
[image: Astrea Academy Dearne - Astrea Academy Trust]


Booklets Framework
Science Faculty


[image: Astrea Academy Dearne - Astrea Academy Trust]
Booklets Framework
Science Faculty


Contents
Page 3	Introduction
[bookmark: _Hlk142482133]Page 4     The nature of the Science curriculum
Page 7	Summary and implications: The nature of the Science curriculum
Page 8	The structure of booklets in Science 
Page 10	Do Now: The what, the why and the how
Page 12	I wasn’t there but I still care: The what, the why and the how
Page 13	Connect: The what, the why and the how
Page 14	Non-declarative Content
Page 17	Non-declarative Content: Equations
Page 19	Non-declarative Content: Example 
Page 31	Declarative Content



[bookmark: Introduction]Introduction
A How To Guide accompanies this framework. The How To Guide should be the starting point for most staff; this framework provides additional detail and clarification where required.
This framework should be read alongside the Teaching and Learning Framework and Secondary Booklet Framework. By looking at the aforementioned frameworks through the gaze of science practitioners, this framework maximises opportunities for students to make meaning in Science. This framework specifies: 
1. What will be included in booklets.
2. Why it will be included. 
3. How the content is delivered in the classroom.
The content of this framework draws on current thinking related to subject curricula, particularly the Science subject curriculum. Integration with the evidence-informed professional knowledge contributing to The Astrea Way: Principles of Teaching and The Astrea Way: Booklets gives a powerful model to support students in making meaning, and performing strongly, in science. 
The intended audience of the Framework is:
· All Science teachers who deliver lessons using booklets. 
· All Science teachers who write content for booklets. 
· The line manager of the Science faculty. 
· The Principal. 




[bookmark: _Hlk142482054][bookmark: Nature]The nature of the Science curriculum
Every subject introduces students to a discipline which has its own unique way of seeking knowledge and making new meaning. How we approach the teaching of our subject reflects this. We would not, and should not, expect generic strategies to be applied uniformly across all subjects; the way that we teach, and use booklets to support this, should reflect the unique nature of science as a discipline and a subject.
The content of a subtopic or sequence in a booklet, and the way in which it is best taught, reflects both the nature of knowledge being taught and the relations between knowledge in the science discipline and subject. 
Categories of knowledge
‘Knowledge comes in different types, like different materials. These types have their own properties and can be handled more effectively when we understand those properties and can give names to them. Subjects as wholes can be better understood when the nature of knowledge within them is brought to light.’ (Ruth Ashbee, 2021). 
Substantive knowledge
Substantive knowledge is what is taught as established fact or content from within a particular domain (Adam Boxer - https://achemicalorthodoxy.files.wordpress.com/2019/06/thinking-curriculum-the-one-stop-shop-v2.pdf).
In Science, the substantive body of knowledge is both broad and deep.
[bookmark: _Hlk142430919]Disciplinary knowledge
Disciplinary knowledge represents the rules that justify what counts as established (Adam Boxer). 
In Science, we tend to think of this as the methods used to establish the ‘facts’ (i.e. working scientifically). 
When considering how to teach specific knowledge, categorising it as declarative knowledge or non-declarative is informative; these categories determine the strategies that are most effective. 
Declarative knowledge
Ruth Ashbee defines this as articulatable knowledge. For example, facts, concepts and ideas. 
The Science subject curriculum contains a large body of declarative knowledge that students need to understand as individual ideas and in how they relate to each other. Specific examples include properties of molecules with ionic bonds, why scientific ideas change, and the particle model and its applications.
Non-declarative knowledge
Non-declarative knowledge (e.g., procedural knowledge) involves following a procedure or process. For example, completing a calculation, analysing texts, writing a risk assessment and solving problems. 
Motor knowledge is a type of non-declarative knowledge related to how to complete practical tasks. For example, measuring using a measuring cylinder. 
The Science subject curriculum contacts significant amounts of declarative and non-declarative knowledge; the type of knowledge being addressed determines the content of booklets and how teaching should proceed.  The extent of each type of knowledge is both broad and deep necessitating efficient evidence - informed teaching methods and support materials embedded into booklets. 



Relations of knowledge
All subjects are divided into sections and sub-sections. For example, science is typically divided up into Biology, Chemistry and Physics. Each of these sections is divided further into sub-sections. The interactions between the different areas of the subject curriculum are being meticulously mapped because the relationships enhance meaning making.  
The relations of knowledge can be thought of in four categories. Each category has implications for the teaching of our subject. 
[bookmark: _Hlk142436266]Ontology
The ontology of a curriculum reflects the strength and frequency of links between different areas of knowledge in a curriculum. The discipline of science has a tall ontology; scientific concepts are connected to many other ideas. 
A tall ontology brings benefits and risks. If the links between concepts are well made the student develops a rich schema for each subject it is easier for them to recall information from their long-term memory. It also means that they develop a strong foundation upon which to develop new knowledge. 
However, if spurious links are made (e.g. misconceptions) the student will have a poor foundation that amplifies misconceptions once built upon. The absence of links can be overwhelming for students, and they may see science as a large collection of facts to be memorised rather than understood. 
The tall ontology of science also means that student absence has a disproportionate effect on their progress; if students were absent when foundation knowledge or didn’t learn content that new content links too, it is harder for them to make meaning.
For this reason, we must expend significant effort in identifying the most productive links to make and then ensuring that these are taught accurately and carefully. The links to be taught are identified in booklets. Where students are absent, we need to give them opportunity to catch up on missed learning.
Integration
Integration reflects the consistency within a curriculum. For example, the strength of the rules for applying concepts and procedures. 
Science has strong integration of knowledge. For example, students are expected to use universal and precise definitions, standard units, apply concepts in a consistent manner follow procedures with high fidelity. For example, we apply ideas about natural selection to novel situations using the same thought processes every time. Also, we evaluate data through determining repeatability, reproducibility, accuracy and precision. The quality of data reflects the consistency with which a scientific procedure is followed. Also, where ideas about energy are used in multiple topics we always use the common language of energy stores and pathways. 
For this reason, we need to communicate and demonstrate with care so that misconceptions do not arise and students learn how to act and communicate with high fidelity. We need to check understanding so that misconceptions are identified early and addressed quickly. 
It is essential that teachers pre-plan explanations, questions, answers to written questions and means of participation. The booklets support this by reducing the workload associated with producing resources for topics and sub-topics.
Epistemology
Epistemology reflects the methods used to discover new meaning within a subject. 
Science has unifying epistemology where new meaning is made and either fits into pre-existing knowledge or replaces earlier ideas. Scientists do this through five types of enquiry (secondary sources; comparative / fair testing / observing over time; pattern seeking; classifying). The scientific community has an important role in confirming new meaning through empirical studies. 
In the Science subject curriculum, students learn about how and why ideas change over time. They also learn about the role of the scientific community. 
Through ‘working scientifically’, students use similar techniques as scientists use. However, it is important to recognise that students usually confirm existing knowledge whereas scientists create new knowledge; students are not working like scientists they are learning about how scientists work and the results of their endeavours. 
‘Working scientifically’ includes declarative, procedural, and motor knowledge. These are being mapped across the curriculum. Teachers are expected to identify the type of knowledge being addressed in a subtopic and to structure booklet activities and teaching appropriately. 
Manthology
The manthology of a subject determines the sequence which concepts are taught in. It also determines the depth of knowledge that is addressed at different points in time. For example, challenging concepts ideas be taught later in the curriculum even if they are required for a deep understanding of a concept. 
The Science subject curriculum has a helical structure; topics are revisited several times and a deeper meaning is developed each time a topic is revisited. The tall ontology is reflected in explicit links that are identified throughout the curriculum.


