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The Activation of Prior Knowledge in the classroom
Introduction
This research study is to investigate the use of Activation of Prior Knowledge within the classroom and the effect this has on learning.  I believe activation of prior knowledge is an important part of learning and provides the pupils with a mechanism to enhance the cognitive impact of the lesson.
In accordance with education research guidelines, the school will by anonymised and referred to as School X.  School X is an English medium school with a high percentage of pupils eligible for free school meals and a significantly high percentage of pupils with special educational needs.  The school has approximately 500 pupils with almost equal numbers of boys and girls (MyLocalSchool, 2018).  This is significant for the study as it means for the information delivered in the lessons to be absorbed it must be repeated in various ways and differentiated according to the ability of the pupil as an individual.
School X joined a federation in 2014 and since then standards achieved by pupils have improved significantly, although it was on the way to improvement before the federation was finalised and has since grown in achievement.  Overall pupils’ performance in all subject areas is good compared with their peers in similar schools and most pupils are making good progress in advancing their knowledge and understanding.  Most pupils have a suitable memory of previous lessons and have a good attitude towards learning.  Very few pupils have English as an Additional Language (EAL), this is significant as participants with English as an Additional Language could potentially be aware of the concepts delivered and discussed in the lessons but not familiar with the English scientific vocabulary associated with these concepts. (Estyn, 2017)
The pupils used in this investigation are from two key stage 3 physics classes, one with 17 pupils and the other with 14 pupils and both of varying academic ability.  For alternating lessons, one group will be taught with activating prior knowledge embedded in the teaching, and the other group will be taught without any activating prior knowledge in the lessons.  The vast majority of the participants in this study have not encountered the taught material previously, this is important as it could compromise the validity of the data gathered in the study.
Literature Review
Activation of Prior knowledge in the case of pupils’ learning in the classroom involves allowing the pupils to bring in previous knowledge or experience and to apply it in a new way to enhance the understanding of a new topic the pupil may not have been aware of previously.  This can also be used to recap previous lessons on the same topic to remind the pupil of the topic they are currently studying and implementing and using key words related to that specific topic.  This tool has been proven to be, in most cases, an invaluable method to allow the development of knowledge (Dochy et al, 1999; Beier & Ackerman, 2005).  The activation of prior knowledge is an extension of advance organisers and can help pupils make sense of the new information received during lessons.  Advance organisers are generally used during lessons to illustrate the relationship between what is about to be learned and what has already been learned allowing pupils to create a conceptual bridge from the prior knowledge to the new knowledge.
Sidney and Alibbali (2014) state that the success of activation of prior learning rests upon two things: the selection of an appropriate analogue, and the correct adaptation of that analogue to the current learning need.  They state that when both of these conditions are satisfactorily met, successful learning can occur.   Similarly, Mayer (1979) states for new knowledge to be learned, three things need to be in place: Availability – the learner must possess, prior to learning, a meaningful assimilative context for integrating the new material; Reception – the new material must be received by the learner; and Activation – the learner must actively use this context during learning to integrate the new information with the old. 
Prior knowledge is not often automatically present in active memory or activated and it must be brought forward and its activation must be assisted by the teacher.  One method of activating prior knowledge is mobilisation, where pupils bring to mind pieces of information on a given subject. (Kostons and Werf, 2015)
Schmidt et al (1989) discuss how the accuracy of the prior knowledge can affect the ability of the pupil to create an understanding of the new knowledge.  They use the example of children who incorrectly connect thunder and lightning with clouds bumping together can struggle more with understanding the scientific reasons for the phenomenon.  Chambers and Andre (1997) discuss how these prior misconceptions can appear to impede the assimilation of new knowledge and how some misconceptions are resistant to instructional change and that some pupils continue to give answers consistent with their misconceptions even after considerable instruction.  One possible reason for this is discussed by Pressley et al (2010) who states that people often mindlessly process data and superficially process meaningful information and that glaring inconsistencies in data can often be overlooked.  They suggest that by correctly activating pupils’ prior knowledge, data can be more mindfully processed resulting in a firmer knowledge of the subject.  
Pressley et al (2010) hypothesis that when pupils attempt to construct an explanation of about to be learned topics, i.e. answers that require a level of inference from currently available information; a better understanding of the material is instilled in the pupil who originally attempted the explanation.  When a pupil attempts to explain the significance of facts yet to be learned the learning of those facts also increases.  The authors also note that the more a student is challenged to make explanations about a particular topic, the greater the increase in learning that occurs.   To enhance the learning experience for all the pupils, this research suggests that the pupils should individually attempt an explanation of the material yet to be taught.  This will mindfully activate the correct prior knowledge within the pupil in readiness for the learning to begin.  
The conceptions held by pupils with regards to putting hands up to answer a question are somewhat mixed, they range from ‘I must put my hand up to participate in this lesson’ to ‘I don’t want to put my hand up in case I am wrong’ and ‘I just don’t want to talk in class’.  Due to this, class participation can suffer and the less able or quiet pupils may essentially be marginalised by the stigma attached to incorrectly putting their hands up.  Hammond (2016) observed this phenomenon within year 4 pupils in a Cambridgeshire school and suggested that a no hands up policy be adopted by educators to mitigate the marginalisation.  Stanley Road Primary School in Worcestershire (Stanleyroad.worcs.sch.uk., 2018) are one such school to adopt the suggestion of Hammond and employ a no hands up policy.  They state when putting hands up children who perhaps need help do not put their hands up because they do not know the answer.  This can cause the learning experience to become dominated by pupils who are more able.
