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1. ABSTRACT 
[bookmark: _Hlk214283402]This action research examined the effectiveness of multiple representations (MRs) in enhancing students' science learning achievement in grade 6. The study was done using a convergent parallel mixed-method design for a period of 6 weeks. A quantitative methodology was administered through a pre-test and post-test and a student perception survey (N = 23), and qualitative data were collected through focus group interviews. The findings from the quantitative methodology include a significantly positive outcome in the scores obtained after the intervention (mean difference = 4, P < .001). Qualitative findings show that various forms of representation, like models, video presentations, demonstrations, diagrams, out-of-class performances, and hands-on procedures on vastly different topics like the solar system, electricity, magnetism, environment, and living things, helped the respondents perform well by improving their understanding, making the learning process more enjoyable. Nonetheless, the challenges faced by the scholars often led to their confusion owing to the various representations. This study concludes that the integration of MRs plays a significant role for both achievement and enjoyment aspects, considering that an effective strategy for MRs is necessary to improve the learning process and enhance understanding.
Key words: multiple representations, effectiveness, comprehension, solar system, magnetism, electricity, earth and living environment, cognitive theory of multimedia, dual coding theory, perceptions.
2. INTRODUCTION 
Learning science during the primary years of education plays a crucial role in developing learners’ conceptual understanding, critical thinking, and problem-solving capabilities. In Bhutan, science learning is a key component of primary education, to encourage learners’ curiosity, questioning, and understanding of natural phenomena (REC, 2019).  Childs et al., (2012) assert, that the middle school level, specifically Grade 6, is an important transitional level of education that addresses concepts from the foundational level to the complex level. However, learners in Grade 6 continue to feel bored and exhibit poor learning achievements in scientific concepts, especially those with an abstract nature.	
Learning concepts in science poses one of the biggest challenges for students in a class where learning primarily occurs through reading texts. In fact, according to research, students face a challenge in connecting concepts in science when these concepts are conveyed in a singular representation form, for instance, text (Novianti et al., 2023). Dorji et al., (2022) agree that this problem has been observed in a Bhutanese class where ineffective learning approaches continue to be used in class due to time constraints, examination pressure, and a lack of learning resources.  Further, Bobek and Tversky (2016) add that if the process of learning is through texts and words only, many students might find it difficult to grasp and retain. It is because young students have their own ways of learning, which include seeing to understand scientific concepts. 
Diagrams, graphs, models, simulations, gestures, and descriptions are examples of MRs that work well for teaching and helping students grasp scientific ideas better. According to Hansen and Richland (2020), MRs should provide more details, avoid misconceptions, and encourage higher conceptual levels of comprehension). Presenting concepts to students through different modes of representation, it becomes easier for them to construct meanings (Gilbert & Treagust, 2009).  Integrations of MRs reduces complexity while explaining challenging science concepts. It also assists students in making connections with information provided in different forms. In comparison to learning science concepts from abstract theory only, MR help learners connect science concepts to real-world scenarios better (Kozma, 2003). Various studies have found that by utilizing MRs, students' academic performance and understanding of concepts within science have been improved (Hahn & Klein, 2023).
In the Bhutanese classroom, learning is still largely teacher-centered. The methods employed are heavy memorization exercises involving one form of presentation only, for example, using text. In fact, it is challenging to facilitate learning using such strategies to teach sciences (Tenzin, 2018). MRs are also known to be very effective in enabling students to gain a deeper understanding of science concepts and also in improving their learning achievements (Ainsworth, 2006). Even though the benefits of using MRs are well known, there has been very little attempt in the current context to investigate the use of MRs and its impact on the learning achievements of Grade 6 students in science. Therefore, this action research aims to investigate how MRs can be used as a strategy to improve the achievement of science learning outcomes of grade 6 students in one of the schools of Gelephu Thromde.
Objectives
i. To assess the effectiveness of MRs in improving student comprehension of science learning.
ii. To explore the opportunities experienced by grade 6 students when using MRs in learning science. 
iii. To identify the challenges faced by grade 6 students when using MRs in learning science.