[bookmark: Summary1]Summary and implications: The nature of the Science curriculum
· [bookmark: _Hlk142497436]Science is a complex subject that incorporates declarative and non-declarative knowledge. Each type of knowledge is taught differently using methods that are most effective for that knowledge type. 
· Booklets support meaning making through containing content that is informed by evidence and reflects the most effective approach to making meaning for each knowledge type. 
· Each knowledge type is explicitly taught within booklets at pre-planned points in the curriculum. 
· Links between topics should be explicitly taught.
· Where students are absent, they need to be given the opportunity to catch up on missed work.
· Science has strong integration and so requires precise communication, demonstration and checking of understanding.
· Booklets support this through freeing up planning time so teachers can pre-plan: 
· Explanations
· Questions
· Desired responses to questions
· Means of participation.
· Booklets are built that account for the nature of the Science subject curriculum. This includes revisiting concepts to add new meaning, ensuring threshold topics are taught prior to teaching, identifying strong links between topics, and activities and sequences of activities that reflect the type of knowledge being taught. 





[bookmark: Structure]The structure of booklets in Science. 
The diligent planning of booklets has immense value. When well written, booklets:
· Ensure high challenge for all with appropriate scaffolding and communicate high expectations. 
· Define the content of the curriculum. 
· Define the most efficient and effective way to learn the content of the curriculum. 
· Enable staff to focus on aspects of lesson planning that have the greatest impact on learning (e.g., explanations, questions, means of participation). 
The writing of booklets is also a valuable source of professional development. 
From The Astrea Way: Booklets: 
Ruth Ashbee, in ‘Curriculum: Theory, Culture and the Subject’, states that ‘the content of the curriculum and the work that pupils do needs to be well codified and can only be achieved by careful, rigorous curriculum planning, achieved through "engagement with the subject & its discourse and detail about the content and the ways children learn." (Ashbee p116). She goes on to say that "it is the planned discussion and the professional development around these documents, and what is done with them once they have been produced, that results in deep and sustained growth in the department."
Such is the value of thoughtfully written booklets, and the negative impact of weaker booklets, the expectation must be that all staff will apply themselves diligently and produce booklets of the highest standards. Where they require support, it is expected that they will seek out that support in good time to meet deadlines. Knowing when to seek support and guidance is a trait valued by this faculty. Being prepared to support colleagues is equally important. 
Teacher booklets.
We produce student booklets and teacher booklets. Teacher booklets contain content in addition to that found in the student booklet that supports planning for exceptional learning experiences: 
· Content from the exam specification.
· Content classified as declarative or non-declarative knowledge to guide planning.
· Suggested chunking of subtopic content. 
· Model explanations for content. 
· Answers for all activities. 
· Lined pages where teachers can plan explanations, questions, means of participation etc. It is expected that all staff explicitly plan these components of lessons. 
Booklets non-negotiables.
All subjects write booklets in line with the same set of non-negotiables. Those related to formatting of content in science booklets are: 
· All booklets will be printed in black and white; colour images etc will appear in black and white. 
· Tasks and information should use Calibri size 12; this includes exam questions if you have used them. 
· Headings and bold should be in Calibri size 14. 
· Sub-headings should be in Calibri size 12 and in bold.
· Line spacing should be 1.5 lines. 
· Lines should be dotted rather than solid lines. This includes for exam questions if you use them. 
· All tasks and information should be in typed text rather than a image of a worksheet question etc. 
· Terms used for fading are “I do”, “We do” and “You do” only. Alternatives should not be used.
· Where images are used, they should be sharp images; pixelated and unclear images are not acceptable. If they are not sharp, redo them. 
· Bodies of text should not be included as images. 
· Definitions need to be precise; they should be obtained from the exam specification. Where this is not possible, the Collins textbook should be used. 
Lesson structure
At Astrea Academy Dearne we have considerable flexibility in how we structure lessons. However, lessons have common components with associated TLAC techniques (those listed are from TLAC 3.0): 
· Do Now – TLAC 20: Do Now; 47: Threshold and Strong Start; 7: Retrieval Practice.
· Connect – TLAC Mental models.
· I do – TLAC 22: Board is Paper.
· We do – TLAC 10: Show Me; 33: Wait Time; 34: Cold Call; 15: No Opt Out.
· You do – TLAC 30: Work the Clock; 24: Circulate; 39: Show Call. 
· Learning review – TLAC 26: Exit Ticket.
This sequence is not meant to be linear; components should be used in a sequence that best suits the content being taught (including repetition of some sections). However, there should be a Do Now at the start of every lesson as it forms part of the Entry Routine. Connects should also be at the start of the lesson. However, depending on the lesson you are teaching, you might combine it with the Do Now activity.
The following sections of this framework provide guidance on:
· What each section involves and will be included. 
· Why it is included. 
· How this content should be used within lessons. 
These sections will reflect the nature of the science curriculum and the types of knowledge being addressed. 

