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1. [bookmark: _Toc187445015]Overview and Context of the Curriculum
[bookmark: _Toc187445016]Introduction to the Curriculum 
The aim of this Curriculum Development Project is to design a Level 4 Chemistry module that is part of  the Level 6 Bachelor of Engineering (BEng) Degree in Apprenticeship Programme in Ordnance, Munitions, and Explosives (OME) at University of Wales Trinity Saint David (UWTSD)  It aims to provide students with foundational chemistry knowledge critical for OME specialists, equipping them with both theoretical understanding and practical skills. 
Previously taught in a teacher-centred format, this module lacked a comprehensive curriculum. This project addresses this gap by transitioning the module to a flipped learning model where students will review content at home, through videos or readings, and use class time for interactive, hands-on activities and deeper engagement with the material to ensure an inclusive and effective approach to vocational education. 
This module  is addressed to apprentices employed by companies and employers with previous industry experience enrolled in the OME apprenticeship programme. 
1. [bookmark: _Toc187445017]Rationale for the Curriculum
[bookmark: _Toc187445018]Need for the Curriculum 
The specialised nature of the OME field requires a curriculum designed to address critical industry demands. Chemistry knowledge is fundamental to the safe and effective handling of explosive materials, and professionals in roles such as decontamination officers, range safety officers, and explosive safety representatives require a strong grounding in this area. Reports by the Institute for Apprenticeships and Technical Education (IfATE, 2018) highlight significant skills shortages in these roles, while the National Occupational Standards (NOS) underline the importance of chemical safety and material handling in OME (Cogent, 2024).
This curriculum responds to these needs by providing foundational chemistry education tailored to the sector. It focuses on key concepts and principles directly relevant to OME, bridging gaps between academic knowledge and industry-specific requirements. The flipped classroom model further enhances its relevance, offering a flexible and engaging learning experience.
[bookmark: _Toc187445019]Supporting Evidence
The adoption of the flipped classroom model reflects its proven benefits in vocational education. By requiring students to engage with lecture materials independently before attending in-class sessions, the approach promotes active learning, critical thinking, and practical application (Bergmann & Sams, 2012, pp. 13-17). Research shows that flipped learning improves cognitive skills such as problem-solving, communication, and critical thinking while boosting student engagement and motivation (Rahmatica, et al., 2024). For vocational learners, this method has demonstrated superior outcomes compared to traditional teaching formats (Wang, et al., 2025).
Practical, hands-on activities during in-class sessions optimise learning, helping students apply theoretical concepts in real-world contexts  (Prince, 2004). This flexible and inclusive approach accommodates apprentices with diverse backgrounds, from no prior chemistry knowledge to advanced qualifications, ensuring equitable outcomes.
[bookmark: _Toc187445020]Industry Relevance
The curriculum balances theoretical instruction with practical application to provide a holistic learning experience that reinforces chemistry concepts relevant to OME while fostering essential skills for professional roles. By integrating academic and industry-focused learning, the curriculum prepares students for advanced study and equips them with the competencies required for success in their careers.
[bookmark: _Toc187445021]3.      Curriculum Aims and Learning Outcomes
[bookmark: _Toc187445022]Aims
1. To provide foundational knowledge of chemistry concepts and principles relevant to the OME sector, emphasising safety and practical applications.
2. To develop students' analytical, problem-solving, and critical-thinking skills through active learning and hands-on laboratory experiences.
3. To prepare students for advanced studies and professional roles by supporting subject-specific expertise and transferable skills, such as teamwork and communication.
[bookmark: _Toc187445023]Learning Outcomes
By the end of this module, students will be able to:
1. Explain key chemistry principles, including atomic structure, bonding, and chemical reactions, as they relate to OME applications.
2. Safely and effectively perform laboratory experiments, analysing and interpreting data to draw meaningful conclusions.
3. Apply theoretical knowledge to solve practical problems within the context of OME.
4. Demonstrate enhanced transferable skills, including critical thinking, teamwork, and communication, in both academic and professional environments.

