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[bookmark: _Hlk220217779]This study investigated the effectiveness of lesson plans based on Universal Design for Learning in enhancing the achievement level of students following Pearson Edexcel International Advanced Level Chemistry in a Sri Lankan private school context. The objectives of the study are to determine the Chemistry with lowest student achievement, to plan and implement UDL based Chemistry lessons, to explore the effect of UDL based Chemistry lessons on enhancing achievement and to explore challenges faced with UDL lessons. The study employed an action research design. The sample consists of eighteen students of one Advanced Level Chemistry class of international school selected through purposive sampling. Both quantitative and qualitative data are collected. Pre-tests and post-tests scores of selected Chemistry topics, and observation checklists are quantitative data and teacher reflection notes are qualitative data. Quantitative data were analyzed using descriptive statistics and paired-sample and independent-sample t-tests, while qualitative data were analyzed through thematic analysis. Pre-test results identify both solubility and chemical equilibrium as the most difficult topics. Observation checklist data revealed that UDL implementation improved upward across the lesson cycle, with engagement receiving the highest ratings. Lesson 01 achieved a Moderate level (M = 2.7). From Lesson 02 onward, implementation improved markedly, with Lessons 02, 03, and 04 all reaching High levels (M = 3.3–3.6). The thematic analysis identified six key themes including student preferences for multiple representation, need for clear instructions, learner variability, challenges in group work, barriers from material design, and continuous teacher reflection. The paired samples t-test results revealed significant gains in students’ post-test scores for both topics. The independent-samples t-test showed that only Solubility maintained a significant performance gap between the two groups. Material design issues, time constraints, student resistance, and teacher workload and cognitive overload are the challenges emerged.
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1. Introduction
The study investigates how lesson plans based on UDL principles can enhance the achievement level of students in Pearson Edexcel International Advanced Level (IAL) Chemistry. Therefore, this chapter discusses the context by placing the study within a broader discussion within current Chemistry education. First, it introduces the Background to the Problem which describes the broader educational context, and the outlines circumstances leading to the research problem. 
Following this, Introduction to the Problem expresses the issue under investigation, which is the persistent barrier students experience in mastering advanced Chemistry concepts in achieving satisfactory performance in the Edexcel IAL examinations. In this section, the researcher justifies why the problem requires a systematic investigation. 
The next section, Significance of the Study articulates the importance and contribution of the research to the field of education. It demonstrates how the findings can be utilized in improving teaching practices, curriculum design, and policymaking, especially in teaching an international curriculum in a Sri Lankan context, where the implementation of novel teaching strategies remains limited. Then, the chapter moves to Research Objectives, where the research objectives are presented. This section simplifies the research aims in a more specific, measurable, accomplishable, and timely manner.
Background of the Study
All the students do not reach their full potential in education globally (UNESCO, 2021). Only 67.8% of students who attempted Chemistry in Pearson Edexcel International Advanced Level exams in 2024 in Sri Lanka received scores higher than C while 558 students had failed the subject (Grade statistics of Pearson Edexcel IAL, 2024). In the private school where I do my research study, the pass rate in science stream was 44%. The pass rate of Chemistry in the school is 56% in 2024 (Grade statistics, @RIS). Poor teaching strategy is one of the reasons behind poor academic achievement of students (Almoslamani, 2022). Traditional teaching strategies are used to deliver lessons in Advanced Level sections as the syllabus completion is prioritized (Ellapola, 2022). It is necessary to cater the lessons according to the diverse learning needs of students (Rao, K.,2015). Lessons align with the principles of universal design of learning cater the lessons according to the diverse learning needs of students (Rao, K.,2015).
Educators can use Universal Design for Learning (UDL) to create lesson plans to deliver more inclusive and adaptable lessons to students. UDL can be defined with respect to teaching and learning process as "the design of teaching and learning products and environments to be usable by all people, to the greatest extent possible, without the need for adaptation or specialized design (Burgstahler, 2021). Lessons can be enhanced by using Universal Design for Learning principles and guidelines to improve participation and engagement ultimately leading to greater achievement in Chemistry. UDL consists of three core principles:  multiple means of representation, multiple means of engagement and multiple means of action and expression (CAST,2018). Such lessons value the diversity of students and remove learning barriers. Students vary in a class in terms of learning styles. 
Statement of the Problem
The study aims to enhance the achievement level of Advanced Level students in Chemistry by using lesson plans based on Universal Design Learning Principles (UDL). The absence of student-focused learning, critical thinking, interactivity, creativity, and classroom engagement in traditional teaching methods causes pupils to become uninterested and unmotivated during the lessons (Javed et al., 2024. This problem is always evident in Advanced Level Chemistry where students have to excel in complex abstract concepts and problem-solving skills. 
Advanced Level Chemistry is globally recognized as a demanding subject due to its heavy reliance on abstract concepts, quantitative mathematical skills and need for higher order problem solving skills. Globally, researchers believe that success in Chemistry requires conceptual understanding, practical application and critical thinking rather than rote memorization (Hagos, 2025). Chemistry has been made more accessible to diverse learners across the world by adopting 21st century accepted novel pedagogies such as inquiry-based learning, problem-based learning, and technology embedded learning (Cooper & Stowe, 2018). In parallel, the continuously updating assessment of Pearson Edexcel International Advanced Level (IAL) demand improving analytical thinking ability and experimental skills which require teachers to modify their teaching methods for long term retention.
Advanced Chemistry lessons are taught in schools in Sri Lanka using traditional one size fits all methods though advancement in education methodology has taken place (Vithanapathirana, 2014). This leads to disengagement during lessons and poor academic performance especially those with diverse learning needs (Kimani, 2022). Universal Design of Learning (UDL) provides a flexible learning framework to accommodate all learners with lessons with multiple means of representation, engagement and expression (Miano et al.,2023). This study aims to identify the effectiveness of cooperating UDL principles in teaching A/L Chemistry lessons in enhancing student engagement and academic performance and to identify possible challenges while doing so.
In Sri Lanka, private and international schools adopt Pearson Edexcel IAL Chemistry due to its global recognition. But the instructional culture remains traditional, and dominated by lecture-based teaching and exam preparation. Students receive limited opportunities for engagement and hinder the development of critical and creative thinking (Dayal and Ali-Chand, 2022). Commonly, teachers in Sri Lanka do not receive adequate professional development opportunities which make them unable to implement diverse and innovative teaching methodologies (Jayasinghe, 2024). Consequently, many students struggle to reach higher achievement levels, even when they are motivated to learn the subject (Samarawickrema, 2019).
While, the global literature related to differentiated and inclusive pedagogy is advancing, there is limited evidence found in the Sri Lankan context, especially when delivering international curricula such as Pearson Edexcel IAL Chemistry. Even though that the literature show that Chemistry requires the integration of both conceptual and mathematical literacy skills (Seery, 2020), yet local research studies focus on the achievement of exam results without altering the instructional design. Moreover, there is a scarcity if empirical research applying Universal Design for Learning (UDL) in the Sri Lankan education context, especially in advanced level education despite its growing use in inclusive education throughout the world (CAST, 2018; Burgstahler, 2021).
Previous studies indicate that while significant amounts of work have been done under Universal Design of Learning in the contexts of special education and inclusive education, there is a scarcity of research under UDL, especially in IAL Chemistry (Rose & Meyer, 2006; Rao et al., 2014). Furthermore, there is little empirical evidence for research studies utilizing UDL under Sri Lankan context (Dayal & Ali-Chand, 2022). There are many abstract ideas in chemistry, requiring a high level of problem-solving and mathematical literacy (Gilbert & Treagust, 2009). Understanding and performing well on the public exam are constant challenges for students. Addressing these gaps is crucial to improve student achievement in IAL Chemistry in Sri Lanka. 
The research is done to enhance the academic performance of Chemistry in Advanced level class in all students because it has been identified that teaching and learning strategies used in Advanced level class are not sufficient enough to produce good results in Chemistry by all students (Dayal & Ali-Chand, 2022). Teaching strategies specially lesson plans are improved by in cooperating multiple methods of representation, expression and engagement according to UDL guidelines and improvement in learning will be monitored and measured through the research (Roski et al.,2021)
Activities and assessments are designed based on the learning styles of the learners in the classroom (Fleming & Mills, 1992). Lessons are embedded with information and activities in various formats such as visuals, video, hands on activities and reading materials to assure multiple means of representation. Lessons are enhanced with multiple means of engagement through collaborative learning activities, field work study in the real world, use of rubrics, checklists and feedback. Assessments of the lessons are enhanced by multiple means of action and expression with project-based learning, portfolio, and tests in different formats such as oral tests, practical tests and written tests. 
Lesson plans which are enhanced with the UDL principles and guidelines, instructional delivery is enhanced simultaneously. Every student is inclusive and engaging in lessons. Students are able to learn difficult chemistry topics in various formats. Lesson delivery is more efficient and effective when the lessons are more structured. External factors such as proper training and awareness of teachers about the UDL principles and framework for the effective implementation of the UDL based lessons (Rao et al., 2017). Student motivation to learn the UDL based lessons and technology embedded learning tools such as Google forms, Google classroom, Padlet, Kahoot, etc. (Al-Azawei et al., 2016). 
Globally, classrooms are becoming more diverse which needs to be dealt with more inclusive and adaptable teaching strategies and practices (CAST, 2018). UDL lessons are more interactive and student centered which is lacking in Sri Lankan classrooms. The research will provide practical strategies of UDL to be used in the Chemistry classrooms to enhance the effectiveness of lesson delivery. There will be open dialogue to utilize the UDL in lesson planning during policy making in Sri Lankan education. Curriculum designers can get insight into how global education trends can be adopted to Sri Lankan classrooms as well. Meanwhile, Sri Lankan education can be reshaped with UDL strategies especially by integrating ICT tools into instruction and making it more modernized which is an ongoing discussion today (de Silva & Amaradasa, 2022).
Research Objectives
Objectives of the study are mentioned below. 
Main Objective:
To Enhance achievement level of Advanced Level students in Chemistry through the design and implementation of lesson plans based on Universal Design Learning Principles (UDL). 
Specific Objectives: 
1. To determine which Chemistry unit has the lowest student achievement
2. To plan and implement UDL based Chemistry lessons
3. To explore the effect of UDL based Chemistry lessons on enhancing achievement of students
4. To explore challenges facing when UDL principles are integrated into Chemistry lessons.
Significance of the Study
The Pearson Edexcel International Advanced Level (IAL) Chemistry curriculum is a pathway for tertiary education opportunities locally and globally. However, student achievement level varies due to challenges of adapting an international curriculum at national level with a diverse learner population. The study is significant because it addresses a major issue of aligning learner diversity with the instructional strategy by utilizing a more inclusive UDL framework at the classroom level. 
Students who study Edexcel IAL Chemistry vary in cognitive abilities, fluency in language and earlier learning experience of those who have been studying with the national curriculum. Traditional pedagogical practices too mainly focus on lecture based teaching and summative form of assessment and do not effectively address the learner variability (Rao & Meo, 2021). UDL is a proactive model which encompasses multiple means of engagement, representation, and expression to accommodate diverse learners. This study provides an insight how UDL based lessons can be made an international curriculum adaptable for students of Sri Lankan context. 
Although any Chemistry curriculum has to be learnt as inquiry-based learning for the development of analytical skills, Sri Lankan classrooms are always exam oriented (Gunasekara et al., 2023). This study introduces UDL lesson plans to bridge the gap between cognitive goals of the IAL Chemistry curriculum and instructional strategy by offering differentiated instructional pathways. Also, by using formative feedback methods and student choice, the study eliminates the gap between intended learning outcomes and actual teaching practices (Torres & Gutiérrez, 2023).
Academic achievement in chemistry is dependent on how strongly the instructional practices align with learners' learning needs. UDL-based lessons are able to improve academic achievement by enhancing motivation, comprehension, and participation (Kormos et al., 2022). This is especially important in Sri Lankan classrooms, where disparity in achievement level is dependent on other contributing factors such as availability of required educational resources and diverse classroom environment. According to Hassan et al., (2023), the more inclusive nature of UDL assists in creating equitable learning conditions enabling all students including those with learning difficulties or language barriers. 
Most research studies based on UDL is limited to Western education, and its use in science education in developing countries is limited (Al-Azawei et al., 2021). Significance of this study is that local and global literature is enriched by showing how UDL can be contextually adapted to an international science curriculum in Sri Lanka. Educators and policymakers can use the study as empirical evidence to implement more inclusive education strategies and impactful assessment frameworks.
Sri Lankan education has taken initiatives to emphasize inclusive, equitable, and quality education for all (National Education Policy Framework, 2024). However, there is a mismatch between national goals and pedagogical approaches in delivering an international curriculum such as Edexcel IAL. This study fulfills the gap between global academic standards and local inclusive education goals by offering a teaching model with UDL based instructional design. Therefore, findings of this research study can be used by policy makers and curriculum developers to align international curriculum with Sri Lanka’s broader education vision (UNESCO, 2022).
This study highlights the need of improving teaching strategies of local educators when delivering an international qualification. Sri Lankan teachers often do not receive differentiated instruction and inclusive design which may delay the adaptation of globally accepted new pedagogical frameworks such as UDL (Perera & Silva, 2023). Practically used lesson plans aligned with UDL are provided through this study and they can be used in teacher development programs. Apart from that, findings of the study can be utilized in policy planning and decision making on how an international curriculum can be effectively delivered to Sri Lankan learners (UNESCO, 2022).
Teachers are considered not just as curriculum implementers but as reflective practitioners who analyze and modify their practices to improve learning outcomes (Lozano & Martinez, 2022). This study utilizes the action research strategies to reflect and adapt daily teaching strategies to enhance academic performance of students in Chemistry. Additionally, it reveals how teachers can contribute to innovative and meaningful educational strategies from the classroom. 
The study promotes 21st century skills in science education such as critical thinking, collaboration, creativity, and digital literacy skills in the context of Chemistry education. When UDL based lesson plans are technology enhanced and student centered, students are not only equipped with content mastery but also empowered with transferable skills necessary for the future success in higher education and careers (Khan et al., 2022). Particularly, it opens up an opportunity for Sri Lankan students to navigate in a competitive globalized academic landscape. 
Summative assessments often fail the whole learning process of science education because it involves capturing concepts as well as practical skills. This research provides an insight into how formative and flexible assessment practices with UDL principles can be utilized in assessing full range of student learning. The study provides how multiple means of expression, such as digital projects, concept maps, and oral presentations can provide more holistic evaluation strategies to be integrated into international curricula without diminishing its standards (Israel et al., 2022).
In summary, the study is significant for the advancement of Chemistry education within the Pearson Edexcel IAL framework in Sri Lanka in a more inclusive and effective way. By integrating UDL principles into lesson planning, the study effectively addresses diverse learning needs, fosters academic equity, and improves achievement in an internationally recognized curriculum in a local context. Also, it supports linking international curricula and inclusive and equitable education which is one of the national education priorities. Additionally, it bridges the gap between curriculum expectations and classroom strategies while contributing modern pedagogical practices to global and local scientific literature. Furthermore, the study offers evidence-based teaching models via teacher-led action research to be utilized in teacher training and professional development to enhance learning outcomes in the daily classrooms. In addition, UDL based lesson plans are not only for enhancing academic achievement but also fosters 21st century skills such as critical thinking, creativity, and digital literacy skills. The study promotes meaningful and flexible assessment methods for more accurate and comprehensive evaluation of broader learning. Ultimately, this research study provides evidence-based student-centered teaching strategies for policy makers and curriculum designers to transform science education.
Scope and Limitation
One of the limitations of this research study is the small sample, that is only one classroom along with one teacher of the total population of schools which conduct Edexcel AL Chemistry curriculum. Due to this inadequacy, findings cannot be fully generalizable to all A/L Chemistry students across the country considering the facts of differences in school context, teacher experience and professionalism, and diverse student backgrounds. 