[bookmark: DoNow]
Do Now: The what, the why and the how. 
What?
Upon entering the classroom, students collect their booklets and work independently to complete retrieval questions covering high priority content from prior learning.
Students receive immediate feedback after they have completed the Do Now. 
Why?
· The Do Now, along with the TLAC techniques of Strong Start and Threshold (see, Lemov, 2021), are part of the Entry Routine embedded across the academy. This routine sets expectations from the minute when students enter the room. This ensures an efficient and orderly start to the lesson and ensures that the teacher can take the register within the first ten minutes of the lesson; this is a safeguarding duty. 
· Use of this routine by all staff helps embed a culture of excellence and scholarship within your classroom and throughout the school. Where this is not done diligently, so students respond appropriately through habit, the teacher undermines their own efforts and those of colleagues.
· The emergence of cognitive science has provided considerable insight into how learning happens. The act of recalling information from memory, formerly referred to as the ‘testing effect’ (Roediger and Karpicke, 2006), has a positive effect on long-term retention. The effect on test outcomes exceeds that of cramming (Cepeda et al, 2008). Retrieval practice can, and should, be used throughout lessons and over different periods of time. The Do Now activity is one type of retrieval activity. 
· The body of evidence obtained in applied settings (e.g. in schools and colleges) related to retrieval practice has uncovered the following: 
a. Teacher feedback following retrieval practice improves students’ incorrect answers and their low confidence responses (Agarwal et al, 2009) 
b. Retrieval practice without immediate feedback has little impact (Agarwal et al, 2009). Note that this is not found in laboratory settings (see Butler et al, 2008). 
c. Students with lower working memory capacity benefit the most from retrieval practice with feedback (those that struggle the most, benefit the most). However, all students benefit (Agarwal et al, 2017). 
d. Students need to retrieve the types of content tested; if the final assessment contains fact and higher order questions, retrieval practice needs to include fact questions and higher order questions (Agarwal et al, 2019).
The impact of the Do Now activities, and other forms of retrieval practice, need to take these findings into account. 


How?
· Do Now questions should be planned in advance by the class teacher using outcomes from formal assessments, observations during lessons and outcomes of formative assessments. For example, they might be used to reinforce learning from the reteach periods that follow summative assessments. Space is provided in the teacher booklets for this purpose.
· Given the high breadth and depth of knowledge in the Science subject curriculum, and its tall ontology, it is not possible to use the Do Now for retrieval of all of the content. High priority content, content that has a wide impact if it is not understood, should targeted in the Do Now.
· Correct answers should be planned in advance of the lesson. Space is provided in the teacher booklets for this purpose.
· Common misconceptions and mistakes should also be anticipated and teacher responses identified. Space is provided in the teacher booklets for this purpose.
· Over time, fact questions and those addressing higher order content (e.g. calculations, applications, evaluations) should be used.
· A timer should be displayed to show the time remaining for the task. The timer should be started from the first minute of the lesson. 
· Booklets should be laid out on a desk, along with any other required equipment (e.g. calculators), before students arrive to the lesson. 
· Teachers should follow the Entry Routine and support colleagues in ensuring students go straight to lessons.
· Students complete the Do Now task in the allocated space at the back of the booklet, in silence. 
· Teachers should give immediate feedback related to the Do Now task. 
· Feedback should provide students with the correct answer with a brief explanation as to why it is correct. In some cases it may be beneficial to explain why some answers are wrong. 
· Content should be retaught where students have struggled. 
· Teachers should record any questions where students have struggled; these should be revisited in future lessons once the content has been retaught. 
Useful Reading: Teaching Secondary Science – A Complete Guide by Adam Boxer. Chapter 8 Going over your retrieval quiz: The basics. Pages 83 – 90.
References
· Agarwal, P. K., Karpicke, J. D., Kang, S. K., Roediger, H. L., & McDermott, K. B. (2008). Examining the testing effect with open- and closed-book tests. Applied Cognitive Psychology, 22, 861-876
· Agarwal, P.K., Roediger, H.L., McDaniel, M.A., McDermott, K.B. (2009, November). Feedback increases middle school students’ resolution and retention of correct responses. Poster presented at the 50th Annual Meeting of the Psychonomic Society, Boston, MA
· Agarwal, P. K., Finley, J. R., Rose, N. S., & Roediger, H. L. (2017). Benefits from retrieval practice are greater for students with lower working memory capacity. Memory, 25, 764-771
· Agarwal, P. K. (2019). Retrieval practice and Bloom’s taxonomy: Do students need fact knowledge before higher order learning? Journal of Educational Psychology, 111, 189-209
· Butler, A. C., Karpicke, J. D., & Roediger, H. L. (2008). Correcting a metacognitive error: Feedback increases retention of low-confidence correct responses. Journal of Experimental Psychology: Learning, Memory, and Cognition, 34, 918–928.
· Cepeda, N. J., Vul, E., Rohrer, D., Wixted, J. T., & Pashler, H. (2008). Spacing Effects in Learning: A Temporal Ridgeline of Optimal Retention. Psychological Science, 19(11), 1095–1102. https://doi.org/10.1111/j.1467-9280.2008.02209.x 
· Lemov, Doug. (2021). Teach Like a Champion 3.0. Hoboken, NJ: Jossey-Bass.
· Roediger, H. L. III, & Karpicke, J. D. (2006). Test-enhanced learning: Taking memory tests improves long-term retention. Psychological Science, 17(3), 249–255. https://doi.org/10.1111/j.1467-9280.2006.01693.x
[bookmark: Wasntthere]I wasn’t there but I still care: The what, the why and the how 
What?
Instead of completing the Do Now, students who have missed a previous lesson complete a separate task that familiarises them with the most important points from the previous lesson.
Where a subtopic spans several lessons, and the student missed the first lesson, the student reads a relevant piece of text and summarises the main points. 
Why?
Poor school attendance is a substantial problem in the UK that has increased in magnitude: In 2020 the overall absence rate was 4.9% and the percentage of persistent absentees was 13.1% (Gov.uk, 2020); in 2023, the headline figures were 10.7% for overall absence and 22.3% for persistent absence (Gov.uk, 2023). 
Poor attendance is linked to poor academic attainment (Balfanz & Byrnes, 2012; London et al., 2016) and antisocial and negative behaviour (Gottfried, 2014; Baker, Sigmon, & Nugent, 2001). However, meaningful impacts can be obtained from only small increases in attendance (EEF, 2021). 
Even low levels of absence are associated with decreases in attainment; when all other factors are controlled, for each session missed (half a day) across KS4 there is 1.8% decrease in likelihood of achieving five grade 5 grades and a 2.1% decrease in likelihood of achieving the English Baccalaureate (Department for Education, 2016). In 2019, of the pupils who missed no sessions over KS4, 83.7% achieved grade 4 or higher in English and Maths compared to 35.6% of pupils who were persistently absent (Gov.uk, 2022). 
The high impact of even low levels of absence on attainment necessitate that we attempt to minimise the impact of that absence. This takes on even greater importance when we account for the tall ontology of the Science subject curriculum; we can reasonably expect absenteeism to have a higher impact on attainment in our subject relative to attainment in subjects with a flatter ontology. 
How?
The ‘I wasn’t there but I still care’ activity is pre-planned in the booklet. It can be found towards the beginning of the activities for each sub-topic. 
When writing the activity for their allocated lessons, teachers will need to think carefully about what the most important points of the missed learning were. The activity needs to directly address the points that, when addressed, will enable the student to make the most progress in the upcoming lesson and subtopic. 
Students who miss the first lesson of a multi-lesson subtopic will be allocated reading from an appropriate text. The teacher will need to have identified a relevant text for the student to work with. The student should identify the main points and make a note of these on the notes page at the back of their booklet (ensuring that the work is dated). 
If time permits, the teacher should assess the extent of the students understanding whilst other students complete the Do Now. Remediation should take place where required. 