[bookmark: _Toc187445024]4.      Alignment with Professional Standards and Benchmarking Statements
The OME Chemistry module is part of a broader BEng degree programme, and its curriculum must meet quality benchmarks for the module itself and for the degree as a whole. By aligning with established academic and professional standards (HEA, 2011), the curriculum ensures that apprentices receive a comprehensive and high-quality education that supports their development within the OME field.
[bookmark: _Toc187445025]QAA Subject Benchmark Statement for Chemistry
A key aspect of the curriculum design is its alignment with the QAA Subject Benchmark Statement for Chemistry (QAA-Chem, 2022), ensuring academic quality and consistency. The benchmark highlights core knowledge areas, including organic, inorganic, physical, and analytical chemistry (UKPSF K1: Subject Material), while emphasising practical laboratory skills (UKPSF A1: Design and Plan Learning Activities). These foundational elements are contextualised to meet OME-specific industry needs. For instance, thermochemistry and reaction kinetics are included to help apprentices understand energetic materials, while chemical stability addresses the management of hazardous substances in explosive environments.
Safety protocols and risk assessments (A4: Develop Effective Learning Environments, K6: Quality Assurance and Enhancement), fundamental to the QAA guidelines, are embedded into the curriculum. Practical sessions are tailored to ensure apprentices can confidently apply theoretical knowledge to evaluate and safely handle hazardous materials. This alignment prepares students to meet stringent industry safety standards while reinforcing their operational competence in high-risk settings.
[bookmark: _Toc187445026]QAA Subject Benchmark Statement for Engineering
The QAA Subject Benchmark Statement for Engineering implies that engineering education should equip graduates with a systematic understanding of key aspects of their discipline and the ability to apply that understanding to real world challenges (QAA-Eng, 2023). It enriches this curriculum by connecting scientific principles (K2: Teaching and Assessment Methods) with practical engineering applications (A2: Teach and Support Learning) and  emphasises design, sustainability, and risk management—key components of the OME field. 
The engineering benchmark's emphasis on design and risk management directly informs the OME curriculum, which includes core components such as the safe handling of hazardous materials and the design of risk mitigation systems. Practical modules simulate real-world challenges, including developing safety protocols for explosives storage, assessing risks related to chemical instability, and integrating sustainability principles through green chemistry and environmental impact assessments to balance technical, safety, and environmental considerations.
[bookmark: _Toc187445027]Institute for Apprenticeships and Technical Education (IfATE) Standards
The curriculum is closely aligned with the IfATE  Standard for OME Professionals, which outlines the knowledge, skills, and behaviours (KSBs) necessary for the profession (K1: Subject Material, K3: How Students Learn) (IfATE, 2018). These include expertise in energetic materials, strict compliance with health and safety regulations, and a commitment to environmental sustainability (V3: Evidence-Informed Approaches).
To meet these standards, the curriculum incorporates foundational and applied chemistry topics of chemical stability, hazard evaluation, and material testing, simulating real-world scenarios (A1: Design and Plan Learning Activities). Case studies and reflective exercises enhance apprentices’ critical thinking and decision-making abilities (A3: Assess and Give Feedback to Learners), while teamwork activities foster collaboration (V2: Promote Participation and Equality)—an essential skill in the OME sector. Ethical decision-making is also emphasised, helping apprentices navigate the complex professional and regulatory landscapes of their field. Practical exercises develop technical skills 
[bookmark: _Toc187445028]Accreditation by the Institute of Explosives Engineers (IExpE) 
Accreditation by IExpE (IExpE, n.d.) ensures the curriculum meets professional standards for technical, ethical, and safety practices (K6: Quality Assurance and Enhancement). Modules on explosives chemistry, safety systems, and hazard mitigation provide apprentices with a solid understanding of technical demands. Case studies on historical safety incidents (A4: Develop Effective Learning Environments, V1: Respect for Individual Learners) foster a safety culture and ethical awareness (V3: Evidence-Informed Approaches), helping apprentices learn from past failures and adopt best practices. This accreditation validates the programme’s quality and equips graduates to meet the high standards of the explosives engineering profession.
[bookmark: _Toc187445029]Integration of Sustainability Principles
Sustainability is one of the themes of this curriculum, guided by the Wellbeing of Future Generations (Wales) Act (Well-being of Future Generations Act, 2015). This Act highlights the importance of long-term environmental responsibility, aligning seamlessly with the OME sector’s growing emphasis on sustainable practices (V4: Acknowledge the Wider Context).
Modules on green chemistry, lifecycle analysis, and environmental risk management equip apprentices with the knowledge and tools to tackle sustainability challenges (K1). By addressing the environmental impact of explosive materials from production to disposal, the curriculum fosters a forward-thinking approach that prepares graduates to meet both current and future challenges in the OME field. This integration of sustainability ensures that apprentices are not only technically proficient but also capable of driving innovation and responsible practices within the industry. 
[bookmark: _Toc187445030]Collaborative Design with Industry and Higher Education Providers
Collaboration with industry employers has been integral to the curriculum’s development (K5: Evaluating Teaching Effectiveness)  and shaping the content, ensuring it aligns with the skills required in the workplace (A5: Engage in Continuing Professional Development). For example, lecture on decomposition reactions and oxygen balance were included based on direct feedback from industry partners to reflect real-world applications.
UWTSD has contributed to the program’s academic rigor, balancing theoretical knowledge with practical applications (A1: Design and Plan Learning Activities). This collaborative approach ensures that apprentices graduate with a well-rounded education, ready to meet both academic benchmarks and industry expectations (V2: Promote Participation and Equality). 

