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INTRODUCTION
Inclusivity
This resource has been developed with inclusion-first principles. It has been designed to demonstrate how lessons can be designed to support learners with Special Educational Needs and Disabilities (SEND). The resource embeds the principles of Universal Design for Learning (UDL) and so supports inclusivity while at the same time addressing the diverse needs of neurodiverse learners and those with physical and/or sensory impairments. The focus is on high-quality, accessible materials to help learners to create an inclusive pitch. 
Barriers to learning are explicitly addressed through the incorporation of UDL principles with differentiated activities, flexible resources, and scaffolding techniques. By integrating UDL principles throughout the learning journey, the lessons provide an accessible, engaging, and inclusive experience for all learners, regardless of their starting point or individual needs.
This inclusive approach ensures all learners have an equitable opportunity to engage with the content and develop their skills, fostering confidence and independence.
Framework for learning
The resource includes a Framework for learning (Ffl). This covers 20 hours of learning. There is a diagram to show how the content of those hours has been sequenced and scaffolded. There is also a narrative that explains the sequencing and scaffolding in more detail.
Lesson plans
There is a two-hour lesson plan for each stage in the sequencing and scaffolding of learning in the Ffl. Lesson plans include details of the resources that are required to support delivery, including those developed specifically for this TRIP.
Support materials
The support materials identified in the lesson plans are available towards the end of this document.
Note:
There is a separate slide deck for use with the lessons. 


SECTION 1: FRAMEWORK FOR LEARNING
This T Level Resource Improvement Project (TRIP) is centred on a structured Framework for learning (Ffl) for the development of the T Level in Science Core Skill 2 (CS2): Researching. This skill is developed through the contextualisation of core biological concepts of proteins and sugars. The development of the skill and theoretical understanding is scaffolded according to Bloom’s taxonomy, as set out below. 
Produced by Cambridge Academy for Science and Technology, this TRIP delivers:
· A scaffolded learning framework sequencing research skills from basic recall to synthesis and evaluation.
· Lesson plans and resources embedding research within authentic laboratory science contexts.
The skills development is contextualised to proteins and sugars. The aim is not to develop learners’ understanding of related concepts but rather to use what they already know to develop their research skills. These research skills and the associated processes can be applied in other contexts, including chemistry and physics. This consistency allows learners to apply the Ffl across all three sciences, following the universal scientific method for generating new knowledge.
This Ffl aims to equip learners with the skills and confidence needed for success in technical and professional settings. It is designed to:
· Develop technical competence through accurate measurement, data processing and protocol validation.
· Foster transferable skills such as literature review, critical evaluation and digital collaboration.
· Build workplace readiness by practising evidence-based decision-making and demonstrating ethical awareness.
These capabilities are scaffolded throughout the learning journey, supported by a clear narrative that explains how sequencing and progression enable learners to move from foundational understanding to advanced application.
The Ffl has been designed to integrate English, mathematics and digital skills development alongside scientific inquiry. Learners engage in activities that require critical reading, accurate data processing and the use of digital tools for analysis and collaboration. These experiences prepare learners for workplace readiness by promoting evidence-based decision-making, problem-solving and ethical awareness, all of which are key competencies for technical and professional roles.
The resource covers 20 hours of learning. The sequence scaffolds from low-order thinking skills (LOTS) to higher-order thinking skills (HOTS) using Bloom’s Taxonomy, ensuring learners progress from foundational understanding to advanced application:
· Remember and understand (LOTS): Learners are introduced to new concepts that they use several times, remembering the content and approaches used to reinforce understanding.
· Apply (LOTS): Learners use the research skills they develop and apply them to new contexts. 
· Analyse (HOTS): Learners interpret data and literature, identifying patterns and anomalies. 
· Evaluate (HOTS): Learners assess the reliability and validity of sources and methods, critiquing literature for relevance and methodological rigour.
· Create (HOTS): Learners synthesise knowledge to produce original outputs such as SOPs and validated protocols.
· Practice: Learners consolidate all skills through comprehensive tasks that integrate research, analysis and application.
This process is shown in this diagram.
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SECTION 2: LESSON PLANS
This section includes 10 lesson plans. The lesson plans follow the Framework for learning. The lesson plans include the:
· lesson number in the sequence
· lesson title
· total amount of time required to deliver the lesson
· targeted specification content coverage
· resources needed to deliver the lesson (see Note below)
· teacher and learner activities to be undertaken throughout the lesson
· details of how the lesson supports the development of English, maths and/or digital skills (where appropriate)
· details of how the lesson supports students with specific needs, applying the principles of UDL
· next steps for teachers and/or learners, such as homework activities and providing feedback to learners.
Note:
There is an assumption that the learning environment will include the following:
· whiteboard/smartboard or similar
· materials to take notes, e.g. pens, paper, audio recorder, digital device and software
· mini whiteboards
· equipment to present a slide deck and video, e.g. projector, smartboard
· digital devices (e.g. laptop, tablet) for all learners
· internet access
· learner access to word-processing, spreadsheet and presentation software.
The lesson may refer to resources that are freely accessible online. These will be presented with the title as indicated on the relevant website, with a hyperlink to the resource. The hyperlink was correct at the time of producing this resource, but the Education and Training Foundation (ETF) has no control over third-party links.
Learners may need access to the following to support their specific needs:
· screen readers
· audio recording applications
· video recording applications
· quiet working areas
· text magnifiers
· alternative formats.
Other requirements will be specified at the start of each lesson plan.


Lesson 1
Lesson title: Introduction to protein analysis
Lesson time: 2 hours
Targeted content: A6.2, A6.8, B1.7, CS2
Teacher preparation:
· Prepare the laboratory for a practical based on the content of the SOP Biuret test for proteins, sufficient for learners to work in pairs.
Resources needed: 
· Support materials
· Amino acids worksheet.
· Amino acids worksheet answers.
· SOP Biuret test for proteins. 
· Equipment
· Standard laboratory equipment and Personal Protective Equipment (PPE) as specified in the Standard Operating Procedure (SOP) for the practical activity.
· Web links
· Word cloud application 
· Collaborative wall application 
SEND support: 
Learners are provided with frameworks to record their data and responses to questions to scaffold their cognitive processing. The teacher is circulating when learners are working on tasks to provide support to learners. The use of mini whiteboards has been introduced to reduce learner anxiety of sharing their learning with others without needing to orally give a response. The teacher is encouraged to engage in wide participation in the class during discussions. During practical’s, learners have autonomy to select whether they work on their own or in pairs, based on their own preferences, if enough equipment and space are available.


	Timing
	Teacher activity
	Learner activity 

	10 minutes
	Present learning intentions for the lesson. Present lesson overview.
	Listen.

	
	Pose the question from the slide deck: ‘What do you understand by the term scientific method?’
	Write an answer on a mini whiteboard. Raise the mini whiteboard for the teacher to see the written response.

	
	Present the scientific method definition and process using the slide deck. Refer to what the learners are showing on their mini whiteboards.
	Listen. Take notes. 

	35 minutes
	Present information on amino acids using the slide deck.
	Listen. Take notes. Ask questions. 

	
	Give out the Amino acids worksheet. Set the task.
	Listen. Ask questions.

	
	Circulate around the room, checking that learners are on task or need any help.
	Individually complete the Amino acids worksheet.

	
	Set the task. Give out the Amino acids worksheet answers. 
	Complete self-assessment of the Amino acids worksheet using the Amino acids worksheet answers. On a mini whiteboard, write details of any diagrams where an error was made.

	
	Set the task.
	Listen.

	
	Note the answers on the mini whiteboard that were incorrect. Reinforce key points needed to correct misunderstandings, errors and/or misconceptions.
	Raise the mini whiteboard for the teacher to see the written response.

	
	Present information on peptide bonds using the slide deck. 
	Listen. Take notes. Ask questions. 

	
	Set a quick quiz using the slide deck.
	Answer the questions on the slide deck by writing in notebooks.

	
	Share answers using the slide deck. Provide guidance to learners if required.
	Review the answers and note which were correct or incorrect. Ask questions to clarify if required.

	45 minutes
	Set the practical task. Give out the standard operating procedure SOP Biuret test for proteins. Organise learners into pairs. If there are sufficient space and resources, and learners prefer to work individually, this can be allowed.
	Listen. Read the SOP Biuret test for proteins. Ask questions. Move to the laboratory station with their peer.

	
	Circulate around the room, checking that learners are on task or need any help. Some learners may require a demonstration.
	Follow the SOP and carry out the experiment. Complete the results table given in the SOP Biuret test for proteins.

	
	Set a cleaning task.
	Clean the laboratory work area.

	
	Direct learners to the Word cloud application. Support learners with any technological issues.
	Access the Word cloud application and enter data. 

	
	Share the Word cloud application results. Lead an analysis of the class results, highlighting any differences, and facilitating a class discussion regarding reasons for similarities and/or differences. Encourage wide participation from the class using appropriate techniques.
	Take notes. Ask questions. Contribute to the class discussion. Answer questions if asked by the teacher.

	30 minutes
	Introduce the concept of qualitative data using the slide deck. 
	Listen. Ask questions.

	
	Share the example of colorimetry data. Ask learners to indicate how the data differs from the data from their experiment. 
	Look at the data on the slide deck. Consider how this differs from the experiment data. On a mini whiteboard, write key observations.

	
	Introduce the concept of quantitative data using the slide deck.
	Listen. Ask questions.

	
	Use the slide deck to present two industry-relevant examples. Ask learners whether they would use qualitative or quantitative. Select learners to say what they have chosen and why. Select another learner who can reinforce what has been said and another who may challenge what has been said. 
	On a mini whiteboard, write qualitative or quantitative as each of the industry-relevant examples is given. Answer questions from the teacher when asked.

	
	Set the task. Direct learners to the Collaborative wall application. Ask learners to select a partner to work with. 
	Listen. Access the Collaborative wall application. Move into pairs.

	
	Circulate around the room, checking that learners are on task or need any help. Provide technical support if needed.
	Discuss other applications in industry that would need qualitative and quantitative data. Decide on one for each type of data. Enter each into the Collaborative wall application.

	
	Share the results of the Collaborative wall. Highlight examples. Select a small number to focus on and ask learners to give more details. Highlight any misconceptions that may be evident.
	View the results of the Collaborative wall. Listen. Take notes. Respond to teacher questions if asked and contribute to the overall class review.

	
	Present a summary of key terms. Set the task.
	Listen. Create a list of terms in their notebooks. Write notes to clarify meaning and application. Ask questions if unsure.

	
	Set homework task.
	Homework: Using a traditional search engine, find a website that gives details of proteins in baby milk formula. Note the key information and the website address.




Lesson 2
Lesson title: Evaluating scientific resources and methods
Lesson time: 2 hours
Targeted content: A6.5, A6.6, A9.6, A9.111, CS2.1, CS7.1
Teacher preparation:
· Prepare the laboratory for a practical-based experiment based on the SOP colorimetry sufficient for learners to work in pairs.
Resources needed: 
· Support materials
· Jamie’s blog laboratory report.
· Evaluation of Jamie’s blog laboratory report.
· Quantitative report – milk protein.
· SOP colorimetry. 
· Brand X report.
· Brand X report evaluation.
· Equipment
· Standard laboratory equipment and PPE as specified in the SOP for the practical activity.
· Highlighter pens.
Learning activities included in this lesson to develop EMD skills: 
English: Learners will be guided to analyse written text and to draw an evaluation related to an experiment. Learners also develop the skill of comparing the content of two different types of text to improve reading.
SEND support: 
The teacher models analytical processes and scaffolds the role of the learner in conducting an analysis individually to support them in developing the skills. Learners have autonomy to select the peers they want to work with during the laboratory experiment, to give them confidence to fully engage in the activities. Support materials have been designed to be accessible to all learners. The teacher circulates when learners are working on tasks to provide support where needed.


	Timing
	Teacher activity
	Learner activity 

	15 minutes
	Present learning intentions for the lesson. Present lesson overview.
	Listen.

	
	Present details of the referencing system used for web-based content.
	Listen. Take notes.

	
	Set the task. Refer learners to their completed homework.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help.
	Individually write the website source using the Harvard referencing system. 

	
	Set the task. Ask learners to select a partner for peer review.
	Listen. Pass the website reference to the selected partner.

	
	Circulate around the room, checking that learners are on task or need any help.
	Review the website reference given. Check against the requirements shown on the slide deck. Annotate with any changes needed. Return to the original learner.

	
	Set the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help.
	Review comments. Make changes to the website reference if needed.

	45 minutes
	Present details on the importance of the quality of information and evaluating a method.
	Listen. Take notes. Ask questions.

	
	Present information on how to reference an article using the Harvard referencing system.
	Listen. Take notes. Ask questions.

	
	Set the task. Give out Jamie’s blog laboratory report. 
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help.
	Individually produce a Harvard reference for Jamie’s blog laboratory report.

	
	Share the correct Harvard reference for Jamie’s blog laboratory report using the slide deck. Ask learners to indicate any differences in their reference.
	Review your own reference for Jamie’s blog laboratory report against the example on the slide deck. Highlight any differences to the teacher.

	
	Set the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help.
	Individually read Jamie’s blog laboratory report. Identify any key terms or content that is not clear and ask the teacher to clarify.

	
	Present details of how to evaluate the method used in experiments as an approach to assessing the quality of information. Give out the Evaluation of Jamie’s blog laboratory report. Go through different aspects of the content, highlighting how Jamie’s blog laboratory report was reviewed, evidence identified and how this was then evaluated. 
	Listen. Annotate the Evaluation of Jamie’s blog laboratory report to help clarify key points if needed. Ask questions to clarify content if needed.

	
	Set the task. Ask learners to select a partner to work with. Give out the Quantitative report – milk protein.
	Listen. Move into pairs. 

	
	Circulate around the room, checking that learners are on task or need any help.
	Initially, read the Quantitative report – milk protein. 

	
	Circulate around the room, checking that learners are on task or need any help.
	In pairs, review the methodology used. Complete the table in the Quantitative report – milk protein.

	
	Set the task. Allocate peers for peer review.
	Listen. Pass completed evaluation to allocated peers.

	
	Circulate around the room, checking that learners are on task or need any help.
	Review the evaluation produced by the peers. Use a highlighter pen to indicate where correct information has been given and where the content is evaluative. Write comments directly onto the table if there are any issues identified. 

	
	Set the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help.
	Review the comments. Note any issues that have been highlighted. Discuss whether any changes need to be made. Make changes if needed.

	
	Facilitate a class discussion about whether the information in the report can be trusted. Ask each pair to contribute an example of evidence of the methodology used that indicates it can or cannot be trusted. Ask another pair to support or challenge the assertion made. Encourage wide participation, engaging different pairs throughout.
	Listen. Take notes. Contribute to the discussion when asked by the teacher.

	
	Present information on key terms used in the evaluation of sources. Highlight how these terms can be used when evaluating the methodology. Explore with learners where they could be used by referring to the Evaluation of Jamie’s blog laboratory report. 
	Listen. Take notes. Ask questions.

	45 minutes
	Set the practical task. Give out the SOP colorimetry. Ask learners to organise into pairs. If there is sufficient space and resources, and learners prefer to work individually, this can be allowed.
	Listen. Read the SOP colorimetry. Ask questions. Move to the laboratory station with their peer.

	
	Circulate around the room, checking that learners are on task or need any help. Some learners may require a demonstration.
	Follow the SOP and carry out the experiment. Complete the results table.

	
	Set cleaning task.
	Clean the laboratory work area.

	
	Remind learners of the definition of reliability using the slide deck. Show a calibration curve of data for the Quantitative report – milk protein.
	Listen. Take notes. Ask questions. 

	
	Facilitate a class discussion comparing the data collected from the SOP colorimetry and the data shown on the calibration curve. Engage each pair to give an example of their data and how it compares to the calibration curve. For each time a pair gives an example, ask another pair if their data agrees with the original pair.
	Listen. Take notes. Contribute to class discussion, giving examples when asked and contributing to the review of peer data.

	
	Facilitate a class discussion regarding the reasons for the differences and similarities in data. Encourage wide participation from the class using appropriate techniques
	Take notes. Ask questions. Contribute to the class discussion. Answer questions if asked by the teacher.