References
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Connect
The Connect is used to place the new content within the bigger picture for the students. This may include:
· A review of prior learning (careful consideration should be given to means of participation)
· Teacher exposition resulting in students understanding of where new learning will fit within the bigger picture
· The Connect occurs in every lesson rather than just once every sub-topic. Teachers will need to plan their own Connect session to fit their context. 




[bookmark: Nondeclarative]Non-declarative content
Non-declarative knowledge (procedural knowledge) requires students to follow a process. However, it would be unreasonable to just give the procedure to students and assume that they have learnt it because they can perform related tasks in the lesson.
Examples of procedural knowledge in science: 
1. [bookmark: _Hlk142750609]Completing a risk assessment (simple procedure)
2. Applying the steps in natural selection to a novel situation (simple procedure)
3. Calculating, speed, distance or time using the equation for speed (complex procedure)
There is considerably range in the challenge of these examples. Fortunately, cognitive science gives some clear indications as to how we should proceed when teaching them. 
What?
The teacher building the content for the teacher booklet must include the following:
· Text should be included that introduces the concept and its place within the bigger picture. This should include examples and, if relevant, non-examples. The range of examples should be representative of the concept.
For example, if we want students to apply the steps in natural selection to novel situations, it might include the importance of variation to survival of individuals and populations, how natural selection enables species to survive and evolution. 
Examples: Peppered moths responding to environmental changes; banded snails; pesticide resistance in insects; Galapagos finches in relation to food sources; nylon-eating bacteria; lactose intolerance in humans declining following domestication of cattle. 
A broad range of examples should be used so we don’t introduce misconceptions related to the extent of situations where natural selection occurs. 
· The steps involved in the procedure should be explicitly included in the text. This will facilitate discussion of examples and fading (Ido, we do, you do). 
· A worked example showing how to apply the procedure in a task. 
· One question labelled ‘I Do’; this is for the teacher to live model how to answer a question. A model answer must be included. 
· One question labelled ‘We Do’; this is for the teacher to complete with the students. A model answer must be included. 
· A large number of questions labelled ‘You Do’; students complete these independently but with support if required.
The questions should all be of very similar difficulty and format. This reduces cognitive load whilst students so they can concentrate on applying the procedure. Format and difficulty should be incrementally increased as the list of questions is descended.
The teacher delivering the lesson will need to:
· Plan explanations (including explaining examples) and questions. 
· Plan strategies to encourage students to engage with the text during or after reading. 
· Plan means of participation (e.g. use of mini-whiteboards, cold-call etc).
· Rehearse model answers for each question.


Why?
· As classroom teachers we often work with students at the novice end of the novice-expert continuum in relation to the content they are studying. This needs to be taken into consideration when planning booklets and activities.
· Teaching through examples (and non-examples) has been shown to be highly impactful on attainment and understanding (see, Engelmann and Carnine, 1982 for underlying theory). 
· The use of worked examples and guidance-fading is fully aligned with our understanding of how learning happens using the lens of cognitive science (Sweller et al, 2019).
· The use of worked examples reduces cognitive load because some elements of the task can be outsourced from working memory (Schwonke et al, 2009). This makes the use of worked examples a good starting point for novices especially if they are followed by problems. The use of teacher led faded scaffolding following study of the worked example enables impactful use of teacher expertise. 
· Novices benefit from the use of worked examples and scaffolding that is faded as expertise increases (C.J Rauch, 2022). So, we include worked examples and scaffolding (I do, we do, you do) to expediate acquisition of expertise. 
· Novices benefit from scaffolding, including worked examples. However, as expertise increases, the benefits decrease. This is the expertise reversal effect (Kalyuga and Renkl, 2010). It follows that it is important to provide scaffolding in booklets. However, its impact will be greatest for novices; students would benefit from moving onto problem solving activities once they have developed expertise (Sweller et al, 2019).
· Similar questions are initially used because changing the difficulty and format increases cognitive load. Once students have developed expertise, changing the format and difficulty can increase learning (Sweller et al, 2019). 
How?
· During the Connect phase of the lesson, the teacher needs to place the new learning in the context of the bigger picture. A text is provided to support with this. The reading should be teacher led with students following along using a ruler under the words. 
· Students should actively engage with the text through summarising paragraphs, identifying unknown tier 2 and 3 vocabulary, and through answering questions (means of participation needs to be carefully considered). 
· Examples (and non-examples) should be explained and similarities and differences identified. Asking students to identify something as an example / non-example is a strong method for checking understanding.
· The worked example should be used to exemplify the process that students will follow. There are mots of ways to do this that are impactful. However, at this point in our journey, the teacher can talk students through the process. 
· I DO – The teacher uses the steps identified in the worked example to complete the question ‘live’. This answer needs to be pre-planned to minimise the teachers cognitive load. 
· WE DO – Students and teacher complete the question together. All students should be engaged through use of the mini-whiteboards. For example, if applying the steps in a natural selection questions, students might be asked : Which type of organism is the question about?; Describe the variation shown within the species; how does this variation help the organism to survive? Which step do we talk about next? 
This answer needs to be pre-planned to minimise the teachers cognitive load.
· YOU DO – Students complete similar questions independently. 
· Students may then progress onto questions where the format and difficulty has changed. 
· Note that students will acquire expertise at different rates. Those that progress more quickly would be expected to move onto the more challenging questions earlier. 