Sample size is also limited to eighteen students purely selected based on purposive sampling. Though the students are of similar age are considered, other variables such as gender, English language fluency or prior achievement levels in earlier performance tests are not considered which limits the depth of data analysis. 
Qualitative data collection tools of the study are based on teacher reflection notes and student feedback and questionnaires on engagement and revealing perceptions. These self-reported data can be subjected to biases so that students can provide socially desirable responses while teachers can focus only on positive aspects of the intervention. Also, pre and post tests are developed specially for this study reviewing only for content validity, but not being tested for reliability and standardization. Other potential rich data sources such as classroom video recordings or external observer notes are not used, limiting the triangulation. 
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Chemistry Education at Advanced Level
Advanced Level Chemistry is delivered under any curriculum to prepare students for STEAM degrees in the future by equipping them with conceptual understanding, quantitative problem solving and experimental competence in Chemistry. Effective Chemistry programs balance disciplinary concepts in Chemistry such as structure, energetics, kinetics, equilibria, and organic chemistry, core concepts like models, systems and structure property relationships and hands on science practices of planning, investigation, analysis of data and construction of explanation (Hofstein & Lunetta, 2004).
Pearson Edexcel IAL Chemistry is mainly adopted by international schools and private candidates to obtain pre university qualification. The syllabus is presented as a specification which consists of content across physical, inorganic, and organic Chemistry with practical skills, data analysis, and mathematical skills. It covers three assessment objectives knowledge and understanding (AO1), application of the knowledge (AO2), and experimental design and errors (AO3) for preparing students to align with international standards in undergraduate chemistry (Pearson, 2023). 
In the A Level classrooms, teachers commonly use mini lectures with symbolic representation of information, whiteboard problem solving, and worked problems to ensure transfer of knowledge. But mega data analysis has shown that replacing didactic lecturing with active methods such as short cycle of explanation, clicker questions, think pair share, and structured problem solving reduces the failure rates and improve exam performance in STEAM subjects including Chemistry also (Freeman et al., 2014). 
[bookmark: _Toc217808504]In Sri Lanka, delivery of the General Certificate of Advanced Level Chemistry curriculum is exam oriented, highly competitive, lecture dominated instruction and has less emphasis on inquiry or practical design (Vithanapathirana, 2014). Assessments are dominated by theoretical papers, leading to a culture of rote memorization and private tutoring. These methods have been adopted by teachers who have been raised in this context and deliver Pearson Edexcel IAL Chemistry curriculum in international and private schools as well. Across the world’s Advanced Level programs, including Pearson Edexcel IAL, is characterized by active, inquiry based, more inclusive methods. In Sri Lanka, however, the rote based, and exam centered pedagogy is still dominated and they limit the students’ readiness for university chemistry education. This gap can be filled with ICT integration, inquiry-based labs, and active learning methods. 
Universal Design for Learning (UDL) Framework
Universal Design for Learning Framework is reviewed with the subtopics including origin of UDL, and its core principles including multiple means of representation, multiple means of engagement and multiple means of action and expression. As mentioned by Moore.et.al. (2007), the concept of "universal design" initially started in the 1950s. Barrier-free design was the term used at the time, and it was a notion that was gaining traction in the US, Japan, and Europe. In its early phases, it is best characterized as an increasing global understanding of the advantages and necessity of constructing obstacle-free settings. Removing barriers for individuals with physical disabilities was the primary focus in the early years; a structure intended for "universal" access would naturally accommodate users with disabilities. The concept had developed and acquired political influence by the 1970s. Instead of addressing learner limits, UDL aims to address the constraints of a learning environment. Thus, universal design of learning focuses on removing environmental obstacles to increase everyone's functional potential Moore.et.al. (2007).
Educators can use Universal Design for Learning (UDL) to create lesson plans to deliver more inclusive and adaptable lessons to students. Universal design can be defined as designing products and environments to be usable by all people, to the greatest extent possible, without the need for adaptation or specialized design (CAST, 2018). It can be defined with respect to teaching and learning process as "the design of teaching and learning products and environments to be usable by all people, to the greatest extent possible, without the need for adaptation or specialized design (Burgstahler, 2021). Lessons embedded with UDL value the diversity of students and remove learning barriers. Students vary in a class in terms of learning styles. 
UDL is a framework for designing inclusive instruction and improving overall instructional quality (Hollander and Melle (2023).  UDL frame work was introduced in 1990s by Center for Applied Special Technology (CAST,2018) to support diverse needs of students. It is a systematic, cross-curricular collection of research-based techniques for minimizing barriers to learning and supporting students in becoming their own learning experts is the aim (CAST, 2018). UDL's primary notion is to increase the flexibility of learning goals and pathways so that all pupils should have universal access to instruction, irrespective of their unique needs and potential disabilities (Hollander and Melle, 2023). 
CAST (2018) has developed nine guidelines and thirty-one checkpoints that provide educators and researchers with direction on how to use the three guiding principles of Universal Design for Learning (UDL) in the classroom. The three guiding principles of the Universal Design for Learning, also referred to as the Three Block Model, must be followed by the instructional framework: multiple means of engagement (the why of learning), multiple means of action and expression (the how of learning), and multiple means of representation (the what of learning) (Baybayon, 2021). Universal Design for Learning is based on three principles. They are multiple means of representation, engagement, action, and expression. Each principle is supported by three guidelines (Figure 1). 
Figure 1: UDL Guidelines (CAST, 2018)
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Learners' perceptions and interpretations of information vary. For instance, people who represent diverse or non-dominant cultures and/or languages, have learning disabilities like dyslexia, or have sensory disabilities like blindness or hearing all approach content in different ways (CAST, 2018). These many methods need to be respected and appreciated. The representation of individuals, cultures, individual and communal identities, viewpoints, and modes of knowing in the content is equally significant (CAST, 2018). Using a variety of representations and perspectives facilitate learning and learning transfer because it helps students draw connections both inside and between topics (CAST, 2018). UDL principles encourage the creation of curricula and instruction that incorporate alternatives for comprehension, language, expressions, and symbolism, as well as perception (CAST, 2018). In order to meet the varied requirements, information and content is provided in a variety of methods. It involves making content accessible to all students through the use of multimedia, various text forms, visual aids, and other tactics (Priyadharsini and Mary, 2024).
Multiple Means of Engagement 
As mentioned in CAST (2018), learner variability is emphasized by the UDL framework, and understanding learners' numerous and intersecting identities is crucial to understanding learner variability. Furthermore, depending on the situation, students' motivational factors and areas of interest may change. While spontaneity and originality may greatly excite certain students, they may also disengage or even frighten others, who would rather follow a rigid schedule (CAST, 2018). While some students may like working with their friends, others may prefer working alone. Additionally, these interests of learning may change daily or weekly. Thus, multiple options for engagement are crucial since, in practice, there isn't a single method that will work best for every student in every situation. 
Purposeful, motivated learners require a variety of engagement strategies to pique their interest and drive to learn (Burgstahler, 2021). Offering students multiple methods to interact with the course materials and activities is encouraged by UDL. This could entail providing options, taking into account the interests of the students, and employing methods of encouragement to keep them interested (Priyadharsini and Mary, 2024).
Multiple Means of Action and Expression
Learners vary in how they approach the learning process, learning environment, and communication of their knowledge. Designing for and respecting these many modes of activity and expression is therefore crucial (CAST, 2018). Depending on the situation, some people could prefer written communication over spoken communication. It should be acknowledged that action and expression necessitate a significant amount of planning, preparation, and strategy. Through a variety of formats, including written assignments, oral presentations, visual projects, and even technology-based possibilities, UDL enables students to exhibit their knowledge and abilities (Priyadharsini & Mary, 2024).
Learning Theories and Instructional Design
Vygotsky’s Socio-Cultural Theory, and multiple intelligence theory have been recognized as the learning theories which align with the research study. According to Vygotsky’s Socio-Cultural Theory, learning occurs through social interaction and scaffolding. Vygotsky described scaffolding (supportive activities) as an opportunity for development to help learners become independent (Yusof, 2021). To achieve the goal, learners complete short, manageable steps. UDL lessons are delivered in multiple formats to align with individual learning styles so that all learners can complete the task through supporting activities, which act as scaffolding.
Vygotsky favors the theory of nurture by placing more emphasis on the social influences that lead to cognitive growth, assuming that everyone can develop through every past event, environment, and social experience (Yusof, 2021). Collaborating with a skilled professional or more experienced peers during UDL based lessons such as project-based learning or group learning helps students to learn through social interactions. 
In educational psychology, the term "zone of proximal development" (ZPD) refers to the distinction between what a student can accomplish on their own and with assistance (McLeod, 2024). ZPD indicates tasks that are beyond the learner's current capabilities, but they are possible with the more experienced person's assistance and direction (McLeod, 2024). Teachers act as facilitators and are accessible for learners to provide necessary guidance during UDL lessons to broaden students’ ZPD. 
Howard Gardner’s multiple intelligence theory (1983) offers a multidimensional perspective on human cognition, which proposes that human cognition is a combination of varying modalities. First, he introduced eight intelligences: linguistic, logical-mathematical, spatial, bodily kinesthetic, musical, interpersonal, and naturalistic (Morgan, 2021). According to this theory, it can be concluded that each learner demonstrates his or her own profile of intelligence, and they need access to information and express understanding based on this particular mode of intelligence. 
Teachers must differentiate their instruction for each student in order to be effective, as pupils differ greatly in the intelligences Gardner discovered. Students who are strong in the intelligences they neglect but poor in the ones they choose to cultivate will be discriminated against if teachers teach to enhance some intelligences while neglecting others (Morgan, 2021). It could appear that there is no way to modify lessons to accommodate the varying IQs of the pupils in a class. Then, UDL appears as the solution by providing options for representation, engagement, and action and expression. 
Application of UDL in Science and Chemistry Education
Learning complex and abstract concepts poses significant challenges to diverse student groups (Hollander & Melle, 2023).  As the Chemistry is a challenging subject due to its abstract and complex nature, it becomes a barrier for many students achieve higher education qualification in science which hinders receiving career pathways in the field of science (Barr et al., 2010). 
Previous studies have identified that UDL can be used as an effective approach to reach students to pursue Chemistry educations for those who have diverse learning needs (Baumann & Melle, 2019 and King-Sears & Johnson, 2020). For an example, UDL based digital multimedia learning environments have been effective in enhancing student understanding of chemical reactions (Baumann & Melle, 2019).  UDL in school chemistry classes enhance the accessibility to materials and improves student engagement during the lessons (Baumann & Melle, 2019).  Miller and Lang (2016) have reported that students’ learning outcomes in science laboratory practicals are improved by reducing stress level when UDL based teaching approached are used to enhance open mindedness, and shared communication. A lesson planning model called Chem Dive has been developed by integrating UDL principles to enhance accessibility and inclusivity in Chemistry instruction by Hollander and Melle (2023). 
Designing UDL-Based Lesson Plans
When creating accessible curricula or assessing their current design, educationalists can use UDL principles as a complete guideline (Al-Azawei et al., 2016). Teachers can better accommodate the unique needs of each student by using universal design for learning (UDL) in their lesson planning. According to Courey et al. (2013), when teachers obtain training based on UDL principles, they integrate more differentiated alternatives and a variety of teaching styles into their lesson plans, making the material more accessible to all students. But they need more training for actual implementation of UDL principles. 
UDL improves the implementation of accessible lesson plans and implementation skills of lesson plans. According to Boothe et al., (2018), several strategies can be taken to emphasize multiple means of engagement in a classroom setting. Teachers can be easily accessible for students via electronic media and physical meet ups consistently while responding to the needs of the students. Also, by using scaffolding in a lesson so that lesson is segmented into smaller parts for learners to engage within few minutes. Such chunks of lessons can be modified easily to meet the demands of students. 
UDL lesson plan model is a proactive approach to diversity in the classroom. It revolves around anticipating barriers in engagement, representation, and action and expression before actual teaching takes place. Also, it ensures the inclusion from the start and helps teachers minimize learning gaps. The reflect and redesign stage incorporates reflective practice, asking teachers to evaluate their own teaching to realize whether lesson goals were achieved and if it needs any modification. This aspect aligns with the action research cycle of this study. By embedding UDL throughout the plan, the teacher provides multiple pathways for understanding and participation for what researcher is focusing on to implement. Teacher begins the lesson with a clear end goal in mind by defining what students will know, do, and care about focusing more on primary goal of the lesson. On the other hand, this approach requires a time-intensive planning process to design differentiated materials to anticipate multiple forms of variability making it challenging to use in high teaching loads and exam driven contexts like Pearson Edexcel Chemistry curriculum. Also, it requires a deep understanding of both UDL principles and subject-oriented pedagogy, making it challenging for novice teachers to anticipate learner variability, thus demanding for an intensive professional development in UDL.
Enhancing Student Achievement through UDL
One possible way to reduce learning barriers in the classroom is to implement Universal Design for Learning (Al-Azawei et al., 2016). One approach to developing an inclusive lesson plan that should be available to as many students as feasible is through Universal Design for Learning (UDL). Since new media and technologies are excellent at producing flexible materials, the UDL places a special emphasis on them. (Baumann & Melle, 2019). The study done by Baumann & Melle (2019) reveals that digital tools utilized with UDL principles resulted in a significant improvement in the chemistry performance with regard to chemical reactions. Additionally, students have shown positive attitudes towards the learning software received for learning Chemistry. The study's findings indicate that the digital learning resource is appropriate for teaching chemical reactions.
More than traditional teaching, UDL is successful in helping students develop their content expertise. Teachers can help students become expert learners by offering a personalized learning environment, learning support, and opportunities to develop their thinking skills and evaluate their progress (Javed et al., 2024). UDL can be infused with other teaching methods to enhance the academic performance. As mentioned by Javed et al., (2024), UDL-infused problem-based learning is student-centered and boosts learning outcomes while also increasing students' motivation and engagement. In contrast to lecture-based learning, which promotes passive learning, project-based learning, especially when combined with the UDL Framework, makes learning active (Javed et al., 2024). It will only take a few minutes with instruction and few practice exercises for certain students. Other pupils could need a lot more repeats (Moore, 2007). UDL provides multi modal learning experiences so that learners are exposed to lessons in many formats and they can repeat learning. When the lessons have a digital format, some pupils might benefit more from such practice session that offers them a multi-modal structure with high repetition (Moore, 2007). 
Challenges Faced with UDL based Lessons
Several challenges have been identified when UDL is implemented in the classroom during past research studies. One of the key barriers could be student variability (Javed et al., 2024). It involves not only the variations in students' backgrounds, traits, and capabilities, but also the methods they use to finish coursework, their communication and interpersonal skills, and their capacity for information processing. Teachers frequently struggle to create lesson plans that take into account both the diverse learning requirements of their pupils and academic standards (Javed et al., 2024). 
Resistance to change is a common challenge in bringing a new teaching strategy in education especially when teachers are adopting traditional teaching methods for years (Rao & Meo, 2016). Some teachers consider UDL as an additional burden than considering it as an advancement to their teaching process (Roberts et al., 2011). However, school administrators who are less concerned with inclusive education resist the use of UDL, but with better understanding about UDL, they can assist in establishing a school culture that values and prioritizes differentiated teaching and accessibility (He, 2021). 
Teachers are not confident that a UDL framework will be implemented accurately (Scott, 2018). Despite their desire to implement the framework in their own classrooms, they still believe they lack the necessary skills to successfully implement the UDL framework in their settings. Such obstacles can be removed through ongoing in-service training on the UDL framework (Scott, 2018). Also, programs for teacher training should give field-based opportunity to learn about UDL and practice using it in actual classroom settings (Scott, 2018). 
