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Do spaced retrieval interventions increase the amount of information encoded in to pupil working memory?
Introduction
My interest in the field of memory recall came about as a result of reading the experiential learning theories of Graham Nuthall in ‘The Cultural Myths and Realities of Teaching and Learning’ (2005) and ‘The Hidden Lives of Learners’ (2007). In these works, Nuthall (2005, 904) states that pupil learning is created by “a sequence of events or experiences, each one building on the effects of the previous one”. Though Nuthall’s (2007, 46) work is firmly based around experiential triggers of recall, this study provoked a curiosity in me which prompted further research in to the experimental study of human memory. It was as a result of this new found curiosity that I came across the concepts of working memory and spaced retrieval interventions.   
Working memory is a term used to describe the system in our brains which is responsible for the recall of cognitive tasks and information which requires multiple steps and processes. It is different from short-term memory in that it can be described as emphasising the processes which regulate the activation of task-relevant information, rather than the recall of one singular thing (Long & Prat, 2002). For example, someone with poor working memory may struggle to remember mathematical formulas because they often involve visualising, remembering and sequencing information all at the same time (Morin, 2015). This would be less of a problem for people who have larger working memory capacities.  Additionally, pupils with poor working memory can struggle to remember instructions, pay attention in class or read. All of these are clear barriers to both teaching and learning.
The factors that limit working memory capacity have been researched extensively since the mid-1990s but there has been no definitive consensus as to what they might be (Ericsson & Kintsch, 1995) (Caretti, et al., 2007). Nonetheless, in more recent years, a number of learning practices have emerged which have sought to build working memory capacity and/or stem the rate at which processes and information are forgotten. Spaced retrieval is one these practices. It is a form of working memory training which requires learners to recall information over a long period of time and at set spaced intervals. The premise behind this theory, and indeed this study, is that strategically placed recall interventions will enhance the amount of accessible information in the participants working memory. 
The participants in this study are a class of 30 pupils year 8 pupils. They are from a large, but high attaining, secondary school in Wales. Though the time constraints on this particular piece of research make the study of spaced retrieval and working memory difficult, I believe that a highly simplified and rigidly controlled mini study will still provide useful data from which further research can be carried out. This study was carried out across 4 deliberately spaced lessons over a period of 31 days.      
Hermann Ebbinghaus
The origins of modern day experimental research on human memory can be traced back to the late nineteenth century when German scientist and philosopher, Hermann Ebbinghaus (1885), started conducting a number of experiments on memory. At the time, many of Ebbinghaus’ critics believed that the study of memory was far too complex and obscure to be accurately measured. How, for example, in 1885 could someone accurately trace the process by which something is learnt or forgotten, when the original idea was no longer in the subject’s consciousness? (Baddeley, 1976) 
Ebbinghaus’ answer to this was twofold. Firstly, he sought to simplify his study as much as possible. To do this he restricted the first part of his study to the learning and retention of very simple quantifiable material.  He also made himself the only participant of his study. Both of these factors enabled him to conduct his research in a strictly controlled manner, and therefore, produce data which was both trackable and measurable. As he himself stated, this research method allowed him to approach “the problem in a small and definitely limited sphere, and by means of keeping aloof for a while from any theory, perhaps of constructing one” ( Ebbinghaus 1885 p65, cited in Baddeley, 1976). It is this type of simplified quantifiable approach that this research is based on, one which will attempt to deliberately limit both the factors governing the learning, and the data set itself, so that there is a chance of conducting a meaningful study. Though the size of my subject group is considerably larger than Ebbinghaus’, I believe that significantly limiting the data set will make the gathering and analysis of information achievable. 
Secondly, Ebbinghaus came up with a technique called the saving method in order to measure the rate of learning and forgetting. It is a technique which estimated the amount of material retained in memory by measuring how difficult it was to relearn it (Baddeley, 1976) . Essentially, Ebbinghaus repeatedly measured the number of repetitions it took him to reach one perfect reproduction of his data set (Wozniak, 1999). He hypothesised that the amount learnt would directly correlate with the time spent learning. When analysing Ebbinghaus’ results on his first day of testing (figure 1) it can be seen that his hypothesis matched the results. The outcome of which is the linear line in the figure below. This idea that ‘practice makes perfect’ has been regarded as the optimum way of learning for over a century.   