Research Question 
[bookmark: _bookmark4]How effective is the integration of MRs in enhancing the science learning achievement of Grade 6 students? 
Significance of the Study
The current investigation is important because it investigates the relevance of MRs in the school setting. By evaluating a set of MRs, this research aimed to provide a practical and effective teaching method that enhances student achievement outcomes, increases interest, and serves as a model for other teachers facing similar challenges.
3. RECONNAISSANCE
According to Maxwell (2003), “reconnaissance has three parts, namely: situational analysis, competence, and literature review. 
Situational analysis 
Gelephu Lower Secondary School is situated within the rapid-growing urban area of Gelephu Thromde in Bhutan. As a result, the school has been suffering from severe overcrowding. The school, which was built to accommodate about 650 students, now serves over 1,600 learners, adding heavy pressure to classrooms, teachers, and resources alike. The school is also assigned as one of Bhutan's Special Education Needs schools, and as such, it supports the provision of inclusive education, hence the need for close attention and special support for students with diverse learning needs. These requirements necessitate smaller class sizes, trained staff, and necessary resources, which may not be maintained when conditions are overcrowded. Consequently, individualized attention is difficult to provide, with an optimum achievement of academic performance amidst meeting both general and SEN-related educational demands.
Recent observations and teacher reflections reveal that Class 6 students at the school are losing interest in science and performing poorly in exams. The current mode of instruction remains largely lecture-driven, heavily dependent on textbooks and PowerPoint presentations. This traditional approach is insufficient, especially given the abstract nature of topics such as Solar System, Electricity, Magnetism, and Earth and Living Environment, making it challenging for students to grasp (Wangdi, 2014). To address this issue, this action research will be carried out in Class 6, integrating MRs to enhance students' understanding of science.
Competence
The researcher holds a Bachelor of Education degree from Samtse College of Education, where he studied Introduction to Action Research as a program of study. Again, he has improved his research skills by attending different workshops on action research, including a 40-hour action research training offered by the Ministry of Education. In addition, he was able to gain more by attending a four-day training program on educational research offered by the Institute of Excellence and Development. He has five years of professional experience as a primary science teacher at Gelephu Middle Secondary School. This experience has given him rich insight into science education for grade 6 students. He possesses good theoretical and practical knowledge with respect to science education due to his theoretical and practical experience. He understands action research methodologies properly and is thus capable of effectively designing and implementing teaching interventions.
The critical friend holds a B.Sc. in Life Science from Sherubtse College, a Postgraduate Diploma in Education, and an M.Ed in Chemistry from Samtse College of Education. He has a strong science education background and expertise in action research and research methodology. The researcher conducted a conventional research project and has continued to deepen understanding by participating in various workshops and seminars focused on action research. He taught Chemistry at the middle secondary level for six years. Therefore, he is well placed to provide constructive criticism and advice throughout the action research process. This guarantees academic rigor, reflective discussion, and implementation of strategies.


