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Abstract 

This action research explores the effectiveness of collaborative teaching in enhancing senior students’ argumentation skills 

through integrated Science and Global Perspectives lessons. The intervention combines the BSCS 5E Instructional Model 

with individualized instruction to foster critical thinking, reasoning, and evidence-based discourse. Conducted over two 

action research cycles, data were collected through classroom observations, student questionnaires, reflective journals, and 

analysis of students’ argumentation using the Claim–Evidence–Reasoning framework. Findings indicate significant 

improvement in students’ ability to construct well-supported arguments, engage in critical discussions, and apply reasoning 

across interdisciplinary contexts. Beyond academic performance, students demonstrated increased confidence in expressing 

ideas, effective teamwork, and a greater appreciation for multiple perspectives. The study concludes that collaborative 

teaching, supported by 5E lessons and individualized tasks, enhances student-centered learning, inclusivity, and essential 

21st-century skills. Implications for curriculum design and teacher professional development are discussed, providing 

guidance for scaling this approach in diverse educational settings. 
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1. Introduction 

Argumentation is a critical 21st-century skill, essential for students’ academic development and their role as informed 

citizens. In science education, argumentation provides a foundation for understanding evidence, reasoning, and scientific 

inquiry. Global Perspectives lessons, on the other hand, emphasize critical thinking, ethical analysis, and interdisciplinary 

dialogue. Combining these subjects through collaborative teaching offers an innovative approach to improving students’ 

argumentation skills. 

The BSCS 5E Instructional Model provides a structured, research-based framework for lesson design that fosters 

engagement, exploration, explanation, elaboration, and evaluation [1]. When integrated with individualized instruction 

strategies, the 5E model can address diverse student needs, ensuring active participation and deeper learning. This study 

employs action research to explore how collaborative teaching and the 5E model can enhance senior students’ 

argumentation skills in the context of Science and Global Perspectives [2]. 

Previous research highlights the importance of argumentation in science education [3]. Constructivist frameworks, 

such as the 5E Instructional Model, support active learning and conceptual change [4]. Collaborative teaching enables 

teachers from different disciplines to bring complementary expertise, fostering interdisciplinary learning. Individualized 

instruction, as emphasized by Tomlinson, allows lessons to be tailored to students’ readiness, interests, and learning 

profiles. Despite these contributions, few studies combine collaborative teaching, the 5E model, and individualized 

instruction to specifically develop students’ argumentation skills. This study addresses that gap [5]. 

This study explored how in-service and pre-service primary teachers designed and implemented 5E-based digital 

worksheets (5E-DWSs) using GeoGebra, examining their practices, experiences, and perspectives. The findings showed 

that teachers viewed 5E-DWSs as student-centered, constructivist tools that enhance interactive and meaningful learning by 

integrating visuals, videos, and dynamic elements. Despite technological challenges, participants highlighted that 5E-DWSs 

support individual learning, motivation, and conceptual understanding better than traditional pen-and-paper worksheets, 

suggesting their strong potential for use in digital and distance education contexts [6]. 

This pilot study examines how parents utilize electronic resources to foster their children’s reading and learning 

motivation through the 5E instructional model. Using an online survey of 101 participants, the study found that over 65% 

of parents preferred e-reading formats and viewed them as effective for engaging children, with no significant gender 

differences observed. The research offers a novel quantitative perspective on parenting practices related to e-learning 

within the Asian context [7]. 

Empirical research on the 5E instructional model has increased since 2013, mainly focusing on science education. 

Most studies applied the model independently, often using quantitative methods with secondary school students. The 5E 

model’s popularity in science stems from its compatibility with experimental and inquiry-based learning, though it is now 

also used in other fields [8]. 

Teacher candidates have sufficient knowledge and experience to apply the 5E learning model. Science teacher 

candidates especially show a high level of understanding of modern teaching methods gained through methodology 

courses. To strengthen this, contemporary approaches should be included in field-based lessons [9]. 

Integrating the CBA with the 5E model improves students’ conceptual understanding in chemistry by promoting 

inquiry-based, real-life learning. This combined approach provides clearer guidance for teachers and engages students more 

effectively than traditional methods [10]. 