[image: ]
Figure 1- Source: (Shakelton-Jones, 2010)
However, Ebbinghaus didn’t just track the rate at which he learnt, but he also tracked the rate at which he forgot his data set. He did this by conducting a series of double tests involving eight set lists, which were then relearned at intervals ranging from 20 minutes to 31 days (Baddeley, 1976). The results of the experiment (Figure 2) have become particularly famous and are known as the Ebbinghaus Forgetting Curve. 
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Figure 2- Source: (Elephants don't forget, 2017)
The results of this study are particularly significant in the field of memory recall because unlike the rate of learning (figure 1), the graph tracking the rate of forgetting is non-linear and forms the shape of a curve (figure 2). What is particularly significant about this curve is that there is a huge drop in memory retention (42%) within the first 20 minutes of learning new material and then another significant drop after 1 hour ( a further 14%). Setting aside how disheartening this is as a teaching practitioner, if these results are an accurate reflection of human learning as a whole, they demonstrate that without further learning interventions we often choose not to initially transfer a huge amount of information from our immediate working memory into long term memory. On a wider pedagogical level this also means that pupils will have often forgotten two thirds of the material that they had learnt by the next working day. This is clearly not an ideal statistic and is particularly worrying given that the curriculum has become increasingly content heavy and that exams are generally cumulative in nature. 
The purpose of this study is, therefore, to see whether the rate of forgetting can be altered to improve the effectiveness of studying in relation to time spent learning. This will be done through spaced retrieval interventions. The basic premise behind the interventions is that by reprocessing the same information again at key learning intervals, the pupils will send a signal to their long term memory to keep hold of that information. Regular interventions should, in theory, also ensure that it takes gradually less time for the pupils to retrieve the information from their long term memories because they would have recently transferred that information between their working and long term memories (University of Waterloo, 2017). If the interventions are successful then the subject’s performance should increase and the shape of the forgetting curve should change. If the spaced retrieval interventions produce significant improvements then, perhaps, it would warrant further study under stricter conditions and over a longer time period. 
 
Bartlett et al
Ebbinghaus’ results and techniques have, of course, been the subject of much debate and criticism over the course of the last century. The basis for the most poignant of these criticisms stems from an argument published by F.C Bartlett (1932) in his book Remembering. In his book Bartlett criticises Ebbinghaus for neglecting the importance of the subject’s desire to learn. Bartlett argued that Ebbinghaus’ research was highly simulated because it ignored both the variation in different people’s attitudes to learning and the different meanings that other subjects would place on the learning itself. The fact that Ebbinghaus was the sole subject of his study only strengthens the argument that the study should not be used to generalise the learning trends of the wider population. This criticism has also gained added validity in recent years as modern day studies on reconstructive learning now generally accept that we do not recall information as it is directly presented to us. Instead, we extract the gist, or our own underlying meaning from that information (McLeod, 2009).       
However, while there is perhaps some weight behind the arguments of those who follow Bartlett’s school of thought, there are two overwhelming factors in defence of the results in Ebbinghaus’ original study. Firstly, while Bartlett et al have been quick to criticise Ebbinghaus, they have failed to come up with a trackable way of analysing the complexities of human memory that they so readily accuse Ebbinghaus of ignoring. Maybe Ebbinghaus’ methods are too simplistic but at least they are trackable. Secondly, and more importantly, dozens of researchers have either replicated or carried out studies similar to that of Ebbinghaus’ with a more varied audience. All have produced results matching Ebbinghaus’ Forgetting Curve (Murre & Dross, 2015) (Gonazales, 2015). Thus, I believe that it should remain the basis from which research around working memory should be conducted.
What do spaced retrieval interventions achieve?