Hills et al. (2022) found two significant challenges which are inadequate awareness of UDL and a lack of opportunities to learn about it. These issues are mostly caused by inadequate training at the institutional level and a lack of funds and resources for workshops. Ineffectively trained teachers find it difficult to apply UDL in the classroom. Another most frequent problem encountered by teachers who wish to incorporate the UDL framework into their lesson plans is the absence of peer and administrative support when applying new teaching techniques (Scott, 2018). It is necessary to prepare and train administrators, principals, and other stakeholders on inclusive frameworks such as UDL (Scott, 2018).
When UDL is introduced to the classroom, paradigm shift has to take place in pedagogical approaches (Mahapatra & Mahapatra, 2023). Teacher’s role shifts from primary source of information to collaborator, facilitator and co-learner and learning shifts from listening and reading to experimental and group learning (Mahapatra & Mahapatra, 2023). Having necessary skills to shift teaching and learning to new methods may be challenging to both teachers and leaners at the beginning. Collaborative learning, self-study without a teacher and technology adoption are possible solutions to accelerate the adoption of UDL lessons (Mahapatra & Mahapatra, 2023). 
Time constraints is a perceived barrier to UDL implementation (Hills et al., 2022). Teachers may find it difficult to create or update curriculum materials, testing, and student accessibility due to a lack of time (Hills et al., 2022). On the other hand, there might be outside variables such as a course with a limited marking period can prevent a teacher from offering more realistic options for assignments or assessments (Kearney, 2022). Lesson planning for UDL must be done collaboratively to overcome the time challenge for preparation of new materials with UDL (Basham et al., 2010). Also, teachers have to be a member of professional learning network to build a support system for her/himself to reduce individual workload (Samuels, 2021). The diversity of learners, a shortage of administrative and peer support, the absence of time and resources for UDL preparation, the lack of opportunities for learning about UDL, the limited skill sets of both teachers and students, and resistance to change are some of the challenges that Universal Design for Learning (UDL) must overcome despite being a potent tool for improving inclusivity in the teaching and learning process.
Conceptual Framework
The conceptual frame work in the figure 1 illustrates the relationship between the UDL based lesson plans and the achievement level of AL students in Chemistry. The model elaborates how UDL based lessons embedded with multiple means of representation, multiple means of engagement and multiple means of action and expression let lessons to be improved in a way teachers implement UDL lessons in the classrooms, student motivation and participation enhance and educational tools are used finally enhancing the student achievement level in Chemistry. 
Figure 1: Conceptual Framework
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UDL based lesson plans are present in the top of the figure 1 which represent the independent variable of this research study. UDL based lessons are the main intervention for the poor academic achievement in Chemistry of AL students. Lesson plans are made using the Universal Design for Learning framework to make them more inclusive and accessible for all leaners in the classroom. 
Lessons are embedded with information and activities in various formats such as visuals, video, hands on activities and reading materials to assure multiple means of representation. Lessons are enhanced with multiple means of engagement through collaborative learning activities, field work study in the real world, use of rubrics, checklists and feedback. Assessments of the lessons are enhanced by multiple means of action and expression with project-based learning, portfolio, and tests in different formats such as oral tests, practical tests and written tests. Lesson plans which are enhanced with the UDL principles and guidelines, instructional delivery is enhanced simultaneously. Every student is inclusive and engaging in lessons. Students are able to learn difficult chemistry topics in various formats. Lesson delivery is more efficient and effective when the lessons are more structured.
Three mediating factors which influence the improvement of the lesson plans have been identified through past research studies. Teachers must have proper training and awareness about the UDL principles and framework for the effective implementation of the UDL based lessons. Student motivation to learn the UDL based lessons depend on the learning activities align with their learning style and preference. Students are expected to improve their learning of the poorly performing Chemistry topics identified through the research study. Meanwhile, they are expected to improve problem solving skills which is crucial in achieving a better grade for Chemistry in Advanced Level Examination.
3. Research Methodology
Research Design
The research design of this study was rooted in the survey research paradigm because it was primarily aimed at identifying learning styles of students following Pearson Edexcel International Advanced Level Chemistry in a Sri Lankan private school. The research was conducted in an international school in Sri Lanka, where the Pearson Edexcel IAL Chemistry curriculum is offered as a core subject in the science stream. The participant group consisted of seventeen students aged from 17 to 18 years enrolled in the A/L Chemistry class taught by the researcher. The choice of the sample size was guided by the principle of purposive sampling. 
The study was done using a spiral model of action research comprising four major phases because the action research paradigm was strongly linked to the research objectives. Action research is both practical and participatory, which allowed the teacher to address a real problem in the classroom while generating knowledge of a research study. In the context of this study, the main problem was that A/L Chemistry students do not adequately achieve expected learning outcomes due to traditional teaching strategies that have no focus on individual learner preferences of learning. Action research allowed the implementation of UDL based lesson plans repeatedly with the adjustments based on evaluations of teacher reflection. Furthermore, action research made it possible to integrate student preferences and participation into a research process, enhancing the authenticity and applicability of research findings. Action research involves a spiral of cycles with planning, acting, observing, and reflecting, which provides an opportunity for a teacher to improve their own teaching practice and pedagogy (Lewin, 1946). The planning stage is the foundation of the action research. The problem was identified as a poor achievement level in A/L Chemistry due to poor traditional teaching methodology. Objectives for the study were set accordingly. The lessons were taught using traditional teaching methods such as lecturing, use of hand notes, and note taking for two months. The topics of poor achievement were selected using average pretest scores of MCQ questions. The use of the MCQ format for pretest questions is justified as it allows objective scoring, reduces examiner bias, and aligns with the assessment style of Pearson Edexcel examinations. MCQ questions were prepared by using a blueprint to ensure content validity. 
Lessons and lesson materials are presented in various options for perception, languages and symbols, and comprehension. The content was presented in various formats, including diagrams, models, animations, teacher explanations, and interactive simulations, which allow students to perceive information through their preferred modalities and a few sensory organs at the same time. Symbols and key terms were clarified in English as well as in Sinhalese. Scientific equations were derived step by step. Students were allowed to derive units for constants using the symbols familiar to them. Comprehension was made easier by connecting new learning with prior learning and daily experience. Concept maps, flowcharts, and relationships between concepts were derived during the lessons to highlight patterns and ideas. Well-reviewed guided notes and structured worksheets to guide students to access information. Students were always assigned tasks to solve problems using the learned concepts.  
Various strategies were applied during the lessons to grab the students’ attention, maintain their motivation and engagement, and help them self-regulate their own behavior in several ways to ensure that students are fully engaged during the lessons. To capture learners’ attention, activities were designed with real-life applications of Chemistry, graphs, use of color codes, charts, and problem sets. To maintain motivation and engagement, communication of clear goals of the lesson, scaffolds for different readiness levels, group discussions, peer review, collaborative work, and constructive and timely feedback were used. Stress management and reflection skills and allowing reflection on strengths and weaknesses of one's own learning were used for self-regulation of one's own behavior. Students were given multiple options to demonstrate their understanding as physical actions, various communication modalities, and behavioral change in executive functioning. The strategies used were quizzes, structured problem-solving questions, drawings, presentations, scaffolded writing tasks, structured questions, reflective writing tasks, checklists, step-by-step planning guides, data tabulation activities, systematic note-taking, etc. 
During the action stage, Universal Design for Learning (UDL) based Chemistry lessons were implemented systematically within regular classroom sessions during the action phase. The intervention was extended over a period of four weeks and focused on the weaker topics from Pearson International Advanced Level Chemistry Unit 4: Physical Chemistry, identified through pre test scores. UDL-based lesson plans were designed using the three-step lesson plan model (CAST, 2018) and delivered during each week.  Teaching strategies included differentiated questioning, visual models, analogies, experiments, demonstrations, peer discussions, and formative feedback mechanisms. The teacher-researcher facilitated learning through scaffolding, constructive feedback, and continuous formative assessment to ensure active participation and equitable access to content.
During the observation, both quantitative and qualitative data were systematically monitored and collected during the observation phase. Quantitative data were gathered through post-tests after each lesson sequence, and qualitative data were collected using multiple instruments. Classroom observation checklists were used to record students’ engagement, motivation, and interaction patterns during lessons. Teacher reflection notes were maintained after each session to capture critical observations about instructional effectiveness, learner responsiveness, and practical challenges faced during implementation. 
In refection, effectiveness of UDL strategies analyzed and evaluated quantitatively and qualitatively. Pre-test scores and post-test scores of selected topics of Pearson Edexcel IAL Chemistry Unit 4 Physical chemistry was analyzed to identify any remarkable achievement in Chemistry with UDL based lessons. Strengths and weaknesses of the intervention were found by analyzing classroom observation, and teacher reflection notes. Based on the evaluation results, lesson plans were updated for future use. 
The research study was designed and conducted using a single action research cycle due to time frame of four weeks allocated for the intervention and the practical difficulty of conducting research within the scheme of work of the IAL Chemistry of the school term.  The cycle consisted of four sequential Universal Design for Learning (UDL) based Chemistry lessons, each serving as a sub action under the main intervention phase. Although only one comprehensive cycle was implemented, each lesson was followed by reflection with minor adjustments to subsequent lessons maintaining the iterative and reflective nature of action research. This this approach aligns with the action research cycle proposed by Kemmis & McTaggart (1988); and Mertler (2020); emphasizing continuous reflection and improvement even within a single cycle of practice. The single cycle structure was sufficient to achieve the study’s objectives of identifying the impact of UDL based lesson plans of enhancing student achievement in Chemistry. The figure 2 outlines how a single cycle of action research was conducted in this study.
[bookmark: _Toc217420759]Figure 2: Action Research Cycle 
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[bookmark: _heading=h.kfzuh6mzqlb5][bookmark: _Toc217808524]3.4.1. Population 
The population of this study consisted of Advanced Level students in Sri Lanka who were preparing for Pearson Edexcel International Advanced Level (IAL) examinations. This group of students represents a diverse body of learners in terms of learning needs, access to resources, language ability, and prior learning. Teachers responsible for delivering the IAL lessons are also a part of the population. 
[bookmark: _heading=h.ewi1crpnaf8e][bookmark: _Toc217808525]3.4.2. Target Population 
The target population of this study was Advanced Level Chemistry students in schools following the Pearson Edexcel International Advanced Level (IAL) Chemistry curriculum. The rationale for selecting this target population was addressing underachievement in Chemistry which has been identified as a barrier for higher education. Chemistry teachers working within these schools were considered within this target group, as they directly influence making UDL based lesson plans, delivering UDL lessons, and identifying challenges. 
[bookmark: _heading=h.81ov7aerjlf9][bookmark: _Toc217808526]3.4.3. Sample 
Chemistry students in a single classroom of an international school were chosen as the sample of the study. Based on the purposive sampling method, a group of high achievers and a group of low achievers were selected using the mean pretest score. Students with mean score above the average score of the pretest belonged to high achievers and students with mean score below the average score were considered as low achievers This sample size and sampling method were aligned with the nature of the action research, which focused on depth of understanding rather than broader representation. The single classroom context allowed the researcher to apply UDL based lesson plans with manageable observation, data collection, and analysis while closely monitoring the classroom. The teacher acted as both a researcher and a participant. As the researcher, the teacher collected qualitative and quantitative data, and as the participant, the teacher provided feedback on challenges of implementing UDL lessons. 
Data Collection Instruments
Data collection instruments implied in this study are pretest and post test scores, UDL based lesson plans, observation checklists, and teacher reflection notes.  
Pre-Test and Post-Test Questions
A set of standardized tests was prepared as a pretest to measure students’ achievement level before and after the intervention using a blueprint.  It was prepared as 60 MCQ questions with 12 questions from each of the five Physical Chemistry topics of Pearson Edexcel International Advanced Level Unit 4 Chemistry. Those topics were Kinetics, Entropy, the Born-Haber Cycle, Thermodynamics of Solubility, and Chemical Equilibria. The same set of pre-test questions on the poorly performing topics was used for both in the post-test. 
UDL based lesson plan template 
The Universal Design for Learning (UDL) Three step process developed by CAST (2018) (Annex 1) was used to prepare UDL based Chemistry lesson plans (Table 1). It consists of three phases: Step 1 - Proactively Design, Step 2 - Implement, and Step 3 - Reflect and Redesign. In step 1, lesson goals are clearly defined, and potential learner variability is anticipated across three UDL principles; engagement, representation, and action and expression.  In step 2, the lesson is delivered while gathering student feedback. Finally, in step 3, the effectiveness of the lesson is reviewed, and new strategies are identified to develop the lesson for future classes. 
Observation Checklist  
The observation checklist (Annex 2) of the study was prepared to systematically record student behaviors, interactions, and participation during chemistry lessons. The checklist contained both quantitative rating scales and qualitative fields of descriptive notes.  It provided contextual and real-time data on the learning environment. 
Teacher Reflection Notes
Teacher reflection notes were employed to gather qualitative data of the challenges faced during the planning and implementation of UDL-based chemistry lessons. As the teacher is both instructor and observer, reflection notes provide rich data on difficulties and adjustments that arise when applying UDL principles in the real classroom context.
Data analysis
Both quantitative and qualitative methods are used in data analysis. The pre-test marks obtained by the 17 students across the five physical chemistry topics of Pearson Edexcel International Advanced Level Unit 4 were analyzed using descriptive statistics through SPSS to identify the most challenging content topics to be taught using Universal Design for Learning (UDL)-based lessons. The topics that revealed an average percentage below 40% were considered the most difficult concepts and used in designing UDL based lesson plans. 
Pretest scores and posttest scores are analyzed by descriptive and inferential statistics. Students were categorized into two groups based on their pretest performance. Students who scored above the mean pretest score were categorized as high achievers, and students who scored below the mean pretest score were categorized as low achievers.  Paired sample t-tests were conducted for high achievers and low achievers to determine whether each group has improved after the intervention. Also, Independent samples t test was conducted to examine whether there was a significant difference in performance between high achievers and low achievers after the implementation of UDL based lessons. Achievement levels are compared using One-Way ANOVA to determine whether there were statistically significant differences in post-test achievement between two groups of learners; high achievers, and low achievers after the UDL based Chemistry lessons.
Observation checklists of UDL based lessons were used to calculate the mean score obtained by each UDL principle, which was used to analyze for identifying which UDL domain is strongest in the lesson plans and which needs improvement.
Delimitations of The Study
The research has been planned to be done with 24 students. But five students left the school after completing the first three units of the AS level of Pearson Edexcel IAL Chemistry. The data collection was done with only 17 students. Also, all students were not regular to lessons. Some students were absent during action research cycle lessons. Due to the limited sample size and sparse data, statistical tests, t-test results may not fully describe the research findings.
[bookmark: _heading=h.mgdusep0vyh6][bookmark: _Toc217808537]Research Ethics 
Throughout this study the rights of the research participants, research validity, and academic integrity were maintained and ensured. Also, ethical considerations have been taken into account to ensure the protection of participants’ rights and well-being. Firstly, informed consent was obtained from students. Participants were informed about the study’s purpose, and benefits. This enabled them to make an informed decision about whether or not to participate. Confidentiality and anonymity were also be prioritized. All data collected during the study will be kept confidential, meaning that it will only be accessible to the researcher involved in the study. Participants’ identities will be anonymized to further protect their privacy. Effort was made to minimize any potential harm or distress to participate. This is achieved by carefully designing the study procedures and ensuring that they do not cause any unnecessary discomfort or harm.
4. Data Analysis
[bookmark: _Toc217808542]4.1. To Determine which Chemistry unit has the Lowest Student Achievement
[bookmark: _heading=h.9n999nkp57jx]Table 1 and Figure 3 show descriptive statistics of pretest results for five Chemistry topics of Pearson Edexcel International Advanced Level Unit 4. 
[bookmark: _Toc217420720]Table 1: Descriptive Statistics of Pre-Test Results for Five Chemistry Topics
	