In order to allow every pupil to verbally contribute to the lesson using a no hands up approach, either one of two things must happen; either the length of the lesson must be increased to allow the extra time needed for each pupil to attempt an explanation of the current topic, or the number of pupils in the class must be small.  Increasing the length of the lesson is not the preferred option as it is well known that the optimum duration for a lesson is when the duration of the lesson is matched to the attention span of the pupils.  Thus, in order to allow a fuller discourse between all the pupils and the teacher individually, the class size must be small.
In order to tailor the teaching to the learning ability of the pupils, some method of assessment must be introduced to allow that feedback of the pupils’ level of understanding back to the teacher.  The assessment can also provide feedback to the individual pupil on which areas they have done well in, which areas they did not do so well in, and how they can improve the areas they are not performing so well at.  The ultimate goal of this is to improve the level of understanding of the topic within the pupil.  This is assessment for learning.  In an educational setting, feedback can either be formative or summative.  Summative feedback provides pupils with some comments along with a mark or a grade, usually for the end of a section of work, module or course.  Conversely, formative feedback allows the pupil to understand which parts of their work is correct, but more importantly which parts are wrong, why they are wrong and how the pupil can address this.  This formative feedback will then allow the pupil to correct any misconceptions they have about the topic and improve their understanding of the subject area.  (Brown, 2005)
Jones, (2018), states that many of the activities already carried out by teachers in the classroom can be classed, in one way or another, as assessment tasks.  These tasks allow teachers to make judgements on the pupils’ knowledge, level of understanding and acquisition of skills of the given topic.  These assessment tasks, my not appear to be assessments to the pupils, but the valuable feedback that should be given with these tasks can help them enormously in correcting any misconceptions they have.  Jones continues to say that it is important to state the learning goals or outcomes to the pupils and to check that they comprehend what it is they are about to embark upon.  A common problem in teaching and learning is that the pupils do not understand how the current topic fits into the bigger picture and why they should even learn it.  It is therefore the job of the teacher to clearly explain why a certain topic it to be learned and what the pupils will gain from it by learning it.  This negative attitude towards the work can create a barrier to learning.  To overcome this barrier, two way communications between the teacher and the pupils must be initiated. 
Jones, (2018), lists the key pieces of information that all learners must know and understand for learning to take place; the pupil must understand the aim of the learning, why they need to learn it, how far away they are from achieving the aim, and how they can achieve the aim.  All this information is available to the pupil from the learning objectives and the feedback they receive as part of any assessment for learning that may occur.
‘...effective assessment for learning is central and integral to teaching and learning.’ (James, 2016)
James, (2016) states that the assessment carried out must be commensurate with the subject and the expected level of knowledge.  She uses the example of a science assessment whereby the pupils are asked to recall knowledge but not to describe, explain or evaluate it.  This type of assessment, while useful for determining the level of topic knowledge a pupil has, it does not assess their understanding nor does it engage them at a deeper cognitive level.  For more able pupils, this lack of engagement can become a source of boredom.  To alleviate this, the assessments for learning used must be both appropriate and engaging for the pupils and the topic assessed.
Black et al, (2004), describe assessment for learning as any assessment for which the first priority in its design and practice is to promote pupils’ learning.  They go on to discuss how learning is not a process of passive reception of knowledge but one whereby the pupils actively create an understanding by connecting prior information with other prior information and with new information.  This description of the learning process corroborates well with other studies and with the concept of activating prior learning.  The use of assessment for learning to close the loop between pupils’ understanding and the actual concepts taught connects well with the need for formative feedback allowing pupils to actively navigate their own learning environment.  This self navigation of their personal learning environment, also discussed by Kostons and Werf, (2015), once understood by the pupil, can lead to metacognitive learning, further enhancing their ability to learn.
Kostons and Werf, (2015), investigate the differences in pupil understanding between pupils who are asked to learn information from a given passage of text using activating prior topic knowledge and pupils who are asked to learn information from the same text by using activating prior metacognitive knowledge; i.e. by recalling what learning methods worked the individual and tailoring their learning accordingly.  They conclude that pupils can perform the learning task more effectively by activating either prior topic knowledge, prior metacognitive knowledge or prior motivational knowledge.
Spires and Donley (1998) conducted a study whereby participants were tested on comprehension of passages of text at the application level and at the literal level.  Participants were split into four groups; one group who were writing main idea notes and supporting details in a spilt page not taking format, the second group use activating prior knowledge and wrote elaborations independently alongside their texts, a third group who used activating prior knowledge and wrote main ideas and elaborations alongside their texts, and a control group.  They concluded that both of the prior knowledge groups outperformed the control group and the main idea group, and the activating prior knowledge group only performed marginally better than the group who used activating prior knowledge and main idea note taking.  They suggest that this may be due to the amount of time spent on instructional training by the participants of that group.  Generally they found that participants who engaged with activating prior knowledge performed better that those who did not. 
From this research, it can be concluded that for the activation of prior knowledge to be successful, the prior knowledge must be accurate, the prior knowledge must be activated in a stimulating and engaging way, and new related information must also be delivered in a stimulating and engaging way to allow the pupil to process the new information by cognitively linking the new information to the activated prior knowledge.  Once the link between the prior knowledge and the new knowledge has been made, an assessment of this can be made.  To close the loop and further enhance the learning, the pupil must receive complete formative feedback with a narrative of good and bad points about their work and use this feedback to modify their knowledge of the topic or their methods of learning.