	15 minutes
	Present how to write a conclusion using the slide deck.
	Listen, take notes, ask questions.

	
	Set the task. 
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. Ask prompt questions if required.
	Individually produce a conclusion for their own experiment. 

	
	Collect in a completed conclusion. 
	Hand in conclusion.

	
	Set homework task from the slide deck.
	Homework: Write an evaluation method for the Brand X report. Use key terms to evaluate sources. Complete the Brand X report evaluation.

	
	Next steps: Review conclusions after the lesson. Annotate each with feedback for the learner. Review all submissions to identify any common misconceptions and prepare to give input in the next lesson.
	




Lesson 3
Lesson title: Evaluating sources of information
Lesson time: 2 hours
Targeted content: A5.4, A5.8, A9.6, CS2.1, CS6.1
Resources needed: 
· Support materials
· Brand X report (from Lesson 2).
· CRAAP evaluation form.
· CRAAP evaluation of lactase research sources.
· Completed CRAAP evaluations. 
· Lactase sources evaluations.
· Web links
· Poll application
Learning activities included in this lesson to develop EMD skills: 
English: Learners develop skills to summarise findings and write a short report linking structure to function.
Digital: Learners are introduced to Google Scholar as a credible search engine to use for scientific and academic research.
SEND support: 
The teacher provides a visual, step-by-step guide to support learners in navigating online tools and scaffolds their understanding throughout the process. Learners are encouraged to work in pairs to promote peer support and collaborative problem-solving. The use of mini whiteboards supports the inclusion and engagement of all learners. It ensures all learners have the opportunity to contribute and allows the teacher to review the conclusions the learner has drawn so that they can select who should contribute. This gives learners confidence to contribute. The teacher circulates during the activity to assist with technical issues and guide learners in analysing and interpreting their findings.


	Timing
	Teacher activity
	Learner activity 

	30 minutes
	Present the learning intention for the lesson. Present lesson overview.
	Listen, take notes.

	
	Set the task. 
	Listen.

	
	Show the example evaluation using the slide deck. After one minute, read it aloud or ask if one of the learners wants to volunteer to read aloud.
	Read and listen to the evaluation. 

	
	Circulate around the room, checking that learners are on task or need any help.
	Make a judgement and give the evaluation a mark of 1 – 6. Put the mark on a mini whiteboard and share with the teacher.

	
	Review the contents of the mini whiteboards shown. Select 2-3 learners to explain the marks they have given. Select a variety of different marks if possible. Ask learners to explain by reference to specific statements in the evaluation to encourage them to use evidence in their arguments. If the mark is lower than six, after the explanation for the mark, ask another learner to give an example of one change that could have been made to improve the mark.
	Listen. Answer questions when asked by the teacher.

	
	Show the next example evaluation, using the slide deck. After one minute, read it aloud or ask if one of the learners wants to volunteer to read aloud.
	Read the evaluation.

	
	Circulate around the room, checking that learners are on task or need any help.
	Make a judgment and give the evaluation a mark of one-six. Put the mark on a mini whiteboard and share with the teacher.

	
	Review the contents of the mini whiteboards shown. Select two-three learners to explain the marks they have given. Select a variety of different marks if possible. Ask learners to explain by referring to specific statements in the evaluation to encourage them to use evidence in their arguments. If the mark is lower than six, after the explanation for the mark, ask another learner to give an example of one change that could have been made to improve the mark.
	Listen. Answer questions when asked by the teacher.

	
	Set the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help.
	Individually review the completed Brand X evaluation for homework. Having seen the two examples and marks given by other learners, allocate a mark of one-six to their own work. Write the mark on a mini whiteboard and share it with the teacher.

	
	Review the contents of the mini whiteboards shown. Select two-three learners to explain the marks they have given themselves. Focus on those with high marks. Ask learners to explain by referring to specific statements in their evaluation to encourage them to use evidence in their arguments. 
	Listen. Answer questions when asked by the teacher.

	
	Present key terms used for evaluating methodologies: validity, bias, and accuracy.
	Listen. Take notes. Ask questions.

	
	Set the task. Ask learners to select a partner to work with.
	Listen. Move into pairs.

	
	Circulate around the room, checking that learners are on task or need any help.
	Produce a new evaluation of the Brand X methodology, including reference to all five key terms.

	
	Set the task. Allocate peers to review the evaluations.
	Listen. Pass the completed evaluation to the allocated peer.

	
	Circulate around the room checking that learners are on task or need any help.
	Review the evaluation. Allocate a mark of one-six. Add comments indicating the reason for the mark. Refer to the evidence in the evaluation. Suggest how the evaluation could be improved if the mark is less than six.

	
	Set the task.
	Listen. Return the evaluation reviews to the original pair.

	
	Circulate around the room, checking that learners are on task or need any help.
	Read the comments. Make changes to the evaluation if appropriate.

	30 minutes
	Present information about lactase as an enzyme. 
	Listen. Take notes. Ask questions.

	
	Introduce the concept of credibility and the CRAAP evaluation model (Currency, Relevance, Authority, Accuracy, Purpose), using the slide deck.
	Listen. Take notes. Ask questions.


	
	Set the task. Ask learners to select a partner to work with. Ask learners to access the Brand X report from Lesson 2.
	Listen. Move into pairs. Access the Brand X report from Lesson 2.

	
	Circulate around the room, checking that learners are on task or need any help.
	Carry out a CRAAP evaluation on the Brand X report. Complete the CRAAP evaluation form.

	
	Use the slide deck showing the CRAAP evaluation content. Select one pair to indicate the answer they gave for currency. Ask another pair if they agree and what evidence they had. Go through this process for each aspect of the CRAAP evaluation content. Share the model CRAAP evaluation of the Brand X report using the slide deck.
	Answer questions when asked by the teacher. Listen. Take notes.

	
	Check with learners if they have any aspect of the CRAAP evaluation criteria they are unsure of. Answer any queries.
	Indicate to the teacher if there are any issues with understanding how to apply the CRAAP evaluation criteria.

	40 minutes
	Distribute the CRAAP evaluation of lactase research sources. Give learners time to read the first lactase research source information. Model the evaluation of this source. Answer any learner questions.
	Read the CRAAP evaluation of lactase research sources. Note the process to be followed. Ask questions.

	
	Set the task. Ask learners to organise into groups of 3-4. 
	Organise into groups.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Work in groups to evaluate the research sources in the CRAAP evaluation of lactase research sources using the CRAAP model.

	
	Set the task. Direct learners to the Poll application. 
	Access Poll application. 

	
	Circulate and provide technical support if required.
	Individually select the source from the CRAAP evaluation of lactase research sources that is considered to be the most credible.

	
	Share the Poll application results on a screen with the class. Discuss the results. Ask a learner to comment on the results of one of the sources. Ask them if they agree with the results for that source. Ask them to give a reason. Ask another learner if they have another reason why they agree or disagree with the results shown. Continue with this approach for each of the four resources, engaging as many of the learners as possible. 
	Listen. Take notes. Respond to teacher questions when asked.

	
	Set the task. Distribute Completed CRAAP evaluations to learners. Ask learners to return to their original groups.
	Listen. Move to original groups.

	
	Circulate around the room, checking that learners are on task or need any help.
	Review the content of the Completed CRAAP evaluations against your own evaluations for the same sources. Note any differences.

	20 minutes
	Present information on how to write an evaluation of a source, including key terms that can be included. Present an example of an evaluation for the Brand X report as a source of information.
	Listen. Take notes. Ask questions.

	
	Set the task. Ask learners to select a partner to work with. Allocate pairs either source two or source five in the CRAAP evaluation of lactase research sources.
	Listen. Move into pairs.

	
	Circulate around the room, checking that learners are on task or need any help. Ask prompt questions if required. 
	Write an evaluation of the source allocated. Include a Harvard reference of the source.

	
	Set the task. Allocate pairs to carry out a peer review. The peer reviewers should have evaluated a different source. Give out the Lactase sources evaluations.
	Listen. Pass the completed evaluation to the allocated peers.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Review the completed evaluation against the example provided in the Lactase sources evaluations. Note any issues with the evaluation and annotate with comments. Return the annotated evaluation to the original pair.

	
	Set the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. Collect the evaluations, including the peer review comments.
	Review the comments provided by the peer review. Consider any changes that need to be made and update the evaluation if appropriate. Hand it in to the teacher.

	
	Set homework.
	Homework: Use Google Scholar to carry out a traditional search. Find two articles about the nutritional value of milk. Evaluate each source using the CRAAP criteria. Provide a Harvard‑style citation for each source.

	
	Next steps: Review the submitted evaluations. Make notes of any common issues evident in the content, the quality of the conclusion and the quality of the peer feedback. Summarise in a handout for learners. Annotate each evaluation with individual feedback.
	




Lesson 4
Lesson title: How to make experiments reliable
Lesson time: 2 hours
Targeted content: A6.2, A6.5, A6.6, B2.4, B2.5, CS2.1
Teacher preparation:
· Prepare the laboratory for a practical-based experiment based on the SOP catalase enzyme reaction, sufficient for learners to work in pairs.
Resources needed: 
· Support materials
· SOP catalase enzyme reaction. 
· Equipment
· Standard laboratory equipment and PPE as specified in the SOP for the practical activity.
· Sticky notes.
· Highlighter pens.
Learning activities included in this lesson to develop EMD skills: 
English: Learners are analysing text to highlight key variables that are evident to develop their reading skills.
Maths: Learners will calculate mean and standard deviation from repeated measurements. 
SEND support: 
The teacher provides a structured, step‑by‑step guide SOP for an experiment to minimise the cognitive processing needed and to allow the focus to be on the outcomes of the experiment. Learners may work in pairs to encourage peer support and shared problem‑and have some autonomy in selecting their own partner. The teacher circulates to assist with technical tasks and to guide learners in interpreting their processed results. The teacher can provide demonstrations for different aspects of the experiment if needed. Learners are presented with a table in the SOP to scaffold their approach to organising data to minimise the need for cognitive processing.


	Timing
	Teacher activity
	Learner activity 

	10 minutes
	Present learning intentions for the lesson. Present lesson overview.
	Listen, take notes.

	
	Pose the question from the slide deck ‘What does each letter in the CRAAP criteria stand for?’
	Write an answer on a mini whiteboard. 

	
	Refer to examples of what the learner is showing on their mini whiteboards and correct any misconceptions. Present the CRAAP criteria definition using the slide deck as a recap. 
	Raise the mini whiteboard for the teacher to see the written response.

	
	Refer learners to their completed homework task. Set the activity. 
	Listen. Pass completed homework to a peer for review.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Review the completed homework. For each source given, use a highlighter pen to show where CRAAP criteria have been used correctly. Annotate with a black or blue pen any that are considered incorrect. 

	
	Set the activity.
	Listen. Return the annotated homework task to the original learner.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Review comments. Note where there were errors. On a mini whiteboard, indicate which aspect of CRAAP criteria was incorrect.

	
	Review the mini whiteboard comments. Note any commonalities in issues and use this to focus input to address misconceptions. Select learners to give examples of issues. Ask other learners to explain why this was an issue and what changes could be made.
	Listen. Take notes. Contribute when asked by the teacher.

	45 minutes
	Present information on proteins as enzymes and the rate of reaction. 
	Listen. Take notes. Ask questions. 

	
	Set the activity using the question on the slide deck ‘How could we test enzyme activity?’ Organise learners into pairs based on their seating position in the class. Allow learners to select an alternative partner if required. 
	Listen. Move into pairs if needed.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Discuss the types of experiments they can do to test for the enzyme activity. Write ideas in their notebooks. 

	
	Present information on independent, dependent and control variables. Set the task. Give each pair three sticky notes and instructions to label them.
	Listen. Label the sticky notes as independent variable, dependent variable, and control variable.

	
	Circulate around the room, checking that learners are on task or need any help. Prepare for feedback by writing three columns on the whiteboard: independent variable, dependent variable, and control variable.
	Review the information in the notebooks. Categorise the content as independent, dependent and control variables and add to the sticky notes.

	
	Facilitate learner feedback. Ask each pair for content to be added to a column. If the suggestion is incorrect, encourage another pair to address the misconception. Ask each pair for one example to add until each pair has contributed and then ask each pair for a further example not already included until a wide range of examples is included.
	Contribute examples when asked by the teacher. Support the addressing of misconceptions if asked by the teacher. Ask questions for clarification if needed. Take notes.

	
	Pose the question from the slide deck: ‘How do the identified variables contribute to reliable experiments?’ Give learners time to review the variables on the whiteboard and in their notes before asking them to engage in the next part of the lesson.
	Listen. Review the content of the whiteboard and your own notes to consider an answer to the question. 

	
	Ask learners if they want to suggest an answer. Use ‘bounce’ technique to engage more learners in consideration of the question by asking another learner to comment on the response given. Ask two or three learners.
	Listen. Contribute if confident or if asked by the teacher. 

	
	Present to the learners the relevance of each type of variable to reliability in experiments. Use scientific terminology.
	Listen. Take notes. Ask clarification questions.

	55 minutes
	Set the task. Give out the SOP catalase enzyme reaction. Respond to queries that may arise from learners. 
	Listen. Individually, read the SOP catalase enzyme reaction carefully. Ask if there are any terms that are not clear.

	
	Circulate to check understanding and support learners who need help.
	On the SOP catalase enzyme reaction, highlight the independent, dependent, and control variables.

	
	Pose the question from the slide deck: ‘Will this practical produce reliable, reproducible and repeatable data?’ Allow learners time to reflect and answer.
	Write an answer on a mini whiteboard. 

	
	Review the content of the mini whiteboards to determine which learners to select to initially contribute to a class discussion. Facilitate class discussion. Initially, allow learners to contribute where they are confident, but use ‘bounce’ technique to engage more learners in the discussion. End with a summary of key points raised and any misconceptions that were evident from the mini whiteboards.
	Raise the mini whiteboard for the teacher to see the written response. Contribute when asked or if confident. Ask questions for clarification if required.

	
	Set the practical task. Inform learners to continue to work in the same pairs as the previous task unless they prefer to work with a different partner. If there is sufficient space and resources and learners prefer to work individually, this can be allowed.
	Move to new pairs as required. Move to the benches (laboratory stations).

	
	Circulate to check that students are on task. Provide demonstrations to those who need support.
	Follow the SOP catalase enzyme reaction and carry out the experiment. Complete the first set of results in the table provided.

	
	Set the next stage of the task. Allocate two other pairs for the learners to obtain results from.
	Listen.

	
	Circulate to check that students are on task. 
	Pass the result to the first allocated pair. Copy results to the table in the SOP catalase enzyme reaction. Pass to the next pair. Repeat the process for one other set of results, so the table now has three sets of results.

	
	Set a cleaning task.
	Clean the laboratory work area.

	10 minutes
	Present a summary of key terms used in the lesson. Direct learners to update the glossary in their notebooks.
	Listen. Update a glossary section in notebooks. Note terms and definitions. Ask questions.

	
	Set homework task.
	Use a video or a web page to revise or learn how to calculate the mean and the standard deviation. Take notes in a notebook explaining how each calculation is carried out. Practise the skill by calculating both the mean and the standard deviation for data from their own and two other pairs’ experiments. Complete the relevant columns in the SOP catalase enzyme reaction results table. Finally, provide a Harvard‑style citation for the video or web page used.




Lesson 5
Lesson title: Interpreting and presenting scientific data
Lesson time: 2 hours
Targeted content: A6.2, A6.3, A6.5, A6.6, CS2.1
Resources needed: 
· Support materials
· Results analysis worksheet.
· Graph summarising all the data.
· Equipment
· Calculators.
· Highlighters.
· A3 printed graphs.
· Web links
· Mentimeter
Learning activities included in this lesson to develop EMD skills: 
Maths: Learners will draw on the completion of their homework activity to calculate the mean and standard deviation of the values provided. Learners also work with graphs in the lesson. This is to support learners in recalling key requirements of graphs and develop skills to interpret data from graphs.
Digital: Learners are shown how to create an Excel workbook with several worksheets, each of which is named. They learn how to input data and use formulas to calculate the mean and standard deviation. They also learn to create graphs in Excel from data provided.
SEND support: 
Throughout the lesson, there are instances where learners use mini whiteboards to give feedback on their learning progress. This allows each learner to confidently contribute as the content is primarily seen by the teacher. The teacher can confirm that all have contributed, ensuring an inclusive approach and checking all learners’ progress. This approach can be used to target individual learners with prompts and probing questions to support further learning and also to address misconceptions, errors and misunderstandings without specifying individual learners. This further supports their confidence in contributing and assists those learners who have difficulties in communicating orally to an audience. In addition to the use of mini whiteboards, there is the use of Mentimeter as a collaborative feedback tool. This serves a similar purpose, but where the information is input digitally rather than handwritten. It also allows all learners to view all contributions and see different perspectives, which is particularly helpful to some neurodiverse learners. This approach also supports cognitive processing as the teacher to highlight key points, drawing attention to where the learner's focus is needed. There are paired activities, and learners are allowed to select their own partner, giving them some autonomy. 