5. [bookmark: _Toc187445031]Timetable for the Curriculum
[bookmark: _Toc187445032]Timetable Overview
The OME Chemistry module is structured over one semester, divided into two intensive two-week blocks. It integrates pre-lecture theoretical learning with in-person practical sessions, combining 48 hours of direct contact—including 32 hours of lectures, a guest lecture, four laboratory sessions, and a field trip. An additional 8 hours are dedicated to revision and consultations. Independent learning, comprising 152 hours, involves engaging with pre-recorded videos, completing lab reports, quizzes, and preparing for exams. Resources hosted on Moodle ensure flexibility and inclusivity, enabling apprentices to access materials at their own pace. 
[bookmark: _Toc187445033]Integration of Theory and Practice
The timetable has been carefully designed to align with the foundational knowledge and skill requirements specified in the Level 4 framework (QAA-HEQ, 2024). It emphasises core chemistry principles, practical skills, and contextual applications, ensuring alignment with QAA benchmarks, IfATE standards, and IExpE accreditation. Beginning with foundational topics such as atomic structure and stoichiometry, the curriculum progressively advances to complex subjects like thermochemistry and reaction kinetics. Laboratory sessions reinforce theoretical concepts by offering hands-on experiences in titrations, calorimetry, and material testing, all while adhering to safety and sustainability principles.
Real-world exposure is achieved through field trips to OME facility, providing apprentices with insights into industry practices, safety protocols, and the practical application of chemistry. Guest lecture by industry professional further enhance the connection between academic content and professional practice, offering perspectives on career pathways and the technical demands of the OME sector.
[bookmark: _Toc187445034]Flexibility and Inclusivity
The module adopts a flipped learning model, encouraging apprentices to engage with pre-class resources and apply their understanding during interactive, in-person sessions. Face-to-face learning, lectures and labs, occurs in two-hour daily blocks over five-day weeks, with adjustment for field trip held at industry facilities. The structure accommodates diverse learner backgrounds, ranging from beginners to those with advanced knowledge. Pre-class quizzes and assignments allow instructors to tailor in-class activities, ensuring customised support for specific learning needs.
By balancing theoretical instruction, practical application, and real-world engagement, the timetable fosters the development of subject-specific expertise and transferable skills. This structured and inclusive approach equips apprentices to meet the evolving demands of the OME industry while preparing them for advanced study and professional success.

Level 4 OME Chemistry Module Timetable (Flipped Learning Mode)
	Week
	Lecture/ Lab
	Main Topic(s)
	Aims and Objectives
	Teaching and Learning Activities
	Resources Required

	1
	Lecture 1
	Introduction, Units, Accuracy, Precision
	Aims: Introduce module expectations and outline the importance of accuracy and precision in chemical measurements.
Knowledge Objectives: Describe the structure of the module, define SI units, and explain significant figures.
Skills Objectives: Perform calculations using significant figures and apply them to real-world OME contexts.
	Pre-Class: Watch an introductory video and complete a quiz on units and measurements.
In-Class: Overview lecture with a demonstration of glassware accuracy; group problem-solving on significant figures; examples of SI unit use in OME.
Post-Class: Submit a reflection journal summarising key concepts.
	Pre-lecture video, online quiz, calibrated glassware, slides, worksheets.

	1
	Lecture 2
	Energy, Atomic Structure, and Periodic Table
	Aims: Explain the link between atomic structure and periodic properties, emphasising its role in OME.
Knowledge Objectives: Define types of energy (potential, kinetic, chemical), atomic structure (protons, neutrons, electrons), and periodic table layout.
Skills Objectives: Calculate isotopic abundance and use the periodic table to predict properties.
	Pre-Class: Watch a video on atomic theory and periodic table trends.
In-Class: Group activity on isotopes; periodic table bingo; case studies on OME materials.
Post-Class: Solve isotopic abundance problems and submit for feedback.
	Periodic table charts, , case study handouts, bingo cards.