One the key characteristics that needs to be recognised in relation to spaced retrieval interventions is that they are only designed to help learners retain information over a long period of time. The premise behind their success is that well-spaced interventions promote more extensive and deeper processing of learned material and therefore result in better long-term retention than learners who have crammed their learning in to a short period of time (Kapp, 2014). Spaced retrieval interventions do not, however, conflict with the idea that material can be learnt effectively over a short time period (cramming). Cramming is, however, only a short term solution and is not recognised as a good strategy for long term retention (Gonazales, 2015). As leading spaced retrieval practitioner Robert Bjork (2012) stated in a recent online interview, “Cramming can actually be a good thing from the standpoint of getting a grade [...] but the problem is not too long after that, this massed practice will lead to very poor retention”.
Proponents of spaced retrieval practices point to a number of long-term benefits of the practice including retention benefits of between 35-60% and the avoidance of problems related to cramming e.g learner fatigue (Kapp, 2014). Daniel Willingham (2009), a known pedagogical advocate of retrieval practice, has also highlighted that factual knowledge in long term memory is a crucial component of critical thinking processes such as reasoning and problem solving. These are, perhaps, the two most important processes that we care about as teachers. Given that spaced retrieval practice might be the most effective tool for encoding knowledge in to long term memory then its importance can, perhaps, not be understated.
The theories of Bjork (2012), Kapp (2014), Willingham (2009) and other spaced retrieval advocates are all based around ‘cognitive load theory’ (figure 3) (Atkinson & Shiffrin, 1968). Essentially, their arguments can be attributed to the idea that the more we use the neural pathways between our working and long term memory the stronger these pathways become. This, in turn, allows us to use less working memory processing capacity to access factual knowledge and therefore, we can instead use it to aid processes such as problem solving or reasoning. Additionally, spaced retrieval interventions encourage rehearsal of information in working memory, and therefore there is a greater chance that that information will processed in to long-term memory and not forgotten. 
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Figure 3- Source: (Mind Tools Content Team, 2018)

Even if, in this study, we made a conservative hypothesis that pupil retention would improve by 30% as a result of spaced retrieval interventions then the results would still produce significant long term benefits as the graph below shows (figure 4).  At the very least I believe that this would warrant further study in to the most effective methods of retrieval practice.

Figure 4- A projected 30% improvement as a result of spaced interventions 
Nonetheless, whilst it can be seen that spaced retrieval practice is important, deciding on the type of spaced retrieval practice to implement is no easy task. There are a number of key decisions that need to be made in order to determine both the type of spaced retrieval practice that should be used and the type of retrieval task that should be implemented with the subject group (Karpicke & Roediger III, 2007).
 The two most recognised types of spaced retrieval practice are ‘expanding retrieval practice’ and ‘equally spaced retrieval practice’. The difference between the two is that in ‘expanded retrieval practice’ participants recall information over gradually longer periods of time rather than at equally spaced out periods of time e.g. every two weeks. Though some researchers such as Karpicke & Roediger III (2007) have tentatively argued that ‘equally spaced practice’ is more effective at enhancing long term retention than ‘expanding retrieval practice’ , the majority of academics (Bjork, 1999; Gonazales, 2015; Balota et al, 2007; Cepeda et al, 2006; Kang et al, 2014) have more convincingly argued that ‘expanding retrieval practice’ is a more effective long term retrieval method if the interventions themselves provoke some degree of effort from the test subject. Doug Lemov et al (2012) have also written about the importance of challenge in strengthening the neural pathway in his book Practice Perfect. In this publication, and in Lemov’s other best known publication Teach Like a Champion (2011), Lemov specifically states that struggling to recall something after a bit of forgetting makes knowledge encoded into memory both stronger and easier to recall.
It is for the reasons stated above that this particular piece of research will be carried out using ‘expanding retrieval practice’ methods over a period of one month. The strategy that I will be using is based loosely on a spaced retrieval experiment carried out by Landauer & Bjork (1978) and Ebbinghaus’ original research. Details of this can be found in the methodology section below (page 8).