Literature Review
The present action research investigates the effectiveness of MRs in enhancing science learning achievement in Grade 6 students. According to Ainsworth (2006), MRs describe using at least two different representation modes-diagrammatic, graphic, model-based, mathematical, verbal, animation, and manipulative activities explain and investigate the same scientific entity in teaching and learning. The rationale for using multiple representations is to enable learners to develop deeper conceptual understanding by enabling them to see and connect ideas from different perspectives. This review synthesizes literature across three key areas: the theoretical foundation of learning with MRs, the empirical evidence of their effectiveness in science education, opportunities and challenges with regard to the integration of MRs.
Theoretical Framework: Learning with MR
According to Hansen & Richland (2020), the use of MRs in education is primarily supported by the Cognitive Theory of Multimedia Learning (CTML) and the Dual Coding Theory (DCT). Humans possess separate cognitive channels for processing verbal and non-verbal (visual) information. By presenting scientific concepts through both verbal (text, spoken words) and visual (diagrams, graphs, models) channels, the instructional design advantages both systems, leading to deeper and more robust learning (Kozma, 2003).
Building on this, CTML suggests that effective learning occurs when learners actively select, organize, and integrate information from both channels. MRs, such as a diagram paired with explanatory text, can reduce the cognitive load associated with processing complex scientific ideas by distributing the information across different formats (Mayer, 2014). However, the mere presence of multiple representations is insufficient; their effectiveness depends on the instructional design that guides the learner to make connections between the different representations (Morrison & Anglin, 2005). Ainsworth (2006) proposed a framework that highlights the functions of MRs, including complementing information, compelling interpretation and promoting deeper understanding through comparison. For Grade 6 students, who are transitioning to more abstract scientific concepts, MRs are crucial for making these concepts concrete and accessible (Pierson et al., 2022).
Effectiveness of MRs 
Empirical research consistently supports the positive impact of MRs on student achievement in science. Science concepts are inherently abstract and are often presented in multiple modes like text, diagrams and models, making the ability to translate between these modes a hallmark of scientific literacy (Treagust, 2008). Studies have shown that instruction based on MRs leads to better conceptual understanding, problem-solving skills and overall academic achievement compared to traditional, single-representation instruction (Distrik et al., 2021). Empirical research that has shown that instruction using MRs results in significantly better outcomes than instruction using a single representation, leading to better student understanding (Wayan et al., 2021).Specifically in the middle school context, the strategic use of MRs is particularly effective in facilitating conceptual change, helping students overcome common misconceptions by providing alternative and clearer perspectives on phenomena (Treagust, 2008). The ability to see a concept represented visually, mathematically and verbally allows students to construct a more integrated and flexible mental model, which is essential for applying knowledge in new contexts. The agreement in the literature is that MRs are not just supplementary tools but are integral to the cognitive process of learning science (Hansen, 2020).
Opportunities of MRs 
Studies involving middle school students consistently report positive perceptions toward the use of diverse visual and interactive aids in science learning. Students often perceive MRs, such as diagrams, models, and simulations, as making abstract concepts more concrete and easier to understand (Miller, 2021). This positive perception is often linked to increased engagement and motivation. For instance, action research focusing on hands-on activities, which inherently involve physical and visual representations, has shown to significantly enhance student engagement in science. Further Kwon & Capraro (2021) assert when students are given opportunities to interact with physical equipment or virtual models, they report a more "multifaceted and interesting educational environment". This suggests that MRs do not just help cognition but also serve an affective function by making the learning process more enjoyable and relevant. Furthermore, students who recognize the value of MRs are more likely to develop representational competence the ability to select, use and translate between different representations (Park, 2013). This competence is often perceived by students as a key skill for mastering complex scientific content.
Challenges of MRs
Despite the general positive trend, there are potential challenges that can lead to negative perceptions if MRs are not implemented strategically. The primary challenge is the risk of cognitive overload and confusion (Nixon et al., 2015). For instance, when students are presented with too many representations simultaneously, or if the connections between the different representations are not explicitly taught, they experience cognitive overload. This can lead to a perception that the material is more difficult, rather than easier, to learn. Nixon et al., (2015) assert that students may not instinctively know how to use the representations as learning tools. If teachers assume students can automatically make the necessary connections, the MRs can become a source of frustration rather than clarity.
The literature indicates that the integration of MRs in science learning has considerable potential to enhance conceptual understanding and student engagement. However, its effectiveness depends on instructional design quality, teacher preparation and alignment with learning objectives. Existing research in Bhutan, though limited, suggests similar opportunities and challenges, pointing to the need for targeted studies on Grade 6 science to explore effectiveness, opportunities and challenges with regards to practical integration strategies in the Bhutanese educational context.