	1
	Lecture 3
	Electron Configuration and Periodic Properties
	Aims: Highlight the role of electron configuration in determining periodic properties.
Knowledge Objectives: Understand shells, subshells, and orbitals; explain trends like electronegativity and ionisation energy.
Skills Objectives: Write shorthand/full electron configurations and predict periodic properties.
	Pre-Class: Watch a video on quantum numbers and periodic trends.
In-Class: Collaborative problem-solving on electron configurations; group posters visualising periodic trends; peer review of poster drafts.
Post-Class: Analyse real-world OME materials based on their electron configurations.
	Videos, periodic table, A1 paper, markers, problem-solving worksheets.

	1
	Lecture 4
	Ionic Compounds, Bonding, and Molecular Structure
	Aims: Explain bonding types and molecular shapes and their importance in OME applications.
Knowledge Objectives: Define ionic and covalent bonding; explain molecular geometry using VSEPR theory.
Skills Objectives: Predict bonding types, draw Lewis structures, and use VSEPR to determine molecular geometry.
	Pre-Class: Watch a video on bonding and molecular shapes; complete an interactive activity on VSEPR theory.
In-Class: Vevox quiz to review lecture topics; Group problem-solving on identifying bonding types; build molecular models; predict and compare molecular shapes using examples from OME materials.
Post-Class: Submit a short assignment predicting molecular structures for specific OME compounds.
	Videos, molecular model kits, worksheets, interactive VSEPR activity.

	1
	Lab 1
	Flame Chemistry Lab
	Aims: Identify metal ions using flame tests and relate findings to emission spectra in OME applications.
Knowledge Objectives: Explain electron transitions during flame tests and their connection to quantised energy levels.
Skills Objectives: Safely conduct flame tests, record flame colours, and deduce metal ion identity.
	Pre-Lab: Watch a video demonstration of flame tests and review the theory handout.
In-Lab: Perform flame tests using unknown metal salts; group discussion on linking results to OME applications.
Post-Lab: Submit a detailed lab report discussing findings.

Moodle quiz for summative assessment covering this week material
	Flame test kits, PPE, lab handouts, reference spectra charts.

	2
	Lecture 5
	Mole, Molar Mass, and Molarity
	Aims: Explore quantitative concepts in chemistry and their relevance to OME applications.
Knowledge Objectives: Define mole, molar mass, and molarity; explain their interrelationship in chemical analysis.
Skills Objectives: Perform calculations involving mole-mass relationships and prepare solutions with specific molarities.
	Pre-Class: Watch a video explaining mole and molarity concepts.
In-Class: Guided problem-solving session on mole calculations; case study on solution preparation in OME.
Post-Class: Practice problem set with feedback.

	Videos, calculators, worksheets, solution preparation case studies.

	2
	Lecture 6
	Balancing Chemical Equations and Decomposition
	Aims: Develop skills in balancing chemical equations and understanding decomposition reactions relevant to OME.
Knowledge Objectives: Explain the law of conservation of mass; define and apply oxygen balance in decomposition reactions.
Skills Objectives: Balance chemical equations; calculate oxygen balance for explosive materials.
	Pre-Class: Watch a video explaining balancing equations and decomposition reactions.
In-Class: Group workshops solving balancing problems; collaborative calculations of oxygen balance in explosive decomposition.
Post-Class: Submit a worksheet on balancing equations and oxygen balance problems.
	Videos, balancing worksheets, online interactive tools, calculators.

	2
	Lecture 7
	Stoichiometry
	Aims: Develop stoichiometric problem-solving skills for OME applications.
Knowledge Objectives: Define stoichiometric ratios, limiting reagents, and theoretical yield.
Skills Objectives: Perform stoichiometric calculations; identify limiting reagents in OME material design.
	Pre-Class: Watch a video introducing stoichiometric principles.
In-Class: Problem-solving workshop on stoichiometric problems; collaborative poster creation on reaction ratios.
Post-Class: Submit a problem set on stoichiometric calculations.
	Videos, worksheets, posters, problem-solving tools.

	2
	Lecture 8
	Redox Reactions,
Fuels and Oxidisers; 
	Aims: Examine redox reactions in the context of fuels and oxidisers.
Knowledge Objectives: Define oxidation, reduction, and their applications in energy production.
Skills Objectives: Identify redox reactions in OME scenarios and propose green alternatives for fuels.
	Pre-Class: Watch a video on redox processes and their applications.
In-Class: Vevox quiz to review lecture topics; Case study discussion on fuel-oxidiser combinations; group presentations on sustainable alternatives.
Post-Class: Reflective journal submission on redox impacts in OME.
	Videos, case studies, multimedia tools, journal templates.