School Policy and Practice
Whereas there is no direct school policy or departmental policy on the use of activating prior knowledge in the learning environment of the pupils there is a classroom covenant to how a pupil should feel which I think reflects some of the values adopted in my assessment for learning strategies.
The classroom covenant states that each child should be able to learn without interruptions from any other pupil in the classroom. By using the no hands up approach, it ensures everyone has their say on a topic or a question without the risk of another pupil monopolising the question or conversation. 
Another idea the school have implemented in their policy is that every pupil should feel valued and respected for their individual strengths and weaknesses. While trying to build up their strength on scientific topics, I am also aware of the varying mix of abilities in the classroom, so questions of a more simplistic value are given to those who would struggle with the more advanced but also pushing them slightly out of their comfort zone and giving them a chance to think.
By ensuring that everybody has the chance to answer it is also implementing their classroom covenant that the pupils will not be treated unfairly due to their race, religion, sexual orientation, gender or personal appearance. And everyone will be treated as an individual with equal rights to each other.

Methodology and Ethics
To comply with ethical policy, the pupils will not be identified in any of the research study and will only be referred to as Group A and Group B.  The two questions asked by this study are: 
1. Does activating prior knowledge in a physics lesson enhance the learning experienced by the pupils?
2. Which methods of activating prior knowledge achieve the best results?
For the first question, the method I have adopted is to conduct an experiment using two groups of pupils; group A will consist of 17 mixed ability key stage 3 pupils while group B will consist of 14 mixed ability key stage 3 pupils.  For the first week, group A will be taught using activation of prior knowledge methods and group B will be taught the same topics without the use of activating prior knowledge. For the second week, this will alternate to minimise any bias in the study due to the pupils.  Both groups will be assessed at the end of each lesson using assessment for learning tasks.  
For the second question, various methods of activating prior knowledge will be used and the impact they have will be assessed using various Assessment for Learning tasks.
The activating prior knowledge tasks used in this study are detailed as follows:
Alphabet chart
An alphabet chart is a table with each cell in the table containing letters of the alphabet.  The pupil has to name something related to the topic beginning with one of the letters in each of the cells. This helps to identify key words relating with the topic and will also be available in the pupil’s books for them to refer back to at any point. It also aids with literacy and correct spellings of scientific key words. Key words in science are of significance when relating to that topic and using scientific language and notations shows and understanding. A similar concept is ‘In a nut shell’
Blockbuster
This is played similar to the TV game show of the same name the teacher will ask a pupil a specially designed question on the topic which was taught in that lesson where the answer to the question starts with a letter on the board.  The pupil can either answer the question them self or nominate another pupil to answer. After a pupil has answered the question another pupil is chosen and another question is asked.  Play continues until there are no letters left. To ensure that everyone has a turn, I will always have two or three questions per letter on the board. Keywords are often used as answers, reinforcing the scientific notation. 
Word tennis
Pupils pair up and each pupil takes it in turn and has five seconds to think of a word relating to the topic taught.  Each word can only be used once.  This allows the pupils to use vocabulary used in the lesson in a fun way while being assessed. This was done as a pairing activity where they would bounce words back and forth and take scores. When they had practiced in pairs, it was done as a classroom activity ensuring that everybody had a turn. It proved very popular with the pupils.
Splat
This assessment game starts when the teacher displays a slide containing various key words, equations, and diagrams etc. relating to the topic taught; the teacher then asks questions whose answers are displayed on the slide.  To answer, the pupils run to the screen and ‘splat’ the answer with their hand.  The question’s asked before the pupils are chosen to answer; this allows the question to be tailored to the pupil’s individual ability but also gathers the whole classes attention and ensures they are listening in case their name is called. This then gets them all thinking about the answer and looking for it on the splat board.
Here is the answer what is the question
One pupil is chosen to give an answer relating to the topic taught in the lesson and to choose another pupil to ask a question which will yield that answer.  The second pupil then gives an answer and chooses another pupil to give a question.  This continues until all the pupils have given an answer and a question.  This is a very useful tool for revision as it makes the pupils think of possible questions that could be given in an exam and helps them better understand the topic and key words related to the topic. This can also be done in reverse where the question will be asked before the answer is given, but as the class progressed I found it was challenging the pupils further when given the answer first and then encouraging them to think of a question showing their complete understanding of the topic and explanations. A example was where one pupil said the answer was three, and the pupil chosen gave the question, ‘ The current is four and the voltage is twelve, what is the resistance’? 
Heads and tails