2. METHODOLOGY 
[bookmark: _Toc151639482]Research Design and Instruments
An action research methodology was adopted as per the trend of the planning-acting-observing-reflecting cycle by administering a mixed-methods application (Kemmis et al., 2014). Creswell and Creswell (2018) define mixed methods research as the incorporation of qualitative and quantitative research and data into a single research study. When neither quantitative nor qualitative methods are sufficient to fully address a research question, this strategy is often selected, with qualitative methods frequently used to compensate for the limits of quantitative approaches (Creswell, 2011).  Mixed methods research integrates both quantitative and qualitative approaches within a single study. By utilizing the strength of both study, it seeks to offer a more thorough understanding of the research problem. These approaches improve the study’s validity and enriches its finding.
In this study, a convergent parallel mixed methods design was employed. The primary reason for choosing this design was its ability to collect both quantitative and qualitative data simultaneously, to explore their relationship to one another. According to Creswell (2014), in a convergent parallel mixed-methods design, the quantitative strand of data and the qualitative strand of data are collected simultaneously, analyzed separately, and then the results are integrated together. 
The quantitative data were collected through Pre-test and Post-test: Conducted 10-mark tests to check conceptual knowledge. The researcher has employed focus group interviews for students to collect qualitative data. The focus group interview was used to collect data regarding students' perceptions -reading integrations of MRs. Both aforementioned quantitative and qualitative tools were validated in consultation with the subject experts and critical friend.
[bookmark: _Toc151639485]Class tests for the students as a Quantitative Data Collection Tool
Before the intervention, students took a ten-point class test on the topics like solar system, magnetism and earth and living environment. Following the intervention, test questions were administered to assess their understanding of the aforementioned topics in grade 6 science. To test the reliability of test items, the test items were discussed with subject expert, moreover test items were based on blooms taxonomy.
Focus group interview as a qualitative data collection tool
A focus group interview is a qualitative research approach that entails a structured discussion among a small group of participants, usually 5 to 10, who are guided by a trained moderator or facilitator. This strategy is used to elicit detailed thoughts, ideas, and perspectives about a certain topic, product, service, or issue (Krueger, 2002). According to Schembri (2019), focus group interviews empower students by allowing them to share their ideas and explain in detail how they felt while performing duties both at school and at home when this new strategy was applied. Furthermore, it provides an opportunity to explore concerns that did not surface via the use of other data-collection methods. The focus group interview (Appendix C) was employed after the intervention elicited answers from students regarding integration of MRs in grade 6 science. The focus group interview questions were adapted from the literature.
Population and sample
A population, according to Creswell (2012), “is a group of individuals who have the same characteristics”. A sample is a subgroup of a target population that will be selected as participants in the study. From the student population, grade 6 students were the samples.  
[bookmark: _Toc151639483]Sampling Technique and Sample Size
For a quantitative approach, nonprobability and convenience sampling were used for the study. Similarly, nonprobability and convenient sampling were used for the qualitative approach. The researcher selects participants based on their availability, convenience, and specific characteristics of the participants that the researcher is interested in or wants to explore (Creswell, 2012). As a result, participants in the study were chosen directly from class 6 based on their availability and convenience.
 Procedures and Intervention 
The study was carried out for six weeks. In each week, there are seven periods.

i. Baseline Phase (Week 1): A pre-test was conducted to measure the initial knowledge on solar system, electricity magnetism, environment and living things based on grade 6 science.
ii. Intervention (Week 2-5): The intervention was carried out for four weeks. The following interventions were implemented:

· Week 2:  Different types of MRs on Solar system.
During the second week, students learned about the solar system using different forms of representation in a structured sequence. The lesson began with three-dimensional clay and thermocol models, helping students understand the size, position, rotation, and revolution of planets. Next, educational videos and animations were used to explain dynamic concepts such as planetary movement, day and night, seasons, and gravity ideas that are difficult to observe directly. After this, students worked with textbook diagrams, interpreting and drawing labeled solar system diagrams to connect their hands-on experiences with formal scientific representations. Throughout the lessons, questioning and discussions encouraged students to explain concepts in their own words, helping teachers identify misconceptions. The overall approach followed a Concrete–Visual–Symbolic–Verbal sequence, gradually moving students from physical models to abstract understanding.

· Week 3 & 4: MRs on magnetism and electricity. 
Magnetism:
Students had a hands-on experience with real-life magnets. They learned about attraction and repulsion through practical exploration. The teacher also showed them how magnet poles work. Iron filings were used to demonstrate the existence of a magnetic field. Videos were used to demonstrate the practical applications of magnetism in real-life situations. Later on, they learned to draw the poles and the magnetic field lines. They had a chance to explain the concepts through group discussions.
Electricity:
Students learned how to make a simple circuit using a battery, a bulb, a wire, and a switch. They learned about open and closed circuits through practical exploration. Later on, they learned how to draw circuit diagrams. Videos helped them understand how electricity works.

· Week 5: MRs on environment and living things.
Instructional activities started with the use of charts and visual materials showing pictures of plants, animals, and habitats. Next were the observations of living things in the school surroundings. Videos were used to illustrate the concepts of ecosystems and food chains. Storytelling activities were also used to express the students' creativity in the concepts of ecology. Lastly, the students were asked to draw and label the food chains showing the producers, consumers and decomposers
iii. Evaluation Phase (Week 6): The post-intervention data were collected through a post-test to test their academic achievement and focus group interview to gather their perceptions on opportunities and challenges.