	2
	Lab 2
	Titration
	Aims: Teach titration techniques and their role in determining molarity.
Knowledge Objectives: Understand equivalence points, titration theory, and acid-base reactions.
Skills Objectives: Accurately perform titration experiments and calculate solution molarity.
	Pre-Lab: Watch a video on titration techniques and review lab handouts.
In-Lab: Conduct titration with unknown acid samples; group error analysis of the results.
Post-Lab: Submit lab reports with calculated molarities.

Moodle quiz for summative assessment covering this week material
	Titration kits, PPE, lab handouts, 

	3
	Lecture 9
	Guest Lecture
	Aims: Gain insights into industry trends and practical applications of OME chemistry.
Knowledge Objectives: Understand the link between theoretical chemistry and industrial practices.
Skills Objectives: Reflect on the role of chemistry in career development.
	Activities: Attend guest lecture; participate in Q&A; submit a reflective journal connecting lecture content to module topics.

	Guest speaker, presentation materials.

	3
	Lecture 10
	Gases and Gas Laws
	Aims: Explore gas laws and their applications to OME propulsion systems.
Knowledge Objectives: Define gas laws, explain their theoretical basis, and link them to real-world OME scenarios.
Skills Objectives: Perform calculations using gas laws and solve OME-related problems.
	Pre-Class: Watch a video on gas laws.
In-Class: Group problem-solving on gas law calculations; interactive discussion on propulsion systems in OME.
Post-Class: Solve gas law problems and submit for feedback.
	PhET online simulation tools, problem-solving worksheets.

	3
	Lecture 11
	Solids, Liquids, and Explosives
	Aims: Explore the physical and chemical properties of solids and liquids used in explosives.
Knowledge Objectives: Describe the characteristics of materials used in explosives and their safety considerations.
Skills Objectives: Evaluate properties of materials for specific OME applications; apply safety protocols in handling materials.
	Pre-Class: Watch a video on the properties of solids and liquids in explosives.
In-Class: Group discussion on material properties; interactive demonstrations on explosive materials and their behaviour.
Post-Class: Create and submit comparative charts of materials used in OME applications.
	Demonstration props, charts, videos, safety data sheets.

	3
	Lecture 12
	Thermochemistry
	Aims: Explain energy changes in chemical reactions and their applications in OME.
Knowledge Objectives: Define exothermic/endothermic reactions; calculate enthalpy changes using Hess’s law.
Skills Objectives: Perform thermochemical calculations and interpret their relevance to OME.
	Pre-Class: Watch a video on thermochemistry.
In-Class: Vevox quiz to review lecture topics; Solve thermochemical problems in groups; case study discussions.
Post-Class: Submit solutions and a reflective journal on energy applications in OME.
	Problem-solving worksheets, simulation software.

	3
	Lab 3
	Calorimetry
	Aims: Measure and analyse heat changes in chemical reactions relevant to OME.
Knowledge Objectives: Understand heat transfer and specific heat concepts.
Skills Objectives: Perform calorimetry experiments and calculate heat changes.
	Pre-Lab: Review handout on calorimetry theory.
In-Lab: Conduct calorimetry experiments measuring reaction enthalpies; group discussion on implications for explosives.
Post-Lab: Submit lab reports with detailed calculations.

Moodle quiz for summative assessment covering last week material
	Calorimetry kits, PPE, lab handouts, 

	4
	Lecture 13
	Kinetics
	Aims: Examine reaction rates and their relevance to OME.
Knowledge Objectives: Define factors affecting reaction rates and explain the Arrhenius equation.
Skills Objectives: Solve kinetic problems and interpret results in OME contexts.
	Pre-Class: Watch a video on reaction kinetics.
In-Class: Group problem-solving on kinetic calculations; interactive simulations.
Post-Class: Solve kinetic problems and submit for feedback.
	Simulation tools, worksheets.

	4
	Lecture 14
	OME Effects
	Aims: Analyse the effects of chemical reactions in OME.
Knowledge Objectives: Describe reaction dynamics and their applications in OME design.
Skills Objectives: Identify reaction effects and propose design improvements for OME materials.
	Pre-Class: Watch a video on OME reaction effects.
In-Class: Case study discussions; small group presentations on OME applications.
Post-Class: Submit a final reflective journal summarising concepts from the module.
	Case study materials, multimedia tools.