	Minimum
	Maximum
	Mean
	Percentage (%)
	Std. Deviation

	Born Haber Cycle
	2
	10
	6.08
	50.7
	2.465

	Entropy
	2
	10
	6.85
	57.1
	2.154

	Chemical Equilibrium
	1
	8
	4.77
	39.8
	2.488

	Orders and Rate of Reaction
	3
	10
	5.92
	49.3
	2.465

	Solubility
	2
	7
	4.08
	34.0
	1.754


The pre-test marks obtained by the 17 students across the five physical chemistry topics of Pearson Edexcel International Advanced Level Unit 4 were analyzed using descriptive statistics through SPSS to identify the most challenging content topics to be taught using Universal Design for Learning (UDL)-based lessons.
As shown in Table 1, the mean scores ranged from 4.08 to 6.85, with corresponding percentage mean values between 34.0% and 57.1%. The highest mean was observed for Entropy (Mean=6.85, SD=2.154; 57.1%), indicating that students demonstrated strong prior knowledge in this topic. In contrast, the topic of solubility recorded the lowest mean (mean = 4.08, SD = 1.754; 34.0%), revealing it to be the most difficult topic. Chemical equilibrium also yielded a relatively low mean (mean = 4.77, SD = 2.488; 39.8%), suggesting that many students found it difficult to understand the concept of chemical equilibrium. The topics, the Born-Haber Cycle and Orders and rates of reactions displayed moderate performance levels. The standard deviation values indicated remarkable dispersion in student performance in Chemical Equilibrium (SD = 2.488) and the Born-Haber Cycle (SD = 2.465), showing that while some students understood these topics, others struggled considerably. On the other hand, the solubility topic exhibited lower variation (SD = 1.754) but a consistently poor performance across the group, revealing that most students found it equally difficult.
[bookmark: _Toc217420761]Figure 3: Percentage Scores of Pre-Test Results for Five Chemistry Topics
[bookmark: _heading=h.4inilin296vo]
[bookmark: _Toc217808543]4.2. Data Analysis of Planning and Implementing UDL based Chemistry Lessons
The observation checklist was used to observe the UDL based lessons. It consisted of 18 indicators, with 6 indicators under each UDL principle. They were rated on a 4-point Likert scale (1 = not evident, 2 =). Therefore, the minimum total score must be 18 and the maximum total score must be 72. Each lesson observed had been assigned with individual indicator scores, a subtotal for the three UDL principles, and an overall total score and mean score. 
[bookmark: _Toc217420721]Table 2: Categorization of Total Score of Each UDL Principle
Table 2 shows the mean score obtained by each UDL principle, which was used to analyze for identifying which UDL domain is strongest in the lesson plans and which needs improvement.
	Score range
	Mean score range
	Interpretation

	0-24
	0.0 – 2.9
	Low level of UDL implementation.
Significant improvement is required.