3. DATA ANALYSIS AND FINDINGS
The quantitative data from the pre-test and post-test were analyzed using SPSS 25, and the qualitative data from focus group interview were analyzed based on thematic basis. The quantitative data from the pre-test, post-test using SPSS 25 and Excel, and student and the qualitative data on students’ perceptions were analyzed from focus group interviews were analyzed on a thematic basis. To validate the results from various sources, the data from the post-test, student perception and interview were triangulated. 
Quantitative Findings
Normality Test for Pre-test and post-test data
Data normality was assessed using the Shapiro–Wilk test in SPSS. In all cases, the results indicated a normal distribution, as p-values exceeded 0.05. As noted by Ghasemi and Zahediasl (2012), the Shapiro–Wilk test is particularly suitable for evaluating whether a continuous variable follows a normal distribution. The null hypothesis (H₀) posits that the variable is normally distributed, whereas the alternative hypothesis (H₁) posits that it is not. Accordingly, if p ≤ 0.05, H₀ is rejected, indicating non-normality; if p > 0.05, H₀ cannot be rejected, suggesting that the variable may be considered normally distributed.
[bookmark: _GoBack]            Table 1: Normality test for both control and EG
	Group
	Shapiro-Wilk

	
	Statistic
	N
	p-value

	pre-test
	.945
	23
	.23

	Posttest
	.934
	23
	.16







Figure 1: Histogram showing the distribution of pre-test and post-test scores.
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Analysis of pretest and post-test data 
To find the significant difference in students' performance, the paired sample t-test was performed at a 95% confidence interval.
Table 2: A paired-samples t-test to compare pre-test and post-test scores	
	Test
	    N
	Mean
	Mean Difference
	Sig(2 Tailed)

	pretest 
	    23
	 3.17
	  
        4
	  
0.001

	 Posttest
	   23
	 7.17                                  
	                                                            
	



The results show a statistically significant increase of 4 points (p = .001), indicating a significant improvement in student comprehension following the intervention.  

Qualitative Findings
The focus group interview was conducted with the participants about perceptions with regards to integration of MRs in grade 6 science to elicit the opportunities and challenges faced by them during the study.
Opportunities for MRs 
Better understanding of concepts and easy to remember.  
Students expressed that with MRs in science topics, they could better understand and recall better comparing the conventional lecture method. Student 1 noted, “When teacher showed us images or models of the solar system, I was able to see where each planet was, so it was easier to understand.” The other students shared similar experiences in focus group interview, “The magnet experiment made me realize attraction and repulsion better than reading about them in the book.” Some students expressed they could recall better for example, participant 4 shared “I remember the lesson better when I see videos and do activities.” Similarly, student 6 shared, “I remember the planets ‘cause we did a picture and watched a video.”
Increased interest and active participations.
The participants shared, science was more fun when there was experiments and models. One of the participants shared, “The class was not boring and we used experiments and models in place of just listening”. The other participant expressed motivation to answer the questions as she understood better with pictures. Participant 3 responded, “I understood better by seeing the pictures and models”.
Challenges of MRs
Notwithstanding the advantages of MRs, the participants also shared the challenges. Participants shared challenges pertaining to confusion from too many representations and overwhelming resources in a given time. The participant 8 and 9 shared “sometimes too many pictures confused me”. Participant 10 shared when video explanations were together, I missed some points. Similarly, one of the participants shared it was hard to remember when everything was used together.
2. DISCUSSION 
Action research has revealed that the use of MRs in the instruction of grade 6 science topics such as Solar System, Electricity, Magnetism, Earth and Living Environment had a significant impact on students’ understanding and participation.
 Effectiveness of MRs 
The quantitative results show strong evidence of the success of the intervention. Results of the paired samples t-test indicated a significant difference between the scores of the pre-test (M = 3.17) and post-test (M = 7.17), with a difference of 4.The statistically significant difference clearly indicates that instruction based on MRs was effective, as it enhanced students’ conceptual understanding. This is in agreement with other empirical research that has shown that instruction using MRs results in significantly better outcomes than instruction using a single representation, leading to better student understanding (Wayan et al., 2021).
Similarly, the qualitative data also showed strong confirmation to this achievement, especially in terms of the category better understanding of concepts and easy to remember. The responses from the participants clearly outlined that the MRs helped them to “better understand and recall better comparing the conventional lecture method.” For example, the use of “images or models of the solar system” helped the teaching to be “easier to understand,” and the “magnet experiment made me realize attraction and repulsion better than reading about them from the book.” This particular teaching outcome related to MRs is explained from the Cognitive Theory of Multimedia Learning (CTML) and the Dual Coding Theory (DCT) (Hansen & Richland, 2020). According to the DCT, the use of two channels (words and images) to develop scientific ideas and principles in MRs facilitates the engagement of two distinct systems in the cognitive system. This leads to a better and stronger scientific concept and scientific ideas and principles (Morrison & Anglin, 2005). For Grade 6 students who access higher-level scientific ideas and principles, MRs are crucial in making these concepts concrete (Pierson et al., 2022). This enables the student to remember the lesson better when the see videos and do activities.