Useful Reading: Teaching Secondary Science – A Complete Guide by Adam Boxer. 
Chapter 10 Explaining Science. Pages 99 – 106.
Chapter 11 Sequencing Examples. Pages 107 – 112.
Chapter 27 Practising Procedural Knowledge. Pages 239 – 250.
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[bookmark: Equations]Non-declarative content: Equations
Use of equations introduces another level of challenge because the calculation might require that the equation be rearranged; there will be more than one form of the equation that students need to use. 
Some of the same strategies are used as in the previous section. However, cognitive load is managed by blocking practice questions (each block requiring only one form of the equation) before interleaving the questions; interleaved examples have greater challenge as students need to decide which strategy to use. 
What?
Teachers writing the content need to include the following in addition to that from the previous section: 
· A block of calculations for each type of calculation performed. For example, if students are using speed = distance / time, they can be asked to calculate speed, distance or time. There should be one block of calculations for speed, one for distance and one for time. In more complex calculations (e.g. rate of change of momentum), exam questions might only refer to calculating certain components of the equation. The number of blocks can be limited by the number of components questions refer to).
· Calculations where the component being calculated changes randomly within the list of questions; the demand is increased because the questions are interleaved.
· Interleaved questions from a broader range of contexts. For example, the calculations taught might be interleaved with related calculations from the specification. Alternatively, the calculations might be interleaved with related declarative content (e.g. calculations related to momentum might be interleaved with conceptual questions related to momentum). 
Why?
· Our students are generally novices and so we need to manage their development and cognitive load carefully. By putting calculations for students first exposure to a specific calculation in a block, cognitive load is reduced. Blocks also enable us to carefully manage load and aspects of questions that may change. 
· Interleaving increases challenge, and so follows blocked activities. It brings other benefits including: higher scores in intermediate and delayed tests compared to just blocked practice (Rohrer et al, 2015); it can have quite a dramatic effect on learning and retention (Dunlosky et al, 2013); interleaving of retrieval tasks has a positive long term effect relative to blocked retrieval (Sana and Yan, 2021); enhancing memory and problem solving ability (Samani and Pan, 2021).
· Interleaving is of greatest use when the differences between items is subtle and requires that the student discriminates between items (Firth et al, 2021). It would be less effective where interleaved items are unrelated. For this reason, we initially interleave between closely related items. We then interleave with items from prior learning so as to benefit from interleaved retrieval. 
· There is an expertise reversal effect; students benefit less as they acquire expertise. They might even be detrimental (Kalyuga et al, 2013). The teacher therefore needs to be well informed about their students’ level of expertise and plan for their use rather than just using every activity with every student. 
How?
· The process is similar to the previous description of addressing procedural knowledge. For the first block, the teacher completes the I DO. The teacher then engages students when completing the WE DO (having pre-planned means of participation, questions to ask, who to ask etc). Students then complete independent practice. 
· The process is repeated for remaining blocks. 
· Students complete interleaved questions. 
· Similar processes are used with many calculations throughout the course. If a group of students has developed high expertise then they should be accelerated through the activities in order to reduce or remove the expertise reversal effect. 

Useful Reading: Teaching Secondary Science – A Complete Guide by Adam Boxer. 
Chapter 10 Explaining Science. Pages 99 – 106.
Chapter 11 Sequencing Examples. Pages 107 – 112.
Chapter 27 Practising Procedural Knowledge. Pages 239 – 250.
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[bookmark: NondeclarativeExample]Non-declarative content: Example – Changes in momentum (blocking and interleaving)
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The knowledge content of this lesson is complex. Due to this, the text has been kept relatively simple. 
The text explains the importance of changes in momentum and how they relate to forces. 

[image: ]Worked examples are included. The first example only requires values to be substituted into the equation. 
The second requires the subject to be changed.  
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Block 1: 
Scaffolded examples for calculation of force. 
The teacher completes the I DO. 
The teacher involves students in completing the WE DO.
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Block 1: 
Independent practice. 
More questions should be included.
Incremental changes to the question format and difficulty (e.g. conversion of units is required) can be introduced with later questions. 
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Block 2: 
Scaffolded examples for calculation of force. 
The teacher completes the I DO. 
The teacher involves students in completing the WE DO.
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Block 2: 
Independent practice. 
More questions should be included.
Incremental changes to the question format and difficulty (e.g. conversion of units is required) can be introduced with later questions. 
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Interleaved calculations: 
Students need to discriminate between calculations for velocity and those for force.  
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Interleaved calculations: 
Students need to discriminate between calculations for velocity and those for force.  
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Interleaving: 
New content interleaved with that from prior learning. 
Cognitive load is higher due to format of lesson, range of content assessed and types of content assessed.

[image: ]
Interleaving: 
New content interleaved with that from prior learning. 
Cognitive load is higher due to format of lesson, range of content assessed and types of content assessed.
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Interleaving: 
New content interleaved with that from prior learning. 
Cognitive load is higher due to format of lesson, range of content assessed and types of content assessed.
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Interleaving: 
New content interleaved with that from prior learning. 
Cognitive load is higher due to format of lesson, range of content assessed and types of content assessed.