The teacher will ask a question and display two answers on the board, one marked heads and the other marked tails.  The pupils then decide which answer they think is right by either putting their hands on their head, or putting their hands at the bottom of their back ‘on their tails’.  This helps the teacher to assess the areas that there are difficulties from a large amount of pupils, but also those individuals that are struggling as a whole.
Think Pair Share
The teacher displays a statement on the board relating to the topic.  This may also be a question, e.g. “If I drop a hammer and a feather from the same height at the same time, which will hit the floor first”. The pupils then take a minute or two to think about the statement, the pupils then pair up and discuss their thoughts on it.  After a minute or two of discussion the pupils then share the results of their discussion with the class.
Thunk
A thunk is an image with a caption that is designed to make the pupils think. For example: If plastic is made from oil, and oil is made from decomposing dinosaurs, are plastic dinosaurs made out of real dinosaurs? These encourage the students to think outside the box and can even encourage discussion in the classroom. 
Three Layered Question
A three layered question is designed around Bloom’s Taxonomy and consists of three questions of differing difficulty. A bronze question would ask the pupil to recall a particular fact about the topic while a silver question would ask them to explain a concept and a gold question would ask the pupil to describe something related to the topic.  The pupil can choose which question to answer and then write the answer in their books.  The three layered questions are usually constructed from the learning objectives of the previous lesson that are also differentiated using Bloom’s Taxonomy. (Bloom, 1956) The answers are then discussed with the class and the teacher is able to assess which questions were answered by each individual student. It was often encouraged for them to answer more than one question if they had the time, to take them out of their comfort zone.
Concept Cartoons
A concept cartoon is a drawing depicting a scene related to the topic being taught. An example of a concept cartoon can be seen in Figure 1.  Various statements are written in the cartoon and the pupils have to decide which statements are true.  Concept cartoons can also be used as a launchpad for other activities such as think pair share, and agree build challenge, where it can generate discussions between pairs, groups or as a whole class.  Using concept cartoons allows the teacher to assess the understanding of the pupils and any misconceptions to be identified and corrected, thus ensuring the correct prior knowledge is activated.
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[bookmark: _Ref513926964]Figure 1 An example of a concept cartoon
The Assessment for Learning tasks used in this study are as follows:
Agree Build Challenge
This is a discussion-based task whereby a discussion is started and the teacher encourages each pupil in turn to join in and either agree with, build on, or challenge other pupil’s statements. It can be based on something simple such as a concept cartoon or advantages and disadvantages of a subject proposed. A statement will be given by the teacher, and a pupil will be asked if they Agree, would like to Build on, or Challenge what the statement says. Once they have given their statement, another pupil will be chosen to see if they agree, would like to build on, or challenge what the previous pupil has stated. This carries on and by using a no hands up approach it engages all pupils in the class. I can even be a very good way of sharing existing and new ideas, especially if the topic is controversial.
Often questions can be generated by the teacher throughout the discussion to facilitate different ideas or outcomes and to stimulate further conversation, discussion and even a controlled debate.  
Voting cards
When using Voting Cards, several multiple choice questions are written on the board with the four possible answers highlighted in red, green, yellow and blue.  Pupils then answer the question by holding up a coloured card corresponding to the answer they think is correct.  This is a simple and fun way to determine the level of understanding of the pupils.  This method can also be used by the pupils to self-assess their understanding in a traffic light fashion; red for poor understanding, green for good understanding and yellow for somewhere in between. 
Tweeting
 Pupils write a “tweet” in their books at the end of the lesson directed to someone who would not know about the topic to summarise a particular part of the lesson. The could also share their findings if doing a scientific experiment or perhaps share what could have been don’t to improve.
It is also a good way of finding out particular areas the pupils are struggling in, if asked to tweet about something in the lesson or topic that they are unsure of. From this, the work given out can be differentiated accordingly.
PROCEDURE
The two groups of participants will both be taught the same topic areas, both lessons will consist of the same main investigative activities, the same assessment for learning method, and the same plenary.  To reduce any bias in the investigation due to the assessment methods, each group will be assessed via the same method for the same topic.  To reduce the effect of no activation of prior knowledge on one group of participants, the group who receives the lesson containing the activation of prior knowledge element will alternate each lesson.  Each assessment for learning session will be scored as a percentage to allow a comparison to be made between different assessment types.  The methods used to calculate each of the scores is shown in Table 1.  Comparisons can then be drawn between the different activation of prior knowledge methods employed and the different assessment for learning strategies used.
[bookmark: _Ref513995580]Table 1 Assessment for learning scoring methods
	Assessment for Learning
	Scoring Method