	Timing
	Teacher activity
	Learner activity 

	10 minutes
	Present learning intentions for the lesson. Present lesson overview.
	Listen, take notes.

	
	Set the task.
	Listen.

	
	Circulate to check understanding and support learners who need help.
	Individually calculate the mean of the values shown on the slide deck. Write the answers on a mini whiteboard.

	
	Ask learners to raise mini whiteboards. Review the answers. If there are any that are incorrect, review with the class where there may have been a miscalculation. Address any misunderstandings and misconceptions.
	Show mini whiteboards with answers when asked.

	
	Circulate to check understanding and support learners who need help.
	Individually calculate the standard deviation of the values shown on the slide deck. Write the answers on a mini whiteboard.

	
	Ask learners to raise mini whiteboards. Review the answers. If there are any that are incorrect, review with the class where there may have been a miscalculation. Address any misunderstandings and misconceptions.
	Show mini whiteboards with answers when asked.

	
	Show the importance of mean and standard deviation to reliability, using the slide deck.
	Listen. Take notes.

	45 minutes
	Direct learners to open an Excel workbook. Set the task. 
	Individually access an Excel workbook.

	
	Circulate and provide technical support if required.
	Individually, give the Excel workbook a file name and save it in the shared area.

	
	Distribute the Results analysis worksheet. Demonstrate how to add a title to a worksheet. Demonstrate how to calculate the mean and standard deviation in Excel using the data from Table 1 in the Results analysis worksheet. Answer any clarification questions that may arise.
	Individually follow the teacher demonstration, inputting data and using the formula to calculate the mean and standard deviation. Ask questions for clarification if required.

	
	Set the task. 
	Open a new Excel worksheet in the workbook and give it a title.

	
	Circulate around the room, checking that learners are on task or need any help. Ask prompt questions if required. Provide technical support if required. 
	Individually enter data from Table 2 in the Results analysis worksheet. Calculate the mean and standard deviation using Excel. Check answers against the answers in Table 2. If the answers are incorrect, self-check the data that has been input to identify any potential errors or ask the teacher for assistance.

	
	Set the task. 
	Open a new Excel worksheet in the workbook and give it a title.

	
	Circulate around the room, checking that learners are on task or need any help. Ask prompt questions if required. Provide technical support if required. 
	Individually enter data from Table 3 of the Results analysis worksheet. Calculate the mean and standard deviation using Excel. Check answers against the answers in Table 3. If the answers are incorrect, self-check the data that has been input to identify any potential errors or ask the teacher for assistance.

	
	Check with all learners if they are confident in their skills and understanding of the process. Provide clarification if required.
	Inform the teacher of any concerns with the process or skills based on the two activities completed.

	
	Present information on data anomalies using the slide deck.
	Listen. Take notes. Ask questions.

	
	Set the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help.
	Review the data in Table 3 of the Results analysis worksheet. Identify any anomalies in the data. Write the anomaly on a mini whiteboard.

	
	Ask learners to raise mini whiteboards. Review the answers. If there are any that are incorrect, review with the class where there may have been a miscalculation. Address any misunderstandings and misconceptions.
	Show mini whiteboards with answers when asked.

	
	Present information on how to deal with anomalies and the impact of anomalies on reliability. Set the task.
	Listen. Take notes. Ask questions.

	
	Direct learners to Mentimeter. Set the task.
	Access Mentimeter. 

	
	Circulate around the room, checking that learners are on task or need any help. 
	Enter the mean and standard deviation values into Mentimeter. 

	
	Share results from Mentimeter on the screen. Highlight where there are differences in results, the range of differences and encourage learners to contribute with reasons why there may be differences. Summarise key reasons for differences and highlight the impact of these differences on the reliability of data.
	Review the results shown on the screen. Contribute to the class with your own observations and suggestions for reasons. Take notes. Ask questions for clarification.

	50 minutes
	Set the task. Ask learners to organise into pairs.
	Listen. Move into pairs.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Review the results in Table 1 of the Results analysis worksheet. Analyse the results and draw a conclusion. Write the conclusion on a mini whiteboard.

	
	Ask learners to raise mini whiteboards. Note any anomalies in their answers and any pairs that you want to engage in a class discussion, using ‘bounce’ technique. Select one pair and ask them to give their conclusion to the class. Ask another pair to comment on that. Ask another pair for their conclusion, and another pair to comment. Ensure all anomalies are covered. 
	Show mini whiteboards with answers when asked. Contribute to class discussion as directed by the teacher. Take notes.

	
	Show the graph of the results of Table 1 using the slide deck. Model how to interpret the graph during the presentation. Highlight the benefits of graphs over tables for interpreting data.
	Look at the graph shown on the slide deck. Follow how the teacher is modelling the interpretation from the graph.

	
	Show the principles of good scientific graph construction, using the slide deck. 
	Listen. Take notes. Create a checklist from the principles.

	
	Direct learners to open their Excel workbook and the Table 1 worksheet.
	Access an Excel workbook.

	
	Demonstrate how to create a graph from data using Excel. Answer any clarification questions that may arise.
	Individually follow the teacher's demonstration. Ask questions for clarification if required.

	
	Set the task. 
	Open the Table 2 Results analysis worksheet. 

	
	Circulate around the room, checking that learners are on task or need any help. 
	Individually create a graph from the data using Excel.

	
	Use the slide deck to show the expected graph. Ask learners to comment on any differences between their graph and the graph shown. Highlight where there are likely to be differences based on common issues with graph creation. Remind learners of the principles of good graph creation and the process for creating graphs in Excel.
	Assess your own graph against the one shown on the screen by the teacher. Contribute with information about any differences to the teacher and the class graph and reasons for differences. Take notes on possible differences and add to the checklist, if required.

	
	Set the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Open the relevant worksheets to create graphs for Tables 3 and 4 in the Results analysis worksheet.

	
	Set the task. Ask learners to select a partner to work in pairs.
	Organise into pairs and move if required.

	
	Circulate around the room checking that learners are on task or need any help. 
	Share the graphs produced. Discuss any differences and reasons for differences. Produce a conclusion of the analysis for each set of data.

	
	Go around and ask each pair for a conclusion for Table 3 and see if there are any differences. Show the slide with the expected conclusion for Table 3. Highlight the way the conclusion is written as well as the outcome.
	Contribute with responses to the teacher's questions when asked.

	15 minutes
	Set the task. Distribute the Graph summarising all the data.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. Ask prompt questions if required. Provide technical support if required.
	Individually review the Graph summarising all the data. Interpret the validity of the data from the graph. Produce a conclusion.

	
	Take in the conclusion.
	Hand the conclusion to the teacher.

	
	Next steps: Review the submitted conclusions. Make notes of any common issues evident in the content, and also the quality of the conclusion. Summarise in a handout for learners. Annotate each conclusion with individual feedback and return to the learner before the next lesson.
	




Lesson 6
Lesson title: Evaluating scientific evidence
Lesson time: 2 hours
Targeted content: A5.4, A6.3, A6.5, A6.6, CS2.1
Resources needed: 
· Support materials
· Short report.
· Enzyme article report.
· Abstracts for analysis.
· Abstract analysis worksheet.
· Equipment
· Highlighters.
Teacher preparation:
Teachers should use the Abstracts for analysis and create each one as a separate A3 document.
Learning activities included in this lesson to develop EMD skills: 
English: Learners are provided with techniques they can use to enable them to analyse and interpret text. Learners are taught the difference between direct quotes and paraphrasing and practise paraphrasing the content provided. This also supports their summarising skills development.
SEND support: 
Learners have the opportunity to read aloud sections of extended writing and listen to others and not just read independently. This allows for pauses so that learners have time to process each point before moving to the next. Learning is scaffolded to support cognitive processing, with the teacher firstly demonstrating the use of techniques which learners can then practise. Scaffolding is also provided with the use of templates and tables for learners to record their analysis and interpretations, providing them with a framework that can be used for other activities. Learners complete some activities in pairs and are given autonomy to select their own partner.


	Timing
	Teacher activity
	Learner activity 

	15 minutes
	Present the learning intention for the lesson. Present the lesson overview.
	Listen, take notes.

	
	Refer learners to their feedback on the conclusion produced in the last lesson. Ask if they have any queries and present any common issues and misconceptions.
	Listen. Take notes. Ask questions for clarification if needed.

	
	Show the graph on the slide deck. Set the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. Ask prompt questions if required. 
	Produce a conclusion to describe the overall trend and explain the pattern shown on the graph.

	
	Set the task. Ask learners to select a partner to work with.
	Listen. Move into pairs.

	
	Circulate around the room, checking that learners are on task or need any help. Ask prompt questions if required. 
	Look for differences in the conclusion. Write one difference on the mini whiteboard.

	
	Review the content on the mini whiteboards and select examples to reinforce key points. Respond to learners’ questions.
	Contribute to class discussion with ideas. Answer questions if asked.

	45 minutes
	Hand out the Short report. Invite learners to read aloud sections of the Short report where they are confident.
	Read the Short report and read silently. If confident, volunteer to read aloud one or more sections from the Short report when asked by the teacher.

	
	Model how to summarise using paraphrasing. Considering the aim, the method, the results and the conclusion from the Short report to form an abstract. Come out of PowerPoint and show the Word document version of the Short report on the whiteboard. Pause at each point to allow learners to process the action and ask questions if needed. Encourage learner interaction to summarise key content after each section is read. 
	Follow the teacher's demonstration. Reflect after each section and contribute to summarising the content of each section. Take notes from the whiteboard. Ask questions for clarification if needed. 

	
	Hand out the Enzyme article report. Set the task. Ask learners to select a partner to work with.
	Listen. Move into pairs. Individually read the Enzyme article report.

	
	Circulate around the room, checking that learners are on task or need any help. Ask prompt questions if required. 
	In pairs, follow the process demonstrated earlier by the teacher to produce an abstract. 

	
	Set the task. Allocate peer reviewers for each pair.
	Listen. Pass the developed abstract to the peer reviewers.

	
	Show instructions for peer assessment.
	Review the abstract provided. Use a highlighter pen to show where content is relevant and use a black or blue pen to annotate any issues. 

	
	Set the task.
	Listen. Return the annotated abstract to the original pair.

	
	Circulate around the room checking that learners are on task or need any help. 
	Review the highlighted content and comments. On a mini whiteboard, write one part of the abstract that was highlighted and one where there was an annotation.

	
	Use the content of the mini whiteboards to select learners to contribute to a review of the process of developing an abstract. Select a range of learners with both positive and negative feedback.
	Listen. Contribute to class feedback when requested. Take notes. Ask questions for clarification if needed.

	
	Present content on the importance of referencing sources and a reminder of the Harvard referencing system that should be used. Highlight the difference between using quotes and paraphrasing. 
	Listen. Take notes. Ask questions.

	
	Present information on the difference between a conclusion, an abstract and a summary. Model how to produce a summary from the information.
	Follow the teacher's demonstration. Individually write the summary developed by the teacher for the Short report document. 

	
	Set the task. Learners continue to work in their original pairs unless they prefer to change.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. Give prompts if needed.
	Produce a summary of the Enzyme article report.

	45 minutes
	Present information on the importance of evidence when drawing conclusions and carrying out a literature review. 
	Listen. Take notes. Ask questions.

	
	Set the task. Set up the room to have three stations that learners move to. Each station has one of the Abstracts for analysis to read and act on. There should be sufficient stations for each pair to be working on an abstract. Hand out the Abstracts analysis worksheet.
	Listen. Move into pairs.

	
	Circulate around the room, checking that learners are on task or need any help. Ask prompt questions if required. Manage time, indicating when learners must move to the next station. 
	Move to the first station. Read the abstract provided. Discuss in pairs and decide whether the conclusion is valid, based on all the information provided in the abstract. Select from the abstract the key piece of information that was most convincing in supporting the decision. Record on the Abstract analysis worksheet the decision, the evidence that supported that decision and the reference source to be used. On completion, when directed by the teacher, move to the next station and carry out the same activity for the new abstract. Continue to follow this process for all stations.

	15 minutes
	Present details of the purpose, structure and content of a literature review. Relate this to the activities completed in the lesson.
	Listen. Take notes. Ask questions.

	
	Set the task. 
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. Ask prompt questions if required. 
	Individually review the content of the Abstract analysis worksheet completed during the previous activity. Produce a ‘literature review’ of the research completed to explain clear themes showing how studies link or differ. Hand it in to the teacher.

	
	Next steps: Review the submitted work. Make notes of any common issues evident in the content. Summarise in a handout for learners. Annotate each conclusion with individual feedback and return it to the learner before the next lesson.
	




Lesson 7
Lesson title: Research proposals
Lesson time: 2 hours
Targeted content: A6.6, A9.11, CS2.1, CS2.2, CS7.1
Resources needed: 
· Support materials
· Three enzyme studies extracts.
· Three enzyme studies extracts expected results.
· Research proposal template.
· Research proposal peer review checklist.
· Web links
· Mentimeter
Learning activities included in this lesson to develop EMD skills: 
English: Learners are taught how to write a hypothesis and have the opportunity to write their own.
SEND support: 
Mentimeter is a collaborative online tool. It allows all learners to contribute feedback to the class and so contributes to increased inclusivity and engagement. The results are shared so that wider perspectives are considered. This gives confidence to learners to contribute their thoughts, particularly if they are not confident in their oral communication skills. When working in pairs, they can select their partner, giving them some autonomy over the learning process. They also have some autonomy as they can select the extract they want to work with. For some feedback sessions, the teacher notes feedback on the whiteboard. This allows learners to see as well as listen to the input from their peers. This scaffolds their engagement with the collective feedback as they see it built up. This limits cognitive overload as cognitive processing takes place as each new piece of content is added.


	Timing
	Teacher activity
	Learner activity 

	10 minutes
	Present the learning intention for the lesson. Present lesson overview.
	Listen, take notes.

	
	Remind the learners of the activity from the previous lesson. Direct learners to Mentimeter. Set the task.
	Listen. Access Mentimeter. 

	
	Circulate around the room checking that learners are on task or need any help. 


	Individually input into Mentimeter one example of how studies reviewed were linked or how they differed. 

	
	Share results from Mentimeter. Use the results to set prompt questions for learners about literature reviews. Engage a range of learners by selecting specific learners, asking for contributions, and using probing questions with ‘bounce technique’.
	Contribute to the discussion about undertaking literature reviews to compare studies. Listen to the contributions of others. Take notes.

	30 minutes
	Present information on the content covered in previous lessons.
	Listen. Take notes. Ask questions.

	
	Distribute Three enzyme studies extracts. Demonstrate how to use the content to highlight errors and gaps and classify them as method, data interpretation or context. Use the ‘Model’ extract as a guide.
	Listen. Read through the ‘Model’ extract of the Three enzyme studies extracts. Take notes. Ask questions.

	
	Set the task. Ask learners to select a partner to work with. 
	Listen. Move into pairs.

	
	Circulate around the room, checking that learners are on task or need any help. Provide prompts if required.
	Read Three enzyme studies extracts, which each relate to an enzyme study. Select one to work with for the activity. Read the extract and highlight errors and gaps, following the approach demonstrated by the teacher. Classify each error and gap as method, data interpretation or context. Complete the table on Three enzyme studies extracts.