Opportunities of MRs 
The major opportunity that was identified was increased interest and active participation. The participants had expressed, "Science was more fun when there was experiments and models," and they felt that their class "wasn't boring" because they were doing "experiments and models" instead of just "listening." This affective reaction is in line with what has been found in other literature, in which a variety of visual and active tools have been found to create a variety of generally positive views on learning in science (Miller, 2021). Hands-on MRs create a multifaceted and engaging educational environment (Kwon & Capraro, 2021). This increased engagement plays a crucial role as it prepares students to put in their significant cognitive work in order to understand complex information in scientific ways. The affective role in increased engagement has been reflected since they said they felt motivated enough to respond because they responded "understood better by seeing pictures and models."
 Challenges of MRs
Despite the clear advantages, results obtained from the focus group interviews also provided critical information regarding challenges associated with the implementation of these MRs. Participants expressed “sometimes too many pictures confused me” and that it was “hard to remember when everything was used together”. This response indicate concerns about cognitive overload when multiple forms of representation are presented simultaneously. This is primarily counted as a basic challenge associated with the use of MRs (Nixon et al., 2015).
Mayer (2014) asserts that, though CTML proposes that MRs lower cognitive load by disseminating information through various formats on the subject, it depends on a condition. The mere integration of MRs is not enough; rather, it is largely dependent on the design of instruction that guides the learner in constructing overt relationships between various representations (Ainsworth in 1999). The statement made by the learner that "when the video explanations were all in one place, I missed some points" shows the lack of adequate support in constructing relationships between the text and images (Nixon et al. in 2015) and the importance of the clear design of instruction because ability to understand and use different forms of information (pictures, text, videos, models) together to learn science concepts effectively that will help learners in selecting and translating various representations to understand concepts clearly (Park in 2013). Therefore, there should be clear and well-structured design during integrations of MRs in teaching of science.

3. CONCLUSION 
On completing this action research study, it is concluded that the implementation of MRs in teaching science concepts like the Solar System, Electricity & Magnetism, Environment, and Living Things for grade 6 students is very effective for increasing students' conceptual understanding. The quantitative results have shown clearly that there was a significant improvement in the students’ achievement from pre-test to post-test with an enormous effect size. The students indicated that they were able to understand concepts better and remember them using images, videos, models, and hands-on experiments. Students frequently mentioned that science classes became more enjoyable and engaging whenever there was the use of experiments/models and pictorial materials. Students indicated difficulty in linking videos, images, and explanations if the learning design did not facilitate the connections between the images. This result points out that using MRs by itself is insufficient, and well-structured learning designs are critical to achieving effective learning. Overall, this study demonstrated that MRs could be a viable teaching strategy in Grade 6 science, enhancing students' conceptual understanding, engagement, and disposition to learn when well implemented.

Consent 
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4. APPENDICES 
Appendix A: Pre-Test and Post-Test: Grade 6 Science topics (Solar system, magnetism, electricity and living environment). (Total: 10 Marks)




1. The sequence below (described) shows planets arranged from the Sun:
Sun → Mercury → Venus → Earth → Mars → Jupiter → Saturn → Uranus → Neptune. Which planet is known as the Red Planet due to iron oxide on its surface?
12