Spaced retrieval tasks, testing and interventions
Given that there is an increasing awareness amongst school practitioners that students need help to remember more information, it seems surprising that there have been so few applied classroom studies of spaced retrieval practice. I believe that the reasons for this are numerous. Firstly, it is only really in the last 10 years that teaching practitioners have linked the benefits of spaced retrieval practice to education itself. Prior to this mounds of research was carried out on memory but it was largely done in the laboratory settings and by cognitive scientists. It is only a very recent phenomenon that both psychologists and teachers have been comparing spaced retrieval to other methods of studying in the classroom; strategies like re-reading texts, review lectures etc (Agarwal, 2017). 
A second reason for the limited number of classroom studies is that teaching practitioners have to operate under increasingly tight schedules and content heavy curriculums. This means that any type of retrieval or spaced practice seems like additional work (Taylor, 2017). Thirdly, given that there have been so few formal studies carried out in secondary classroom settings it seems as if teachers might regard it as somewhat of a gamble to create new and unproven spaced retrieval materials (e.g. flashcards) rather than just re-reading previously written notes/work (ibid).           
Nevertheless, in the last five years there have been a handful of studies which have provided some useful insights about spaced retrieval interventions in primary education (Goosens et al, 2012; Küpper-Tetzel et al, 2014; Karpicke et al, 2016 ). These have been accompanied by one or two studies (McDaniel et al, 2011; Karpicke 2009 ) and  a number of blogs and publications from secondary teaching practitioners and researchers ( Lemov et al, 2012; Willingham, 2009). Perhaps, the most common topic of debate amongst them is not whether spaced retrieval interventions are effective, but what form of spaced retrieval practice is the most effective in the classroom. 
Quizzing  
In line with the research that has been carried out by ‘expanding retrieval’ advocates such as Bjork and Balota, McDaniel et al (2011) conducted research on 8th grade students in America (13-14 years old) over a period of a year and half. As part of this research they used no-stakes quizzing as a form of retrieval practice. In their write up they argued that the very act of being quizzed helped the students learn better and that they each averaged a full grade higher on the material which had been subject to retrieval quizzing practice (Agarwal, 2017). From a learning perspective, McDaniel et al (2011) argued that quizzing was the most effective method of retrieval practice because it required the students to access material from their long term memory and then use it in their working memories, rather than simply acting as a passive recipient to a teacher who is simply trying to reinforce content. This theory is known as the ‘testing effect’ and is widely accepted by leading researchers of retrieval practice (Karpicke, 2009) . Indeed, Karpicke and Roediger et al’s research (2008, 2011) highlighted that the difference between methods of retrieval which involve some form of testing can positively impact on recall by up to 50% when compared to methods which rely on the passive recall of information.  
Flashcards
Perhaps the most commonly used method of retrieval practice is the use of flashcards. However, whilst they possess some advantages such as students being able to practice them on their own, most academic studies of flashcards have identified that they are not always successful as a form of retrieval practice. The reason for this was revealed in research carried out by Karpicke (2009) in which college students revealed that they tended to use them as a form of self-testing feedback rather than because they actually enhanced their learning (Karpicke, 2009).  Other studies by Karnell and Bjork (2007) have suggested that students who do engage in retrieval practice with flashcards tend to use them until a desired level of performance is achieved rather than for a fixed number of trials (Rawson & Dunlosky, 2011). It is for these reasons that this study will not be using flashcards as a form of retrieval practice because it is unclear whether the students will use them properly and/or it is difficult to regulate the frequency at which each student will view each card. 
Drill Questions/subject facts and knowledge-
One of the more popular methods of both learning and retrieval practice that has emerged in recent years has been drill practice. This can be carried out in a number of ways be it through teacher led verbal drill questions, written drill questions and paired drill questions. A number of leading pedagogical researchers such as Doug Lemov et al (2012), Daniel Willingham (2009) and Anders Ericsson (2008) have all written about drill techniques. Willingham in particular has argued that drill questions are an excellent form of retrieval practice because they boost automaticity as well as preventing forgetting.  He states that by practicing drill questions students free up additional working memory because the more they practice the more their processing becomes automatic. As a result this frees up additional working memory/processing space because the level of cognitive processing required to process the learnt information has been reduced. (Willingham, 2009, p. 87). 