The study found that students with hearing impairments who received 5E inquiry-based instruction achieved 

significantly higher post-test and gain scores than those in the control group. This demonstrates the effectiveness of the 5E 

model for improving science learning outcomes among hearing-impaired students and suggests the need for inquiry-based 

teaching, specialized teacher training, and better-equipped science facilities in special education settings [11]. 

After the instruction based on the 5E model, the number of alternative conceptions among pre-service primary teachers 

about astronomy significantly decreased, showing the model’s effectiveness in promoting conceptual understanding. In 

addition, the use of alternative assessment methods and concept cartoons proved effective for identifying and addressing 

misconceptions [12]. 

This study found that integrating different conceptual change pedagogies into the 5E model effectively reduced sixth 

graders’ misconceptions about heat transfer. Using a pretest–posttest design with 27 students, results from the Wilcoxon 

signed-rank test (z = 4.54, p < .05) confirmed significant improvement after the intervention. The findings suggest that 

combining the 5E model with conceptual change strategies enhances conceptual understanding in science education, and 

further research is recommended [13]. 

This study investigated the use of generative AI pedagogical agents (GPAs) integrated into immersive virtual reality 

(IVR) based on the 5E learning model. Results showed that the GPA-5E approach significantly enhanced sixth-grade 

students’ academic achievement, self-efficacy, and collective efficacy compared to the traditional 5E method. Students also 

expressed positive attitudes toward this AI-supported IVR learning experience [14]. 

Overall, the study found that constructivist 5E-based learning implemented through online platforms significantly 

improved students’ achievement and attitudes toward music. The experimental group outperformed the control group, 

showing higher engagement, motivation, and better understanding of musical concepts. The findings suggest that online 

5E-based instruction enhances learning effectiveness in music education and should be further explored across different 

levels [15]. 

This meta-analysis confirmed that instructional models based on the 5E framework are significantly more effective 

than traditional didactic methods. The 5E and 7E variants yielded the greatest impact, emphasizing the importance of 
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activating prior knowledge, fostering metacognition, and encouraging exploration and application. Overall, the results 

support broader implementation of 5E-based teaching materials in science education [16]. 

The study found that students taught with the 5E learning model achieved higher post-test scores (M = 11.13) than 

those taught with traditional methods (M = 9.70), indicating greater conceptual understanding. Overall, the results 

demonstrate that the 5E model effectively enhances students’ learning by promoting inquiry, active engagement, and 

connection to real-life contexts [17]. 

The 5E instructional model encourages inquiry-based learning, enhancing both student engagement and teacher 

professional growth. Evidence shows that its application fosters deeper cognitive development and supports problem-

solving, even when phases are applied unevenly [18]. 

The study of West Caicos reefs revealed a rapid 1–3 m sea level fall during MIS 5e. This short event reflects 

millennial-scale climate variability not shown in current global models [19]. 

Studies show that teachers often use computer-supported instruction mainly in the “engage” stage of the 5E model, 

while struggling with its use in later phases. More training is needed to help teachers apply technology effectively 

throughout all stages of the model [20]. 

This study compared the effects of the 5E learning cycle model and traditional instruction on 10th-grade students’ 

understanding of states of matter and solubility. Results showed that students taught with the 5E model achieved 

significantly better conceptual understanding than those taught through traditional methods [21]. 

Research indicates that enhancing conceptual understanding is more effective when students are taught using the 5E 

Learning Cycle (LC) integrated with STEM, showing significant differences compared to students taught using the 5E LC 

without STEM integration [22]. 

Science Magic activities can be effectively integrated into the 5E Instructional Model, as they engage students, 

stimulate curiosity, and promote conceptual understanding through exploration, explanation, and application of scientific 

principles. Empirical evidence indicates that this integration enhances student achievement, suggesting that developing 

similar activities for other science topics could further improve inquiry-based learning and attitudes toward science [23]. 