	
	For the first extract, select one pair and ask them to share one gap with the class. Ask the class if any other pairs have the same gap. Note if any pairs did not have the gap, and ask them if they can see why others identified. Ask one of those pairs to give another example and follow the process until all expected answers have been given. Direct learners who chose the other extract to listen and engage by reading the information. Repeat the process with the other extract.
	Respond to teacher requests for examples, and if there are differences, share reasons with the class. Listen to all contributions. Make notes. Amend the table on the Three enzyme studies extracts if required.

	
	Set the task. Distribute Three enzyme studies extracts expected results. Learners stay in the same pairs, unless they prefer to change.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. Provide prompts if required.
	Review the own table on the Three enzyme studies extracts against the Three enzyme studies extracts expected results. Inform the teacher and class if any differences are identified.

	
	Explore with learners the differences identified. Ask one pair to contribute. Explore with another pair why they think the difference may have occurred and if it was a result of a misconception. Clarify the misconceptions as they arise. Engage a number of pairs in the feedback exercise.
	Listen. Contribute when asked by the teacher. Take notes. Ask questions if needed for clarification.

	
	Set the task. Ask each pair to select one of the short extracts. Ensure that each is allocated. 
	Listen. Select one extract to work with. This can be the ‘model’, the extract worked with earlier or the one that they didn’t select earlier.

	
	Circulate around the room, checking that learners are on task or need any help. Provide prompts if required.
	Review the Three enzyme studies' expected results. For the selected extract, discuss the potential impact of the gap or error. Record in a notebook.

	
	Select one of the second or third extracts and ask one pair to summarise the potential impacts identified. Note on the whiteboard. If one pair repeat what is on the whiteboard, ask them to give reasons. Collect the same information from any other pairs and note it on the whiteboard. Collect the same information for the other extracts so that each pair has contributed.
	Provide information on potential impacts when asked by the teacher and answer questions when asked. Take notes from the whiteboard.

	
	Analyse the notes on the whiteboard, identifying key patterns, similarities and differences emerging. Encourage learners to contribute with their observations and analysis. Use probing questions to engage a range of learners. Link to the benefit of classifying results and show how the results could be classified.
	Listen. Contribute when prompted. Take notes.

	20 minutes
	Present to learners information about research questions and hypotheses. 
	Listen. Take notes. Ask questions.

	
	Set the task. Allow learners to select a partner to work with. This can be the same as the previous partner or a different one. Show examples of hypotheses from the slide deck.
	Listen. Move into new pairs if needed.

	
	Circulate around the room, checking that learners are on task or need any help. Provide prompts if required.
	Review the hypotheses shown. Amend each (if needed) to be a clearly written hypothesis. Write in a notebook.

	
	Allocate each pair to present feedback on one of the hypotheses.
	On the mini whiteboard, write the amended hypothesis.

	
	Lead the class to review each hypothesis shown on the whiteboard. Only accept constructive positive comments initially. Highlight the positives by underlining or circling key words and phrases. Then allow learners to give constructive criticism. Point out what is and what is not constructive criticism. Direct learners who have not yet contributed to ensure all comment. Summarise key points for learners to consider when writing a hypothesis. 
	Contribute to the class review of the hypotheses as directed. Take notes. Ask questions if required.

	40 minutes
	Set the task. Ask learners to organise into small groups. Allow learners to select one of the Three enzyme studies extracts. Distribute the Research proposal template.
	Listen. Move into small groups.

	
	Circulate around the room, checking that learners are on task or need any help. Provide prompts if required.
	Review the selected extract. Produce a research proposal that applies a good scientific method. Complete the Research proposal template.

	
	Set the task. Allocate peer review groups. Distribute the Research proposal peer review checklist.
	Pass the completed Research proposal template to the allocated peer group.

	
	Circulate around the room, checking that learners are on task or need any help. Provide prompts if required. Ask probing questions to support learners in giving in-depth reasoning.
	Review the completed Research proposal template. Complete the Research proposal peer review checklist. Give a mark out of 5 for each heading and give a reason for the mark, using evidence from the completed Research proposal template to support their reasoning. Pass back to the original group.

	
	Ask each group to indicate if they were given a ‘four’ for any heading. Ask them to read out the reasoning. Ask a learner from a group that did not provide that peer review to give a judgement on whether the reasoning was clear and well supported by evidence. Continue with other examples of where a ‘four’ was awarded and then where a ‘two’ was awarded.
	Review the feedback in the Research proposal peer review checklist. Indicate the mark awarded when prompted by the teacher. Read out the feedback provided if asked. Comment on the quality of the feedback if requested.

	20 minutes
	Set the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. Provide prompts if required. Ask probing questions to support learners to give in-depth reasoning.
	Individually produce a summary of the research proposal. Hand in to the teacher.

	
	Next steps: Review the submitted research proposal summaries. Note any common misconceptions, errors and misunderstandings. Annotate each with individual feedback. Share individual feedback and common issues to the next lesson.
	




Lesson 8
Lesson title: Applying research skills to sugars
Lesson time: 2 hours
Targeted content: A6.2, A6.3, B1.8, CS2.1, CS2.2
Teacher preparation:
· Prepare the laboratory for a practical-based experiment based on the SOP Benedict’s test, sufficient for learners to work in pairs.
Resources needed: 
· Support materials
· Sugars research findings table.
· SOP Benedict’s test.
· Equipment
· Standard laboratory equipment and PPE as specified in the SOP for the practical activity.
· Web links
· Word cloud application
Learning activities included in this lesson to develop EMD skills: 
English: Learners experience different techniques to develop their ability to use key terminology and improve their scientific vocabulary.
SEND support: 
The use of the word cloud supports learners as they all have the opportunity to contribute rather than the contribution being limited by time to a small number of learners. The use of peer review and techniques proposed for feedback allows for an inclusive approach again, so that all learners can contribute but they also benefit from listening to the ideas and thinking processes of others. This helps them to broaden their own perspective and to introduce higher level learning. Completing experiments in pairs can assist learners with mobility and dexterity difficulties as their peer can take more responsibility and support them to engage. The approach to sharing the results of the experiment so that all outcomes are shown together gives a visual representation which supports learners to see what the outcomes of reproducibility and repeatability are in an applied context. 



	Timing
	Teacher activity
	Learner activity 

	15 minutes
	Present the learning intention for the lesson. Present the lesson overview.
	Listen, take notes.

	
	Set the task. Direct learners to the Word cloud application.
	Listen, take notes.

	
	Circulate around the room, checking learners are on task or need any help.
	Access the Word cloud application. Individually write three features of a reliable source. 

	
	Share the Word cloud application results. Lead an analysis of the class results, highlighting key terms and any misconceptions that may be evident. Ask learners to give reasons for the inclusion of terms. Encourage wide participation from the class using appropriate techniques.
	Take notes. Ask questions. Contribute to the class discussion. Answer questions if asked by the teacher.

	
	Summarise the key requirements of a reliable source using the slide deck. 
	

	45 minutes
	Set the task. Distribute the Sugars research findings table.
	Listen, take notes.

	
	Circulate around the room, checking learners are on task or need any help. 
	Individually research scientific methods used to detect sugars in food. There should be a credible source to demonstrate a reproducible and repeatable methodology to give qualitative results and another to give quantitative results. Harvard referencing is required for each source found. Complete the Sugars research findings table.

	
	Set the task. Ask learners to select a peer reviewer.
	Listen. Pass the completed Sugars research findings table to the allocated peer.

	
	
	Review the completed Sugars research table. Complete the Peer reviewer comments section on the table.

	
	Set the task. Ask learners to move into pairs with their peer reviewer.
	Listen. Move into pairs.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Discuss the difference between the qualitative and quantitative examples researched and highlight the key difference in approaches that created the different types of data.

	
	Ask learners if they want to suggest a difference. Use ‘bounce’ technique to engage more learners by asking another learner to comment on the response given. Ask another learner to comment on the response of the previous learner. Ask two or three learners to give a difference and follow the process for each, enabling as many learners as possible to engage. Address any misconceptions that may arise. Summarise key points about differences in approaches.
	Listen. Contribute to feedback when asked. Ask questions for clarification if needed. Take notes.

	45 minutes
	Set the task. Distribute the SOP Benedict’s test. Remind learners about the health and safety requirements of the experiment. Ask learners to select a partner to work with.
	Listen, take notes. Move into pairs.

	
	Circulate the room, checking that learners are on task or need any help. Monitor health and safety risks.
	Follow the SOP Benedict’s test. Record qualitative results. 

	
	Set the task.
	Listen.

	
	Circulate the room, checking learners are on task or need any help. Monitor health and safety risks. Use the time to create a space at the front of the classroom or where all learners can see to show the results of the experiments.
	Clean workspace.

	
	Ask each pair of learners to bring their completed test tubes to the prepared table. Lead an analysis of the class results, using key scientific terms. Highlight the relationship between (likely) similarity of the results that are clearly evident, and relate these to the reproducibility and repeatability of the SOP. Respond to questions from learners.
	Listen. Contribute to the analysis. Take notes. Ask questions for clarification if needed.

	15 minutes
	Set the task. Learners stay in the same pairs, unless they prefer to work individually. 
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Discuss ways in which the experiment could be adapted to produce quantitative results. Select one option to share with the rest of the class. 

	
	Ask one pair to give their preferred option and write it on the whiteboard. Ask another pair if they had the same answer. If they did, ask them why they think it would work. Ask another pair if they had the same answer. Ask them what results they would expect to see. When an alternative method is selected, write this on the whiteboard and explore with learners the reasons and type of data the method would give. Address misconceptions as they arise.
	Listen. Contribute when asked by the teacher. Take notes.




Lesson 9
Lesson title: Evaluating and improving sugar testing methods
Lesson time: 2 hours
Targeted content: A6.5, A6.6, A8, A9.11, CS2.1 CS7.1
Resources needed: 
· Support materials
· Four SOPs.
· Answers to four SOPs.
· CRAAP evaluation form (from Lesson 3).
Learning activities included in this lesson to develop EMD skills: 
English: Learners practice the use of scientific terminology through different activities in the lesson. 
SEND support: 
An inclusive approach to learners sharing their knowledge and understanding is through the use of the mini whiteboard so that all learners contribute, the teacher can see all responses, address any misconceptions and select learners to give feedback, knowing what their answers will be and can prepare prompts needed. Learners are therefore encouraged to contribute with confidence that if they had made an error or misunderstood, the teacher would be able to deal with that sympathetically. Learners have autonomy to select the partner they work with in pairs and can also change their pairings if needed. Templates are provided to scaffold and give structure to learners when preparing their findings. This limits the cognitive processing to the content rather than spending time and effort working out the best way to present their understanding. 



	Timing
	Teacher activity
	Learner activity 

	10 minutes
	Present the learning intention for the lesson. Present the lesson overview.
	Listen, take notes.

	
	Present a recap on what makes a good scientific method.
	

	
	Set the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help.
	Individually reflect on what makes a good SOP. Write key points on a mini whiteboard.

	
	Note the answers on the mini whiteboard. Ask a learner with a correct example to give that example and write it on the whiteboard. Where a learner has an incorrect example, ask another learner whether it would be a good example and the reasons why. Continue to collect examples on the whiteboard and use opportunities to correct any misconceptions where evident on the whiteboards. 
	Listen. Contribute when asked by the teacher. Take notes. Ask questions for clarification if needed.

	30 minutes
	Set the task. Ask learners to select a partner to work with. Distribute the Four SOPs.
	Listen. Take notes. Move into pairs.

	
	Circulate around the room, checking that learners are on task or need any help.
	Review the Four SOPs and identify any issues with the content. Complete the table in the document.

	
	Set the task. Distribute the Answers to four SOPs. Learners continue to work in their pairs.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help.
	Review your own answers against those in the Answers to four SOPs. Note any key differences. 

	
	Lead a class feedback session. Highlight that this session is to help to address any issues and will focus on any findings on the Answers to four SOPs that had been missed. Ask one pair if they would share anything that they missed. Ask if other learners missed this. Ask another pair about the implications of missing this in an SOP. Continue to address key omissions and errors.
	Listen. Contribute to feedback when asked by the teacher. Take notes. Ask questions for clarification if needed.

	45 minutes
	Set the activity. Learners continue to work in pairs. They can select another partner to work with if preferred. Distribute the CRAAP evaluation form.
	Listen. Move to pair with another partner if preferred.

	
	Circulate around the room, checking that learners are on task or need any help.
	Research the methodologies that have been used to achieve the same aim as the Four SOPs. Select four sources and complete a CRAAP evaluation form for these.

	
	Set the task. Distribute flip chart paper and marker pens.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help.
	Create an SOP for an experiment. Write the SOP on a flip chart using a marker pen.

	20 minutes
	Set the task. Distribute coloured pens.
	Listen. Pass the flip chart paper to an adjacent pair.

	
	Facilitate learners to pass the flip chart paper to another pair. Circulate around the room, checking that learners are on task or need any help.
	Review the SOP, focusing on the methodology. Identify any errors, omissions or lack of clarity. Annotate with a coloured pen. Pass to an adjacent pair.

	
	Facilitate learners to pass the flip chart paper to another pair. Circulate around the room, checking that learners are on task or need any help.
	Repeat the process, using a different coloured pen to add the annotation.

	15 minutes
	Set the task.
	Listen. Pass the annotated flip chart paper to an adjacent pair.

	
	Facilitate learners to pass the flip chart paper to another pair. Circulate around the room, checking that learners are on task or need any help.
	Review the original SOP and annotations. Produce an evaluation of the SOP.

	
	Set the task.
	Listen. Pass the flip chart paper and evaluation to the original pair.

	
	Facilitate learners to pass the flip chart paper to the original pair. Circulate around the room, checking that learners are on task or need any help. Collect completed SOPs, annotations and evaluations.
	Review the annotations and evaluation. Make amendments to the SOP as appropriate. Hand it in to the teacher.

	
	Provide information on the next lesson and preparation required.
	Listen. Take notes. Ask questions for clarification.




Lesson 10
Lesson title: Research proposal for sugar testing
Lesson time: 2 hours
Targeted content: A5.2, A5,4, A9.6, CS2.1, CS6.1
Resources needed: 
· Support materials
· CRAAP evaluation form (from Lesson 3).
· Literature sources.
· Three detailed sources.
· Research proposal template (from Lesson 7).
· Research proposal peer review checklist (from Lesson 7).
Learning activities included in this lesson to develop EMD skills: 
English: Learners will apply their reading skills to read and interpret scientific information. They will use their summarising skills to produce evaluations of different sources of scientific information.
SEND support: 
This lesson is designed to support SEND learners by building on familiar activities. Learners are provided with examples of scientific information in a familiar format. The lesson is structured with each task separated and recommended timings given, although learners have autonomy to work at their own pace on individual tasks. However, the tasks all have to be completed by a specific time, so this supports them with their time management. Using approaches and materials that are familiar helps to reduce anxiety and build confidence. 


	Timing
	Teacher activity
	Learner activity 

	5 minutes
	Present the learning intention for the lesson. Present the lesson overview, including suggested timings for each task.
	Listen, take notes.

	
	Ask learners if there are any points to be clarified in advance of the tasks. Respond to questions.
	Ask questions if anything is unclear from the preparation carried out through homework.

	30 minutes
	Set the task. Distribute the Literature sources and CRAAP evaluation form. Remind learners of the suggested timing for the task.
	Listen. 

	
	Circulate around the room, checking that learners are on task or need any help. Remind learners when there are five minutes left of the suggested time for the task.
	Review the resources, using the CRAAP criteria. Complete the CRAAP evaluation form for each source reviewed.

	30 minutes
	Set the task. Distribute the Three detailed sources. Remind learners of the suggested timing for the task.
	Listen.

	
	Circulate around the room checking that learners are on task or need any help. Remind learners when there are five minutes left of the suggested time for the task.
	Read the Three detailed sources. Produce a full written evaluation of each.  

	40 minutes
	Set the task. Distribute the Research proposal template. Highlight the time available to complete the task.
	Listen.

	
	Circulate around the room, checking that learners are on task or need any help. Remind learners when there are five minutes left of the suggested time for the task.
	Produce a research proposal that applies a good scientific method. Use the information in the Three detailed sources to assist. Complete the Research proposal template.

