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Introduction

	Engaging students in science education is crucial for fostering a deep understanding and appreciation of scientific concepts. As Coe et al. (2019) emphasise, identifying and summarising the best available evidence regarding teachers' practises, skills, knowledge, and behaviours is essential for understanding what is important for students' learning. Inspired by this notion, the present research aims to explore the various factors that influence the engagement of Year 7 pupils during the introduction of practical experiments in science lessons. The purpose of this study is to investigate the multifaceted aspects that impact student engagement specifically during the introduction of practical experiments. By identifying these factors, educators can better tailor their teaching methods to enhance student participation and enthusiasm, ultimately creating a more conducive learning environment (Coe et al., 2019). This research seeks to contribute to the existing body of knowledge regarding effective teaching practises in science education, focusing on the crucial stage of development for Year 7 pupils.
To further the understanding of effective teaching practises in science education, this study was carried out in School X, a girls' secondary school in South Wales. The school has 671 pupils on roll, with 20.7% eligible for free school meals, slightly above the national average. Additionally, 12.1% of the pupils have additional learning needs, which is lower than the national average. School X's leadership team is committed to fostering an inclusive learning environment that encourages girls to reach their full potential and cultivate a passion for learning. The school benefits from a dedicated staff and offers a variety of extracurricular activities, aiming to deliver a comprehensive educational experience that accommodates the diverse needs and interests of its pupils. To explore the factors influencing pupil engagement during the introduction of practical science experiments, the research focused on a mixed ability Year 7 class within the school.


Literature Review 

By examining existing research on effective teaching practices in science education, this literature review seeks to identify key pedagogical approaches that can enhance student engagement and learning outcomes in science lessons, ultimately contributing to the development of a more conducive learning environment for Year 7 pupils.



Enquiry-Based Learning

Enquiry-based learning is a pedagogical approach that has gained significant attention in science education. Minner, Levy, and Century (2010) conducted a meta-analysis of 138 studies on enquiry-based science instruction and found that this approach can have a positive impact on student achievement, particularly when students are actively engaged in the investigation process, drawing conclusions from data, and connecting their findings to scientific concepts. In the context of Year 7 science lessons, incorporating enquiry-based learning during practical experiments can foster student engagement by allowing them to ask questions, design investigations, and construct their own understanding of scientific phenomena. By providing opportunities for hands-on exploration and discovery, teachers have the ability to establish an atmosphere for learning that encourages critical thinking and problem-solving skills, and a deeper appreciation for the scientific process.

Implementing NGSS and Service-Learning

Implementing the Next Generation Science Standards (NGSS) can be challenging for teachers, as it requires a shift in teaching practices and lesson design. Koehler (2019) shares her experience of returning to K-12 science teaching and implementing NGSS, highlighting the importance of collaboration, lesson plan development, and student engagement. By engaging students in authentic scientific practices and phenomena-based learning, teachers can foster a deeper understanding of scientific concepts and increase student interest in science. Additionally, incorporating service-learning components into science courses can enhance students' science identity, appreciation for science outreach, and understanding of course content (Gubbels & Vitiello, 2018). Service-learning projects, such as having Year 7 students develop and present science lessons to younger students or participate in community-based scientific investigations, can create meaningful learning experiences that extend beyond the classroom and contribute to students' personal and academic growth.

Cognitive Acceleration

The Cognitive Acceleration through Science Education (CASE) approach, as described by Smith (2016), is a pedagogical strategy that aims to challenge students' thinking and promote cognitive development. The Thinking Science programme, based on CASE, consists of 30 lessons designed to improve learner outcomes in science, math, and English. By incorporating elements of cognitive challenge and stimulation during the introduction of practical experiments, teachers can engage Year 7 pupils and enhance their learning outcomes. This approach encourages students to think critically, reason scientifically, and develop a more sophisticated understanding of scientific concepts. Adapting the principles of cognitive acceleration to the design and delivery of practical experiments can help create a learning environment that promotes active engagement, higher-order thinking, and long-lasting knowledge retention.