[bookmark: Declarative]Declarative content
Procedural content is reasonably straight forward to plan activities and scaffolding for. Declarative content is more challenging. However, there are tried and tested structures that we can use to maximise the impact of our teaching. These will draw heavily on the contents of: 
· Adam Boxer’s exceptional book, ‘Teaching Secondary Science’.
· A blog by Shaun Killian which can be found here.
Adam Boxer provides some simple strategies that can be used to maximise opportunities for students to make meaning. 
What?
The teacher building the content for the teacher booklet must include the following:
· Text should be included that introduces the concept and its place within the bigger picture. This should include examples and, if relevant, non-examples. The range of examples should be representative of the concept.
For example, if we were teaching the start of electrolysis, examples of the following should be included: 
1. Images of examples showing different sets of apparatus. This enables students to identify that a container, electrodes, power source and an electrolyte are always used.
2. Situations in which electrolysis is used. 
· [bookmark: _Hlk142916199]A method for organising material. This might simply involve annotating the supplied text. Alternatively, it might require students to translate the text into a mind map (so, provide a basic outline for a concept map). 
· Ten to twenty questions (with answers) that assess the basic knowledge content. Questions should be repeated further down the list, however, the syntax or emphasis of the question needs to be changed when it is repeated. For example: 
· [bookmark: _Hlk142916372]Question 1: What is the function of mitochondria? 
· Question 7: A cell has many mitochondria. What is their function? 
· OR Question 7: Mitochondria are a type of organelle. What is their function?
· Questions that ask students to engage more deeply with content. Adam gives several options in his book (more can be found on the CogSciSci website): 
· Technique 2: Contrasting concepts. 
· Technique 3: If I didn’t.
· Technique 4: Wrong answers.
· Technique 5: Because / but / so.
Two techniques should be used as a minimum.
For each technique, there should be a minimum of five questions. 
Questions need to follow the I DO, WE DO, YOU DO format.
Suggested answers should be given. 
· Questions that have been interleaved with content learnt previously; various formats including a cloze procedure, MCQs, short answer questions etc. These questions can be from prior learning from this topic or from other topics. An excellent example is given on page 263 of Adam’s book:
Example: The muscle cell. 
Students have previously studied particles and cells. They are currently studying energy, and following introduction to stores and pathways, they practise their new knowledge before attempting the question set below: 
This question is about a muscle cell.
1. What is the function of a muscle cell? 
2. How is the muscle cell adapted to its function? 
3. What is the name of the process that releases energy in the muscle cell?
4. In which organelle does this take place? 
5. The muscle cell uses glucose to release energy in a chemical reaction. Which energy store is involved with the glucose in this store? 
6. Muscle cells work together to bring about movement. What is the name for something made of many cells working together?
7. When a person moves their muscles move, they start to feel warm. Which energy store is filling up? 
8. A person who has just exercised touches a cold object and warms it up a bit. What energy transfer is involved?
9. The object they touched was an ice-cube. What happens to it if they hold it for a long time? 
10. Draw a particle diagram of an ice cube.
11. Explain why the ice cube cannot flow.
· A maximum of three complete exam questions that address new learning and prior learning.
Why?
The content has been included to enable: 
· New learning to be put into the context of the bigger picture. This helps students to see the relevance of what they are learning, it helps activate prior understanding, also to support students in building richer schema. 
· The sequence of activities increases in challenge and increasingly aids students with integrating new learning with existing schemata.


How?
· During the Connect phase of the lesson, the teacher needs to place the new learning in the context of the bigger picture. A text is provided to support with this. The reading should be teacher led with students following along using a ruler under the words. 
· Students should actively engage with the text through summarising paragraphs, identifying unknown tier 2 and 3 vocabulary, and through answering questions (means of participation needs to be carefully considered). Alternatively, they can summarise key points as a mind map etc if a template is provided.
· Examples (and non-examples) should be explained and similarities and differences identified. Asking students to identify something as an example / non-example is a strong method for checking understanding.
From this point, the teacher has considerable flexibility with how to use tasks. 
Teachers do not have to use all tasks provided; they should plan a sequence that is most likely to be productive for their class. 
· Understanding of the basic content should be checked. The first block of questions, where questions are repeated using a different format, aids this. 
· Of the two techniques provided (techniques 2 – 5 in Adam Boxers book, one or two should be used to build understanding. These need to follow the I DO, WE DO, YOU DO format so as to ensure high quality answers. 
· Interleaved questions should be used to facilitate the making of links, take advantage of an opportunity for retrieval. 
References
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Change in momentum

Change in momentum is a critical concept that relates changes to our velocity to the

forces we experience. If a larger force is experienced, it is more likely that we will get hurt.
Let's look at some real -world examples to understand why this matters:

Air Bags and Seat Belts: Imagine you're in a car, and suddenly you need to stop because of
a crash. Your body wants to keep moving forward due to its momentum. But the seat belt
and air bags in the car are there to help. They make the change in your momentum

happen more slowly. This reduces the force on your body soyou are less likely to get hurt.
Gym Crash Mats: Think about gymnasts doing flips and jumps. When they land on the
mat, their momentum changes quickly. The crash mat s like a cushion. It helps increase
the time it takes for the gymnast's momentum to change, which makes the force applied
smaller. This helps prevent injuries by reducing the force on their bodies.

Cycle Helmets: Imagine you're riding a bike and you fall off. Your head goes from moving
to suddenly stopping, which changes its momentum. A cycle helmet decreases the rate of
change of momentum. This way, your head doesn't experience a big force, and you're less
likely to get seriously hurt.

Playground Surfaces: When you're playing on a playground, you might run, jump, oreven
fall. The ground you're on can influence the force your body feels. Playground surfaces are
designed to help. They increase the time it takes for your momentum to change when you
land or run. This makes the force on your body lower, because there is a lower rate of
change of momentum, which is safer and less likely to cause harm.

So, how does change in momentum connect to force? The key relationship is:

Force equals the rate of change of momentum.
We can derive an equation that shows this:
F =m xa (force = mass x acceleration)

a=(v—u)/t(acceleration = change in velocity / time)

Therefore:
F=mxAv
At
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Worked example — calculating force (change in momentum)

A bicycle of mass 15 kg decelerates from a velocity of 10 m/s to rest in 4 seconds.
Calculate the force opposing the motion of the bicycle.

Use the equation: F=mx Av
At

Step 1: Calculate change in velocity.
0m/s—10m/s=-10m/s
Step 2: Substitute values into the equation for force.

F =15kg x-10
4s

Step 3: Calculate the answer.

Answer=-37.5N

Worked example — calculating initial velocity.

A car of mass 1200 kg comes to a stop after applying a force of 2500 N for 8 seconds. Calculate
its initial velocity.

Use the equation: F = m x Av
At

Step 1: Substitute values into the equation.

2500 = 1200 x Av
8

Step 2: Rearrange for velocity (velocity equals initial velocity as final velocity = 0 m/s).
2500=150x Av=-150x —u(Av=v —u.v=0m/sso Av is substituted with —u).
U=2500/ -150

Step 3: Calculate the answer.

Answer = -16.67 m/s
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1 DO -Calculating force.

1. A car of mass 1200 kg accelerates from rest to a velocity of 25 m/s in 8 seconds. Calculate
the force exerted on the car during this acceleration.

Use the equation: F = m x Av
At

Step 1: Calculate change in velocity. 25m/s - 0 m/s = 25 m/s

Step 2: Substitute values into the equation for force.

1200 kg x 25 m/s
' 8s

Step 3: Calculate the answer.

Answer = 3750N

WE DO - Calculating force.