	4
	Lab 4
	Reaction Rates
	Aims: Analyse factors affecting reaction rates and relate them to OME scenarios.
Knowledge Objectives: Understand reaction speed and how it affects OME applications.
Skills Objectives: Measure and calculate reaction rates from experimental data.
	Pre-Lab: Watch a video on reaction rate theory.
In-Lab: Conduct experiments on reaction rates; group analysis of results and their OME implications.
Post-Lab: Submit detailed lab reports.
	Experimental kit for rate of reaction, PPE lab handouts,

	4
	Field Trip
	Practical Applications and Safety
	Aims: Observe real-world OME applications and analyse safety protocols.
Knowledge Objectives: Identify best practices in OME facilities and relate them to theoretical knowledge.
Skills Objectives: Apply theoretical knowledge to evaluate practical safety measures.
	Activities: Visit an OME facility; participate in discussions on-site; submit a post-trip reflection summarising observations.
	Safety gear, transportation logistics.

	4
	Lecture 15
	Sample Exam (Revision)
	Aims: Review key concepts and practice exam questions.
Knowledge Objectives: Revisit module topics; clarify misconceptions.
Skills Objectives: Develop effective problem-solving strategies and prepare for assessments.
	Activities: Review session with sample exam questions; peer-teaching activities; interactive quizzes for feedback.

Moodle quiz for summative assessment covering this week material
	Sample exam papers, peer-teaching guides, interactive tools.



6. [bookmark: _Toc187445035]Assessment Strategies
[bookmark: _Toc187445036]Introduction to Assessment Design
The assessment strategy for the Level 4 Chemistry module in the OME Degree Apprenticeship programme aims to evaluate both theoretical understanding and practical skills and to ensure alignment with the module's aims, learning outcomes, and professional standards. A combination of formative and summative assessments provides a comprehensive evaluation of students’ progress while promoting subject-specific expertise and transferable skills essential for the specialists in OME sector.
[bookmark: _Toc187445037]Formative Assessment
Formative assessments are embedded throughout the module to provide continuous feedback that promotes active engagement and self-regulated learning. Weekly Moodle quizzes test students’ understanding of core concepts, ensuring steady progression. Reflective journals prompt students to evaluate their academic journey and identify areas for improvement. In-class problem-solving activities simulate real-world scenarios, such as developing safety protocols or analysing chemical reactions, preparing students for professional challenges. These formative methods reflect Clark’s emphasis on enhancing student learning through active engagement and feedback (Clark, 2012). 
Steinert et. al.  (2024) emphasizes that formative assessment allows students to interpret feedback constructively, enabling them to adjust their learning approaches effectively. 
Additionally, integrating formative assessments in flipped classroom settings has been shown to enhance student engagement and learning outcomes. (Ziegenfuss & Furse, 2021).
[bookmark: _Toc187445038]Summative Assessment
Summative assessments include coursework and a final written exam, each constituting 50% of the overall grade. Coursework consists of four laboratory reports and Moodle quizzes, assessing students’ ability to conduct experiments, interpret data, and apply theoretical knowledge to practical tasks. The final exam evaluates comprehensive proficiency of the module’s content, consolidating theoretical principles and their applications. By incorporating practical and theoretical elements, these assessments address industry requirements such as data analysis, problem-solving, and safety, aligning with the QAA Subject Benchmark Statement for Chemistry (QAA-Chem, 2022) and the IfATE Standards (IfATE, 2018).
The assessment strategy also integrates transferable skills, such as teamwork and communication, through collaborative projects and reflective practices. The final exam incorporates real-world problem-solving scenarios, bridging the gap between academic learning and industry applications, such as reaction kinetics in handling explosive materials.
By combining formative feedback with robust summative evaluations, the strategy ensures a holistic approach to learning. This balanced design prepares students for advanced study and professional roles, fostering both academic success and readiness for the demands of the OME sector.

7. [bookmark: _Toc187445039]Recommended Reading
This is the recommended reading list for OME Chemistry module. All books are available from the UWTSD library either in electronic version or hard copy. 
Essential Textbooks
1. Chemistry: Energy, Matter, and Change by William B. Tucker; 2024 (1st ed., Vol. 1). CRC Press. https://doi.org/10.1201/9781003479338
2. The Chemistry of Explosives by Jacqueline Akhavan; 2022. (Fourth edition) Royal Society of Chemistry
Further Reading
1. Explosives Engineering by Paul W. Cooper; 1996. Wiley-VCH.