A. Venus
B. Earth
C.Mars
D. Jupiter

2. A student made a table showing the movement of Earth.
	Motion of earth
	Time taken

	Rotation
	24 hours

	Revolution 
	365 days


Which phenomenon is caused by the rotation of Earth?
A. Change of seasons
B. Day and night
C.Leap year
D. Solar eclipse
3. Which planet is closest to the Sun?
A. Venus
B. Earth
C. Mars
D. Mercury
4. A simple electric circuit contains a battery, a bulb, and a switch.
The bulb does not glow when the switch is open. Which representation explains why?
A. Electricity flows faster
B. The circuit is incomplete
C. The bulb is too bright
D. The battery is full
5. What is needed to make an electric bulb glow?
A. Open circuit
B. Broken wire
C. Closed circuit
D. Magnet
6. Which object will be attracted by a magnet?
A. Plastic spoon
B. Wooden stick
C. Iron nail
D. Glass rod
7. Which of the following is a living thing?
A. Rock
B. Water
C. Tree
D. Air
8. When the trees are being cut and factories releasing smoke. Which environmental problem is best represented?
A. Soil erosion
B. Air pollution
C. Water cycle
D. Recycling
9. Which part mainly helps the plant to make food?
A. Roots
B. Stem
C. Leaves
D. Flower
10. A food chain is shown as: Grass → Deer → Tiger. Which statement is correct?
A. Tiger is a producer
B. Deer is a consumer
C. Grass is a carnivore
D. Tiger makes its own food 

Appendix B: Focus group interview questions on MR to understand perceptions
1. Can you describe some of the different ways your teacher taught science lessons (for example, using pictures, models, experiments, videos, drawings, or explanations)?
2. Which science topics did you learn using these different representations (Solar System, Electricity and Magnetism, Earth and Living Environment)?
3. Which type of representation do you remember most clearly? Why?
4. How did pictures, diagrams, or models help you understand topics like the Solar System or Electricity?
5. Did learning through videos, models, or activities make science lessons more interesting? Why?
6. Which topic became more enjoyable because of these different learning methods?
7. Did you feel more motivated to participate in class when multiple representations were used?
8. Do you think you remember science concepts better when they are taught using different representations? Explain.
9. Were there any representations that confused you instead of helping you understand? Which ones?
10. Did you ever feel overwhelmed when too many representations were used in one lesson?
11. Did using experiments, videos, or models sometimes take too much time and affect lesson completion?
Appendix C: Ethics Clearance form 
This ethics form covers research dealing with non-invasive procedures such as interviews, questionnaires, video recordings, audio recordings and observations that contain sensitive information. This form can be submitted to the School AR Committee and or Cluster AR Committee along with your AR proposal. 
 Title of AR:    "Effectiveness of Multiple representation in ehancig science learning achievement in grade 6.
Purpose of AR:  This study aims to improve Class 6students’ comprehensions of science by integrating MRs.
Teacher researcher: Name: Pema Gyelpo (Lead Researcher)  
School: Gelephu Lower secondary school.
1. Source of participants: Grade six students   
2. Briefly describe the research methods to be used.  
 A Mixed Method research design was used and pre-test/post-test will be used for the participants. . Qualitative data will be collected through focus group discussion  
3. (a) Describe any risks or serious burdens which this research might pose for your participants and how this will be rectified. - Not applicable 
(b). Does this research involve subject matter of particularly sensitive nature? (e.g., participants’ knowledge of, or participation in, illegal issues: issues deemed particularly sensitive by the cultural community of which the participants are members, etc.) 
-Not applicable 
4. If the research involves interviews with participants, briefly explain what mechanisms (if any) will be in place to respond to foreseeable eventualities such as: a revelation of illegal activity by or involving the participant; disclosure of the institutional mismanagement; a participant becoming distraught because of the subject matter of the interview, etc. (e.g. Are interviewers trained for this project? Will interviewers have names and contact numbers of appropriate referral services? Is it appropriate for some arrangements to be made to respond to disclosure of harm or illegal activity involving participants? 
-Not applicable 
5. Will your participants receive any financial reward or other compensation for their time and inconvenience? If yes, give details. 
-Not applicable 
6. What step will you take to obtain the agreement of your participants to take part in the research? Please attach a copy of the Plain Language Statement/Consent form.  
- A copy of consent form will be attached. 
14. Does this research involve any impediments to obtaining the full understanding, free agreement of participants to take part in the project? (e.g., will some or all participants be people of limited competence to consent or young children? If so, give details of how you will negotiate an agreement for the participation of these persons through a family member, career, legal guardian or another person) 
-Not applicable 
15. Are potential participants in this research independent of relationship, which may limit them belief that they are free to refuse participation? If so, give details of the steps you will take to preserve their right to refuse participation. 
-Not applicable 
16. Will participants be informed that they are free at any time to discontinue participation? If yes, give details. If not, explain why. 
Yes, participants will be informed that they can discontinue participation at any time. 
This ensures ethical standards are met and respects participants' autonomy. 
17. Who will have access to the information you collect? 