	Agree Build Challenge
	Percentage of pupils contributing with correct statements

	Worksheets or Questions written in books
	Average percentage of pupils’ marks

	Voting cards or Quizziz
	Average percentage of pupils who answered correctly

	Tweets
	Percentage of pupils who wrote a factual tweet


 
Evaluation
Due to the data sources used for this research, some of the assessment for learning scores captured may not truly reflect the level of understanding of the pupil.  For example: a pupil may understand completely the topic but may be scared of saying the wrong answer even though the answer they were going to say was correct.  This may lead to slightly under estimated assessment for learning scores for that particular type of assessment.  Other errors in the assessment scores may arise due to the effect of peer answers in tasks like Voting Cards, where by pupils may not feel confident in their own answer and try to copy answers given by their peers.  In an attempt to mitigate the effect of shyness and fear of failure in pupils a no hands up policy has been adopted in the class room.  This has the effect of dramatically increasing pupil engagement and the teacher can more easily assess the understanding ad progress of every pupil in the class.  The no hands up policy also allows for tailored questioning of each pupil; more able pupils can be asked more difficult questions and less able pupils can be asked questions more appropriate to their understanding.  Although the no hands up policy is implemented throughout all lessons, it plays an important part during the use of Agree Build Challenge, whereby the teacher in turn asks every child for their views on the topic of the lesson.
The assessment for learning results are tabulated in Table 1 and graphed in Figure 2 to Figure 4.  From the graph shown in Figure 2, it can be seen that in most cases lessons taught with an activating prior knowledge element integrated into them led to pupils scoring higher in the assessment for learning tasks at the end of each lesson.
While superficially it may seem that activating prior knowledge in the classroom can provide an increase in understanding, there are several points to note, each of which will be discussed now.
While the idea of assessing the impact of activating prior knowledge through the use of assessment for learning seems logical, it does raise one big question; are the assessment for learning scores related more to the assessment for learning method employed, or do they reflect the effects of the activation of prior knowledge.  To attempt to answer this, we can look at the assessment for learning scores for each assessment for learning method, and we can also look at the scores for each activation of prior knowledge method.  These graphs are shown in Figure 4 and Figure 3 respectively.  
[bookmark: _Ref513899406]

Table 2 Table of results showing the activation of prior knowledge method, the assessment for learning method and the assessment for learning scores for each lesson.
	Lesson No
	Topic
	Group
	APK Method
	AFL Method
	AFL Score