	15 mins
	Set the task. Allocate each learner a peer reviewer. Distribute the Research proposal peer review checklist. Highlight to learners the time available for peer review.
	Listen. Pass the completed Research proposal template to the allocated peer.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Review the completed Research proposal template provided. Use the Research proposal peer review checklist for the review and to provide feedback. 

	
	Set the task.
	Return the completed Research proposal peer review checklist and Research proposal template to the original learner.

	
	Circulate around the room, checking that learners are on task or need any help. 
	Review the feedback provided. Note any changes that should be made to the research proposal.

	
	Collect all learner outputs.
	Hand in the CRAAP evaluation form, the three evaluations, the completed Research proposal template and the Research proposal peer review checklist to the teacher.

	
	Next steps: Review each of the submitted resources. Note any common issues, misunderstandings, misconceptions and positive outcomes and produce a summary to be shared with learners. Produce individual feedback for each learner. Communicate the feedback and summary to learners before they move on to the next phase in their learning.
	




SECTION 3: LESSON SUPPORT MATERIALS
This section includes the support materials that have been developed for this resource, as indicated in the relevant lesson plan. You are free to change and adapt as needed to support your learners.
Note that there is also a separate slide deck.


The following materials relate to lesson 1:
· Amino acids worksheet.
· Amino acids worksheet answers.
· SOP Biuret test for proteins.



Amino acids worksheet
For each amino acid structure:
· Draw a circle around the carboxyl group (–COOH).
· Highlight the R group (side chain) — this is the part that is different for each amino acid.
The first example has been completed for you, so you can follow the format.

	Alanine (Ala, A) 
[image: There are nine images each showing an amino acid structure.]
	Arginine (Arg, R)
[image: Amino acid structure for Arginine]
	Asparagine (Asn, N) 
[image: Amino acid structure for Asparagine]

	Cysteine (Cys, C)
[image: Amino acid structure for Cysteine.]
	Glutamic Acid (Glu, E)
[image: Amino acid structure for Glutamic Acid]
	Glutamine (Gln, Q)
[image: Amino acid structure for Glutamine.]

	Histidine (His, H)
[image: Amino acid structure for Histidine.]
	Isoleucine (Ile, I)
[image: Amino acid structure for Isoleucine.]
	Leucine (Leu, L)
[image: Amino acid structure for Leucine.]





Amino acids worksheet answers
[image: Nine amino acid structures.]


SOP Biuret test for proteins
Equipment list for protein test (Biuret test)
· Dropping tile (spotting tile).
· Pipette or dropper.
· Biuret solution (or freshly prepared sodium hydroxide + copper (II) sulfate).
· Glass rod (for crushing samples if needed).
· Small pieces of food samples (e.g., cheese, egg, cooked meat, mayonnaise, bread).
· Safety goggles.
· Paper towel.
Instructions
1. Place a small piece of the food sample on the dropping tile.
2. Add enough Biuret solution to cover the sample (fill the well of the tile).
3. Observe the colour change in the solution around the food.
4. If no colour change occurs, crush the sample with a glass rod and repeat the test (especially for cheese or cooked meat).
 Expected Results
· Clear positive (purple/lilac): Cheese, egg, cooked meat → protein present.
· Some proteins present (light purple or slight change): Mayonnaise, bread, biscuit.
· Negative (blue): Apple, orange, onion, potato, cereal, sweets → no protein detected.
Protein test results table (Biuret test)
	Type of food
	Change in colour
	Positive or negative

	Cheese
	
	

	Egg
	
	

	Cooked meat
	
	

	Mayonnaise
	
	

	Bread
	
	

	Biscuit
	
	

	Apple
	
	

	Orange
	
	

	Onion
	
	

	Potato
	
	

	Cereal
	
	

	Sweets
	
	




The following materials relate to lesson 2:
· Jamie’s blog laboratory report.
· Evaluation of Jamie’s blog laboratory report.
· Quantitative report – milk protein.
· SOP colorimetry.
· Brand X report.
· Brand X report evaluation.



Jamie’s blog laboratory report
University of Moochester blog: Nutrition insights
https://blogs.moochester.ac.uk/nutrition-insights
Rapid Biuret screening of milk proteins
By Jamie Wheaton (First-Year BSc Nutrition Student, University of Moochester)
Aim
The aim of this experiment was to check protein levels in milk using the Biuret test.
Methods
The Biuret reagent was used for protein detection. A colorimeter was set to a blue filter at approximately 450 nm. Disposable microplate wells were employed. Readings were recorded as percentage transmittance (%T). Standards of bovine serum albumin (BSA) ranging from 0 to 8 mg/mL were prepared, and single readings were taken for each concentration. No reagent blank was included. The incubation time was five minutes. Whole milk and almond milk samples were tested undiluted.
Results
The 0 mg/mL standard gave a reading of 100% transmittance, while the 8 mg/mL standard gave 65% transmittance. Whole milk showed 72% transmittance, and almond milk showed 98% transmittance. A graph of % transmittance versus concentration was plotted, showing a downward slope with an R² value of 0.92.
[image: A graph to show Transmittance cs Concentration.]
Conclusion (student’s statement)
The Biuret test confirmed the presence of protein because the solution turned purple. This shows that milk contains protein. Therefore, the method is suitable for determining protein content in milk.
Instructor feedback: What Jamie did well
✅ Clear aim – The student stated the purpose of the experiment concisely.
✅ Basic data handling – A graph was produced, and an R² value was calculated, showing an attempt to analyse the trend.
✅ Observation recorded – The student noted the colour change, linking it to protein presence.
✅ Effort in Standards – Prepared a range of BSA standards, even if only single readings were taken.
Areas for improvement
• Convert %T to absorbance for proper interpretation.
• Include a reagent blank and replicate readings for reliability.
• State reagent composition and control path length.
• Provide actual protein concentration calculations, not just colour change.
Why share this?
This post is part of our ‘Learning in Progress’ series, where first-year students showcase their work and receive constructive feedback. It’s a great way to see how scientific skills develop over time!
Source: Report created by TRIP author including fictitious link. 


Evaluation of Jamie's blog laboratory report
	Aspect to look for
	What was done?
	Evidence from the text
	Why is this good or not good practice?

	Reagent used
	Biuret reagent is used to detect protein.
	“The Biuret reagent was used for protein detection” (line 1).
	This is suitable because Biuret detects protein bonds.

	Replicates
	Only one reading was taken.
	“Single readings were taken for each concentration” (line 6).
	This is poor because the results may not be reliable. Errors cannot be spotted.

	Reagent blank
	No blank used.
	“No reagent blank was included” (line 7).
	This is poor because background absorbance cannot be removed.

	Path length
	Path length not stated.
	“Disposable microplate wells were employed” (line 3).
	This is poor because absorbance depends on path length.

	Reagent composition
	Chemicals not stated.
	Biuret reagent is named only.
	This is poor because another lab cannot repeat the method.

	Data analysis
	No data analysis is described.
	No mention of regression or averaging.
	This is poor because patterns in the data cannot be checked.

	Standardised method
	Some steps are given.
	Wavelength and time stated.
	Some standard steps are used, but key controls are missing.

	Reproducibility
	Results unlikely to match other laboratories.
	Missing blank, replicates, and composition.
	Different labs would probably get different results.




Quantitative report – milk protein
Quantitative determination of milk protein by the Biuret reaction at 550 nm
Dr Millicent Creamer, Department of Dairy Innovation, Institute of Nutritional Superiority
Prof. Hugh Lactose, Chair of Comparative Milk Studies, Institute of Nutritional Superiority
Dr Brie Whey, Senior Researcher in Protein Dynamics, Institute of Nutritional Superiority
Abstract
This study aimed to accurately quantify protein concentration in cow and plant-based milks using the Biuret assay. The method employed proper reagent composition, calibration, replicates, and statistical analysis to ensure reliability for routine laboratory applications.
Aim
The aim of this study was to accurately quantify protein concentration in cow and plant-based milks using the Biuret assay.
Methods
The Biuret reagent was prepared using copper(II) sulphate (CuSO₄·5H₂O) at 1.5 g/L, sodium hydroxide (NaOH) at 30 g/L, potassium sodium tartrate at 6 g/L, and potassium iodide at 0.5 g/L. These components stabilise the copper complex and prevent precipitation, which is essential for accurate colorimetric readings (Gornall et al., 1949). Standards of bovine serum albumin (BSA) ranging from 0 to 8 mg/mL were prepared in water, with three replicates per concentration to ensure statistical reliability (Layne, 1957). A reagent blank was used to zero the instrument, minimising baseline drift (Robinson et al., 2018). For each test, 1.0 mL of sample or standard was mixed with 4.0 mL of Biuret reagent and incubated for 30 minutes at room temperature, protected from light to avoid photodegradation of the copper complex (Sapan et al., 1999). Absorbance was measured using a calibrated spectrophotometer at 540–550 nm in 1 cm path-length cuvettes, as recommended for optimal sensitivity (Robinson et al., 2018). If a microplate was used, path-length correction was applied (Stoscheck, 1990). Data were analysed using ordinary least squares linear regression with the equation A = m·C + b, and slope, intercept, R², standard errors, and residuals were reported. Limits of detection (LOD) and quantification (LOQ) were calculated from the standard deviation of the blank following IUPAC guidelines (Thompson et al., 2002).
Results
The calibration curve showed a strong linear fit with the equation A = 0.120·C + 0.000 and an R² value of 0.999. Residuals were random with a mean close to zero. The LOD and LOQ were calculated using the formulas LOD ≈ 3σ_blank/m and LOQ ≈ 10σ_blank/m. Milk samples were analysed, and the following mean concentrations (± standard deviation) were obtained:
	Sample
	Protein concentration (mg/mL ± SD)

	Whole milk
	32.1 ± 1.4

	Semi-skimmed milk
	29.4 ± 1.2

	Skimmed milk
	27.8 ± 1.1

	Soy milk
	7.6 ± 0.6

	Almond milk
	1.2 ± 0.3


[image: Graph to show a calibration curve.]
Figure 1. Calibration curve for the Biuret assay showing linearity (A = 0.120·C + 0.000, R² = 0.999).
Discussion
The Biuret assay demonstrated excellent linearity across the tested range, and matrix dilution effectively minimised turbidity. The study noted differences in protein response between BSA and plant proteins and recommended the Kjeldahl or Dumas methods for reference validation in industrial applications.
Conclusion
The Biuret method provided reliable quantitative measurements of protein concentration in milk samples. The use of proper calibration, replicates, and statistical analysis ensures that this method is suitable for routine laboratory and quality control applications.
Funding
This work was supported by the Institute of Nutritional Superiority.
Conflict of interest
The authors declare no conflict of interest.
Authors
Dr Millicent Creamer, Prof. Hugh Lactose, Dr Brie Whey; Institute of Nutritional Superiority.
Peer Review
Reviewed by Dr Almond Oatley (Centre for Sustainable Nutrition), Prof. Soy Beanfield (University of Alternative Proteins), Dr Cashew Nutman (Institute for Vegan Chemistry).
Bibliography
Gornall, A.G., Bardawill, C.J. and David, M.M. (1949) ‘Determination of serum proteins by means of the Biuret reaction’, Journal of Biological Chemistry, 177(2), pp. 751–766.
Layne, E. (1957) ‘Spectrophotometric and turbidimetric methods for measuring proteins’, Methods in Enzymology, 3, pp. 447–454.
Robinson, H.W., et al. (2018) ‘Advances in protein quantification techniques’, Analytical Biochemistry, 556, pp. 1–10.
Sapan, C.V., Lundblad, R.L. and Price, N.C. (1999) ‘Colorimetric protein assay techniques’, Biotechnology and Applied Biochemistry, 29(2), pp. 99–108.
Stoscheck, C.M. (1990) ‘Quantitation of protein’, Methods in Enzymology, 182, pp. 50–68.
Thompson, M., Ellison, S.L.R. and Wood, R. (2002) ‘Harmonized guidelines for single-laboratory validation of methods of analysis’, Pure and Applied Chemistry, 74(5), pp. 835–855.
Source: Report created by TRIP author.


SOP colorimetry
Purpose
To measure the absorbance of protein standards using the Biuret test and a colorimeter.
Principle
Protein reacts with the Biuret reagent to form a violet colour.
Higher protein concentration produces a darker colour and higher absorbance at 540–550 nm.
Materials
· Ready‑made protein standards (labelled).
· Biuret reagent.
· Distilled water (for the blank).
Equipment
· Test tubes.
· Pipette.
· Colorimeter (540–550 nm).
· 1 cm cuvettes.
· Gloves and goggles.
Safety
· Biuret reagent contains sodium hydroxide (corrosive).
· Wear gloves and goggles at all times.
Procedure 
1. Label test tubes with the standard concentrations provided.
2. Add standard: Pipette 1.0 mL of each prepared standard into a test tube.
3. Add reagent: Add 4.0 mL Biuret reagent to each tube.
4. Top up with distilled water to 10 mL total volume.
5. Mix gently.
6. Leave for 30 minutes at room temperature.
7. Zero the colorimeter using the blank.
8. Measure absorbance of each standard at 540–550 nm.
9. Record your results in the table provided.


Results table
	Tube number
	Concentration (mg/mL)
	Absorbance (540–550 nm)

	0 (Blank)
	0.0
	

	1
	1.0
	

	2
	2.0
	

	3
	3.0
	

	4
	4.0
	

	5
	5.0
	

	6
	6.0
	

	7
	7.0
	

	8
	8.0
	





Brand X report
Superior protein content in Brand X dairy milk is demonstrated by biuret testing
Dr Clarissa Creamline, Mr Norman Wheyfield, Ms Bella Butterworth
Brand X Milk Ltd. Research Division, Cambridge, UK
Correspondence: research@brandxmilk.example
Abstract
Protein levels in milk products were surveyed via Biuret colorimetry to benchmark relative protein performance. Using an established wavelength (550 nm) and a practical single-read workflow, we derived a comparative protein score highlighting Brand X whole milk as the densest source among the products screened. The approach prioritised throughput and consumer-relevant handling; results support the positioning of dairy as a robust protein option in everyday use.
Aim
The aim of this study was to demonstrate that Brand X milk has the highest protein content compared to other milk products.
Methods
Protein content was assessed using the Biuret test with absorbance recorded at 550 nm in standard cuvettes. A streamlined protocol was employed to support rapid screening: each sample was measured once, and results were summarised as comparative protein scores derived from absorbance. Bovine serum albumin (BSA) standards (0–8 mg/mL) were prepared to contextualise the response. Products were evaluated as purchased to reflect typical consumer use.
Results
Across the screened products, Brand X whole milk achieved the highest Protein Score (set as 100), with almond milk and oat milk registering lower scores (45 and 40, respectively). The relative ranking was consistent with the deeper purple chromogenic response observed for Brand X. Statistical significance was reported (p < 0.05) for between-product differences under the applied workflow.
[image: Bar chart to show protein score comparison of milk samples.]
Figure 1. Protein score comparison (arbitrary units). Brand X whole milk exhibits the highest score relative to almond and oat milk. Values reflect single-read Biuret responses at 550 nm.
Discussion
These findings suggest that, under practical handling, Brand X whole milk consistently delivers a stronger Biuret response than the plant-based comparators screened. The observed signal aligns with expectations for protein-dense formulations and may be indicative of favourable peptide availability in a typical serving context. While plant-based products provide diverse options, their colorimetric responses in this survey trended lower, reinforcing dairy’s role as a reliable protein benchmark for everyday nutrition.
Conclusion
Under the applied screening conditions, Brand X whole milk ranked highest by Protein Score, supporting its positioning as a leading source of dietary protein among the products assessed. Future work may expand product coverage and incorporate enhanced statistical replication to enrich comparative insights.
Funding
This work was supported by Brand X Milk Ltd.
Conflict of Interest
All authors are employees of Brand X Milk Ltd. The sponsor had input on the study concept and presentation of findings.
Authors
Dr Clarissa Creamline (Lead Scientist), Mr Norman Wheyfield (Senior Product Analyst), MsBella Butterworth (Marketing Science Specialist); Brand X Milk Ltd. Research Division, Cambridge, UK.
Peer Review
This article was reviewed by Dr Graham Cracker (Institute of Culinary Sciences), ProfHazel Nutley (University of Green Foods), and Dr Percy Pecan (Centre for Ethical
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Brand X report evaluation
	Aspect to look for
	What was done?
	Evidence from the text
	Why is this good or not a good practice?