Lesson Study Approach

Kim et al. (2019) investigated the benefits and obstacles of applying Lesson Study (LS), a collaborative teacher professional development method, in teaching mathematics and science at junior and senior high schools in Cambodia. Their study revealed that LS facilitated the clarification of learning objectives, the development of high-quality lesson plans through collaboration, increased cooperation among teachers in improving teaching methods and student learning outcomes, and fostered professional growth among colleagues teaching the same subject. By participating in LS, which involves collectively designing, observing, and reflecting on research-based lessons, educators can enhance their pedagogical content knowledge and cultivate effective approaches to engage students in science education. Embedding the LS approach into Year 7 science classes, especially during the introduction of practical experiments, can foster more meaningful and captivating learning encounters for students.

Collaborative and Reflective Learning

Collaborative and reflective learning are key pedagogical strategies that can enhance student engagement and learning outcomes in science education. Ekanayake and Wishart (2014) highlight the importance of collaboration during lesson planning, while Zhou, Xu, and Martinovic (2017) emphasise the benefits of collaborative reflection and instant feedback in the context of technology integration. By fostering a collaborative learning environment during practical experiments, teachers can encourage Year 7 pupils to work together, share ideas, and learn from each other. This approach can promote active participation, critical thinking, and problem-solving skills. Furthermore, incorporating reflective practices, such as post-experiment discussions or reflective writing, can help students consolidate their understanding, identify areas for improvement, and develop metacognitive skills. By creating opportunities for collaboration and reflection, teachers can engage students more deeply in the learning process and facilitate a more meaningful understanding of scientific concepts.


Case Study

Case study research, as outlined by Yin (2014), is a qualitative investigative method centred on delving deeply into a contemporary phenomenon within its authentic setting. This approach proves invaluable especially when distinguishing between the phenomenon and its context is challenging (Yin, 2014). The primary aim of case study research, as elucidated by Creswell and Poth (2023), is to acquire a profound comprehension of a particular case or cases, which might encompass individuals, groups, organisations, events, or processes.

One of the key strengths of case study research lies in its capacity to furnish intricate and comprehensive descriptions of multifaceted phenomena (Kruse, 1998). By centring on a specific case, researchers can delve into the intricacies and subtleties of the phenomenon in question, all while considering its contextual backdrop. This approach enables a holistic grasp of the case, often catalysing the emergence of fresh insights and theories (Stake, 1995). Furthermore, the flexibility inherent in case study research is noteworthy. Researchers can employ various data collection techniques, such as interviews, observations, and document analysis, to amass information about the case (Yin, 2014). This triangulation of data sources bolsters the credibility and reliability of the findings (Kruse, 1998). Moreover, case studies can assume exploratory, descriptive, or explanatory forms, contingent upon the research enquiries and the state of knowledge in the field (Yin, 2014). Additionally, the value of case study research lies in its adeptness at capturing the complexity inherent in real-world scenarios (Stake, 1995). Through in-depth examination of a case, researchers can unravel the interplay among diverse factors and their impact on the phenomenon at hand. This nuanced understanding can inform both practice and policy (Kruse, 1998).

Despite its strengths, case study research is not without its limitations. One such limitation is the susceptibility to researcher bias, given the central role researchers play in both data collection and analysis (Yin, 2014). To mitigate this bias, researchers must remain cognisant of their own predispositions and take proactive measures to minimise their impact on the study (Kruse, 1998). Another constraint is the challenge of generalisability inherent in case studies, often focused on specific cases or a small number thereof (Stake, 1995). While offering valuable insights, findings from case studies may not be universally applicable across different contexts or populations. Furthermore, case study research demands considerable time and resources (Yin, 2014). The process of gathering and analysing extensive data from multiple sources can be time-intensive, necessitating researchers to commit significant time and effort to the study (Kruse, 1998).

In summary, case study research stands as a valuable qualitative approach, facilitating thorough exploration of intricate phenomena within their authentic contexts. Its strengths include the ability to provide rich, detailed descriptions, flexibility in data collection methods, and the capacity to capture the complexity of real-life situations. However, researchers must also be aware of its limitations, such as the potential for researcher bias, lack of generalisability, and the time and resources required to conduct a thorough case study. Despite these limitations, case study research remains an important tool for gaining a deep understanding of specific cases and informing practise and policy.

