studies, data analysis, and independent 

hypothesis testing. To ensure its effectiveness, the curriculum also needs to adapt to the cultural 

context and available resources. In environments with limited laboratory facilities, simulation-based 

technologies or community-based projects can be an alternative to still practicing scientific reasoning 

skills. By designing a curriculum that links conceptual understanding with scientific thinking skills, 

science education not only improves students' science literacy but also equips them with critical 

thinking abilities that can be applied in various aspects of life and future careers. 

 

Discussion 

  
Based on content analysis results, inquiry-based learning is predominantly used by 

researchers worldwide to facilitate SRS. These analysis results are relevant to the explanation that 

Scientific Reasoning Skill (SRS) is a prerequisite skill that learners must possess to master scientific 

activities, particularly in inquiry-based learning (Edward et al., 2017; Stylinski et al., 2020). Low 

scientific reasoning skills will have an impact on the decline in the inquiry process received by 

students (Burgess et al., 2017; Edward et al., 2017; Gray et al., 2017; Phillips et al., 2018; Stylinski et al., 

2020). This explanation corroborates the research findings that the majority of researchers utilise the 

inquiry model to facilitate SRS (Acar & Patton, 2016; Blumer & Beck, 2019; Kaiser & Mayer, 2019; 

Malone & Schuchardt, 2023; Novia & Riandi, 2017; Olschewski et al., 2023; Omarchevska et al., 2022; 

Orosz et al., 2022; Schlatter et al., 2020; Willemsen et al., 2023). 

Guided inquiry-based science learning is the majority choice used by several researchers in 

facilitating SRS (Acar & Patton, 2016; Blumer & Beck, 2019; Kaiser & Mayer, 2019; Orosz et al., 2022). 

Guided inquiry makes it easy for learners to conduct investigations, allowing the inquiry process to be 

carried out systematically. Sahin & Oren found that the guided inquiry model proved to be able to 

influence the SRS (Sahin & Sasmaz Oren, 2022). In guided inquiry, the teacher plays a crucial role in 

directing pupils to understand the questions, conducting investigations, reaching accurate 

conclusions, and reflecting on the results (Orosz et al., 2022). Without appropriate guidance from the 

teacher, pupils are unlikely to grasp the purpose or process of scientific investigations, as they often 

lack the procedural knowledge and experience needed to conduct such inquiries independently 

(Hmelo-Silver et al., 2007). Blumer et al. corroborate that learning through guided inquiry can 

effectively facilitate SRS (Blumer & Beck, 2019).  

Media-based inquiry models provide educators with ease in facilitating SRS. The use of 

worksheets is the media used by the majority of researchers worldwide. The use of inquiry-based 

worksheets makes it easier for students to conduct investigations. In inquiry-based learning, the 

worksheets used by researchers are the steps learners must take to test a hypothesis. Schlatter et al. 

found that inquiry-based learning facilitated by tiered worksheets is capable of enhancing scientific 

reasoning skills (Schlatter et al., 2022).      

Science learning in facilitating SRS is often conducted using experimental research, which 

compares the experimental group with the control group. This type of research is chosen by 

researchers worldwide because, through experiments, treatments can be applied to determine 

whether they affect the dependent variables (Creswell, 2012). The existence of these treatments 

provides empirical evidence of the effects of the treatments. Thus, it can be clearly and accurately 

observed how SRS is developed in science learning.   

The measurement of Scientific Reasoning Skills in science education is often conducted using 

the Lawson Classroom Test Scientific Reasoning (LCTSR). The LCTSR measures SRS across five 

dimensions: Conservation of matter and volume, proportional reasoning, control of variables, 

probability reasoning, correlation reasoning, and hypothetical-deductive reasoning. The Lawson 

Classroom Test Scientific Reasoning (LCTSR) is a popular instrument that measures the development 

of students' scientific reasoning skills (Cahyaningrum, 2019; Zhou et al., 2021). It is known that the 
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LCTSR instrument has good overall reliability. This test has been given to several thousand students 

and the results have been published where the test referred to using the LCTSR (Hrouzková & 

Richterek, 2021). Many researchers use this test because it is suitable for broader contexts, such as in 

universities, high schools, and middle schools (Hrouzková & Richterek, 2021). The results also have 

relevance to research subjects involving students, as conducted by researchers worldwide. The 

analysis results indicate that the majority of research on SRS is conducted in higher education 

institutions, as evidenced by studies (Alabdulaziz et al., 2022; Bruckermann et al., 2023; Coleman et al., 

2023; Iwuanyanwu, 2023; Karakoyun & Asiltürk, 2021; Olschewski et al., 2023; Omarchevska et al., 

2022; Parmin et al., 2022; Upmeier Zu Belzen et al., 2021; Vaesen & Houkes, 2021; Yoon et al., 2020).    

In terms of the correlation between SRS and other variables, Problem-solving skills and 

conceptual understanding are the variables that have the most correlation with SRS. SRS is a skill that 

can encourage students to understand science concepts in depth. The search for these concepts 

requires good problem-solving skills. These skills will be needed later to find a solution. These results 

are relevant to the research conducted by Acar & Patton which demonstrates that SRS is closely 

related to students' conceptual understanding or misconceptions. (Acar & Patton, 2016). Other 

research has shown that students with low SRS also have high misconceptions (Acar, 2014). SRS plays 

an important role in developing problem-solving skills. The activities of observing phenomena, 

seeking literature to test hypotheses, conducting investigations, and drawing conclusions are activities 

that can improve problem-solving skills (Charysma et al., 2018; Iwuanyanwu, 2023). 

 

Conclusion and Implications  

 
The study showed that in 2021, SRS research in science education emerged as the most 

extensively studied area. In studies on scientific reasoning skills, empirical research predominates, as 

researchers seek measurable evidence of learners’ reasoning processes and the effectiveness of 

instructional strategies through experimental or quasi-experimental designs. Lawson's Classroom Test of 

Scientific Reasoning (LCTSR) became the most used instrument in research to measure SRS. In terms of 

strategies that can be used to facilitate the SRS, it is through inquiry-based learning. The university 

level is the most studied institution to be the subject of research. Conceptual understanding and 

problem-solving skills are the skills that are most relevant to SRS research. Inquiry-based learning has 

been proven to be a learning model used by researchers worldwide to facilitate scientific reasoning 

skills. Modified inquiry learning can maximise scientific reasoning skills, such as using STEM-based 

inquiry learning. 
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