Another argument that could be used to promote drill questions as a form of retrieval practice, though I have not come across it in my research, is that drill questions necessitate that participants interact with the material more readily than perhaps they would with flashcards. Unlike with flashcards, you can’t just flip them over and reveal the answer. As a result a certain amount of retrieval processing is required in their use. 
However, there are also seemingly a few downsides to drill questions. Firstly, it could be argued that drills are not effective when students are still unclear about the concepts that they are learning (Mohammed, 2018). They may, perhaps, not keep pace with tasks or stop at certain questions. Students also might not see drill questions as anything different to typical questions posed in a standard lesson and therefore their desire to learn may be affected by either boredom or apathy. Indeed, both Lemov et al (2012) and Willingham (2009) start their chapters on drill questions by addressing the argument that drilling can be seen as something that kills student motivation. It is for these reasons that I will not be using drill questions in this study.
Other methods
There are, of course, a number of other types of retrieval practices that are used by a number of schools and teaching practitioners, though to my knowledge no extensive academic research has been carried out on them. They include tasks such as writing down everything you know on a topic (brain dumps), drawing everything you know on a topic and organising ideas in to concept maps (Smith & Weinstein, 2016). My initial postulation would be that concept maps would probably be the most effective of these retrieval practices, however, as this piece of research is not a comparative study I will not be using any of these methods because of the lack of research carried out on any of them to date.  
School Policy and Practice:
The school in which I am carrying out this research is committed to achieving “excellence” and becoming the very best school in Wales. They are dedicated to the development of high quality skills including critical thinking and problem solving skills, both of which have been identified by Daniel Willingham (2009) as skills which are enhanced by spaced retrieval practice. Within the school there are 5 teachers who are action researchers, each of whom conduct research on one of the school’s 5 principles of ‘Excellence’. These are ‘High Level of Challenge‘’, ‘Development of High Quality Skills’, ‘Visible Progress in Learning ’,‘ Quality Questioning ’and ‘Feedback for Improvement’. The school is dedicated to the creation of a learning environment which focuses on the process of learning and/or strategies to secure excellence. As a result, the action researchers on ‘Challenge’, ‘Skills’ and ‘Visible Progress’ are keen to know the results of this research.
In many ways this type of research is a new type of concept for the school in that the school’s focus has been on the improvement of skills related to literacy and numeracy as well as on students being able to demonstrate progress against lesson objectives. However, I am aware that the action research lead at the school is currently undertaking some long-term research on the different methods of retrieval practice (except quizzing). Other than this there are no clear overlaps between our studies. 
Interestingly, nearly all the school’s departments carry out revision/retrieval sessions throughout the year. The techniques currently used in these sessions are based around re-reading and exam technique rather than with any well-known form of retrieval practice. They are also spaced equally throughout the year rather than being based on any type of ‘expanded practice’. Because of this the school is, perhaps, missing out on the type of retrieval gains expressed in the studies of Karpicke and Roediger (2008) and Roediger et al (2011). My research will be presented at a departmental meeting with the action research lead present. The results will then be considered in line with the school’s policies. 
Methodology:
This study is being carried out using action research over a period of one month. Action research does not have a strict definition, but it can be described as research method for improving practice which involves action, evaluation and critical reflection (Koshy, 2011). Educators can use this system of disciplined enquiry to study their own real-life situations and improve their work in the classroom and in school (Hendricks, 2009). Action research allows educators to apply the principles of science to the behaviours or areas that they study. The production of data allows them to develop a more systematic and scientific approach to their problems, one which results in a richer knowledge base and ongoing sense of progression (Cohen, et al., 2007)
This research will broadly follow the action research model devised by Kemmis and McTaggart (2000). This model is based on the idea that research is shared and reflected upon in several repeating cycles. It has the following steps: 
1) Plan
2) Act and Observe
3) Reflect
[image: ]Figure 5 – The Kemmis-Mctaggart Action Research Spiral Source (Research-Methodology.net, 2017)
Unfortunately, I will not be able to carry out a second research cycle at my placement school and conduct another experiment. This lack of repeatability is a common disadvantage of action research, as is ensuring that both the action and the research are distinguishable from each other at all times (Research-Methodology.net, 2017). However, given that the retrieval interventions will be clearly distinguishable from the teaching practice, I do not expect this to be a problem. Similarly, I also expect my research to be useful to my placement school and for it to allow them to carry out the next cycle of research based on this study. I will also have the opportunity to carry out further research on this topic when I am in my NQT year. 