School Research Committee 
18. Confidentiality of records 
i). How will confidentiality of records (data collected: video, picture, audio, interviews, test score, homework etc.) be maintained during the study? 
ii). Are the records to be preserved after the study is completed? If YES, how will the confidentiality of the records be protected during the period of their preservation? 
- Confidentiality of records will be maintained by storing all data securely, with access restricted to authorized personnel only 
19. Ethical issues please indicate which, if any, of the following issues are involved in this research. 
(a) Will participants be photographed by camera or video? If YES, please attach a copy of the Consent Form. 
-Not applicable 
(b) Will participants be tape-recorded? If YES, please attach a copy of the Consent Form. 
-Not applicable 
(c) Does the research involve any stimuli, tasks, investigations or procedures, which may be experienced by the subjects as stressful, noxious, aversive or unpleasant? If yes, state how these will be addressed? 
-Not applicable 
20. Are there any other ethical issues raised by this research? If so, what steps will you take in response to them? 

-Not applicable 
21. Is anything in the conduct of the research project likely to be subject to legal constraint? If so, what steps will you take in response? 

-Not applicable 
22. How will the results of your research be presented?

-conduct AR by researchers and Presentation of the AR report to the school before submitting the final AR report to TDD

23. How will anonymity be preserved in publications? (eg. Pseudonyms could be used) 

-By using Pseudonyms where ever applicable.
  
24. Signature of the Researcher/s: 


 Approval of action research: Proposal Approved by the school Research Committee for submission to TDD

 Recommendation for improvement: Implemented and made necessary changes by the lead researchers as per the suggestion given School Researcher Committee.




 
Appendix D: Consent forms
Principal Consent Form
                                                                                                                                Date………………
Dear Principal,	
I am in the process of doing action research. The topic of my action research is "Effectiveness of Multiple Representations in Enhancing Science Learning Achievement in Grade 6". In a period of time, I will be observing the class to collect data and I assure no harm in any form will be done to students. Any information that can be identified with students will remain confidential. 

In order to successfully conduct my research, I am requesting your permission to use the student’s data collect data for my research. If you agree to participate in my research, I would like you to kindly fill up the form given below with your signature.

If you have any questions or concerns, please feel free to talk to me.

Thank you in advance for your support.

Sincerely,

I have read the consent form. I give my consent for class………………………… students (mention the class) to take part in the research study.
I have read the consent form. I do not give my consent for class………………………….       Students (mention the class) to take part in the research study.
 	
Principal’s Signature...........................................                                                  Date:     	/    	
Parents/Guardian Consent Form
                                                                                                                                Date………………
Dear Parents,
I am in the process of doing action research. The topic of my action research is “Effectiveness of Multiple Representations in Enhancing Science Learning Achievement in Grade 6" In a period of time, I will be observing your child to collect data and I assure no harm in any form will be done to your child. Any information that can be identified with you will remain confidential. 
"Effectiveness of Multiple Representations in Enhancing Science Learning Achievement in Grade 6
In order to successfully conduct my research, I am requesting your permission to use your child’s data for my research. If you agree to let your child participate in my research, I would like you to kindly fill up the form given below with your signature.

If you have any questions or concerns, please feel free to talk to me.

Thank you in advance for your support.

Sincerely,




 Parents’ Signature:	____________________	                                           Date: ___/___/______

Individual Student Consent Form
                                                                                                                                Date………………
Dear Student,
I am in the process of doing action research. The topic of my action research is "Effectiveness of Multiple Representations in Enhancing Science Learning Achievement in Grade 6”, I will be observing you and the class to collect data and I assure no harm in any form will be done to you. Any information that can be identified with you will remain confidential. 

In order to successfully conduct my research, I am requesting your permission to collect data for my research. If you agree to participate in my research, I would like you to kindly fill up the form given below with your signature.

If you have any questions or concerns, please feel free to talk to me.

Thank you in advance for your support.

Sincerely,



I agree to the interview having my written form.   Yes/No

 Student’s Signature:	____________________	                               Date: ___/___/______
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