	25-48
	3.0-3.4
	Moderate level of UDL implementation.
UDL strategies are applied inconsistently.

	49-72
	3.5-4.0
	High level of UDL implementation.
Strong alignment with UDL principle.


[bookmark: _Toc217420722]
Table 3: Results of the Categorization of Total Score of Each UDL Principle 
Table 3 represents the total score and the mean score of each UDL principle obtained for each lesson in the observation checklist.
	Lesson Plan
	Engagement 
	Representation 
	Action and Expression

	01. Hess’s Cycle of Solubility 
	15
	16
	18

	02. Equilibrium Constant, Kc
	22
	18
	19

	03. Factors Affecting Solubility
	21
	22
	22

	04. Equilibrium Constant 
	23
	21
	19

	Total
	81
	77
	78

	Mean Item Score
	3.375
	3.21
	3.25


Table 3 presents the total scores obtained for each Universal Design for Learning (UDL) principle across the four Chemistry lesson plans implemented. The table also provides the overall totals and the mean item score for each UDL domain. 
Lesson 01 (Hess’s Cycle of Solubility) recorded scores of 15 for Engagement, 16 for Representation, and 18 for Action and Expression, reflecting a moderate level of UDL alignment. Lesson 02 (Equilibrium Constant, Kc) showed stronger UDL application, scoring 22, 18, and 19, respectively. Lesson 03 (Factors Affecting Solubility) demonstrated the highest UDL integration, with scores of 21, 22, and 22 across the three principles. Lesson 04 (Equilibrium Constant) maintained similarly high alignment, scoring 23, 21, and 19. The cumulative totals for the four lessons were 81 (Engagement), 77 (Representation), and 78 (Action and Expression). The derived mean item scores: 3.375 for Engagement, 3.21 for Representation, and 3.25 for Action and Expression.
The findings indicate that all three UDL principles were implemented at a moderately high level across the four Chemistry lessons, with some variation in emphasis. Engagement emerged as the strongest domain (M = 3.375), suggesting that lesson activities were highly successful in stimulating learner motivation, sustaining interest, and promoting active participation. Action and Expression also achieved a high mean score (M = 3.25), indicating that students were provided with multiple ways to demonstrate understanding through verbal responses, problem solving, written tasks, and guided practice. 
Representation, while still at a moderate-to-high level (M = 3.21), received the lowest mean score among the three principles. This implies that although the lessons incorporated several methods of presenting content such as diagrams, steps, explanations, and examples, there is opportunity to strengthen this domain further by integrating more multimodal strategies with technology integration such as videos and simulations.
Overall, the pattern of findings suggests that UDL implementation improved progressively across lessons. The high scores in Lessons 03 and 04 indicate that ongoing reflection and adjustment during the intervention positively influenced the quality of UDL integration. These results confirm that the UDL-based lesson design contributed to more accessible, engaging, and flexible learning experiences for students.
[bookmark: _Toc217420762]Figure 4: Comparison of Mean Scores Across UDL Domains

The figure 4 displays the average scores obtained for the three Universal Design for Learning (UDL) principles; Engagement, Representation, and Action and Expression based on observations made across four UDL-based Chemistry lessons. An overall average bar is also included to show the general level of UDL implementation across all domains.
The chart shows that Engagement recorded the highest mean score (M = 3.375), indicating that strategies aimed at capturing and sustaining student interest were most effectively implemented. Action and Expression achieved a mean score of 3.25, reflecting a moderately high level of implementation. This indicates that students were offered multiple ways to express their understanding, such as through verbal responses, written work, problem-solving tasks, and collaborative activities. In contrast, Representation recorded the lowest mean score (M = 3.21), showing comparatively weaker implementation. While still moderately high, this score suggests that opportunities to present content in varied, multimodal formats were less consistently applied. This indicates an area for future improvement, especially for supporting learners who benefit from multiple forms of content delivery. The overall average score of 3.275 demonstrates that, on the whole, the lessons showed a consistent and reasonably strong alignment with UDL principles. However, the variation among the domains suggests that certain elements of UDL were emphasized more strongly than others during lesson implementation.
[bookmark: _Toc217420723]
Table 5: Categorization of Total Observation Checklist Score 
Table 5 represents how the total observation checklist score is used to categorize the level of implementation of each UDL principle of each UDL based lesson. 
	Total Score range
	Mean range
	Level of UDL Implementation
	Interpretation

	18-36
	1.0-2.0
	Low 
	UDL principles are rarely applied.
Limited learner engagement 
More teacher-centered
Limited differentiation 

	37-54
	2.1-3.0
	Moderate 
	Some UDL elements are evident
Partial integration of representation, engagement, and expression. 

	55-72
	3.1-4.0
	High  
	UDL principles are well established
Teaching strategies support learner diversity in representation, engagement, and action and expression. 


[bookmark: _Toc217420724]
Table 6: Results of the Categorization of Total Observation Checklist Score
Table 6 indicates the level of UDL implementation of during each UDL based lesson. 
	No
	Lesson Plan
	Total Score
	Average
	Level of UDL Implementation

	01
	Hess’s Cycle of Solubility 
	49
	2.7
	Moderate

	02
	Equilibrium Constant, Kc
	59
	3.3
	High

	03
	Factors Affecting Solubility
	65
	3.6
	High

	04
	Equilibrium Constant 
	63
	3.5
	High


The table 6 presents the results of the categorization of the total score obtained from the UDL Observation checklist across four UDL based Chemistry lessons. It includes total UDL score, the calculated average score, and level of UDL implementation. 
Lesson 01, Hess’s Cycle of Solubility, recorded a total score of 49, producing an average of 2.7, which falls within the Moderate level of UDL implementation. Lesson 02, Equilibrium Constant (Kc), showed a notable improvement with a total score of 59 and an average of 3.3, classified as High implementation. Lesson 03, Factors Affecting Solubility, achieved the highest total score (65) and an average score of 3.6, indicating a strong High level of UDL application. Similarly, Lesson 04, Equilibrium Constant, also demonstrated High implementation, with a total score of 63 and an average of 3.5.
1

Overall, the results indicate that three out of four lessons were implemented at a High level of UDL alignment, reflecting consistent integration of UDL principles such as multiple means of engagement, representation, and action and expression. Only the first lesson displayed a Moderate level, suggesting that UDL practices strengthened progressively as the intervention advanced. This pattern demonstrates reflective adaptation and incremental improvement across lessons, aligning with the iterative nature of action research.
[bookmark: _Toc217420725]Table 7: Thematic Analysis of Qualitative Data of Teacher Reflection Notes
	Theme
	Codes
	Supporting Evidence from Reflection Notes
	Interpretation

	1. Student Preferences for Multiple Means of Representation
	· Preference for clear explanations
· Use of summaries
· Use of colored sheets
· Need for visual cues (diagrams, board work)
· Preference for step-by-step examples
	“Students preferred clear instructions and teacher explanations.” 
“Students preferred summaries rather than long paragraphs.” 
“Colored activity sheets attracted students.” 
“Hess cycle needs to be clearly drawn on the board.” 
“Students prefer multiple means of representation.” 
	Students learn best when content is represented in simplified, visual, and varied formats. UDL Principle 1 is strongly supported through student preference for multimodal input.

	2. Need for Clear Instructions and Structured Guidance
	· Confusion about task steps
· Need for repeated clarification
· Misinterpretation of worksheets Difficulty starting tasks
· Expectation of teacher-led direction
	“Students were not clear what they need to do.” 
“First line was wrongly done by many students.” 
“Teacher must give clear focus of the activities.” 
 “Students require clarification again and again.” 
 “Little feedback was collected as I was focusing on the lesson process.” 
	Students rely heavily on explicit guidance and structured instructions; lack of clarity increases cognitive load and reduces engagement. This highlights the need for scaffolding and stepwise modelling aligned with UDL guidelines.

	3. Learner Variability in Performance and Engagement
	· Differences between high and low performers
· Low performers prefer individual work
· High performers complete tasks quickly
	“Low performers prefer completing tasks alone.” 
“High performers completed tasks quickly.”
“Low performers struggle when grouped together.” 
“Some students were absent showing inconsistent engagement.”
	Natural learner variability was strongly evident. Differentiation and flexible pathways are needed to support diverse learners. UDL Principle 2 is validated through these differences.

	4. Challenges in Group Work and Classroom Interaction
	· Students prefer working alone
· Passive participation in groups
· Reluctance to answer questions
· Difficulty collaborating
· Poorly performing groups require more support
	“Students prefer to work alone; group work is difficult for them.” 
“They struggle when grouped together.” “Students are reluctant to respond when teacher asks questions.” 
“Group work needs more support and structure.”
	Collaboration requires more intentional design. Students need structured roles, guided protocols, and low-risk discussion strategies. UDL Principle 3 (Action & Expression) requires strengthening in collaborative tasks.

	5. Learning Barriers from Material Design and Task Layout
	· Confusing worksheets
· Poorly labelled materials
· Complex task structure
· Missing steps on board
· Issues with colored cards
	 “Activity cards were confusing; students used the wrong set.” 
 “Students forgot steps that needed to be written on the board.” 
“Some sheets need clear labelling.” 
 “First line incorrectly done on activity sheet.”
	Material design significantly influenced student success. Poor layout and unclear instructions created unnecessary barriers. UDL emphasizes accessible, organized materials to reduce cognitive overload.

	6. Continuous Teacher Reflection, Responsiveness, and Redesign
	· Realization of improvement needs
· Adjustments planned for next lessons
· Recognition of gaps in questioning style
· Revising Hess cycle presentation
· Noting barriers and redesigning strategies
	“I need to redesign the activity.” “Questioning style needs change.” 
“Hess cycle must be clearly drawn next time.” 
“I was focusing on the process; little feedback collected.” 
“Teacher has to change style of questioning.” 
	Teacher reflection followed the action research cycle, enabling iterative improvement. Reflection strengthened alignment with UDL principles by identifying and removing barriers after each lesson.



[bookmark: _Toc217808544]The thematic analysis presented in Table 7 synthesizes the qualitative insights derived from the teacher reflection notes and highlights the key patterns that emerged during the implementation of UDL based Chemistry lessons. The six themes collectively illustrate how students interacted with the instructional design, the types of barriers they experienced, and the ways in which UDL principles shaped their learning. Each theme is supported by specific codes and direct excerpts from the reflection notes. This approach makes it possible to clearly link teacher observations with underlying patterns in student behavior, learning barriers, and instructional effectiveness. Themes are further analyzed as mentioned below. 
4.3. To Explore the Effect of UDL based Chemistry Lessons on Enhancing Achievement of Students 
Students were categorized into two groups based on their pretest performance. Students who scored above the mean pretest score were categorized as high achievers, and students who scored below the mean pretest score were categorized as low achievers. 
[bookmark: _Toc217420726]Table 8: Data Analysis of Pre-Test Scores and Post-Test Scores
	Group
	Mean (Pretest)
	Mean (Post Test)
	Mean Gain
	Standard Deviation (Post-Test)

	High achievers
	46.7
	61.5
	14.8
	11.56

	Low achievers
	26.0
	45.8
	19.8
	21.01


Table 8 presents a comparative analysis of the pre-test and post-test performance of high achievers and low achievers following the UDL-based instructional intervention. The results show that both groups demonstrated meaningful improvement from pre-test to post-test. The high achievers recorded a pre-test mean score of 46.7, which increased to 61.5 on the post-test, resulting in a mean gain of 14.8 marks. This indicates that even students who initially performed well benefited from the intervention and showed enhanced mastery of Chemistry concepts. Their post-test standard deviation of 11.56 suggests moderately consistent performance within the group.
In contrast, the low achievers began with a considerably lower pre-test mean of 26.0, but showed a substantial improvement, reaching a post-test mean of 45.8. This reflects a mean gain of 19.8 marks, which is notably higher than that of high achievers. The larger improvement suggests that the UDL strategies were particularly effective in supporting learners who initially struggled. However, the relatively high standard deviation (21.01) indicates a wider variation in post-test results, implying that while many low-achieving students improved, some did so at uneven levels. Overall, the table illustrates that the UDL-based lessons benefitted both groups, with low achievers demonstrating the greatest relative improvement, underscoring UDL’s strength in reducing barriers and promoting equitable learning progress.