The participants in this case study will be Year 7 pupils from a single class in School X. As the research aims to explore factors influencing student engagement during practical science lessons, purposive sampling will be employed to ensure a representative sample. The chosen class will be representative of the Year 7 cohort in terms of academic performance and student diversity. This sampling method allows for the selection of participants who can provide rich, relevant data to address the research questions, while also considering the feasibility and accessibility of conducting the case study within the school setting.





Research Methods

Observation

Observation is a valuable research method that allows researchers to gather data in a natural setting, providing insights into participants' behaviours, interactions, and experiences (Creswell & Poth, 2023). In the context of this study, observation was employed to capture Year 7 pupils' instant reactions and engagement during practical science lessons. The literature suggests that observation is particularly useful when studying children, as it allows researchers to capture their authentic responses and behaviours (Punch & Oancea, 2014).

One of the strengths of observation is its ability to provide rich, detailed data about the phenomenon under study (Cohen et al., 2018). By observing pupils in the classroom setting, researchers can gain a deep understanding of how they interact with the practical activities, their peers, and the teacher. This can reveal valuable insights into the factors that influence their engagement and learning. Additionally, observation allows researchers to capture nonverbal cues and behaviours that may not be apparent through other research methods (Merriam & Tisdell, 2016).

However, observation also has its limitations. One limitation is the potential for observer bias, as the researcher's presence may influence the behaviour of the participants (Punch & Oancea, 2014). To minimise this effect, researchers should strive to be as unobtrusive as possible and establish a rapport with the participants before beginning the observation. Another limitation is the time-consuming nature of observation, as researchers must dedicate significant time to collecting and analysing the data (Cohen et al., 2018).

In this study, a structured observation schedule was used to guide the data collection process (Appendix 1). The schedule focused on specific aspects of student engagement, such as their level of participation, enthusiasm, and collaboration with peers. The researcher also made note of any significant events or interactions that occurred during the lesson. The age and attainment of the Year 7 pupils were taken into consideration when designing the observation schedule, ensuring that it was appropriate for their developmental level and academic abilities. The literature emphasises the importance of conducting multiple observations to enhance the trustworthiness of the findings (Merriam & Tisdell, 2016). In this study, observations were conducted across several practical science lessons to capture a range of experiences and behaviours. This allowed for a more comprehensive understanding of the factors influencing student engagement in this context.

Questionnaire
Questionnaires represent a widely employed research method, enabling researchers to efficiently gather data from a sizable pool of participants within a comparatively brief timeframe. (Cohen et al., 2018) In this study, a questionnaire (Appendix 1) was administered to Year 7 pupils to gather their perspectives on the practical science lessons and their level of engagement. The literature suggests that questionnaires are an effective way to capture participants' attitudes, beliefs, and experiences (Punch & Oancea, 2014).

One of the strengths of questionnaires is their ability to provide quantifiable data that can be easily analysed and compared (Creswell & Creswell, 2023). By using closed questions and rating scales, researchers can quickly identify patterns and trends in the data. Additionally, questionnaires allow for anonymity, which can encourage participants to provide honest and candid responses (Cohen et al., 2018).

However, questionnaires also have their limitations. One limitation is the potential for misinterpretation or misunderstanding of the questions, which can lead to inaccurate or incomplete data (Punch & Oancea, 2014). To mitigate this risk, researchers should pilot the questionnaire with a small group of participants and make revisions based on their feedback. Another limitation is the lack of flexibility in the data collection process, as researchers cannot probe for further information or clarification once the questionnaire has been administered (Cohen et al., 2018).

In this study, the questionnaire was designed to be age-appropriate and accessible for Year 7 pupils. The questions were carefully worded to ensure clarity and understanding, and a mix of closed and open questions were used to capture a range of responses. The closed questions focused on specific aspects of the practical science lessons, such as the clarity of instructions and the level of understanding of the scientific concepts. The open questions allowed pupils to provide more detailed feedback on what caught their attention during the lessons and their interest in exploring related experiments in the future. The literature emphasises the importance of considering the literacy and cognitive abilities of the target population when designing questionnaires (Merriam & Tisdell, 2016). In this study, the age and attainment of the Year 7 pupils were taken into account when developing the questionnaire. The language and structure of the questions were adjusted to ensure that they were accessible and engaging for this age group. The use of questionnaires in combination with observation allows for a more comprehensive understanding of the factors influencing student engagement in practical science lessons. By triangulating the data from these two methods, researchers can identify areas of convergence and divergence, strengthening the credibility of the findings (Creswell & Poth, 2023).