	Reagent used
	Biuret reagent is used to detect protein.
	“The Biuret reagent was used for protein detection” (line 1).
	This is suitable because Biuret detects protein bonds.

	Replicates
	
	
	

	Reagent blank
	
	
	

	Path length
	
	
	

	Reagent composition
	
	
	

	Data analysis
	
	
	

	Standardised method
	
	
	

	Reproducibility
	
	
	



The following materials relate to lesson 3:
· CRAAP evaluation form.
· CRAAP evaluation of lactase research sources.
· Completed CRAAP evaluations. 
· Lactase sources evaluations.
Learners will also need access to the Brand X report (from Lesson 2).


CRAAP evaluation form
Use this form to evaluate the Brand X report as a credible source of information. 
	CRAAP criteria
	Yes or No. Evidence.

	Currency – Is the information up to date?
	

	Relevance – Does it relate to your topic being researched?
	

	Authority – Is the author or publisher credible?
	

	Accuracy – Is the information supported by evidence?
	

	Purpose – Is the source unbiased and clear in intent?
	

	Are there any comments to make?
	





CRAAP evaluation of lactase research sources 
Purpose
In this activity, you will work in groups to evaluate research sources using the CRAAP criteria.
CRAAP Criteria
· Currency – Is the information up to date?
· Relevance – Does it relate to your topic?
· Authority – Is the author or publisher credible?
· Accuracy – Is the information supported by evidence?
· Purpose – Is the source unbiased and clear in intent?
Instructions
Work in groups. Read information on the Sources. You don’t need to read Source 1, as that has been covered with the teacher. For each source, complete the CRAAP evaluation table. 
Source 1. Structure and Function of Lactase in Human Digestion (2018, Journal of Molecular Biology)
Abstract: Lactase-phlorizin hydrolase (LPH) is a critical enzyme in human carbohydrate metabolism, catalysing the hydrolysis of lactose into glucose and galactose. This study investigates the structural domains of LPH, emphasising its catalytic mechanism and genetic regulation in the small intestine.
Methodology: X-ray crystallography and site-directed mutagenesis on human intestinal samples.
Data: Structural resolution at 2.5 Å; active site residues identified (Glu-174, Asp-301).
Results: Enzyme activity confirmed at pH 6.0; mutations reduced activity by 80%.
Conclusion: Lactase stability depends on post-translational modifications; findings explain lactose intolerance mechanisms.
	Currency
	Relevance
	Authority
	Accuracy
	Purpose
	Comments

	✔
	✔
	✔
	✔
	✔
	Peer-reviewed, recent, highly cited; strong methodology and data.




Source 2. Lactase Supplements: A Consumer Perspective (2021, Nutrition Marketing Review)
Abstract: The global market for lactase supplements has expanded significantly, driven by increasing awareness of lactose intolerance. This article reviews consumer trends, marketing strategies, and health claims associated with lactase products.
Methodology: Survey of 500 consumers; analysis of marketing claims from 20 supplement brands.
Data: 78% reported symptom relief; only 2 brands cited clinical trials.
Results: Most claims lacked scientific backing; consumer trust was driven by advertising.
Conclusion: Market growth is high, but evidence for efficacy is weak; regulatory oversight is needed.
	Currency
	Relevance
	Authority
	Accuracy
	Purpose
	Comments

	
	
	
	
	
	









Source 3. Evolutionary aspects of lactase persistence (2005, Human Genetics Journal)
Abstract: Lactase persistence, the continued expression of lactase into adulthood, represents a striking example of gene-culture coevolution. This review synthesises genetic studies linking lactase persistence to polymorphisms in the LCT gene and correlates these with historical patterns of dairy consumption.
Methodology: Review of 15 genetic studies; analysis of allele frequency in 12 populations.
Data: LCT gene polymorphism (C/T-13910) is strongly associated with dairy consumption.
Results: Persistence rates: Northern Europe (90%), East Asia (<10%).
Conclusion: Lactase persistence evolved under selective pressure from dairy farming; older data limits genomic accuracy.
	Currency
	Relevance
	Authority
	Accuracy
	Purpose
	Comments

	
	
	
	
	
	









Source 4. Lactose intolerance and enzyme therapy: a review (1999, Clinical Nutrition Insights)
Abstract: This review examines clinical strategies for managing lactose intolerance, focusing on enzyme therapy and dietary modification.
Methodology: Compilation of 25 clinical trials (1980–1998).
Data: Oral lactase reduced symptoms in 65% of cases; compliance issues noted.
Results: Enzyme therapy is effective but less convenient than dietary changes.
Conclusion: Historical relevance but outdated for modern formulations and microbiome research.
	Currency
	Relevance
	Authority
	Accuracy
	Purpose
	Comments

	
	
	
	
	
	







Source 5. Understanding lactase: a student guide (2023, Educational Blog)
Abstract: This educational resource provides a simplified overview of lactase enzyme function for secondary and undergraduate students.
Methodology: Educational blog post; simplified diagrams and analogies.
Data: No experimental data; relies on secondary sources without citations.
Results: Provides clear explanations for learners but lacks scientific rigour.
Conclusion: Useful for basic understanding, not suitable for academic research.
	Currency
	Relevance
	Authority
	Accuracy
	Purpose
	Comments

	
	
	
	
	
	








Completed CRAAP evaluations
[bookmark: _Hlk217391303]This document provides suggested answers for the CRAAP evaluation of lactose research sources. 
Currency: ✔
Relevance: ✔
Authority: ✔
Accuracy: ✔
Purpose: ✔
Comments: Peer-reviewed, recent, highly cited; strong methodology and data.
[bookmark: _Hlk216992897]Credible for academic use. Strengths: robust methodology, clear data. Weaknesses: focused on molecular structure only.
Source 2. Lactase supplements: a consumer perspective (2021)
Currency: ✔
Relevance: ✔
Authority: ⚠
Accuracy: ⚠
Purpose: ✖
Comments: Commercial source lacks scientific rigour; biased purpose.
Limited credibility. Strengths: current market trends. Weaknesses: low authority, biased, minimal evidence.
Source 3. Evolutionary aspects of lactase persistence (2005)
Currency: ⚠
Relevance: ✔
Authority: ✔
Accuracy: ✔
Purpose: ✔
Comments: Foundational but outdated; good genetic data.
Partially credible. Strengths: explains cultural evolution. Weaknesses: predates genome-wide studies.


Source 4. Lactose intolerance and enzyme therapy: A review (1999)
Currency: ✖
Relevance: ✔
Authority: ✔
Accuracy: ⚠
Purpose: ✔
Comments: Too old for current clinical practice; historical context only.
Not credible for modern use. Strengths: historical trials. Weaknesses: outdated, lacks modern data.
Source 5. Understanding lactase: A student guide (2023)
Currency: ✔
Relevance: ✔
Authority: ✖
Accuracy: ⚠
Purpose: ⚠
Comments: Educational blog, not peer-reviewed; lacks citations.
Not credible for academic use. Strengths: accessible for beginners. Weaknesses: lacks authority and evidence.
Final Reflection
Most credible: Source 1. 
Least credible: Sources 5 and 2. 
Reason: Peer-reviewed vs. biased/non-scientific.


Lactase sources evaluations
Evaluation for source 2
This source is up to date and relevant to lactase supplements. However, authority is limited because it is published in a marketing review rather than a scientific journal. Accuracy is weak as most claims are not supported by clinical evidence. The purpose appears commercial, which introduces bias. Overall, the source is useful for understanding consumer trends, but not reliable for scientific conclusions.
Johnson, R. (2021) Lactase supplements: a consumer perspective. Nutrition Marketing Review. Commercial Publisher. 
Evaluation for source 5
This source is up to date and relevant to understanding lactase. However, the authority is low because it is an educational blog and not written by researchers. Accuracy is limited as no experimental data or references are provided. The purpose is mainly educational, which limits its academic value. Overall, the source is useful for basic understanding, but not suitable for academic research.
Education Hub (2023) Understanding lactase: a student guide. Biology Learning Hub. Available at: https://blogsite.com (Accessed: March 2026). 


The following materials relate to lesson 4:
· SOP catalase enzyme reaction.



SOP catalase enzyme reaction
Purpose
To determine how substrate concentration (hydrogen peroxide) affects the rate of a catalase-catalysed reaction using gas collection, and to generate quantitative data suitable for calculating mean and standard deviation.
Principle
Catalase, a globular enzyme, decomposes hydrogen peroxide (H₂O₂) into water and oxygen. Increasing substrate concentration typically increases the rate until active sites are saturated. The volume of oxygen evolved over time is used as a proxy for reaction rate.
Controls
Negative control: apparatus check with no catalase (optional). 
Replicates: at least three repeats per substrate concentration for statistical analysis.
Reagents
Hydrogen peroxide (20 vol.) and distilled water for dilution series (e.g., 2, 4, 8, 16, 20 vol.)
Potato cylinders (source of catalase).
Equipment
Measuring cylinder (50 cm³).
Beakers (250 cm³).
Conical flask (250 cm³) with bung and delivery tube.
Water trough for gas collection.
Ruler, cork borer, knife, white tile.
Stopwatch.
Marker pen.
PPE: eye protection (goggles), lab coat, gloves (as required).
Risk assessment
Hydrogen peroxide (20 vol.) is an irritant: wear eye protection at all times. Handle carefully and wash spills with plenty of water.
Use caution with knives, cork borers and glassware to avoid cuts and breakages.
Dispose of waste according to local guidance; rinse apparatus thoroughly after use.
Procedure
A. Preparation
Label five beakers for substrate concentrations (e.g., 2, 4, 8, 16, 20 vol.). Prepare the dilution series as required.
Cut five potato cylinders using a cork borer; remove the skin; standardise length to five cm using a ruler.
Set up gas-collection apparatus: fill a measuring cylinder with water, invert it in the trough, and connect it to the conical flask via a delivery tube and bung.
B. Data collection
Add one potato cylinder to the conical flask and prepare the stopwatch.
Pour 100 cm³ of the lowest H₂O₂ concentration into the flask, immediately secure the bung and start the stopwatch.
Record the volume of gas in the measuring cylinder every 30 seconds for three minutes.
Rinse and reset the apparatus. Repeat for each increasing substrate concentration using fresh 100 cm³ portions.
Where possible, obtain data from other pairs to achieve at least three replicate runs per concentration.


Results table 
	Concentration of hydrogen peroxide (vol.)
	Time (s)
	Volume of oxygen produced (cm3) after ‘x’ (s)
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The following materials relate to lesson 5:
· Results analysis worksheet.
· Graph summarising all the data.



Results analysis worksheet
Effect of substrate concentration on catalase 
1. Input the tables below into Excel. 
2. Highlight any anomalies and exclude them from your calculations. 
3. Calculate the mean. 
4. Calculate the standard deviation and the standard error.
5. Make a graph.
Table 1: Concentration of hydrogen peroxide: 2 vol.
	Time (s) / Measurement
	30
	60
	90
	120
	150
	180

	Replicate 1
	3.0
	5.8
	8.3
	9.1
	10.0
	11.0

	Replicate 2
	2.9
	6.1
	7.7
	9.2
	10.2
	10.7

	Replicate 3
	2.9
	6.0
	7.9
	9.5
	10.7
	11.1

	Mean 
	2.93
	5.97
	7.97
	9.27
	10.30
	10.93

	SD (n-1)
	0.06
	0.15
	0.31
	0.21
	0.36
	0.21



Table 2: Concentration of hydrogen peroxide: 4 vol.
	Time (s) / Measurement
	30
	60
	90
	120
	150
	180

	Replicate 1
	6.7
	12.2
	16.7
	19.2
	23.7
	26.2

	Replicate 2
	6.2
	11.8
	15.7
	20.7
	23.5
	24.7

	Replicate 3
	6.7
	11.6
	15.3
	20.2
	28.1
	25.1

	Mean 
	6.53
	11.87
	15.90
	20.03
	25.10
	25.33

	SD (n-1)
	0.29
	0.31
	0.72
	0.76
	2.60
	0.78



Table 3: Concentration of hydrogen peroxide: 6 vol.
	Time (s) / Measurement
	30
	60
	90
	120
	150
	180

	Replicate 1
	9.3
	17.1
	23.3
	29.2
	35.5
	37.9

	Replicate 2
	9.1
	17.3
	23.5
	22.8
	34.5
	38.1

	Replicate 3
	9.3
	16.2
	23.0
	29.3
	34.5
	40.7

	Mean 
	
	
	
	
	
	

	SD (n-1)
	
	
	
	
	
	


Guidance
How to calculate the mean 
1. Put your 3 results into cells (example: B2, C2, D2).
2. Click the cell where the mean should go.
3. Type: =AVERAGE(B2:D2)
4. Press Enter.
5. Use the little square (bottom‑right of the cell) to drag the formula down.
6. =AVERAGE(B2:C2)
How to calculate standard deviation (SD)
1. Put your 3 results in B2, C2, D2.
2. Click the cell where SD should go.
3. Type: =STDEV.S(B2:D2)
4. Press Enter.
5. Drag the formula down.
6. =STDEV.S(B2:C2)
How to make a graph in Excel
A. Put in your data
· X‑values (e.g., time): Column A
· Means (your averages): Column B
B. Highlight your data
· Click and drag over A and B.
C. Insert the graph
1. Go to Insert → Scatter → Scatter (only markers).
2. Your graph will appear.
D. Add axis labels
1. Click the graph.
2. Go to Chart Design → Add Chart Element → Axis Titles.
3. Label the X‑axis (what you changed).
4. Label the Y‑axis (what you measured).
E. Add error bars (using your SD values)
1. Click your graph.
2. Go to Chart Design → Add Chart Element → Error Bars → More Options.
3. Choose Custom.
4. Click Specify Value.
5. Select your SD cells for both positive and negative values.
6. Click OK.
Example of how a graph can look with error bars
[image: A graph to show ] 


Graph summarising all the data
Write a conclusion based on what the graph shows. Use the space below.
[image: A combine graph with error bars to show the results of the experiment for all hydrogen peroxide values.]Conclusion:


The following materials relate to lesson 6:
· Short report.
· Enzyme article report.
· Abstracts for analysis.
· Abstract analysis worksheet.