[bookmark: _Toc217420727]Table 9: Descriptive Statistics generated from Paired sample t Test Results 
	
	Mean
	Percentage (%)
	Std. Deviation
	Std. Error Mean

	Pair 1
	Pre Test of Solubility
	4.00
	33.3
	1.803
	.601

	
	Post Test of Solubility
	5.67
	47.3
	1.871
	.624

	Pair 2
	Pre Test of Chemical Equilibrium
	4.50
	37.5
	2.393
	.691

	
	Post Test of Chemical Equilibrium
	7.25
	60.4
	3.108
	.897


Table 9 presents the descriptive statistics data generated from the paired sample t-tests conducted to evaluate students’ academic achievement before and after the UDL based instruction for the two topics in Pearson Edexcel IAL Chemistry Unit 4 naming Solubility of salts and Chemical Equilibrium by paired comparisons of pretest and posttest scores of each topic.
As shown in the Table 9, students demonstrated an enhancement in achievement in both topics following UDL based lessons. Mean score of the Solubility of salts has increased from 33% in the pre-test to 47% in the post-test. The standard deviation remained relatively constant (1.803 to 1.871), suggesting that the level of score variation among students did not change significantly, and most students have improved at a similar rate.  Comparatively, students have improved better in Chemical Equilibrium, where the mean score has increased from 37.5% to 60.4%. it represents a significant gain in mastery across the class. However, the standard deviation shows greater deviation from 2.393 to 3.108 showing greater variation in student achievement after the intervention. This implies that students have progressed at a different pace. Overall, the findings in the Table 14 indicate that the UDL based lesson plans contributed positively to improving student achievement in both topics, with strong gain in Chemical Equilibrium.  

[bookmark: _Toc217420728]Table 10: Paired Sample t Test Results 
	
	Paired Differences
	

t
	
Sig. (2-tailed)

	
	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	
	

	
	
	
	
	Lower
	Upper
	
	

	Pre Test of Solubility – Post Test of Solubility

	
-1.667
	
1.803
	
.601
	
-3.052
	
-.281
	
-2.774
	
.024

	Pre Test of Chemical Equilibrium – Post Test of Chemical Equilibrium
	
-2.750
	
4.137
	
1.194
	
-5.378
	
-.122
	
-2.303
	
.042



The paired-samples t-test was conducted to compare students’ pre-test and post-test performance in Solubility and Chemical Equilibria topics after the UDL-based instructional intervention. The following hypotheses were formulated for this purpose. 
Ho: There is no significant difference between pretest and posttest mean scores.
H1: There is a significant difference between pretest and posttest mean scores. 
The paired sample t-test results presented in Table 10 indicates a statistically significant improvement in students’ achievement in the solubility topic following UDL based lesson plans. The mean difference between the pre-test and post test scores was -1.667, showing that students performed better after the UDL lesson and this supported by the t-value of -2.774 with a significant level of p = 0.024, which is below 0.05. the 95% confidence interval for the mean difference (–3.052 to –0.281) does not cross zero, confirming that observed improvement is reliable and not due to random variation. 
A similar pattern of improvement was observed for Chemical Equilibrium. The mean difference was -2.750 which indicates substantial gains in student achievement after UDL based lessons. This difference was statistically significant with a t test value of -2.303 and a p value 0.042 which is less than 0.05. The 95% confidence interval lies from -5.378 to 0.122 does not include zero and hence, supports the significance of this result further.  As the p value of the paired t-test results is lesson than 0.05 for both the topics, the null hypothesis is rejected and alternative hypothesis is accepted. That is there is a significant difference between pretest and posttest mean scores. A comparison of the paired samples t-test results for Solubility and Chemical Equilibrium shows that the UDL based instructional intervention provides significant achievement in both topics, but the magnitude of the improvement differed. The greater mean difference in Chemical Equilibrium suggests that students made slightly stronger gains in this area compared to Solubility. 

[bookmark: _Toc217420729]Table 11: Paired Sample t Test Results for High Achievers Group of Pre Test and Post Test Results of Solubility
	Paired Differences
	t
	df
	Sig. (2-tailed)

	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	
	
	

	
	
	
	Lower
	Upper
	
	
	

	-11.60
	9.397
	4.202
	-23.268
	.068
	-2.760
	4
	0.051



Separate paired-sample t-tests were conducted for high achievers to determine whether each group has improved after the intervention. The following hypotheses were formulated for this purpose. 
For high achievers, 
Ho: There is no significant difference between pretest and posttest mean scores of high achievers. 
H1: There is a significant difference between pretest and posttest mean scores of high achievers. 
The paired sample t-test for the high achievers’ group in Solubility revealed a mean improvement of 11.60 marks from pre-test to post-test, indicating a positive learning gain following the UDL intervention. The difference approached statistical significance, t(4) = –2.760, p = .051, suggesting a strong trend toward improvement. The 95% confidence interval (–23.268 to 0.068) narrowly crossed zero, indicating that while the improvement was consistent and practically meaningful, it did not meet the conventional 0.05 threshold for statistical significance due to the small sample size. The relatively low standard deviation (SD = 9.397) shows that high achievers responded uniformly to the intervention, demonstrating more consistent learning gains compared to low-achieving students.
[bookmark: _Toc217420730]Table 12: Paired Sample t Test Results for High Achievers Group of Pre Test and Post Test Results of Chemical Equilibrium
	Paired Differences
	t
	df
	Sig. (2-tailed)

	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	
	
	

	
	
	
	Lower
	Upper
	
	
	

	-20.50
	24.056
	9.821
	-45.745
	4.745
	-2.087
	5
	0.091







The paired sample t-test conducted for the high achievers’ group in Chemical Equilibrium revealed a mean improvement of 20.50 marks from pre-test to post-test, indicating a substantial practical gain following the UDL-based intervention. However, this improvement was not statistically significant, t(5) = –2.087, p = .091. The 95% confidence interval (–45.745 to 4.745) crossed zero, suggesting that although most students demonstrated improved performance, the variation within the small sample size limited statistical confirmation. Despite this, the magnitude and direction of the mean difference indicate that the intervention was effective in enhancing the understanding of Chemical Equilibrium among high-achieving students, even though the statistical significance threshold was narrowly missed.
[bookmark: _Toc217420731]Table 13: Paired Sample t Test Results for Low Achievers Group of Pre Test and Post Test Results of Chemical Equilibrium

	Paired Differences
	t
	df
	Sig. (2-tailed)

	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval 
of the Difference
	
	
	

	
	
	
	Lower
	Upper
	
	
	

	-25.0000
	44.85978
	18.314
	-72.07745
	22.07745
	-1.365
	5
	0.230


Separate paired-sample t-tests were conducted for low achievers to determine whether each group has improved after the intervention. The following hypotheses were formulated for this purpose. For low achievers, 
Ho: There is no significant difference between pretest and posttest mean scores of low achievers. 
H1: There is a significant difference between pretest and posttest mean scores of low achievers. 
The paired-sample t-test conducted for the low-achievers group revealed a mean improvement of 25 marks from the pre-test to the post-test in Chemical Equilibrium, indicating a notable practical gain following the UDL-based instructional intervention. However, this difference was not statistically significant, t(5) = –1.365, p = .230. The wide confidence interval (–72.08 to 22.08) and high standard deviation (SD = 44.86) suggest considerable variability in student performance, meaning that while some learners benefited substantially, others showed more modest improvement. Nevertheless, the direction of the mean difference shows positive learning progression among low-achieving students.
[bookmark: _Toc217420732]Table 14: Paired Sample t Test Results for Low Achievers Group of Pre Test and Post Test Results of Solubility

	Paired Differences
	t
	df
	Sig. (2-tailed)

	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval 
of the Difference
	
	
	

	
	
	
	Lower
	Upper
	
	
	

	-16.5000
	21.17388
	10.587
	-50.19237
	17.19237
	-1.559
	3
	0.217


Separate paired-sample t-tests were conducted for low achievers to determine whether each group has improved after the intervention. The following hypotheses were formulated for this purpose. For low achievers, 
Ho: There is no significant difference between pretest and posttest mean scores of low achievers. 
H1: There is a significant difference between pretest and posttest mean scores of low achievers. 
The paired sample t-test conducted for the low achievers’ group in Solubility revealed a mean improvement of 16.50 marks from pre-test to post-test, indicating a positive learning gain following the UDL-based intervention. Although this improvement reflects meaningful progress in practical terms, the difference was not statistically significant, t(3) = –1.559, p = .217. The wide confidence interval (–50.19 to 17.19) and relatively high standard deviation (SD = 21.17) suggest substantial individual differences in performance, which is typical in low-achieving groups. These results imply that while the intervention benefited many students, the small sample size and variability limited the ability to detect statistical significance.
[bookmark: _Toc217420733]Table 15: Descriptive Statistics of Independent sample t Test Results of Post Test Mean of Solubility
	Performance Level
	Mean
	
N
	Std. Deviation
	Std. Error Mean

	Low Performer
	39.50
	4
	18.267
	9.133

	High Performer
	55.00
	5
	13.748
	6.148


Descriptive statistics data for the independent samples in the Table 15 reveal that high performing students achieved significant higher post test scores in Solubility compared to low performing students. The high performers obtained a mean score of 55.0% with SD of 13.748 and low performers obtained a mean of 39.50% with standard deviation 18.267. This difference of 15.5 marks suggests that although the UDL based lesson improved learning for all students, high achievers demonstrated a stronger mastery of the Solubility concepts. Low performer group shows relatively higher standard deviation which implies that low performer group shows greater variability in their understanding which informs that some students have struggled more than the others in the group. 





[bookmark: _Toc217420734]Table 16: Independent Sample t Test Results of Post Test Mean of Solubility

	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	
Equal variances assumed
	
.697
	
.431
	
-1.458
	
7
	
.188
	
-15.500
	
10.688
	
-40.631
	
9.631

	Equal variances not assumed
	
	
	-1.408
	5.478
	.213
	-1.550
	11.010
	-43.059
	12.059



Independent samples t-test was conducted to examine whether there was a significant difference in performance between high achievers and low achievers after the implementation of UDL based lessons. The following hypotheses were formulated for this purpose. 
Ho: There is no significant difference between the post-test mean scores of high achievers and low achievers.
H1: There is a significant difference between the post-test mean scores of high achievers and low achievers.
The independent sample t test conducted to compare the Solubility posttest performance of high and low achievers. Levene’s Test for Equality of Variances was non-significant (F = 0.697, p = .431), confirming that the assumption of equal variances was satisfied. This indicates that the difference between the two groups was not statistically significant. The t-test produced a t value of –1.458 with df = 7 and a significance value of p = .188, which is greater than the .05 threshold. This suggests that the mean difference of –15.500 between high and low performers is not statistically significant. Also, the 95% confidence interval (–40.631 to 9.631) includes zero, further supporting the conclusion that both groups performed similarly after the UDL-based intervention.

[bookmark: _Toc217420735]Table 17: Independent sample t Test Results of Post Test Mean of Chemical Equilibrium

	Performance Level
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Low Performer
	6
	52.67
	33.357
	13.618

	High Performer
	6
	70.67
	11.466
	4.681



Post test score of the Chemical Equilibrium of the high performers was markedly higher than low performing students following the UDL based intervention. High performers have achieved mean score of 70.67% with SD with 11.466 while the low performers recorded comparatively lower mean score of 52.67 (SD=33.357). The considerably larger standard deviation among low performers indicates substantial variability in their performance, meaning that some students in this group managed to improve while others continued to struggle significantly.

[bookmark: _Toc217420736]Table 18: Independent sample t Test Results of Post Test Mean of Chemical Equilibrium

	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference


	
	
	
	
	
	
	
	
	Lower
	Upper


	
Equal variances assumed
	
91.962
	
.000
	
-1.250
	
10
	
.240
	
-18.000
	
14.400
	
-50.085
	
14.085

	
Equal variances not assumed
	
	
	
-1.250
	
6.165
	
.257
	
-18.000
	
14.400
	
-53.007
	
17.007


Independent samples t-test was conducted to examine whether there was a significant difference in performance between high achievers and low achievers after the implementation of UDL based lessons. The following hypotheses were formulated for this purpose. 
Ho: There is no significant difference between the post-test mean scores of high achievers and low achievers.
H1: There is a significant difference between the post-test mean scores of high achievers and low achievers.
The independent samples t-test results indicate that there was no statistically significant difference between high performing and low performing students in their post test scores for Chemical Equilibrium following UDL based lesson. Levene’s Test for Equality of Variances was significant (F = 91.962, p = .000), indicating that the assumption of equal variances was rejected and the “equal variances not assumed” row was used for interpretation. The t-test produced a t value of –1.250 with df = 6.165 and a p value of .257, which is well above the 0.05 significance level. Therefore, null hypothesis is rejected and alternative hypothesis is accepted. That is there is a significant difference between the post-test mean scores of high achievers and low achievers. Although high performers scored 18 marks above low performers for Chemical Equilibrium topic, this observed difference is not statistically significant as the confidence interval at 95% lies between -53.007 and 17.007 which includes zero as well. 