In conclusion, observation and questionnaires are valuable research methods that can provide rich insights into the factors influencing student engagement in practical science lessons. While each method has its strengths and limitations, using them in combination can enhance the trustworthiness and credibility of the findings. By carefully designing the observation schedule and questionnaire to be appropriate for the age and attainment of the Year 7 pupils, researchers can gather meaningful data that can inform practice and policy in science education.





Data Presentation and Analysis Method

	In reporting the data collected through observation and questionnaires, a combination of methods will be employed to ensure a comprehensive and trustworthy presentation of the findings. The literature emphasises the importance of using multiple methods to report qualitative data, as this enhances the credibility and transparency of the research (Creswell & Poth, 2023).

For the observation data, a narrative approach will be used to provide a rich, detailed description of the students' engagement and experiences during the practical science lessons. This method allows for the presentation of the data in a way that captures the complexity and nuances of the classroom setting (Merriam & Tisdell, 2016). The narrative will be structured around the five key indicators of engagement outlined in the observation schedule (participation, enthusiasm, collaboration, focus and persistence, and understanding and application). Specific examples and quotes from the field notes will be included to illustrate the observations and support the findings (Cohen et al., 2018). In addition to the narrative, visual representations such as tables and charts will be used to present the frequency and patterns of observed behaviours across the lessons (Punch & Oancea, 2014). This will provide a clear and concise overview of the data and allow for easy comparison across different lessons or groups of students.

For the questionnaire data, a combination of quantitative and qualitative methods will be used. Descriptive statistics, such as frequencies and percentages, will be employed to present the responses to the closed questions (Cohen et al., 2018). This will provide a summary of the students' perceptions and experiences related to the practical science lessons. The data will be presented in tables and charts, allowing for easy interpretation and comparison.

The open-ended questions within the questionnaire will undergo thematic analysis, as proposed by Braun and Clarke (2006), to discern and elucidate the predominant themes and patterns present in the students' responses. This approach entails a methodical coding process, wherein data is systematically categorised into themes, and subsequently refined to ensure fidelity to the students' viewpoints (Creswell & Poth, 2023). The resulting themes will be expounded upon in narrative form, bolstered by direct quotations extracted from the students' responses, thereby enriching and validating the findings.

To ensure the trustworthiness of the data reporting, several processes will be employed. Firstly, the use of multiple methods (observation and questionnaires) allows for triangulation, which enhances the credibility of the findings (Merriam & Tisdell, 2016). By comparing and contrasting the data from these two sources, the researcher can identify areas of convergence and divergence, strengthening the validity of the conclusions drawn. Additionally, the researcher will furnish a comprehensive account delineating the research context, participants, and methodologies employed, thereby fostering the transferability of the findings to akin settings (Merriam & Tisdell, 2016). Such transparency will afford fellow researchers and practitioners the opportunity to evaluate the relevance of the findings vis-à-vis their own contexts.
In conclusion, the use of multiple methods to report the data, combined with processes to ensure trustworthiness, will result in a comprehensive and credible presentation of the findings. The combination of narrative, visual representations, and thematic analysis will provide a rich and nuanced understanding of the factors influencing Year 7 students' engagement in practical science lessons. The transparency and rigour of the data reporting process will strengthen the validity and reliability of the conclusions drawn, contributing to the advancement of knowledge in this field.