	1
	Introduction to Forces
	A
	Alphabet Chart
	Worksheet
	86.0

	
	
	B
	
	
	86.0

	2
	Forces
	A
	
	Voting Cards
	82.4

	
	
	B
	Think Pair Share
	
	85.7

	3
	Forces
	A
	Splat
	Agree Build Challenge
	94.1

	
	
	B
	
	
	92.9

	4
	Forces – Mass and weight
	A
	
	Question to write in books
	82.4

	
	
	B
	Thunk
	
	85.7

	5
	Balanced and unbalanced Forces
	A
	Three Layered Question
	Worksheet
	85.0

	
	
	B
	
	
	81.7

	6
	Forces
	A
	
	Tweet
	88.2

	
	
	B
	Concept Cartoon
	
	92.9

	7
	Forces
	A
	Heads and Tails
	Voting Cards
	91.2

	
	
	B
	
	
	85.7

	8
	Forces
	A
	
	Agree Build Challenge
	94.1

	
	
	B
	Word Tennis
	
	92.9

	9
	Forces
	A
	Blockbuster
	Question to write in books
	88.2

	
	
	B
	
	
	85.7

	10
	Forces
	A
	
	Tweet
	94.1

	
	
	B
	Here is the answer what is the question?
	
	100.0




[bookmark: _Ref513899423][bookmark: _Ref514005591]Figure 2 Graph of assessment for learning scores for lessons with and without activating prior knowledge

From Figure 3, it is apparent that the activation of prior knowledge method that yielded the highest assessment for learning scores was ‘Here is the answer, what is the question?’.  On inspection of Table 1, we can see that the assessment for learning method employed in the lesson where ‘Here is the answer, what is the question?’ was used was ‘Tweet’.  This then supports the conjecture that the assessment for learning scores may not necessarily truly reflect the impact of activating prior knowledge on the pupils’ understanding, but more of a measure of the assessment for learning task itself.  This is further supported by the scores achieved during the ‘Agree Build Challenge’ task, as the scores do not deviate regardless of whether activating prior knowledge was integrated in the lesson or not.  This also opens the question: does the use of around class discussion tools, like ‘Agree Build Challenge’ activate prior knowledge within the pupils without intervention from the teacher?  Although, during this study, ‘Agree Build Challenge’ was carried out as an assessment for learning at the end of the lesson, this method does have the ability to be used as a method of activating prior knowledge as the discussion spreads around the class room each pupil must pay attention as they will soon be called upon to contribute to the discussion.  This impending collaboration forces the pupils to listen and to think about what they should say, possibly calling on prior knowledge to support their argument.


[bookmark: _Ref513905154]Figure 3 Graph of assessment for learning score for different activating prior knowledge methods
From the graph shown in Figure 4, it can be seen that the use of worksheets, voting cards and questions in books all yield similar assessment for learning scores, while ‘Agree Build Challenge’ and ‘Tweet’ both had scores which were higher. The reasons for this are potentially because the tweet is a simple task, most of the pupils produced a correct answer.  Due to this, I believe the results for the assessment for learning that used ’Tweet’ are somewhat inflated and should be somehow corrected for this to bring the results inline with the results from the other assessment for learning methods.  The ‘Agree Build Challenge’ seems to score highly with or without the use of activating prior knowledge.  This could possibly be attributed to the discussion aspects of ‘Agree Build Challenge’ activating prior knowledge in the pupils as the discussion progresses around the classroom.


[bookmark: _Ref513899432]Figure 4 Graph of average assessment for learning scores for different assessment for learning methods
By comparing the assessment for learning scores for each lesson performed with and without activating prior learning, the improvement in assessment for learning scores can be calculated.  These are displayed in the graph shown in Figure 5.  From the graph, it can be seen that ‘Here is the answer, what is the question’ provides the greatest improvement, this correlates well with research, such as Black et al (2004) and Pressley et al (2004) who state that allowing pupils to create questions enhances learning and improves understanding.