[bookmark: _Toc217808545]4.4. To Explore Challenges Facing when UDL Principles are Integrated into Chemistry Lessons.
The implementation of Universal Design for Learning (UDL) based lesson plans, while pedagogically active, presents several practical challenges when translated into real classroom contexts. The transition from traditional teacher centered practices to a more inclusive, student focused instructional strategy requires substantial adjustments from both teachers and learners. As the findings from classroom observations and teacher reflection notes indicate, the process of integrating UDL principles into Chemistry lessons introduced a set of instructional, behavioral, and structural difficulties that influenced the effectiveness of the intervention. Understanding these challenges is essential to reveal the contextual realities to be used in future lesson plans, and provide insights into the support inclusive teaching practices. The following section presents these challenges in detail, organized thematically to illustrate how each barrier interacts with the core UDL principles and affects the overall teaching learning process.
1. Clarity and Organization of Learning Materials
Across several lessons, students struggled because instructions, task steps, and activity sheets were not always sufficiently clear. Some sheets had “unclear wording, confusing layout, missing steps”, or too many colors, which made low performers especially uncertain about what to do. Students reported being unsure about task expectations because directions were “not clear and instructions were given too fast”. This indicates a need for more structured scaffolding, simplified language, and clearer sequencing of learning materials.
2. Difficulty for Low Performers in Collaborative Grouping
When paired with high performers, they often depended heavily on peers instead of engaging actively in the activity. They preferred individual tasks and needed more guided supports. Low performers also found some tasks “too difficult” or “confusing,” reducing their participation.
3. Over Reliance on Teacher Explanations
On several occasions, students relied mainly on teacher verbal explanations instead of using the distributed materials. “Even when multiple means of representation were offered, some students waited for teacher clarification”, showing they were not yet confident navigating varied learning pathways independently.
4. Class Disruptions and Behavioral Challenges
It has mentioned that “a few students were disturbing, focus was lost,” especially during collaborative tasks. Students sometimes misused colored cards or got distracted during peer discussions. This suggests that UDL activities, while engaging, require stronger behavioral routines and clear expectations for transitions.
5. Confusion with Color Coded or Multi-Step Activities
The colored activity cards intended to support differentiation became a barrier rather than a support for some students. “Students felt confused by having several versions of activity sheets and sometimes could not identify which one they should use.” This shows that UDL tools must still maintain simple cognitive load.
6. Students’ Preference for Certain Learning Modes
Evidence has shown that “students strongly preferred clear notes, structured summaries, and teacher led explanation, while some found open ended tasks demanding”. This mismatch reveals the challenge of shifting students from passive to active learning, especially when they are used to exam-oriented instruction.
7. Time Constraints and Pacing Issues
Teachers sometimes struggled with time management, especially when giving multiple representations or rotating between groups. “Some students finished early while others struggled”, leading to uneven pacing. This created tension between curriculum coverage and providing flexible learning pathways.
8. Limited Student Feedback During Lessons
“Little feedback was collected because I was focusing on the lesson process.”
This shows the difficulty of simultaneously managing UDL facilitation, observation, and feedback collection mainly because UDL requires ongoing monitoring, which increases teacher workload during live lessons.
9. Students’ Reluctance to Ask Questions
“Students hesitated to respond when the teacher asked questions”, preferring to “work alone.” This reduces opportunities for formative assessment, collaboration, and engagement, a central principle of UDL.
10. Teacher Workload and Cognitive Load
Reflections reveal that UDL requires preparing multiple types of materials, rotating resources, and ensuring each set aligns with the learning goal. This led to challenges such as “forgetting to place certain materials on the board or keeping track of different activity sheets.” This indicates the heavy preparation demand of UDL.
[bookmark: _Toc217420763]Figure 5: Conceptual Framework Linking UDL Principles to Implementation Challenges

Conceptual framework illustrated in the figure 5 shows how each UDL principle corresponds to the implementation challenges uncovered through thematic analysis of teacher reflection notes.  Each arrow represents a point where the intended UDL support was not yet fully realized, resulting in a specific barrier. Representation barriers appeared when learning materials and formats created cognitive overload or confusion.  Engagement barriers emerged when students lacked motivation, confidence, or structure.  Action and expression barriers have resulted from work overload, time constraints and executive functioning difficulties. 
Each theme emerging from the thematic analysis reflects a barrier that arises when the intended UDL principle is not yet fully realized due to contextual, behavioral, cognitive, or structural constraints within the classroom environment. Thus, the framework explains the mechanisms through which UDL implementation challenges influence student participation, learning processes, and lesson execution.
Across all themes, the conceptual framework shows that the challenges do not arise from weaknesses in the UDL framework, but from transitional tensions between traditional instructional culture and the demands of UDL-based lesson delivery. These tensions include shifting students from passive to active learning, moving from uniform materials to differentiated resources, managing increased teacher cognitive load, providing clarity while offering flexibility and encouraging autonomy in students who prefer teacher-led instruction. Thus, the conceptual framework explains that UDL implementation challenges are not isolated incidents, but naturally emerge within the dynamic interplay between learner variability, teacher preparedness, resource design, classroom routines, and time constraints.
In summary, the challenges encountered during the implementation of UDL based lesson plans reflect the complex interplay between learner diversity, instructional design demands, and classroom realities. While UDL offers a robust framework for creating flexible and inclusive learning environments, the findings indicate that its successful application depends heavily on careful planning, clear and accessible learning materials, and sustained support for both teachers and students as they adapt to new roles and expectations. The barriers identified; ranging from material clarity and student engagement issues to behavioral management and teacher workload underscore that implementing UDL is not simply a matter of incorporating varied strategies, but rather requires systemic shifts in practice, mindset, and learning culture. Recognizing these challenges is essential for refining future lesson designs, strengthening implementation processes, and ensuring that UDL principles truly function to remove barriers and enhance learning for all students.
[bookmark: _heading=h.uahx5hp53gci]In conclusion, the data analysis presented in this chapter provides clear evidence of the positive impact of UDL based Chemistry lessons on student learning, while also revealing important instructional insights. Quantitative findings demonstrated meaningful improvements across both high and low achievers, with paired-sample t-tests confirming significant gains in key topics such as Solubility and Chemical Equilibrium. Although some subgroup analyses did not reach statistical significance due to small sample sizes and variability, the overall trends indicate that the UDL intervention contributed to enhanced achievement and reduced learning barriers. Qualitative findings further enriched the analysis by highlighting how learner variability, clarity of materials, classroom dynamics, and teacher workload shaped the implementation process. Together, these results illustrate that UDL principles not only supported student performance but also transformed the teaching learning environment in nuanced ways. These findings form the basis for the next chapter, which discusses their implications in relation to the research objectives, relevant literature, and future pedagogical practice.
5. Discussion
Research Objective 1: To identify which Advanced Level Chemistry topics show the lowest prior performance among students
Descriptive statistics of pre-test results for five chemistry topics identify both solubility and chemical equilibrium as the most difficult topics. Meanwhile, entropy emerged as the most achieved topic. These findings informed the selection of solubility and chemical equilibrium as focus areas for the intervention using UDL based lessons to enhance conceptual understanding and achievement in Chemistry.
The findings of the pretest analysis indicate that Chemical Equilibrium and Solubility topics are the topics that were the weakest topics, demonstrating significant conceptual gaps. Students must have experienced significant conceptual and procedural difficulties in mastering these areas. This finding is consistent with longstanding research in Chemistry education noting that equilibrium, solubility, and ionic interactions are some of the most difficult concepts for students to master due to their abstract and mathematically integrated nature (Hofstein & Lunetta, 2004; Barr et al., 2008). The poor performance has been caused by the abstract and mutilated nature of both topics. They demand simultaneous learning of theoretical principles, symbolic representation, and mathematical relationships in abstract concepts (Javed et al., 2024).  For an example, in chemical equilibrium, students are required to conceptualize dynamic and reversible reactions, which are not observable from outside, and apply algebraic equations to calculate equilibrium constants (Kc and Kp). Students of this classroom prefer to learn by kinesthetic and auditory learning modalities. Learning these intangible lessons without the involvement of any kinesthetic learning activity must have caused poor performance in chemical equilibrium. Similarly, Hess’s laws calculations of solubility of salts involves understanding of energy cycles, lattice energy, hydration enthalpy of ions, and enthalpy change of solubility to be put in a correct Hess’s diagram, which are highly abstract in nature and difficult to visualize.
When it comes to UDL principles, these learning difficulties represent barriers to learning. Both topics rely heavily on abstract symbols, equations, and energy diagrams, which limit accessibility for learners with varying levels of cognitive abilities. Another barrier to identify is the limited mathematical literacy skills needed for the successful thriving of these two topics. The identification of these topics as weakly understood therefore justified the selection of Solubility and Chemical Equilibrium for the UDL-based intervention. UDL’s emphasis on multimodality, scaffolding, and conceptual clarity aligned perfectly with the conceptual and representational demands of these Chemistry topics. 
Research Objective 2: Planning and Implementing UDL based Chemistry Lessons
Observation checklist data revealed that UDL implementation improved across the lesson cycle, with engagement consistently receiving the highest ratings. This indicates that learners responded positively to the UDL-based structure, which aligns with CAST’s (2018) assertion that multiple means of engagement foster purposeful, motivated learners. Students displayed greater interest, persistence, and enthusiasm during lessons featuring group discussion and activities, collaborative inquiry, real-world examples, and activity-based learning. The improvement in engagement confirms findings by Freeman et al. (2014), who report that interactive and active learning significantly enhances outcomes in STEM subjects. Likewise, Boothe et al. (2018) emphasize that UDL strategies such as choice, structured collaboration, and real time feedback elevate engagement by increasing relevance and motivation.
Representation emerged as the weakest UDL element, particularly in Lessons 1 and 2. Students struggled with inconsistent worksheets, complex layouts, excessive color coding, and ambiguous diagrams issues closely aligned with the literature noting that representation is often the most challenging UDL principle for teachers to implement (Al-Azawei et al., 2016). Teachers require strong pedagogical content knowledge to convert complex Chemistry ideas into perceptually clear materials.
Despite this, representation scores improved significantly in later lessons due to iterative refinement process consistent with the reflective cycle described in the UDL lesson plan framework (CAST,2018) and the action research methodology used in this study. This improvement echoes Courey et al. (2013), who assert that UDL fidelity increases with practice, reflection, and exposure.
Action and Expression demonstrated strong implementation as well, with students benefiting from varied options for expressing understanding calculations, oral explanations, hands on modeling, diagrams, and structured problem-solving. This aligns with CAST’s (2018) emphasis on offering learners multiple avenues to demonstrate mastery. Furthermore, the approach supports Vygotsky’s view of scaffolded learning (Yusof, 2021), as structured tasks provided the necessary support for students to gradually internalize complex problem-solving strategies.
Across the four lessons, UDL implementation showed a clear upward progression. Lesson 01 achieved a Moderate level (M = 2.7), reflecting early-stage adjustment to UDL practices. From Lesson 02 onward, implementation improved markedly, with Lessons 02, 03, and 04 all reaching High levels (M = 3.3–3.6). The Moderate score in Lesson 01 reflects the initial adjustment stage described in UDL scholarship, where teachers require time to internalize UDL principles and redesign materials to meet learner variability (CAST, 2018). As noted by Katz (2013) and Rao and Meo (2016), UDL implementation typically strengthens over time as teachers refine strategies based on reflection and classroom feedback mirroring the improvement seen in Lessons 02 to 04, which all achieved High levels of alignment. The highest score in Lesson 03 supports Meyer, Rose, and Gordon’s (2014) claim that providing multiple means of representation and scaffolded supports reduces cognitive barriers and enhances engagement. Moreover, the consistent upward progression reflects Schon’s (1983) model of reflective practice embedded in action research. Overall, the results reinforce the literature’s assertion that iterative UDL application enhances instructional quality and student accessibility.
The thematic analysis identified six key themes that shaped student experiences during the implementation of UDL-based Chemistry lessons: (1) Student Preferences for Multiple Means of Representation, (2) Need for Clear Instructions and Structured Guidance, (3) Learner Variability in Performance and Engagement, (4) Challenges in Group Work and Classroom Interaction, (5) Learning Barriers from Material Design and Task Layout, and (6) Continuous Teacher Reflection, Responsiveness, and Redesign. Together, these themes reveal how students interacted with the instructional design, the barriers they encountered, and the ways in which UDL principles supported or constrained their learning.
Theme 1 reinforces Meyer, Rose, and Gordon’s (2014) assertion that multiple means of representation reduce cognitive load and enhance conceptual understanding, particularly in subjects like Chemistry where abstract ideas often challenge learners. Students’ preference for diagrams, summaries, and step by step examples directly supports the argument that multimodal inputs improve accessibility. Theme 2, which highlights the need for clear and structured instructions, echoes CAST’s (2018) guidance that predictable routines and explicit scaffolding enable students to focus on learning rather than deciphering task requirements. The struggles observed in this study confirm the literature’s emphasis on clarity as a cornerstone of inclusive instructional design.
Theme 3 reflects UDL’s foundational premise that learner variability is inevitable and must be proactively addressed through differentiated pathways (Katz, 2013; Rao & Meo, 2016). Differences between high and low performers in engagement and task completion reinforce the need for flexible options for engagement and expression. Theme 4 aligns with literature suggesting that collaboration is not automatically effective; rather, it requires intentional structure, guided roles, and low-risk participation opportunities to support diverse learners (Johnson & Johnson, 2009; Gillies, 2016).
Theme 5 resonates with UDL’s directive to minimize barriers by ensuring that materials are clearly organized and accessible, aligning with Meyer et al.’s (2014) caution that poor design can disproportionately affect struggling learners. Finally, Theme 6 validates Schon’s (1983) reflective practice model, demonstrating that continuous teacher reflection and redesign, central to action research strengthen UDL implementation over time. 
Research Objective 3: Explore the Effect of UDL based Chemistry Lessons on Enhancing Achievement of Students
The findings of this study demonstrate that the Universal Design for Learning (UDL) based instructional intervention contributed significantly to improving student achievement in both Solubility and Chemical Equilibrium. The paired samples t-test results revealed statistically significant gains in students’ post-test scores for both topics, confirming that the UDL approach successfully enhanced conceptual understanding. The improvements support CAST’s (2018) claim that designing flexible learning pathways enhances accessibility and reduces learning barriers. 
The upward shift of post test scores indicates that students has gained better conceptual understanding of solubility and chemical equilibria topics in the redesigned UDL lesson.  This indicates that UDL principles have supported students varies learning needs in a mixed ability classroom. According to the thematic analysis of teacher reflection notes, UDL based lessons have comprised of structured scaffolding, visual explanations, guided problem solving, and differentiated learning tasks. They have helped students to grasp procedural and conceptual aspects of these two topics. 
In Solubility, although students showed significant improvement, the relatively smaller mean difference suggests that some learners may have required additional scaffolding due to the abstract and mathematically intensive nature of the topic. In contrast, Chemical Equilibrium recorded a larger mean difference, indicating stronger overall learning gains across the group. Equilibrium involves dynamic processes that cannot be easily visualized, students have benefited from particle level diagrams, and multiple means of representation. As lessons have mainly delivered as problem solving activities, the findings align with Javed et al. (2024), who reported that UDL infused problem-based learning increases both understanding and motivation. The interactive and student-centered nature of the UDL lessons likely contributed to the significant performance gains by fostering meaningful cognitive engagement.
The comparative results also reveal important insights about how UDL supports diverse learners. Independent sample t test results imply that the UDL strategies helped minimize performance gaps, enabling students of differing prior achievement levels to reach comparable levels of understanding in Solubility. Based on Chemical Equilibrium lesson results, the UDL-based instructional approach supported both performance groups similarly, reducing the achievement gap and enabling students with different prior attainment levels to achieve comparable outcomes. 
While both high and low achievers benefited from the intervention, the independent-samples t-test showed that only Solubility maintained a significant performance gap between the two groups. This suggests that the UDL strategies reduced the achievement gap more effectively in Chemical Equilibrium than in Solubility. Possible explanations include differences in prior knowledge, cognitive load, and the extent to which each topic aligned with UDL principles such as multiple representations, guided practice, and flexible problem-solving pathways. These findings reinforce the importance of continuous refinement of UDL-based lesson designs, especially for topics requiring multi step reasoning, to ensure equitable access to learning for all students.
The greater improvement among low achievers group aligns with Rao and Meo’s (2016) assertion that UDL improves equity by offering differentiated pathways that inherently support struggling learners. Scaffolded instruction, chunked activities, and multimodal explanations helped these students operate closer to their Zone of Proximal Development (McLeod, 2024). Their gains demonstrate that UDL not only raises overall achievement but narrows achievement gaps between student groups, thereby supporting the inclusivity goals of both UDL and Multiple Intelligence theory (Morgan, 2021). 
Research Objective 4: To identify the challenges encountered during UDL implementation in Advanced Level Chemistry
Several notable challenges emerged, many of which reflect those described in UDL and Chemistry education literature. These include material design issues, time constraints, student resistance, and teacher workload and cognitive overload. 
Material clarity consistently emerged as a barrier. Students struggled with poorly designed worksheets during early lessons issues directly aligned with Al-Azawei et al.’s (2016) argument that representational clarity is one of the most demanding aspects of UDL implementation. Chemistry content, which is inherently abstract and symbol heavy, requires precise visual and linguistic design to avoid cognitive overload. 
Time constraints were another major challenge. As Hills et al. (2022) point out, UDL implementation requires significant time investment for planning, preparing differentiated materials, and delivering multimodal lessons. This study confirmed that preparing color-coded activity cards, worksheets at varied difficulty levels, and differentiated practice tasks significantly increased teacher workload. Student readiness also influenced implementation. Students accustomed to lecture based, teacher-centered methods initially hesitated to engage in discussions, group problem-solving, or independent exploration. Javed et al. (2024) similarly note that student resistance is common when shifting to inclusive, participatory models.
6. Conclusion
Across all research objectives, this study demonstrated that UDL-based Chemistry lessons significantly improved student achievement, strengthened engagement, supported learner variability, and enhanced instructional effectiveness. These findings align with the theoretical, empirical, and contextual literature and validate UDL as an appropriate and impactful pedagogical framework for Pearson Edexcel IAL Chemistry in Sri Lanka. The challenges encountered are consistent with documented issues in UDL adoption, highlighting the importance of professional development, time allocation, and school-level commitment to inclusive education.
The study concludes that implementing UDL-based lesson plans in A-Level Chemistry can significantly improve student achievement and conceptual understanding. Both Solubility and Chemical Equilibrium showed notable increases in post-test performance, demonstrating that UDL principles effectively addressed the diverse learning needs present in the classroom. 
The results reinforce that when instructional barriers are intentionally minimized through visual aids, structured guidance, collaborative learning, practical activities, varied problem sets, and opportunities for self-expression students are better positioned to grasp challenging scientific concepts. The substantial improvement in Chemical Equilibrium further highlights that UDL has strong potential to support learning in topics requiring abstract reasoning and mathematical manipulation.
Although variability in post-test scores for Chemical Equilibrium suggests the need for additional extensions and scaffolds for some learners, the overall findings indicate that UDL offers a robust framework for promoting equity, inclusivity, and improved academic outcomes in Advanced Level Chemistry education.
In conclusion, the UDL approach not only enhanced student performance but also fostered an accessible and supportive learning environment. Future research cycles could expand on these findings by incorporating more targeted supports for learners needing additional scaffolding and exploring UDL adaptations for other units in the IAL Chemistry curriculum.
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8. Appendices
Annex 1: UDL based Three-Step Lesson Plan Template
	STEP 1: PROACTIVELY DESIGN