After carefully considering the different methods of retrieval practice I have come to the decision to use low-stakes quizzing as the form of spaced retrieval intervention within this study. The reason for this is that is seems to be the method that has improved recall the most significantly in the studies that I have read, partially because of the ‘testing effect’ (Kapp,2014; Lemov et al, 2012). I also believe that it will also be the most engaging method for the participants themselves. This should result in a greater desire for the pupils to learn the material and therefore produce more worthwhile results.
Not using other research tools does, however, have its disadvantages as I will not be able to compare my results with different spaced retrieval practices. This will limit the reliability of the research tool as an effective spaced retrieval method. Further to this, not having a control group for comparison purposes means that I am overly reliant on Ebbinghaus’ data being an accurate reflection of secondary pedagogical memory recall. In an ideal world research would be carried out with a number of different groups, using a number of different research tools. This would allow for validation of data through cross verification (triangulation).   
Plan
The aim of my study is to create new knowledge through my research which will assist me and the school’s action research lead to deliver better targeted retrieval/revision sessions and improve my class practice. My research will be presented at a departmental meeting involving the school’s action research lead. I am attempting to answer 3 questions about this class. They are:
1) Do spaced retrieval interventions increase the amount of information encoded in to pupil working memory?
2) Do spaced retrieval interventions have more of an effect on the higher or lower attaining pupils in the class?
3) Is quizzing an effective form of retrieval practice?
After carefully considering the different methods of retrieval practice I have come to the decision to use low-stakes quizzing as the form of spaced retrieval intervention within this study. The reason for this is that is seems to be the method that has improved recall the most significantly in the studies that I have read, partially because of the ‘testing effect’ (Kapp,2014; Lemov et al, 2012). I also believe that it will also be the most engaging method for the participants themselves. This should result in a greater desire for the pupils to learn the material and therefore produce more worthwhile results.
The research will be carried out as follows: 
Newly learnt information will be tested after a short delay of 20 minutes to ensure that it is recallable. As the information becomes better learnt the retrieval intervals will be extended. The interventions will take place at the following times from the original point of learning:

· 1 hour
· 2 days
· 6 days
· 31 days       
Pupils will be asked to partake in a quiz on the Spanish Armada and the House of Stuart, a royal house that originated from Scotland. They are currently studying the ‘Tudor’ period and even though they currently have not learnt the knowledge content of the quiz, it will be useful to them in the future. I have decided that in order to produce the most accurate results, the quiz will not be multiple choice and will only consist of questions that are either right or wrong in answer. Some of the answers will be numerical whilst some will be written. The quiz consists of 10 questions (see Appendix A). 
Once the data has been collected I will calculate an average of the scores within the class, as well as an average of the scores for the highest and lowest attaining pupils. The highest and lowest attaining pupils have been identified through the two class assessments that have been conducted this year. I will compare the results to each other and to Ebbinghaus’ original forgetting curve. This will allow me to identify to what extent the spaced retrieval interventions have been successful.    

Ethics:
When conducting active research within a school environment there are a number of important ethical considerations that need to be observed. Within this study I considered a number of issues around the methods that I would use to gather valid and reliable data, and I also ensured that the research purposes, contents, reporting and outcomes all abided by ethical principles and practices (Cohen, et al., 2007) . These are identified in the British Educational Research Association guidelines for educational research (BERA, 2011). The research was then submitted for approval to the University of Wales’ ethics committee.      