2. A bicycle of mass 15 kg decelerates from a velocity of 10 m/s to rest in 4 seconds. Calculate
the force.

Use the equation: F=mx Av
At

Step 1: Calculate change in velocity.
P e fty 0m/s-10m/s=-10m/s

Step 2: Substitute values into the equation for force.

v 15 kg x-10 m/s
4s

Step 3: Calculate the answer.

Answer = -37.5N
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     I DO - Calculating force.  1. A car of mass 1200 kg accelerates from rest to a velocity of 25 m/s in 8 seconds. Calculate the force exerted on the car during this acceleration. Use the equation: F = m x ∆v   ∆t Step 1: Calculate change in velocity. …………………………………………………………………………………………………………………………………………………. Step 2: Substitute values into the equation for force. ………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………… Step 3: Calculate the answer. Answer = …………………………………………………………………………………………………………………………………………………. 25 m/s - 0 m/s = 25 m/s  1200 kg × 25 m/s  8 s 3750 N  WE DO - Calculating force.  2 . A bicycle of mass 15 kg decelerates from a velocity of 10 m/s to rest in 4 seconds. Calculate the force. Use the equation: F = m x ∆v   ∆t Step 1: Calculate change in velocity. …………………………………………………………………………………………………………………………………………………. Step 2: Substitute values into the equation for force. ………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………… Step 3: Calculate the answer. Answer = …………………………………………………………………………………………………………………………………………………. - 37.5 N  15 kg × - 10 m/s  4 s 0 m/s - 10 m/s = - 10 m/s
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YOU DO - Calculating force.

3. A rocket of mass 2000 kg accelerates from rest to a velocity of 150 m/s in 10 seconds.

Calculate the force exerted by the rocket engines.

Step 1: Calculate change in velocity.
Change in Velocity (Av) = Final Velocity (v) - Initial Velocity (u) =150 m/s - 0 m/s =150 m/s

- Step 2: Calculate force.

17(] m/s

... Force (F') = Mass (m) x Acceleration (a) = Mass (m) x == = 2000 kg x ———— = 30000 N

YOU DO - Calculating force.
4. A skateboarder of mass 70 kg comes to a stop from a velocity of 8 m/s in 2 seconds.

Calculate the force.

Step 1: Calculate change in velocity.

Change in Velocity (Av) = Final Velocity (v) - Initial Velocity (u)=0m/s-8m/s=-8m/s "

(negative due to deceleration)

Step 2: Calculate force.

Force (F)) = Mass () x Acceleration (a) = Mass (1) x A% _ 70 kg x ——— —Sm/s _ og0N
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1 DO - Calculating initial velocity.

1. A cyclist of mass 70 kg slows down and stops in 6 seconds while applying a force of 150 N.
Determine the cyclist's initial velocity.

Use the equation: F = m x Av
At

Av

Step 1: Use the equation relating force, change in velocity, and time: F' — m. - el

150 = 70 - =4

Step 2: Rearrange for initial velocity (u):

150 = — 2 - u

u=30 — 214~ —2m/s

WE DO - Calculating initial velocity.

2. A block of mass 800 g is pushed to a stop by a constant force of 5 N in 2 seconds. Determine
the initial velocity of the block.

Use the equation: F = m x Av
At

Step 1: Use the equation relating force, change in velocity, and time: F' — m - %

5=08- 5"

Step 2: Rearrange for initial velocity (w):
E— —08 o
; 5 )

u=—3x = —12.5~ —13m/s
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YOU DO - Calculating initial velocity.
3. Asled of mass 150 kg is brought to rest by a force of 300 N in 5 seconds. Calculate the initial
velocity of the sled.

Use the equation: F = m x Av
At

__ Step 1: Use the equation relating force, change in velocity, and time: F' = m - tw
. 300 = 150 - ¢

' Step 2: Rearrange for initial velocity (u):
"300=-22.4

u=3 — _10m/s

150

YOU DO - Calculating initial velocity.
4. A spring-loaded toy of mass 0.2 kg is compressed and launched, coming to a stop in 0.5
seconds under the action of a force of 6 N. Calculate its initial velocity.

Use the equation: F = m x Av
At

Step 1: Use the equation relating force, change in velocity, and time: F = m - =% ...,

t
T N9. O—u
6=02- %2

Step 2: Rearrange for initial velocity (u):
6= —22

0.5
6

*Uu

u = = -15~ —-15m/s
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Changes to momentum - interleaved calculations:
1. A rocket of mass 2000 kg is launched and slows down to a stop in 12 seconds under the

influence of a force of 5000 N. Calculate its initial velocity.

) Step 1: Use the equation relating force, change in velocity, and time: F' — m, - %

75000 = 2000 - %

- Step 2: Rearrange for initial velocity (u):
- 5000 = — 200

cu =290 — —30 ~ —30m/s

12

2. A toy car of mass 0.2 kg accelerates from rest to a velocity of 3 m/s in 0.5 seconds. Calculate

the force exerted on the toy car.

- Step 1: Calculate change in velocity.

- Change in Velocity (Av) = Final Velocity (v) - Initial Velocity (u) =3 m/s-0m/s=3m/s

Step 2: Calculate force.

Force (F) = Mass (m) x Acceleration (a) = Mass (m) x %l— =0.2kg x :)"% : =12N
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Interleaved calculations continued:

3. A student of mass 60 kg jumps off a platform with an initial velocity of 0 m/s and accelerates

to a final velocity of 5 m/s in 1 second. Calculate the force.
Step 1: Calculate change in velocity. |
Change in Velocity (Av) = Final Velocity (v) - Initial Velocity (u) =5m/s-0m/s=5m/s _

Step 2: Calculate force.

Force (F) Mass (m) x Acceleration (a) Mass (m) x —’— =60 kg X —= E’ e =300N

4. A marble of mass 25 g is pushed along a smooth surface and comes to rest in 0.6 seconds

under the influence of a force of 4 N. Calculate its initial velocity.

Step 1: Use the equation relating force, change in velocity, and time: F' — m - AT
4=10.025- %

" Step 2: Rearrange for initial velocity (u):

4_ _ 0025 .
4 06

U= —gmr = —96 ~ —96m/s
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                Interleaved calculations continued: 3. A student of mass 60 kg jumps off a platform with an initial velocity of 0 m/s and accelerates to a final velocity of 5 m/s in 1 second. Calculate the force. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… …………………………………………………………………………………………………………………………………………………… …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. 4. A marble of mass 25 g is pushed along a smooth surface and comes to rest in 0.6 seconds under the influence of a force of 4 N. Calculate its initial velocity. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… …………………………………………………………………………………………………………………………………………………… …………………………………………………………………………………………………………………………………………………… …………………………………………………………………………………………………………………………………………………..      
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Momentum - interleaved questions .
Q1. a. Avan has a mass of 3200 kg. The diagram shows the van just before and just after it

collides with the back of a car.