2. Service Textbook of Explosives; 1972. MOD 

3. High explosives, propellants, pyrotechnics by Ernst-Christian Koch; 2021. De Gruyter 

8. [bookmark: _Toc187445040]Skills and Knowledge Development Opportunities
This Level 4 Chemistry module is designed to equip apprentices with the skills essential for success in the OME sector by combining theoretical knowledge with hands-on learning. Delivered through a flipped classroom model, the curriculum emphasises contextual applications, stimulate critical thinking, adaptability, and active learning which are essential attributes for roles in the OME industry.
Subject-specific skills are developed through foundational chemistry topics such as the structure, chemical behaviour, and safe handling of energetic materials. Pre-class resources, including video tutorials introduce theoretical concepts, enabling in-class sessions to focus on practical applications. In-class activities reinforce learning through hands-on experience in material testing, and safety protocols, ensuring students develop theoretical knowledge and laboratory proficiency. Simulations of explosive reactions provide visualisations of complex chemical processes, enhancing understanding and retention (Bishop & Verleger, 2013). This approach significantly enhances technical skills.
By bridging academic theory with industry practice, the flipped classroom dedicates in-class time to case studies, simulations, and discussions, enabling apprentices to apply their knowledge in practical scenarios. Assessment strategies, including quizzes, lab reports, and reflective journals, reinforce learning and encourage continuous improvement. This integrated approach ensures apprentices are prepared to meet the challenges of the OME field.
The curriculum also promotes development of transferable skills, such as problem-solving, communication, and teamwork. Apprentices tackle real-world challenges, including designing high energy materials to achieve desirable outcomes. Collaborative projects, such as group presentations on OME effects, mirror professional problem-solving environments (Prince, 2004). Activities using multimedia tools and quizzes reinforce digital literacy and self-regulation, promoting lifelong learning and technical proficiency (Abeysekera & Dawson, 2015).
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Lesson Plan

	Topic: Rate of Reaction Experiment: Investigating the Effect of Concentration, Temperature, and Surface Area on Reaction Rate
	Class:  Level 4 Chemistry Module – Degree Apprenticeship, OME Programme

	Date: 
	Length of lesson: 2 h
	Number of students: 

	Resources required:
· Hydrochloric acid (2.0 M, 1.5 M, 1.0 M, and 0.5 M solutions); 
· Magnesium ribbon (cut into 4 cm pieces) and turnings
· Long test tube with arm and gas syringe
· Rubber bung and delivery tube
· Pipettes and fillers
· Large beakers, water bath, and Bunsen burner
· Thermometer
· Stopwatch
· Graph paper
· Experiment handout (pre-session materials) 
· PPE: Lab coats, safety goggles, gloves

	Aim of Lesson
To explore the effect of concentration, temperature, and surface area on the rate of reaction between magnesium and hydrochloric acid. 

	Learning Outcomes – The Learners Should Be Able To:
· Describe how concentration, temperature, and surface area influence reaction rates.
· Safely perform a series of experiments to measure reaction rates.
· Analyze data and interpret results using graphical methods.
· Apply the collision theory to experimental findings. 

	Previous student knowledge required for the session:	
· Understanding collision theory and basic reaction kinetics.
· Familiarity with chemical equations and graphing data.
· Completion of pre-class flipped learning materials on reaction kinetics. 

	Anticipated difficulties (if applicable):
· Inconsistent timing during data collection.
· Misinterpretation of graphical data and gradients.
· Challenges in maintaining controlled variables during experiments. 

	Professional Standards met within the session:
Here is the list of most relevant Professional Standards that apply to this experiment:

A1: Design and Plan Learning Activities: The session is structured to investigate reaction kinetics comprehensively, aligning with learning objectives.

A2: Teach and/or Support Learning: The instructor demonstrates and supports students throughout the experiment.

K1: The Subject Material: Students directly engage with chemical kinetics concepts, observing how key factors affect reaction rates.

K2: Appropriate Methods for Teaching: The flipped classroom model combines pre-session preparation with hands-on experiments.

V3: Use Evidence-Informed Approaches: The session integrates established scientific methods and emphasises real-world applications of chemical kinetics.

V5: Commit to Professional Development: Reflection and discussion promote critical thinking and ongoing learning.



Lesson Detail:

	
Stage 
	
Focus
	
Strategy 
	
Time 


	Introduction







Development 




















Plenary/conclusion




	· Explain lesson objectives and outline the experiment.
· Safety briefing and equipment overview.