Ethical Considerations

	This research study adheres strictly to the ethical directives outlined by the University of Wales Trinity Saint David. Prior to the commencement of the study, the researcher has diligently secured ethical approval from the university's ethics committee, as evidenced in Appendix 3 containing the Ethics Form. In line with established protocols within the school, informed consent will be diligently obtained from all participants, encompassing students, teachers, and parents/guardians. Participants will be apprised of the study's objectives, the voluntary nature of their involvement, and their prerogative to withdraw at any juncture sans repercussions. Anonymity and confidentiality shall be rigorously upheld throughout the research endeavour. No personally identifiable information will be included in the questionnaires, interviews, or observation notes. Data will be securely stored on the UWTSD cloud infrastructure, with access restricted to authorised personnel involved in the research project. The researcher will adhere to data protection regulations and ensure responsible data management practices. The study will be conducted with pupils' knowledge, and the researcher will establish rapport, use age-appropriate language, and create a supportive environment to minimise any potential discomfort or awkwardness during the research activities. The researcher will also be sensitive to emotional cues and adjust questioning accordingly. Debriefing sessions will be provided to all participants, offering them the opportunity to ask questions and seek feedback on the study's findings.


Results

Observation

	During the Newton Wheel activity, students were given a sheet with instructions but lacked direct explanation from the teacher. Despite this, they actively engaged in the practical aspects, such as assembling and experimenting with the Newton Wheel. They exchanged ideas with their peers, demonstrating an intrinsic motivation to understand the concepts. However, without explicit guidance, their enthusiasm may not have been fully captured, as verbal expressions of excitement or visible body language were not noted. While collaboration was evident, details on how students shared materials and engaged in discussions would provide a clearer picture of their interactions. Moreover, without teacher input, students may have faced challenges that weren't addressed, impacting their persistence and understanding.

During the Measuring Density activity, students were provided with a single instructional sheet outlining the steps, which the teacher read aloud to guide them through the process. This approach aimed to ensure consistency in the instructions and support students in understanding the activity. The sheet likely included directions on how to measure the density of various substances, possibly involving calculations based on mass and volume. With the teacher's verbal guidance, students followed the steps to conduct the experiment, record data, and analyse results. However, the absence of additional explanations or elaborations from the teacher may have impacted students' depth of understanding and engagement with the scientific concepts involved.

During the Diffusion activity, students actively participated in the practical aspect by engaging in discussions, asking questions, and sharing ideas with their peers. Their enthusiasm was evident through positive body language, verbal expressions of enjoyment, and curiosity about the topic. Collaboration was strong as students worked effectively together, shared materials, and engaged in productive discussions. They demonstrated focus and persistence by staying on task, concentrating on the activity, and persisting through challenges, seeking help when needed. However, the observation lacks specific instances of understanding scientific concepts or asking relevant questions, which could provide deeper insights into their learning. Additionally, while a full interactive introduction with video assistance was provided, further details about the content covered in the introduction could enhance understanding.

During the Reflection of Light activity, the introduction to the Reflection of Light activity was conducted solely by the teacher, without interactive elements. Student participation was primarily limited to asking questions, indicating a level of curiosity and engagement with the topic. However, the observation lacks evidence of enthusiasm, collaboration, and persistence, which could suggest a potential lack of active involvement or interest in the activity. While students were observed seeking help when needed, more details on the challenges faced and the extent of persistence would provide a clearer understanding of their engagement. Furthermore, without interactive elements in the teacher-led introduction, students may have missed opportunities for deeper engagement and understanding of the content, potentially impacting their ability to ask relevant questions and apply their knowledge effectively. The introduction, led solely by the teacher and lacking interactive elements, likely involved the delivery of information through lecture or demonstration, limiting students' active engagement and interactive learning experiences.

Questionnaire

	There are in total 16 responses for the questionnaire.

1. Which practical intro did you find more interesting? 
 Chat 1: Q1
3. How clear were the instructions for each practical intro?

 
 
Chat 2-5: Q3

4. How well do you feel you understood the scientific concept demonstrated in each practical intro?
 
 
Chat 5-8: Q4
5. Would you like to explore more experiments related to each practical intro in future lessons?


Chat 9-12: Q5

For the Newton Wheel, only 3 respondents found it more interesting compared to the other practical intros. Regarding the clarity of instructions, the majority of respondents found them very clear. However, when asked about their understanding of the scientific concept demonstrated, opinions were divided, with some feeling they fully understood while others felt they only partially understood. As for future exploration, it seems there's mixed interest, with some respondents open to it and others not.