The study was conducted with 34 third-year prospective science teachers at a university in Istanbul. Participants were 

asked to select a topic and design a lesson using the 5E model, with the aim of assessing their ability to structure each phase 

of the model. Data were analyzed using content analysis and percentages, revealing that some prospective teachers 

demonstrated insufficient proficiency in certain phases, leading the researchers to provide targeted recommendations [24]. 

Experimental Group 1 excelled in operational solutions, while Experimental Group 2 performed better in traditional 

solutions, with both groups showing increased motivation, problem-solving skills, and enhanced understanding of 

mathematics and geometry. The mathematical modelling method also improved students’ visual perception and spatial 

reasoning, positively influencing their interest in geometry and potential future career choices [25]. 

 

2. Materials and Methods 
This study adopts an Action Research design, implemented in two cycles following the Plan–Act–Observe–Reflect 

framework. Participants included 30 senior students (Grades 11–12) in a secondary school. Collaborative teaching was 

conducted by a Science teacher and a Global Perspectives teacher. 

Intervention: Lessons were designed using the BSCS 5E model (Engage, Explore, Explain, Elaborate, Evaluate). 

Individualized instruction was embedded through differentiated tasks, scaffolding, and flexible grouping. 

 

2.1. Data Collection 

• Classroom observations and video recordings of discussions 

• Student questionnaires on engagement and perceptions 

• Reflective journals from both teachers 

• Analysis of student arguments using the Claim–Evidence–Reasoning (CER) framework 

 

2.2. Data Analysis 

A combination of qualitative content analysis and quantitative frequency counts was applied. Changes in students’ use 

of claims, evidence, and reasoning were measured between cycles. 

 

3. Results 
Argumentation has been identified as one of the central practices in science education, aligned with frameworks such 

as the Next Generation Science Standards (NGSS). It is not limited to scientific reasoning but also connects to civic 

discourse, problem-solving, and global citizenship. In today’s interconnected world, senior students must learn to critically 

analyze data, weigh evidence, and construct reasoned arguments on issues that are both scientific and societal in nature. 

Global Perspectives lessons complement science by engaging learners in evaluating controversial issues, ethical dilemmas, 

and cultural diversity, further strengthening the case for collaborative teaching. 

Despite the recognized importance of argumentation, many students struggle with constructing claims supported by 

valid evidence. Traditional teaching methods often emphasize rote memorization and recall, limiting opportunities for 

critical discourse. Collaborative teaching, where teachers from different disciplines co-design and co-deliver lessons, 

provides an innovative strategy to bridge this gap. The BSCS 5E model structures learning in a way that progressively 

deepens understanding, while individualized instruction ensures that all students, regardless of prior knowledge or ability, 
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can actively engage in the process. Thus, this study is situated at the intersection of pedagogy, collaboration, and 

curriculum reform. 

The action research was conducted in a secondary school setting with two teachers collaborating—a science teacher 

specializing in chemistry and an English teacher leading Global Perspectives. The study followed two full cycles of action 

research, each lasting six weeks. During Cycle 1, the focus was on introducing students to the Claim–Evidence–Reasoning 

framework and embedding argumentation tasks within Science lessons. Cycle 2 emphasized cross-disciplinary debates, 

where students had to defend scientific claims within ethical and global contexts. Lessons were designed collaboratively by 

both teachers to ensure disciplinary integration. 

Instruments included structured observation protocols, audio and video recordings of student discussions, and pre/post 

assessments of argumentation quality. The reflective journals kept by teachers served as critical tools for identifying 

challenges and guiding modifications in Cycle 2. Students also completed self-assessment surveys, rating their confidence 

in presenting arguments, using evidence, and responding to counterarguments. Data triangulation was employed to ensure 

the validity of findings. 

Quantitative data analysis showed measurable gains in argumentation. In Cycle 1, only 35% of students were able to 

consistently provide evidence with their claims. By Cycle 2, this percentage increased to 72%. The number of students 

incorporating reasoning into their responses rose from 40% to 78%. Furthermore, participation in discussions became more 

evenly distributed; previously reticent students engaged more actively when given individualized scaffolds, such as 

sentence starters or graphic organizers. Qualitative data from teacher journals emphasized improvements in classroom 

climate: students became more respectful listeners, more confident in disagreeing constructively, and more adept at 

integrating both scientific and ethical perspectives. 