[bookmark: _Ref513929935]Figure 5 Graph of improvement in assessment for learning scores for different activation of prior learning methods
Conclusions
From the results presented, it is evident that utilising activating prior knowledge in the classroom improves topic knowledge and understanding.  This can be seen from Figure 2 where each lesson which used activating prior knowledge had an equal or higher assessment for learning score.  When all the lessons were combined, lessons which used activating prior knowledge produced an average assessment for learning score of 90.17% compared with 87.31% for lessons without activating prior knowledge.  
The results also indicate that the activating prior knowledge method which yielded the highest assessment for learning scores was ‘Here is the answer, what is the question?’.  Due to the size of the study, it is impossible to say if this is due to the particular activating prior knowledge method improving knowledge and understanding, or if it is due to the assessment for learning method employed during those particular lessons being simple compared with the other assessment for learning activities used in the other lessons.  The research reviewed suggests that pupils who devise their own questions are more likely to develop a fuller understanding of the topic through the deeper level of thinking required to produce meaningful questions.
From Figure 4 it can be seen that the assessment for learning method which on average yielded the highest score was ‘Tweet’.  A potential reason for this could be because the scoring for that particular task only required the participant to write a truthful sentence about the topic, whereas the scoring for other tasks required the participants to answer in a more complicated manner.   The assessment for learning scores achieved in the lessons using ‘Agree Build Challenge’ have shown that using activating prior knowledge makes little or no difference in the scores.  A potential reason for this, mentioned earlier is that during the ‘Agree Build Challenge’ activity the pupils may be surreptitiously gaining the benefits of activating prior knowledge without the conscious effort.  This may be attributed to the no hands up policy and the around class method employed by this discussion technique, forcing pupils to pay attention to all the other pupils’ statements in case they are chosen by the teacher to be next to contribute to the discussion.  This increased attention, combined with the potential praise from the teacher and their peers for a really good discussion point, enables the pupils to concentrate their efforts in developing an understanding of the topic and possibly subconsciously creating links between prior knowledge and the current topic material.
The activating prior knowledge method which provided the next largest increase in assessment for learning scores is ‘Heads or Tails’, with an improvement of 5.5%.  This could easily be affected the quality of the questions asked, a good thought provoking question could illicit a deep cognitive response causing the participants to recall prior knowledge and make the connection to the new information. Whereas a poorly designed question could be too superficial and not allow the cognitive links between prior knowledge and the new information to be formed.  ‘Heads or tails’ provides a fun way to answer questions, this activating prior knowledge method may be more suitable to younger secondary school pupils such as year 7 and year 8.  Due to the animated nature of the responses required of the pupils, older children may find this activity somewhat childish.  The responses given by the pupils to this method of activating prior knowledge are somewhat subject to peer pressure and this may cause a bias in the cognitive links formed between the prior knowledge and the new information unless immediately corrected by the teacher.  
Concept cartoons provided an increase of 4.6% in assessment for learning scores when compared with the same lesson taught without concept cartoons.  Concept cartoons are somewhat more versatile than ‘Heads or tails’ in that when a concept cartoon is used, the teacher can either ask pupils to write down the answers in their books, or to use the concept cartoon as a launchpad for around the class discussions like ‘Agree Build Challenge’.  The assessment for learning method used during the concept cartoon lesson, and its non- activating prior learning counterpart was ‘Tweet’, this could have induced a slightly inflated assessment for learning score as discussed previously.
From this research, it is clear that using any activating prior knowledge method in a lesson will improve pupils’ level of knowledge and understanding of the topic area.  It has also been shown that using around class discussion tools such as ‘Agree Build Challenge’ along with a no hands up policy allows the teacher to ensure all the pupils receive the same high standard of educational experience, regardless of the pupils’ confidence, knowledge of the topic, self-esteem, susceptibility to peer pressure or ability.  Around class discussion tools can be seen to improve pupils’ ability to connect prior knowledge and new information, reinforcing the learning and improving the understanding of the topic.
While this is an interesting area of research, to fully understand which teaching methods work best in the science class, a more in-depth study is required.  This will remove any errors inadvertently introduced into the study and provide more accurate results, allowing for a fuller analysis to be performed.
Limitations and Future Development
Although this study yielded some seemingly promising results, the validity of the outcomes of this study are limited due to several reasons.
Due to the limited number of lessons in which to capture the data for this study it was impossible to test all combinations of activating prior knowledge methods against all assessment for learning methods.  As a result of this the data captured suffers from an inability to separate the effects of the activation of prior knowledge from the assessment tasks and as such the assessment for learning scores, and hence any improvement in learning cannot be attributed to either the particular method chosen for activating prior knowledge or to the assessment for learning method employed in any particular lesson.
As the number of lessons used in this study was small and the total number of participants was small to draw any significance from the results could be considered incorrect as the sample size involved in this study is too small to be statistically significant.  To mitigate this, the study would need to encompass several schools and involve thousands of participants; this would also improve the generality of the study by widening the demographic of the participants.  The number of lessons used in the study would also need to increase to allow a better structure of experiments.  While a study such as this would yield far more statistically significant results a study on such a wide scale would create many ethical questions such as how can the quality of education of a group of children be possibly compromised for the sake of a study?
A variation in pupil numbers between sample groups inadvertently skews the amount of attention the teacher can give to individual pupils. As stated previously, smaller class sizes allow for more of the teacher’s time to be spent on each pupil.  In the case of this study this would mean that, if the time per pupil for assessment for learning activities were standardised between both groups, there would be more time available for teaching in the smaller group classes.  This could potentially have skewed the results somewhat, but in an attempt to minimise the effects of this the groupings which used the various activation of prior learning methods were alternated for each lesson.
As the two groups of participants involved in this study were un-banded and mixed ability pupils, there was a possibility that one of the groups had, on average, a slightly higher ability than the other.  This also could have led to the introduction of a small bias into the results with the lower ability class scoring lower on the assessment for learning tasks.  On the scale of this study, this would be very difficult to compensate for as it would mean adjusting assessment for learning scores for either the higher ability group or the lower ability group.  This would then create more problems, how do you judge the difference in ability between the groups? How do you adjust the scores so they are on the same scale? How can we ensure that the adjustment will be fair?  To compensate for ability on a larger scale would be a lot simpler, to ensure a fair result from the study, participants from all ability levels and all demographics should be included to ensure a representative cross section of the population is selected.
Variations in pupils’ mood and willingness to participate in the lesson would also have had an effect on the results of this study.  Again, this is difficult to control on a small scale.  Other researchers have offered incentives for participating, but this may not be appropriate in a school environment.  It is a well known fact that pupils’ moods can change throughout the day and can be attributed to things such as proximity to a break time or home time, hunger levels, relationships between pupils, or other events occurring in and around the school.  One possible method for controlling this would be to timetable all the lessons involved in the study to be at similar times of day where pupils are likely to be at their most attentive, but such a control would be outside the scope of this study.  This could also be compensated for by increasing the size of the study and allowing lessons to occur at all times, thereby including a complete cross section of pupils’ moods and willingness to participate.
For this study to produce the most accurate results, as stated above, it must include a large number of participants taken from many schools divided into classes of approximately equal size, and timetabled across all schools to be taught at all times of day.  Depending upon the number of classes and schools involved, this could introduce a variability due to the teacher, or if enough schools were involved then it would include the ‘average teacher’ instead of some good teachers and hopefully not too many bad teachers.  This would allow all combinations of assessment for learning and activating prior learning to be thoroughly tested and to produce statistically significant results.
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AfL Scores for classes with and without APK
APK	86	85.714285714285722	94.117647058823508	85.714285714285722	85	92.857142857142833	91.176470588235262	92.857142857142833	88.235294117647072	100	No APK	86	82.352941176470523	92.857142857142833	82.352941176470523	81.666666666666671	88.235294117647072	85.714285714285722	94.117647058823508	85.714285714285722	94.117647058823508	Lesson Number