Short report
Open Journal of Student Biochemistry
March 2026 | Volume 1 | Issue 3 | e000019
A Classroom Investigation of the Lock and Key Model Using Catalase Activity
Elena R. Montes¹, Joshua Y. Chen², and Priya K. Das³*
¹ Department of Life Sciences, Westbrook Community College, UK
² School of Applied Biology, Stonemere Sixth Form Institute, UK
³ Centre for Molecular Learning, North Coast Education Trust, UK
*Corresponding Author: e.montes@wccbiochem.org 
Introduction
Enzymes are essential biological catalysts involved in almost every metabolic process. Understanding how enzymes recognise their substrates is fundamental in biochemistry education. The lock-and-key model, first proposed by Emil Fischer, suggests that the active site of an enzyme is shaped precisely to fit only one substrate.
Although this model provides a simplified view of enzyme–substrate interactions, it remains an important teaching tool.
Many students learn theoretically but rarely have the opportunity to test it experimentally. This study presents a short, controlled classroom experiment designed to illustrate substrate specificity in a way that is measurable, visible, and accessible. Catalase was chosen because it is easy to extract from plant tissue and produces visible oxygen gas when reacting with hydrogen peroxide.
Aim
The aim of this investigation was to determine whether catalase shows substrate specificity consistent with the lock and key model by comparing its activity with hydrogen peroxide and several non-substrate solutions.
Method
Catalase extract was prepared by blending 50 g of fresh potato in 100 mL of cold distilled water and filtering the mixture. Four test conditions were prepared in separate measuring cylinders:
1. Hydrogen peroxide (3%) — expected substrate.
2. Distilled water — negative control.
3. Sucrose solution (5%) — non-specific substance.
4. Ethanol solution (5%) — non-specific substance.
For each condition, 5 mL of catalase extract was added to 10 mL of the test solution. Reaction cylinders were immediately observed for foam formation. Foam height was measured every 15 seconds for 60 seconds. The experiment was repeated three times at room temperature.
Results
Hydrogen peroxide produced rapid and sustained bubble formation in all three trials. The average foam height after 60 seconds was 45 mm ± 3 mm. All other test substances produced 0 mm foam height across all repeats (Table 1, Figure 1).
Table 1. Foam height after 60 seconds
	Condition
	Mean foam height (mm)
	Error (±mm)

	Hydrogen peroxide (3%)
	45
	3

	Distilled water
	0
	0

	Sucrose (5%)
	0
	0

	Ethanol (5%)
	0
	0



Figure 1. Catalase activity (foam height after 60 seconds)
[image: A bar chart to show catalase activity.]
Conclusion
The experiment demonstrated that catalase reacts exclusively with hydrogen peroxide under the conditions tested. This supports the lock-and-key model, which predicts that only substrates with the correct complementary shape can bind to the enzyme’s active site.
Because sucrose and ethanol did not produce any reaction, the results suggest that these molecules do not fit the active site of catalase. Future classroom investigations could compare the lock-and-key model with the induced fit model.
Acknowledgements
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Enzyme article report
Short Report (Induced‑Fit Model of Enzyme Activity
Open Journal of Student Biochemistry
March 2026 | Volume 1 | Issue 4 | e000027
A classroom investigation of the induced‑fit model using Amylase activity
Leah M. Ross¹, Daniel K. Turner², and Aisha P. Rahman³*
¹ Department of Life Sciences, Northbridge Community College, UK
² School of Applied Biology, Fairview Sixth Form Institute, UK
³ Centre for Molecular Education, West Coast Academic Trust, UK
*Corresponding Author: a.rahman@ncatlearning.org 
Introduction
Enzymes are biological catalysts that accelerate chemical reactions inside living organisms. Unlike the lock‑and‑key model, the induced‑fit model suggests that the enzyme’s active site is not rigid but moulds around the substrate once contact is made.
This flexibility helps enzymes bind more effectively and accounts for small variations in substrate structure.
Many students understand this only in theory. This short investigation provides a practical classroom demonstration of induced‑fit behaviour using amylase, a widely used enzyme that breaks down starch into sugars.
Aim
The aim of this investigation was to determine whether amylase shows induced‑fit characteristics by reacting at different speeds with starch solutions of varying concentration.
Method
Amylase extract was prepared by dissolving commercially available amylase powder in warm distilled water. Four starch concentrations were prepared in labelled test tubes:
1. 0.5% starch solution
2. 1% starch solution
3. 2% starch solution
4. 4% starch solution
For each condition, 2 mL of amylase solution was added to 5 mL of starch. Iodine solution was placed in spotting tiles. Every 20 seconds, a drop of the reaction mixture was transferred to iodine wells until the blue‑black colour disappeared.
The time to complete starch breakdown was recorded. The experiment was repeated three times to ensure reliability.
Results
Amylase broke down starch at all concentrations tested. The fastest reaction occurred with the 1% starch solution, which cleared the iodine colour in 40 ± 5 seconds across repeats (Table 1, Figure 1).
The 0.5% and 2% solutions showed moderate reaction speeds, while the 4% solution took the longest time to break down due to substrate saturation slowing enzyme adjustments.
These trends demonstrate that amylase modified its active site to accommodate all concentrations, but efficiency varied with substrate levels.
Table 1. Time taken for iodine–starch colour to disappear (seconds)
	Starch concentration
	Mean time (s)
	Error (± s)

	0.5%
	55
	5

	1%
	40
	5

	2%
	60
	5

	4%
	95
	10



Figure 1. Amylase activity across four starch concentrations
[image: A bar chart to show amylase activity across starch concentrations.]
Conclusion
The findings support the induced‑fit model, as amylase was able to react with all starch concentrations by adjusting its active site during binding.
The variation in reaction speed suggests that the enzyme’s structural flexibility allows it to perform efficiently across a range of substrate levels, with the highest efficiency occurring at moderate concentrations.
This classroom experiment provides clear, observable evidence of induced‑fit behaviour in enzyme activity.
Acknowledgements
The authors thank Northbridge Community College for laboratory access and the West Coast Academic Trust for supplying teaching materials.
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Abstracts for analysis 
Abstract 1 
Catalase is widely used as a model enzyme for teaching substrate specificity, yet few simplified assays explicitly test exclusivity in classroom conditions. This study examined whether catalase extracted from potato tissue reacts exclusively with hydrogen peroxide, as predicted by the lock‑and‑key model of enzyme action. Catalase extract was added to four test solutions—3% hydrogen peroxide, 0.9% sodium chloride, 5% sucrose, and 5% ethanol—with three independent repeats per condition, and foam height after 60 seconds was recorded as a proxy for reaction rate. Only hydrogen peroxide produced measurable activity, generating a mean foam height of 46 ± 4 mm, while all other solutions produced 0 mm across all repeats. These findings demonstrate that catalase activity occurred solely in the presence of hydrogen peroxide and support the interpretation that the enzyme exhibits strict substrate specificity consistent with the lock‑and‑key model.
Reference: Patel, R. (2026). Catalase substrate exclusivity in a teaching context. School Biochemistry Notes, 2(1), 11–14.
Abstract 2 
Enzyme–substrate recognition is often introduced via the induced‑fit model, which proposes that active‑site conformation adjusts upon substrate binding. We investigated whether salivary amylase exhibits context‑dependent activity across a range of starch concentrations under controlled conditions. Commercial amylase (1% w/v) was reacted with starch at 0.5%, 1%, 2% and 4% in a pH 7 buffer at 37 °C. Reaction progress was monitored using the iodine drop test every 20 s until loss of the blue‑black colour, and time‑to‑endpoint was recorded across three independent repeats per concentration. The enzyme remained active at all concentrations but displayed systematic rate differences: mean time‑to‑clear (±SD) was 65 ± 6 s (0.5%), 40 ± 5 s (1%), 58 ± 7 s (2%) and 95 ± 9 s (4%). Activity across all conditions, coupled with predictable rate shifts in response to substrate context, supports an induced‑fit interpretation in which conformational adjustment rather than strict exclusivity explains the observed kinetics.
Reference: Mensah, L. & Hargreaves, T. (2026). Context‑dependent amylase kinetics in a teaching lab. Classroom Enzymology Journal, 4(2), 33–37.
Abstract 3 
The extent to which enzymes discriminate among closely related substrates informs debates between strict lock‑and‑key specificity and models allowing conformational flexibility. We assessed substrate tolerance in a crude bromelain preparation using two related dipeptides (Ala–Phe and Ala–Tyr) that differ at a single terminal residue. Reactions were performed at pH 6.5 and 30 °C, and initial rates were quantified by absorbance changes at 280 nm over 10 min; kinetic parameters were estimated from triplicate assays using independent extracts. Both substrates were cleaved, with mean Vmax (μM·min⁻¹) of 4.8 ± 0.5 for Ala–Phe and 3.1 ± 0.4 for Ala–Tyr, and corresponding Km values of 0.22 ± 0.03 mM and 0.35 ± 0.05 mM, respectively. The presence of measurable activity toward both peptides, albeit with different efficiencies, argues against a strict lock‑and‑key requirement and is more consistent with induced‑fit flexibility of the active site.
Reference: Iqbal, Z. & Ng, C. (2026). Substrate flexibility of a plant protease in simplified assays. Student Biochemical Investigations, 1(4), 21–25.



Abstract analysis worksheet
Write your answers using evidence from the abstract. Use the headings: Decision, Evidence, and Reference.
Model example 
	Decision
	Evidence from the Abstract
	Reference

	Yes – the conclusion is mostly valid.
	Only hydrogen peroxide produced foam (mean 46 ± 4 mm). Other substrates produced no reaction. Results were repeated, increasing reliability.
	Patel, R. (2026). Catalase substrate exclusivity in a teaching context.


Abstract 1
	Decision
	Evidence from the abstract
	Reference

	
	
	





Abstract 2
	Decision
	Evidence from the abstract
	Reference

	

	
	





Abstract 3
	Decision
	Evidence from the abstract
	Reference

	
	
	





The following materials relate to lesson 7:
· Three enzyme studies extracts.
· Three enzyme studies extracts expected results.
· Research proposal template.
· Research proposal peer review checklist.


Three enzyme studies extracts
Model
Effect of pH on Amylase activity
In this experiment, we wanted to see how pH affects the activity of Amylase. We set up four conditions: acid, neutral, alkaline, and a no‑enzyme control. Each mixture was tested using the iodine colour test, and we recorded how long it took for the colour to disappear. During the setup, we later discovered several issues, such as a pH meter that was giving unstable readings, labels being mixed up, and different enzyme samples being used. These problems may have affected the results. See Table 1 for the conditions and Table 2 for what we observed. 
Table 1. Experimental conditions
	Field
	Value

	Date
	07/03/2026

	Operator initials
	JK

	pH meter calibration status
	Overdue – last calibrated: 12/12/2025; readings unstable.

	Buffer set (intended)
	Citrate (acid), Phosphate (neutral), Tris (alkaline).

	Label mix-up reported
	Yes – 'acid' and 'alkaline' labels swapped mid-preparation.

	Amylase lots
	FRESH-20260305; OLD-202509 (repeatedly opened).

	Storage notes
	Fresh kept on ice (4°C); old bottle stored at room temperature.

	Room temperature
	Varied: 22–28°C during setup.


Table 2. Results
	Condition
	Key Details
	What Was Observed

	Acid
	Target pH 3; meter reading unstable at 8.9; Tris buffer used; old enzyme (OLD‑202509); temperature 27.8 °C; no endpoint recorded.
	Looked similar to the other mixtures.

	Neutral
	Target pH 7; phosphate buffer; fresh enzyme (FRESH‑20260305); temperature 22 °C; 45 s to endpoint
	Colour disappeared quickly.

	Alkaline
	Target pH 9; meter reading 3.1; citrate buffer; old enzyme (OLD‑202509); temperature 24.5 °C; no endpoint recorded.
	No obvious change

	Control (no enzyme)
	No enzyme added; phosphate buffer; temperature 23 °C; no endpoint recorded.
	Mixture stayed cloudy.


Reference: Harper, J. (2025). Common procedural pitfalls in school‑based enzyme investigations. Journal of Introductory Practical Biology, 7(3), pp. 19–24.
Model analysis
	Gap / Error Type
	What happened (evidence)
	So what? (impact using keywords)

	Method
	pH was not properly measured or controlled; labels were mixed up; different enzyme samples were used; some steps (volumes/timing) were missing.
	Not valid (conditions unknown), not repeatable (steps unclear).

	Data
	“Looked similar by eye”; no exact volumes; no repeat trials.
	Not accurate (subjective), not precise (no repeats), not reliable

	Interpretation
	Claimed “pH didn’t change the reaction” despite weak evidence
	Conclusion not valid (evidence too poor to support claim)

	Context
	Ignored the known idea that amylase works best near pH ~7.
	Lowers validity/accuracy (misses expected pattern).

	Instrumental error
	pH meter overdue for calibration; readings unstable.
	Systematic error → not accurate, threatens validity.

	Human error
	“Acid” and “alkaline” labels swapped during setup.
	Not repeatable/reproducible; wrong conditions compared.

	Sampling error
	Neutral used fresh enzyme; acid/alkaline used old enzyme.
	Invalid comparison; lowers reliability/reproducibility.


Model summary 
This experiment does not give trustworthy results. The pH wasn’t properly checked, some labels were mixed up, and different enzyme samples were used in different beakers. Observations were judged by eye; there were no repeats, and important details like volumes and exact times were not recorded. These problems mean the test is not valid, not reliable, not accurate, and not repeatable or reproducible. Because of this, the claim that “amylase works the same at all pH values” is not supported by the evidence.


Extract 1 – catalase action
This practical test whether catalase from potato only reacts with hydrogen peroxide (H₂O₂). You will add the same volume of catalase extract to four solutions—3% hydrogen peroxide, 0.9% salt (NaCl), 5% sugar (sucrose), and 5% ethanol—and then read the foam height after 60 seconds in a measuring cylinder. Foam is produced when catalase breaks down hydrogen peroxide and releases oxygen, so more foam means a faster reaction.
Table 1. Experimental conditions
	Variable / Material
	Level / Setting
	Details

	Tissue (enzyme source)
	Potato (~20 g)
	Crude catalase extract

	Extraction solvent
	Cold distilled water (40 mL)
	1:2 w/v homogenate

	Reaction vessel
	50 mL measuring cylinder
	Read foam height (mm)

	Test solutions
	3% H₂O₂; NaCl; sucrose; ethanol
	Prepared fresh

	Volumes
	5 mL solution + 5 mL extract
	10 mL total

	Temperature
	22 ± 2°C
	Room temperature

	Timing
	60 seconds
	Measure foam height

	Replicates
	n = 3
	Independent repeats


Table 2. Results
	Condition
	Repeat 1 (mm)
	Repeat 2 (mm)
	Repeat 3 (mm)
	Mean (mm)
	SD (mm)

	3% H₂O₂
	42
	48
	48
	46.00
	3.46

	0.9% NaCl
	0
	0
	0
	0.00
	0.00

	5% sucrose
	0
	0
	0
	0.00
	0.00

	5% ethanol
	0
	4
	0
	1.33
	2.31


Expected results: In this experiment, the expected pattern is that catalase should only break down hydrogen peroxide, producing a clear foam height because oxygen is released during the reaction. None of the other solutions—salt, sucrose, or ethanol—are true substrates for catalase, so they are expected to produce no foam at all. The highest and most consistent foam height should occur with 3% hydrogen peroxide, showing strong enzyme activity, while all other conditions stay at 0 mm, confirming that catalase is highly specific and only reacts with its correct substrate.
Reference: Patel, R. (2026). Catalase substrate exclusivity in a teaching context. School Biochemistry Notes, 2(1), 11–14.
Task
Complete this analysis table.
	Gap / Error Type
	What happened (evidence)
	So what? (impact using keywords)

	Method
	
	

	Data
	
	

	Interpretation
	
	

	Context
	
	

	Instrumental Error
	
	

	Human Error
	
	

	Sampling Error
	
	





Extract 2 – enzyme substrate key and lock
This practical explores how salivary amylase breaks down starch when the starch concentration changes. You will test four different concentrations of starch—0.5%, 1%, 2% and 4%—and measure how long it takes for the iodine colour to disappear, which shows that the starch has been broken down. All mixtures are kept at pH 7 and 37 °C. By comparing the times recorded for each concentration, you can decide how substrate concentration affects enzyme activity and whether the results fit with the induced‑fit idea, where an enzyme can adjust slightly to different substrates or conditions. 
Table 1: Experimental conditions 
	Variable/material
	Level/setting
	Details

	Enzyme source
	Commercial salivary amylase (1% w/v).
	Prepared fresh; mixed gently.

	Substrate concentrations
	0.5%, 1%, 2%, 4% soluble starch
	Dissolved in a pH 7 buffer.

	Buffer
	pH 7 phosphate buffer
	Maintains neutral pH.

	Temperature
	37 °C (water bath)
	Instrumental issue: the thermometer was reading 2 °C too low.

	Reaction volume
	Standardised (not specified; assume equal volumes).
	Equal volumes of enzyme + substrate.

	Mixing
	Gentle mixing at the start.
	Avoid foaming.

	Timing interval
	Test every 20 s using the iodine drop test.
	Stop when the blue‑black colour disappears.

	Endpoint measurement
	Time to loss of colour(s).
	Indicator of starch breakdown.

	Replicates
	3 independent repeats per concentration.
	Fresh enzyme–substrate mix each time.

	Control
	Not required (enzyme active across all conditions).
	All concentrations tested.

	Safety
	Standard lab PPE.
	Iodine stain caution.


Table 2. Results 
	Starch concentration
	Repeat 1 (s)
	Repeat 2 (s)
	Repeat 3 (s)
	Mean (s)
	SD (s)

	0.5%
	62
	70
	63
	65
	6

	1%
	36
	44
	40
	40
	5

	2%
	52
	60
	62
	58
	7

	4%
	88
	102
	95
	95
	9


Reference: Mensah, L. & Hargreaves, T. (2026). Context‑dependent amylase kinetics in a teaching lab. Classroom Enzymology Journal, 4(2), 33–37.
Task
Complete this analysis table.
	Gap / Error Type
	What happened (evidence)
	So what? (impact using keywords)

	Method
	
	

	Data
	
	

	Interpretation
	
	

	Context
	
	

	Instrumental Error
	
	

	Human Error
	
	

	Sampling Error
	
	





Three enzyme studies extracts expected results
Extract 1 
	Gap/error Type
	What happened (evidence)
	So what? (impact using keywords)

	Method
	Same volumes used; fixed 60‑second timing; room temperature; 3 repeats per condition.
	Valid method; repeatable and fairly well‑controlled.