The first consideration that I made once I had gained research approval from the university was to ensure that I obtained the informed consent of the pupils and the school. As part of this process I ensured that they all fully comprehended the nature of the study and I gave them as much information as I could about it. I invited both the pupils and the school to ask questions about the study before it commenced and I gave them an opportunity to voice any objections. Though the chance of any kind of stress being caused within this study was minimal, the participants were informed that they could refuse to participate in the study or withdraw at any time once the research had begun. I also made sure that I obtained the permission of the pupils’ parents, which was achieved through a letter being sent out by the school. 
Before consent had been given by the pupils I informed them that although I could guarantee confidentiality of the data set, I could not guarantee them anonymity. This was because I would need to be able to identify the participants in order to answer the attainment related question of my research study. I also informed them that I would need to be able to identify the participants in the event of one of them wanting to withdraw from the study once it had commenced. The class were in agreement that I could assign a unique identifier (code) to each subject. This would be used to analyse their data so that their identity remained confidential.   
Evaluation-
My general feeling once the research had been conducted was that, for the most part, it had been a successful exercise. The pupils were seemingly extremely engaged with the process and no one dropped out of the study or refused to participate. There were, however, two unexpected factors that could have had a minor impact on the results. The first was that prior to second intervention on day 2, the class arrived from a Physical Education lesson. They were clearly extremely excited and it took them a little longer to settle in to the lesson than it normally would. Though by the time the research started they were seemingly calm, it is possible that they were not as focused on the quiz as they were in the other intervention sessions. This is, in itself, an excellent example of why Bartlett (1932) criticised Ebbinghaus’ laboratory based study because it did not factor in the variations or stimuli that impact on the participants desire to learn.  
The second factor that occurred, and this was also prior to the 2 day intervention, was that one of participants (participant 16) informed me that they were not feeling well. I asked them if they wished to leave the lesson and not participate in the research but they decided that they wanted to carry on with the study. Though their level of recall did drop slightly at this intervention interval, the results reflect the general trend of the rest of the class so have been included in the study.      
1) Do spaced retrieval interventions increase the amount of information encoded in to pupil working memory?
Figure 6- Average results (all data)











An initial analysis of the data reveals that the spaced retrieval interventions had a positive effect on the working memory of this year 8 class (see Appendix B and figure 6 below).  
	Average score(%)
	20 minute learning (%)
	1 hour intervention (%)
	2 day intervention (%)
	6 day intervention (%)
	31 day intervention (%)

	Class
	65
	62.33
	50.33
	73.66
	63

	High
	92
	86
	68
	94
	82

	Low
	46
	38
	40
	56
	42

	Ebbinghaus
	100
	44
	28
	25
	21


Perhaps, the most unexpected anomaly within the research was that the pupils didn’t manage to learn 100% of the material within the first 20 minutes of the lesson. This meant that, unlike in Ebbinghaus’ research, they never achieved a 100% rate of learning from which to start the forgetting process. The results of the quiz after 20 minutes revealed that the pupils had learnt just 65% of the material. Though some people could argue that this makes any comparison to Ebbinghaus’ forgetting curve purposeless, I still believe this to be a valuable and worthwhile exercise. This is because we can still track the rate at which the students forgot the material that they did learn. Moreover, there were a number of high attaining pupils who managed to completely learn, or nearly learn, all of the material. A direct comparison of their results with Ebbinghaus’ curve was therefore still possible and is visible in the graph above (figure 6). 
The results from my research show that after the first intervention (40mins after originally finishing learning the material) very little forgetting had occurred. On average, the class had forgotten less than 3% of learnt material. Clearly, this is significantly less than the 51% experienced by Ebbinghaus in the same 40 minute period. However, given that the average rate of student learning was only at 65% at the beginning of the research, we should acknowledge that the rate of forgetting in this particular study may have been moderately higher had the participants managed to learn all of the material. Nonetheless, this figure would likely be negligible given the minute rate at which the participants forgot the material. If we were to estimate this figure based on the average rate of forgetting within this study then that it would be approximately 4.2%, a trivial increase. 