The findings reinforce the role of collaborative teaching in fostering interdisciplinary learning. The synergy between 

Science and Global Perspectives created authentic contexts where students could apply scientific reasoning to real-world 

problems, such as climate change or biotechnology ethics. This not only strengthened argumentation but also enhanced 

students’ global awareness and critical literacy. The study echoes earlier claims by Osborne, et al. [3] that structured 

argumentation tasks improve the quality of classroom discourse. 

Individualized instruction proved essential in ensuring equity. By differentiating tasks, providing scaffolding, and 

using formative assessments, teachers ensured that weaker students did not disengage. This aligns with Tomlinson [2] 

principles of differentiated instruction. However, challenges emerged, including increased teacher workload, the need for 

planning time, and aligning assessments with learning goals. Despite these, the benefits outweighed the challenges, 

suggesting that scaling collaborative teaching with professional development support is a viable path forward. 

The action research highlights a transformative approach to teaching argumentation. Senior students not only improved 

in structuring their claims with evidence and reasoning but also demonstrated enhanced skills in collaboration, self-

expression, and interdisciplinary thinking. For educators, the implications are clear: argumentation thrives in environments 

where students are actively engaged, supported individually, and exposed to multiple disciplinary perspectives. Future 

research could explore how technology integration, such as digital debates or online collaborative platforms, might further 

amplify these outcomes. Moreover, longitudinal studies could examine whether these improvements in argumentation skills 

transfer to higher education and civic participation. 

 
Table 1.  

Rubric for Assessing Student Argumentation (CER Framework). 

Criteria Beginning Developing Proficient 

Claim Makes a statement without clarity 

or focus. 

States a claim but lacks 

precision or relevance. 

States a clear, focused, and 

relevant claim. 

Evidence Provides no evidence or irrelevant 

details. 

Provides some evidence but 

weakly connected. 

Provides accurate, relevant, and 

sufficient evidence. 

Reasoning No reasoning or inaccurate 

explanation. 

Some reasoning, but incomplete 

or unclear. 

Logical reasoning that clearly 

connects claim and evidence. 
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Figure 1.  

Comparison of Student Performance Between Action Research Cycles. 

 

 
Figure 2. 

Improvement in Student Argumentation Skills Across Two Cycles. 

 

This figure illustrates the growth in students’ ability to provide claims supported by evidence and reasoning between 

Cycle 1 and Cycle 2 of the action research. A bar chart or line graph can be inserted here to visually represent the increase 

in percentages. 

Findings from the two action research cycles demonstrated substantial improvement in students’ argumentation skills: 

• The percentage of students providing evidence to support claims increased from 35% in Cycle 1 to 72% in Cycle 2. 

• Students demonstrated greater engagement and willingness to participate in discussions. 

• Teacher reflections highlighted improved student questioning, reasoning, and peer-to-peer interaction. 
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• Individualized tasks supported struggling learners, enabling more equitable participation in argumentation activities. 

 

4. Discussion 
The study supports the effectiveness of collaborative teaching and the 5E model in enhancing student argumentation. 

The integration of individualized instruction further ensured inclusivity and equitable participation. These findings align 

with Bybee [1] assertion that the 5E model fosters deeper understanding, and with Tomlinson [2] emphasis on 

differentiation for diverse learners. 

Collaborative teaching enabled interdisciplinary perspectives: Science lessons emphasized evidence, while Global 

Perspectives encouraged ethical reasoning and broader societal connections. This integration created richer contexts for 

argumentation. Challenges included time constraints, the need for teacher coordination, and assessment alignment. Future 

studies could expand the model across other subjects and contexts. 

 

5. Conclusion 
This action research study demonstrates that collaborative teaching, supported by the 5E instructional model and 

individualized instruction, significantly enhances senior students’ argumentation skills. Through science and global 

perspectives lessons, students developed stronger abilities to construct evidence-based arguments, engage in critical 

dialogue, and apply reasoning to complex issues. The study highlights the potential of interdisciplinary, student-centered 

approaches in preparing learners for 21st-century challenges. 
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