	Analyze the lesson goal
	Check points

	


	☐    Is my goal clear and specific?
☐     Have I separated the primary goal
         from the other parts of the lesson?

	Anticipate variability: Engagement
	Check points

	


	☐      Do the design strategies support
          the learning goal?
☐      Do the design strategies support
          the range of my students’ interest,
           effort, or self-regulation?

	Anticipate variability: Representation
	Check points

	

	☐      Do the design strategies support
          the learning goal?
☐       Do the design strategies support
           the range of my students’ perception,
           language and symbol knowledge, and
           comprehension?

	Anticipate variability: Action and Expression
	Checkpoints

	
	  ☐     Do the design strategies support
           the learning goal?
  ☐     Do the design strategies support
           the range of my students’ physical
           action, expression and communication,
           and executive function?

	STEP 2: IMPLEMENT

	Facilitate the lesson and observe
	Check points

	
	 ☐    Am I using feedback from my students about how they’re learning during the lesson?
 ☐   Am I keeping the focus on the intended goal?

	STEP 3: REFLECT AND REDESIGN 

	Reflect on your lessons 
	Check points

	

	   ☐
  Do I need to reframe or refocus the goal?
   ☐Did the design anticipate variability?
   ☐Did the additional design strategies
       further reduce barriers?





Annex 2: Class Observation Checklist 
	Observation Checklist for UDL-Based Chemistry Lessons

	General Information
	Rating Scale Guidance 

	Observer:
Date:
Lesson:


Grade:
	Score
	Descriptor
	Description 

	
	1
	Not evident 
	Students show little or no evidence of the behavior

	
	2
	Emerging 
	The behavior is inconsistently observed.

	
	3
	Evident 
	The behavior is clear and regular among most students

	
	4
	Highly evident 
	The behavior is consistent, strong, and widespread

	Criteria 
	Additional guidance 
	Rating 

	A. Multiple Means of Engagement

	1. Students show curiosity and interest when the lesson begins 
	ask questions, share prior knowledge, answer to teacher
	

	2. Students appear motivated and attentive during activities or demonstrations.
	Participate positively 
Participate voluntarily 
Ask questions while engaging 
	

	3. Students willingly participate in learning activities (group work, discussions, experiments).
	Students start activities
Students Seek for resources
Voluntary participation 
	

	4. Students persist in completing tasks even when facing challenges
	Redo when goes wrong 
Ask for feedback
	

	5. Students display confidence and enjoyment during the lesson.
	They smile
Ask sudden questions 
Discuss among themselves 
	

	6. Students regulate their behavior and focus with minimal teacher intervention.
	Minimal teacher intervention
Ask from peers about the subject matter
Stay non distracted 
	

	Total Score for Engagement 
	

	B. Multiple Means of Representation 

	1. Students understand Chemistry content when represented in different ways
	Visuals, symbols, verbal, equations 
	

	2. Students interpret diagrams, graphs, and models correctly.
	Use diagrams, graphs and models 
	

	3. Students take notes or summarize key concepts in their own words.
	Students write explanations and make notes of observations 
	

	4. Students ask for clarification 
	a term, symbol, equations, process.
	

	5. Students can connect abstract Chemistry concepts to concrete examples.
	Mention real life examples and similar objects 
	

	6. Students show comprehension when multiple languages or simplified explanations are used.
	Use of local language
Summaries
Steps 
	

	Total Score for Representation 
	

	C. Multiples Means of Action and Expression

	1. Students use different ways to express understanding 
	writing equations, explaining verbally, drawing models, writing on the boards 
	

	2. Students participate in laboratory or problem-solving activities confidently.
	Answer work sheets, arrange apparatus individually 
	

	3. Students use available tools 
	formula sheets, charts, molecular models
	

	4. Students collaborate and share ideas respectfully during group tasks.
	Divide work as recorder, measurer, reporter and discuss findings cooperatively. 
	

	5. Students reflect on their work or identify errors after feedback.
	Use peer review and teacher review to correct 
	

	6. Students demonstrate understanding through varied assessment types 
	MCQs, practical, written, long answers, short answers
	

	Total Score for Action and Expression
	

	Total Score
	

	Average 
	

	Student UDL Response Level 
	







Multiple Means of Engagement


Difficulties for low performers 


Behavioural and Classroom Issues


Multiple Means of Represenatation


Unclear Confusing Materials


Confusion with Multiple Versions


Multiple Means of Action and Expression


Executive function challenges


Resistance to Active Learning


Over dependance on teacher explanation


Time and pacing constraints


Time management and pacing constraints


Reduced Opportunites for Feedback


Teacher workload and cogntive demand



UDL based lessons


Multiple means of representation


Multiple means of engagement


Multiple means of action and expression



Percentage (%)	
Born Haber Cycle	Entropy	Chemical Equilibrium	Orders and Rate of Reaction	Solubility	50.7	57.1	39.799999999999997	49.3	34	



Mean Item Score	Engagement 	Representation 	Action and Expression	Average	3.375	3.21	3.25	3.2749999999999999	