	Data
	Clear foam heights recorded; repeats included; mean and SD calculated; one value copied wrongly.
	Mostly accurate and precise; a small error reduces accuracy slightly.

	Interpretation
	Only hydrogen peroxide produced foam; others stayed at 0 mm.
	Conclusion is valid (pattern supports substrate specificity).

	Context
	Only one potato extract was used; limited alternative solutions were tested.
	Lowers external validity (cannot generalise widely)

	Instrumental error
	Foam height read by eye in a measuring cylinder.
	Minor reading error possible, but still accurate enough.

	Human error
	One foam value was transcribed incorrectly.
	Slightly lowers accuracy but does not change the pattern.

	Sampling error
	Only one batch of crude extract was used.
	May affect reproducibility, but acceptable for class.


Extract 2 
	Gap/error Type
	What happened (evidence).
	So what? (impact using keywords).

	Method
	The water bath thermometer was 2 °C wrong; same volumes assumed but not written; only iodine drop test used; no strict control of conditions.
	Not fully valid; conditions not controlled well; may affect repeatability.

	Data
	Times measured every 20 s; 3 repeats per concentration; clear numbers for each repeat.
	Reliable (repeats), accurate enough, precise (small SDs).

	Interpretation
	Found the fastest rate at 1%, slower at low/high concentrations.
	Valid conclusion – matches pattern seen in results.

	Context
	Only one enzyme source and pH 7 were tested; only starch concentration changed.
	Limits external validity (can’t generalise to pH changes or other enzymes).

	Instrumental error
	The thermometer reading was 2 °C too low for the whole experiment.
	Temperature wrong → affects the accuracy and validity of rates.

	Human error
	Possible timing reaction by eye; manual iodine testing each time.
	Small timing mistakes possible → slightly reduce precision.

	Sampling error
	Only one enzyme batch, one test per concentration set.
	Slight limits on reproducibility, but repeats help reliability.





Research proposal template
1. Research question
Hint: Turn your chosen gap or error into a clear scientific question.
Example: “How does accurate temperature control affect amylase activity?”



2. Hypothesis
Hint: Make a testable statement linking the independent variable (IV) to the dependent variable (DV).
Example: “If the temperature is kept accurately at 37°C, then the reaction time will be faster.”



3. Standard Operating Procedure (SOP)
Purpose
Hint: What is the aim of this experiment? What will it help you find out?



Risk assessment
Hint: Describe any hazards—hot water, glassware, iodine, enzymes—and how to work safely. 






Protocol
Hint: Write your method step‑by‑step so another student could repeat it exactly.
Include:
· Preparation steps (temperatures, volumes, and timings).
· The variables that will be in place (dependent and independent).
· How you will control variables (e.g., pH, enzyme volume).
· How you will measure the dependent variable (e.g. colour change, time).
· Number of repeats.
· How you will record results.
· The endpoint (what counts as “finished”).


Research proposal peer review checklist
Give 1 = very weak, 5 = excellent. Add comments for improvement.
	Criteria
	Mark 1-5
	Comments

	Research Question 
Is the question clear, focused, and linked to a real gap/error?
	
	

	Hypothesis
Is it a testable independent variable → dependent variable prediction (not a question)?
	
	

	Purpose 
Do they explain the aim of the experiment?
	
	

	Risk Assessment
Did they include hazards and how to work safely?
	
	

	Protocol 
Are all questions answered?
	
	

	Total 
	
	




The following materials relate to lesson 8:
· Sugars research findings table.
· SOP Benedict’s test.


Sugars research findings table
	Section 
	Qualitative method 
	Quantitative method 

	Name of method. 
	 
	 

	What type of data does it give? 
	 
	 

	What does this test detect? 
	 
	 

	Equipment needed. 
	 
	 

	Step-by-step method (summary). 
	 
	 

	What result would you expect? 
	 
	 

	Example of result. 
	 
	 

	Why is this method reliable? 
	 
	 

	Is it reproducible and repeatable? Explain why. 
	 
	 

	Advantages of this method.
	 
	 

	Limitations of this method. 
	 
	 

	Harvard reference. 
	 
	 


 


Peer review comments section 
	Question 
	Peer reviewer comments 

	Is the method clearly explained? 
	 

	Are the sources reliable? 
	 

	Is the Harvard referencing, correct? 
	 

	Is the difference between qualitative and quantitative clear? 
	 

	One strength of this work: 
	 

	One improvement: 
	 




SOP Benedict’s test
Purpose
To detect and estimate the concentration of reducing sugars in liquid food samples using Benedict’s solution.
Principle
Reducing sugars react with Benedict’s reagent when heated, causing a colour change.
The colour change corresponds to the concentration of reducing sugar present:
· Blue = none.
· Green = low.
· Orange = moderate.
· Brick red precipitate = high.
Materials
· Liquid food samples (e.g., apple juice, milk, lemonade, fruit squash, sugar solution).
Equipment
· Test tubes.
· Test tube rack.
· Pipette or dropper.
· Benedict’s qualitative solution.
· Water bath (set to 80°C).
· Timer.
· Safety goggles.
Risk assessment
· Benedict’s solution may cause irritation to eyes and skin.
· Hot water bath (80°C) presents a burn risk.
· Wear safety goggles at all times.
· Handle hot test tubes carefully using tongs or a holder.
Procedure
1. Label test tubes for each sample.
2. Add sample: Pipette equal volumes (e.g., 2 mL) of each liquid food sample into a test tube.
3. Add reagent: Add an equal volume (e.g., 2 mL) of Benedict’s solution to each tube.
4. Mix gently.
5. Place the test tubes in a water bath at 80°C.
6. Heat for 5 minutes.
7. Carefully remove the tubes from the water bath.
8. Observe and record the colour change.
Results table
	Sample
	Colour change
	Interpretation

	Apple juice
	
	

	Lemonade
	
	

	Fruit squash
	
	

	Milk
	
	

	Sugar solution 
	
	





The following materials relate to lesson 9:
· Four SOPs.
· Answers to four SOPs.
Learners will also need access to the CRAAP evaluation form from Lesson 3.



Four SOPs
SOP A 
Aim: to measure the concentration of reducing sugars using Benedict’s solution and a colorimeter and to produce a calibration curve. 
Principle: reducing sugars react with Benedict’s solution when heated. More sugar → more colour change and lower absorbance. 
Equipment: glucose standards (0–10 mM), Benedict’s solution, test tubes, pipettes, water bath (80°C), colorimeter (red filter >630 nm), cuvettes, distilled water. 
Method: 
1. Add 3 cm³ glucose solution to labelled tubes. 
2. Add 3 cm³ Benedict’s solution. 
3. Mix and heat at 80°C for 10 minutes. 
4. Allow to cool and settle. 
5. Transfer clear liquid to a cuvette. 
6. Zero the colorimeter with distilled water. 
7. Measure absorbance. 
SOP B 
Aim: to measure reducing sugars using Benedict’s test and a colorimeter. 
Principle: reducing sugars turn Benedict’s solution from blue to red. 
Equipment: Glucose samples, Benedict’s solution, test tubes, water bath, colorimeter, cuvettes. 
Method: 
1. Add 2 cm³ sample and 2 cm³ Benedict’s solution. 
2. Heat in a water bath for 5 minutes. 
3. Transfer mixture to a cuvette. 
4. Measure absorbance using a green filter. 
SOP C 
Aim: to compare sugar levels in different samples. 
Principle: more sugar produces a darker colour with Benedict’s solution. 
Method: 
1. Add equal amounts of samples into test tubes. 
2. Add Benedict’s solution. 
3. Heat for a few minutes. 
4. Compare the colour by eye. 
SOP D 
Aim: to measure sugar concentration using a colorimeter. 
Principle: a colorimeter measures light absorbance. 
Method: 
1. Place sample directly into cuvette. 
2. Measure absorbance. 
3. Estimate sugar concentration. 
Complete the table 
	SOP 
	Issue found 
	Type of issue 
	Why it matters 
	Improvement 

	A 
	 
	 
	 
	 

	B 
	 
	 
	 
	 

	C 
	 
	 
	 
	 

	D 
	 
	 
	 
	 






Answers to four SOPs
	SOP
	Issue found
	Type of issue
	Why it matters
	Improvement

	A
	Settling time not specified; no repeats included.
	Clarity/reliability
	Inconsistent settling affects absorbance; lack of repeats reduces reliability.
	Specify fixed settling time (e.g. 5 min) and include repeats (≥3 per sample).

	B
	Water bath temperature not specified; incorrect filter used; no calibration curve.
	Control of variables/accuracy/validity.
	Temperature affects reaction rate; the wrong wavelength gives inaccurate readings; no curve means concentration cannot be determined.
	Set temperature (80°C); use red filter (>630 nm); include standards and calibration curve.

	C
	Volumes not measured; heating time vague; colour judged by eye; no quantitative data.
	Precision/control/validity/validity /data quality.
	Inconsistent volumes and timing reduce reliability; subjective colour judgement is unreliable; no numerical data prevents accurate comparison.
	Measure volumes; fix heating time; use a colorimeter; record absorbance values.

	D
	No Benedict’s solution; no standards; no zeroing; no wavelength specified.
	Scientific accuracy/validity/accuracy
	Sugar not properly detected; no link between absorbance and concentration; readings inaccurate. without zeroing or correcting the wavelength.
	Add Benedict’s test; use standard solutions; zero with distilled water; use correct filter (>630 nm).




The following materials relate to lesson 10:
· Literature sources.
· Three detailed sources.
Learners will also require access to the CRAAP evaluation form from Lesson 3 and the Research proposal template and Research proposal peer review checklist from Lesson 7.


Literature sources 
Source 1
Title: Sugar and your diet.
Author: NHS health information team.
Date: 2023.
Type: Government health guidance.
Summary: Overview of recommended sugar intake and links to major health conditions. This source includes official UK guidelines stating that adults should not consume more than 30 g of free sugars per day. It explains that high sugar intake is linked to health issues such as obesity and tooth decay. The information is based on national dietary data and public health research used by government organisations.
Source 2
Title: Sugar consumption and risk of type 2 diabetes.
Author: Journal of Nutritional Health Review.
Date: 2021.
Type: Research summary article.
Summary: Investigates links between sugar intake and diabetes risk using long-term data. This source is based on a 10-year study involving over 5,000 participants. It found that individuals who consumed high levels of sugar had an increased risk of developing type 2 diabetes. The study used statistical analysis and controlled for factors such as diet and lifestyle, making the findings more reliable.
Source 3
Title: Why sugar isn’t as bad as you think.
Author: SweetLife Foods Ltd.
Date: 2024.
Type: Industry blog.
Summary: Claims sugar is safe in moderation and concerns are exaggerated. This source claims that sugar is safe in moderation, but it does not provide specific evidence to support these claims. It refers generally to “studies” without naming them and does not include data, references, or explanations of how the conclusions were reached.
Source 4
Title: The effects of sugar intake on energy levels.
Author: University of Midlands Research Group.
Date: 2022.
Type: Experimental study summary
Summary: Looks at short-term energy changes after sugar consumption. This source summarises a controlled experiment involving 50 participants. It measured energy levels using reaction time tests and self-reported alertness. The results showed a short-term increase in energy after sugar consumption, followed by a noticeable drop. Other variables, such as sleep and previous food intake, were controlled.
Source 5
Title: 10 reasons you should never eat sugar again.
Author: HealthyLife Blog.
Date: 2020.
Type: Online blog.
Summary: Strongly argues that sugar is harmful and should be eliminated completely. This source makes strong claims that sugar is harmful and should never be consumed. However, it does not provide scientific evidence, research studies, or data to support these statements. Instead, it relies on personal opinions and anecdotal examples.
Source 6
Title: Understanding free sugars.
Author: British Dietetic Association.
Date: 2022.
Type: Professional health guidance.
Summary: Defines free sugars and explains why reduction is recommended. This source defines free sugars using information based on World Health Organisation research and UK dietary guidelines. It explains that high sugar consumption can lead to increased calorie intake and weight gain, and is supported by established nutritional science and professional recommendations


Three detailed sources
Source 1
Dietary sugar intake and its impact on health outcomes
Journal of Nutritional Science and Public Health (2023)
Abstract
This study investigates dietary sugar intake using both biochemical testing and nutritional data analysis. It examines how sugar consumption relates to metabolic health and supports recommendations to reduce sugar intake due to links with obesity, type 2 diabetes, and dental decay.
Aim
To evaluate the presence of sugars in commonly consumed foods and assess their impact on health outcomes.
Methodology
Reducing sugar content was measured using Benedict’s reagent, with samples heated in a controlled water bath (80–90°C). A colorimeter (>630 nm) was used to measure absorbance.
Nutritional analysis also included a review of WHO guidelines and long-term epidemiological studies. Statistical evidence from previous research was used to assess health impacts.
Results
Foods with higher sugar concentration showed lower absorbance readings. Processed foods and sugary drinks contained the highest sugar levels.
Epidemiological data showed a positive correlation between high sugar intake and increased risk of obesity and type 2 diabetes. Higher sugar intake was linked to greater weight gain (p < 0.05).
Discussion
The study demonstrates that Benedict’s test can reliably identify sugar levels in foods. Results align with public health research linking sugar intake to disease. However, part of the evidence comes from existing studies rather than new experimental health data.
Conclusion
The study concludes that high sugar intake is linked to negative health outcomes and supports recommendations to reduce sugar consumption.


Source 2
Sugar consumption and risk of type 2 diabetes
Journal of Nutritional Health Review (2021)
Abstract
This article reviews multiple long-term studies examining the relationship between sugar intake and type 2 diabetes risk. It combines data from over 50,000 participants across different populations.
Aim
To analyse existing research and assess whether sugar consumption increases the risk of developing type 2 diabetes.
Methodology
Data was collected from longitudinal cohort studies lasting 5–15 years. Participants reported dietary intake using questionnaires. Health indicators such as BMI, blood glucose, and diabetes incidence were tracked. Statistical analysis was used to identify trends. No experimental manipulation was carried out.
Results
Individuals consuming sugar-sweetened drinks daily were 26–35% more likely to develop type 2 diabetes. High sugar intake was also associated with increased body weight (2–4 kg gain) and insulin resistance.
Discussion
The study shows a strong association between sugar intake and disease. However, it relies on self-reported data, which may be inaccurate. Other lifestyle factors may influence the results, meaning causation cannot be confirmed.
Conclusion
Reducing sugar intake is likely to lower the risk of type 2 diabetes, but further controlled experimental research is needed to confirm cause-and-effect relationships.



Source 3
The effects of sugar intake on energy levels
University of Midlands Research Group (2022)
Abstract
This experimental study investigates how sugar affects short-term energy levels by comparing a sugar-rich drink with a balanced meal.
Aim
To determine whether sugar provides sustained energy or only short-term increases followed by a decline.
Methodology
30 adult participants were divided into two groups. One group consumed a sugar-rich drink (50 g glucose), while the other consumed a balanced meal. Blood glucose and energy levels were measured every 30 minutes over three hours using physiological readings and self-reports.
Results
The sugar group showed a rapid increase in blood glucose (2–3 mmol/L) and energy, followed by a sharp decline within 90–120 minutes.
The balanced meal group showed smaller glucose increases (~1 mmol/L) but more stable energy levels.
Discussion
The results suggest sugar provides quick but short-lived energy. However, the study has limitations, including a small sample size and short duration. It may not reflect real-life eating habits.
Conclusion
This study concludes that sugar intake leads to rapid increases in energy followed by a decline, suggesting that it is not an effective source of sustained energy. While the experimental design provides useful evidence for short-term physiological effects, it does not address the long-term impact of repeated sugar consumption or how sugar affects energy levels in real-life conditions.
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