Conducting the experiment for each variable:
· Effect of HCl concentration: Students prepare solutions of varying concentrations, observe gas evolution, and record results.
· Effect of temperature: Students use a water bath to adjust HCl temperature and record the reaction.
· Effect of Mg surface area: Students compare reactions using ribbon and turnings.

· Analysing and discussing findings.
· Connecting results to theoretical concepts.
	· Brief Q&A on flipped learning materials.
· Demonstration of experimental setup for one variable (e.g., concentration)



· Students work in groups, following provided instructions to ensure accurate data collection.
· Instructor monitors and supports groups.















· Groups present their graphs and observations.
· Class discussion to reinforce learning outcomes.
	15 min






1h 15 min




















30 min



	Assessment Strategies: when and how are they included within the lesson?
Peer evaluation:
When: during the development and plenary/conclusion
How: students will discuss the steps taken to perform the experiment and the results 

Lab report (summative assessment):
When: submitted after completing the experiment
How: students are expected to prepare professionally structured report that will include data analysis and discussion of results

Formative assessment:
When: throughout the development stage
How: circulate the lab and interact with students, asking questions and checking their progress








	Informal reflection (to be completed after the session)
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Lesson Plan

	Topic: Field Trip to OME Industry Facility: Exploring the Industry's Operations and Applications
	Class: Level 4 Chemistry Module – Degree Apprenticeship, OME Programme

	Date: 
	Length of lesson: Full day (approx. 8 hours including travel time)
	Number of students:  

	Resources required:
· Transportation to and from the facility
· PPE (lab coats, goggles, gloves as required by the facility) + appropriate clothing
· Field trip briefing pack (includes itinerary, safety protocols, risk assessments, and key learning objectives)
· Notebooks for note-taking
· Pre-prepared questions for industry professionals
· Multimedia device (camera, recording device if allowed)
· Snacks and water (optional)

	Aim of Lesson: To observe and understand the general operations, processes, and applications within the OME industry and connect theoretical knowledge with real-world practices

	Learning Outcomes – The Learners Should Be Able To:
· Identify key industrial processes and their applications in the OME industry.
· Understand the importance of safety, efficiency, and sustainability in industrial operations.
· Relate classroom learning about industrial chemistry and management to practical applications.
· Reflect on how industrial practices influence product development and professional roles.

	Previous student knowledge required for the session:	
· Basic understanding of industrial chemistry principles.
· Familiarity with safety standards and protocols.
· Completion of pre-trip materials on industrial operations and the OME sector.

	Anticipated difficulties (if applicable):
· Difficulty understanding complex industrial processes during observation.
· Potential lack of engagement or participation in discussions.
· Ensuring that students link observations to theoretical principles.

	Professional Standards (where are these being met within the session):

A1: Design and Plan Learning Activities: The field trip is planned to align with learning outcomes, providing experiential learning opportunities.

A4: Develop Effective Learning Environments: The industrial facility provides a unique and stimulating environment for learning.

K1: The Subject Material: The session directly ties industrial processes to theoretical knowledge of chemistry and engineering principles.

K3: How Students Learn: The experiential nature of the trip fits diverse learning preferences and reinforces classroom concepts.

V4: Acknowledge Wider Context: Students gain insight into the broader implications of industrial operations in sustainability, safety, and efficiency.






Lesson Detail:

	
Stage 
	
Focus
	
Strategy 
	
Time 


	Pre-Trip Preparation







	· Introduce the objectives and logistics of the field trip.
· Provide an overview of the OME industry and its relevance to the module.

	· Deliver a briefing session including safety protocols and itinerary.
· Facilitate a group discussion to generate questions for industry professionals.

	1 hour

	On-Site Activities
	· Observe the general operations and processes within the OME industry.
· Interact with industry professionals to gain deeper insights into their roles and challenges.
· Record observations and reflections.

	· Divide students into small groups to focus on different aspects of the facility.
· Provide a guided tour by facility staff with opportunities for Q&A.
· Encourage note-taking and group discussions during breaks.
	5 hours

	Post-Trip Reflection and Discussion

	· Analyse and discuss observations from the trip.
· Connect industrial practices to theoretical concepts and career opportunities.
	· Facilitate a debriefing session where students share their findings.
· Assign reflective essays or presentations to solidify learning.

	1 hour



	Assessment Strategies: when and how are they included within the lesson?
· Formative: Observing student engagement during the trip and discussions.
· Summative: Evaluating reflective essays or presentations on insights gained from the trip.



	Informal reflection (to be completed after the session)
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