Mass = 3200kg
v=5m/s Stationary

Before collision After collision
Just before the collision, the van was moving at 5 m/s and the car was stationary.
(i) Calculate the momentum of the van just before the collision.

Show clearly how you work out your answer.

‘| (i) 16 000
| allow 1 mark for correct substitution ie 3200 x 5

MOoMENTUM = ....ccoeverireerecerireeeeree e K M/S

(i) The collision makes the vanand car  join together.

What is the total momentum of the van and the car just after the collision?

Momentum =| 16 000 kg m/s

(iii) Complete the following sentence by drawing a ring around the correct line in the box.

more than
The momentum of the car before the collision is the same as | the momentum of the

less than

car after the collision.
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                Momentum – interleaved questions . Q1. a. A van has a mass of 3200 kg. The diagram shows the van just before and just after it collides with the back of a car. Before collision After collision Just before the collision, the van was moving at 5 m/s and the car was stationary. ( i ) Calculate the momentum of the van just before the collision. Show clearly how you work out your answer. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. Momentum = …………………………………….. kg m/s (ii) The collision makes the van and car join together . What is the total momentum of the van and the car just after the collision? Momentum = _______________ kg m/s (iii) Complete the following sentence by drawing a ring around the correct line in the box. more than The momentum of the car before the collision is the same as the momentum of the less than car after the collision.         ( i ) 16 000 allow 1 mark for correct substitution ie 3200 × 5  16 000
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Momentum - interleaved questions .

(b) A seat belt is one of the safety features of a car.

In a collision, wearing a seat belt reduces the risk of injury.

Use words or phrases below to complete the following sentences.
decreases stays the same increases

In a collision, the seat belt stretches. The time it takes for the person held by the seat belt to

lose momentum compared to a person not wearing a seat belt,

........................... increases et et eeheeueha a4 ek EsEs A e bk hs R b ek Rs b et bbb b et <
The force on the person’s body .......ccceivivvninininnnnns decreases e, and

so reduces the risk of injury..





image22.svg
           Momentum – interleaved questions . (b) A seat belt is one of the safety features of a car. In a collision, wearing a seat belt reduces the risk of injury. Use words or phrases below to complete the following sentences. decreases stays the same increases In a collision, the seat belt stretches. The time it takes for the person held by the seat belt to lose momentum compared to a person not wearing a seat belt, ……………………………………………………………………………………………………………………………………………….. . The force on the person’s body ………………………………………………………………………………………. and so reduces the risk of injury..     increases  decreases
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Momentum - interleaved questions .

Q2. (a) An adult of mass 80 kg has more inertia than a child of mass 40 kg

What s inertia?

| the tendency of an object to continue in its state of rest or motion
allow how difficult it is to change the velocity of an object

(b)

A teacher demonstrated the idea of a safety surface.

She dropped a raw egg into a box filled with pieces of soft foam.

The egg did not break.

Figure 1 shows the demonstration.

Explain why the egg is less likely to break when dropped onto soft foam rather than onto a

Figure 1

-~ Egg

| - Pieces of
A e, -~ softfoam

concrete floor.

(soft foam) increases the time taken to stop
allow increases impact/contact time

or

increases the time taken to decrease momentum
allow increases the time of the collision

do not accept slows down time

decreases the rate of change in momentum
allow reduces acceleration/deceleration
reduces momentum is insufficient

allow increases the time to reduce the momentum to zero for 2 marks
reducing the force (on the egg)

allow impact for force
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         Momentum – interleaved questions . Q2. (a) An adult of mass 80 kg has more inertia than a child of mass 40 kg What is inertia? …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. (b) A teacher demonstrated the idea of a safety surface. She dropped a raw egg into a box filled with pieces of soft foam. The egg did not break. Figure 1 shows the demonstration. Figure 1 Explain why the egg is less likely to break when dropped onto soft foam rather than onto a concrete floor. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… ……………………………………………………………………………………………………………………………………………………     the tendency of an object to continue in its state of rest or motion allow how difficult it is to change the velocity of an object  (soft foam) increases the time taken to stop allow increases impact/contact time or increases the time taken to decrease momentum allow increases the time of the collision do not accept slows down time decreases the rate of change in momentum allow reduces acceleration/deceleration reduces momentum is insufficient allow increases the time to reduce the momentum to zero for 2 marks reducing the force (on the egg) allow impact for force


image25.png
Momentum - interleaved questions .

(c) Figure 2 shows a child on a playground swing. The playground has a rubber safety surface.

Figure 2
|"‘ .':"‘ J \ \‘ \
PO
{ LS
=,

™ Rubber safety surface

A child of mass 32 kg jumped from the swing.
When the child reached the ground she took 180 milliseconds to slow down and stop.
During this time an average force of 800 N was exerted on her by the ground.

Calculate the velocity of the child when she first touched the ground.

ananswer 4.5 (m/s) scores 4 marks

an answer 4500 scores 3 marks

180 ms=0.18s

if incorrectly or not converted, subsequent marks may still be awarded for correct method
and calculations

32xv

800 = 018

_ 800x0.18

g 32

v=4.5(m/s)

Alternative methods that are logical and give the correct answer should be given credit.

VelOoCity = .uoveee e berrrrerrrerererrrrerereresh s e ses s v evene s m/s
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                     Momentum – interleaved questions . (c) Figure 2 shows a child on a playground swing. The playground has a rubber safety surface. Figure 2 A child of mass 32 kg jumped from the swing. When the child reached the ground she took 180 milliseconds to slow down and stop. During this time an average force of 800 N was exerted on her by the ground. Calculate the velocity of the child when she first touched the ground. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… ………………………………………………………………………………………………………………………………………………….. …………………………………………………………………………………………………………………………………………………… …………………………………………………………………………………………………………………………………………………… …………………………………………………………………………………………………………………………………………………… …………………………………………………………………………………………………………………………………………………… Velocity = …………………………………………………………… m/s     an answer 4.5 (m/s) scores 4 marks an answer 4500 scores 3 marks 180 ms = 0.18 s if incorrectly or not converted, subsequent marks may still be awarded for correct method and calculations v = 4.5 (m/s) Alternative methods that are logical and give the correct answer should be given credit.        4.5 m/s
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