AfL Score (%)



AfL Score by APK Method
AfL Score	Alphabet Chart	Think Pair Share	Splat	Thunk	Three layered question	Concept Cartoon	Heads and Tails	Word Tennis	Blockbuster	Here is the answer, what is the question	86	85.714285714285722	94.117647058823508	85.714285714285722	85	92.857142857142833	91.176470588235262	92.857142857142833	88.235294117647072	100	APK Method

AfL Score (%)


Average AfL Scores by AfL Method
APK	Worksheet	Voting Cards	ABC	Question in Books	Tweet	85.5	88.445378151260471	93.487394957983184	86.974789915966383	96.428571428571402	No APK	Worksheet	Voting Cards	ABC	Question in Books	Tweet	83.833333333333314	84.033613445378194	93.487394957983184	84.033613445378194	91.176470588235262	Average	Worksheet	Voting Cards	ABC	Question in Books	Tweet	84.666666666666671	86.239495798319325	93.487394957983184	85.50420168067231	93.802521008403332	AfL Method

AfL Score (%)




AfL Score Improvement	Alphabet Chart	Think Pair Share	Splat	Thunk	Three layered question	Concept Cartoon	Heads and Tails	Word Tennis	Blockbuster	Here is the answer, what is the question	0	3.3613445378151283	1.2605042016806602	3.3613445378151283	3.3333333333333277	4.6218487394958014	5.4621848739495782	-1.2605042016806602	2.5210084033613489	5.8823529411764763	APK Method

AfL Score Improvement (%)
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