Moving on to Measuring Density, it received the least interest among the practical intros, with no respondents indicating it as the most interesting. However, the clarity of instructions garnered positive feedback, with respondents mostly finding them very clear. When it comes to understanding the scientific concept demonstrated, responses varied, with some feeling they fully understood while others felt they didn't. As for future exploration, there seems to be little interest among respondents.

In contrast, Diffusion captured the most interest among respondents, with 13 indicating it as the most interesting practical intro. The clarity of instructions also received positive feedback, with respondents mostly finding them very clear. Interestingly, the majority of respondents felt they fully understood the scientific concept demonstrated in the diffusion activity. Moreover, there's a strong interest in exploring more experiments related to diffusion in future lessons.

Lastly, Reflection of Light garnered minimal interest, with only 1 respondent finding it the most interesting. The clarity of instructions received mixed reviews, with some finding them very clear while others didn't. Similarly, opinions were divided regarding the understanding of the scientific concept demonstrated, with some feeling they fully understood while others felt they didn't. Interest in future exploration related to reflection of light seems limited among respondents.





Conclusion

The primary objective of this research was to investigate the factors impacting the engagement of Year 7 pupils during the introduction of practical experiments in science lessons. Employing a mixed-methods approach, the study utilised both classroom observations and questionnaires to garner insights into students' experiences and perspectives. The findings indicate that the clarity of instructions, the degree of interactivity during the introduction phase, and the characteristics of the practical activity itself exert substantial influence on students' engagement levels and comprehension of scientific concepts.

The observation data revealed that students were more actively engaged and collaborative when the practical activity allowed for hands-on experimentation and peer interaction, as seen in the Diffusion activity. This aligns with the findings of Minner, Levy, and Century (2010), who stress the beneficial effects of enquiry-based learning on student academic performance, particularly when students are actively involved in the investigation process. However, the lack of direct explanations from the teacher in the Newton Wheel activity and the absence of interactive elements in the Reflection of Light introduction highlight the importance of teacher guidance and interactive learning experiences in fostering student engagement, as suggested by Koehler (2019).

The questionnaire results further support the observation findings, with the Diffusion activity receiving the highest level of interest and perceived understanding among students. This underscores the potential of hands-on, enquiry-based activities in promoting student engagement and conceptual understanding, as advocated by the Next Generation Science Standards (NGSS) and service-learning approaches (Gubbels & Vitiello, 2018). In contrast, the Measuring Density activity, which involved a single instructional sheet and limited teacher elaboration, garnered the least interest and mixed levels of understanding, suggesting a need for more interactive and cognitively stimulating introductions, as proposed by the Cognitive Acceleration through Science Education (CASE) approach (Smith, 2016).

The data collection methods employed in this study uphold reliability and validity through the triangulation of observation and questionnaire data, offering complementary perspectives on students' engagement and comprehension. Nevertheless, the generalisability of the findings might be constrained by the small sample size and the unique context of the school and class under study. Future research endeavours could enhance their scope by incorporating larger and more diverse samples, alongside additional data sources like student interviews or focus groups. This would facilitate a more comprehensive exploration of the factors impacting engagement in practical science lessons.

Based on the findings of this study, several recommendations can be made to enhance student engagement and understanding in practical science lessons. Firstly, teachers should prioritise interactive and hands-on elements in their introductions to practical activities, incorporating videos, demonstrations, and opportunities for student participation. Secondly, the Lesson Study (LS) approach, as described by Kim et al. (2019), could be adopted to foster collaboration among teachers in designing and refining engaging practical lesson plans. Finally, incorporating reflective practises and post-experiment discussions, as suggested by Ekanayake and Wishart (2014) and Zhou, Xu, and Martinovic (2017), can help students consolidate their understanding and develop metacognitive skills.

These recommendations are in line with the Professional Standards for Teachers, especially concerning the promotion of favourable progress and outcomes for pupils, the demonstration of robust subject and curriculum knowledge, and the delivery of well-organised lessons. By adopting these strategies and undertaking additional research, educators can strive to develop more captivating and productive practical science lessons that nurture students' curiosity, critical thinking, and grasp of scientific concepts.
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