Though we cannot make wide ranging assumptions about whether this reduction in the rate of forgetting of this class was because of spaced retrieval interventions, especially because of the absence of a control group, the results of the first intervention in this study are significant given they contradict the laboratory based studies by Murre and Dros (2015) and Gonzales (2015) which seemed to validate Ebbinghaus’ original research. Indeed, if were to hypothesise why there was such a low rate of forgetting after the first intervention I would suggest that it was, perhaps, partially because the students were so engaged in the activity that they had a huge desire to learn the material. This reaffirms Bartlett’s (1932) original criticism of Ebbinghaus.         
The results from the second intervention (2 days) show that the average rate of forgetting in the class increased significantly by 14.67% from the original level of learnt material. The average amount of material retained by the class was 50.33% compared to their first scores of 65%. The reasons for these results are unclear but this drop is, perhaps, reflective of both Willingham’s (2009) and Nuthall’s (2005, 2007) theories that the students had not experienced the material enough for it to be sufficiently encoded in to long term memory. It is possible that this could either be because of a lack of automaticity in the pathways between the students working memory and long term memory (Willingham, 2009; Lemov et al 2012) or because the students needed to experience the material at least once more before they processed it in to their long term memory (Nuthall, 2005, 2007).  Interestingly, the 12% drop in learnt material from 62.33% (1 hour) to 50.33% (2 days) is remarkably close to the 16% experienced without interventions by Ebbinghaus in his study. It could, therefore, be argued that in isolation the previous intervention had had very little impact.
However, the results after the third intervention (6days) are perhaps the most significant in this study, and offer an indication of the effectiveness of the regular spaced retrieval interventions. The results show that not only was the rate of forgetting actually negated, but that pupils actually recalled more data than when they first learnt the material. The results indicating the amount of learnt material from the 6 day intervention were 73.66% compared to 65% from the first point of learning. Not only does this strengthen the theories of Nuthall (2005, 2007), Willingham (2009), (McDaniel, et al., 2011) and Lemov et al (2012), but it also highlights that Ebbinghaus’ original study of the rate of learning, in which he argues that ‘practice makes perfect’ (figure 1), could actually also be reflective of long term retention. Importantly, in relation to this study, this provides almost incontrovertible evidence that for this year 8 class, retrieval practice interventions increased the amount of information encoded in to their memory.          
The results of fourth intervention reveal a 10% decrease in recall between the third intervention (6days) and the fourth intervention (31 days). The average score of the class after 31 days was 63%. If someone were to be hypercritical of these results they could possibly argue that the spaced retrieval interventions were not working effectively. However, a decrease of only 10% after a gap of 25 days illustrates that the students had encoded a huge amount of the material in to their long term memory. This can be evidenced by the fact that the level of forgetting was 12.67% higher after the second and third interventions (2 day gap) than it was after 31 days (25 day gap). Moreover, I believe that these results simply suggest that the gap between interventions 3 and 4 was slightly too long. This issue has previously been mentioned by both Bjork (2012) and Balota et al (2007) in their studies of expanded practice vs equally spaced retrieval.






2) Do spaced retrieval interventions have more of an effect on the higher or lower attaining pupils in the class?
Figure 7-Higher and lower attaining pupil average










In the graph above (figure 7) are the average results for the 5 highest and 5 lowest attaining pupils in the class. After the first intervention (one hour) both sets of pupils displayed a remarkably similar minor decrease in their rate of recall of between 6-8%. What is significant, however, is the disparity between their second intervention results (2 days). The lower attaining pupils actually improved their recall by 2% from the previous intervention, whilst the higher attaining pupils’ retention rate significantly decreased by 18%. Though it is difficult to think of an explanation for this anomaly, I would tentatively suggest that this disparity can be explained by the larger working memory capacity of the high attaining pupils. Essentially, if their working memory capacity is significantly larger than the lower attaining group, perhaps, the high attaining pupils discard more information from their working memory. As Daniel Willingham (2009) states “Your memory is a product of what you think most carefully about. What students think about most carefully is what they will remember”. If, therefore, the lower attaining pupils had to think more carefully about their answers then they were more likely to be retained in memory.
The results from the third intervention show that both the higher and lower attaining pupils recalled more data than they had initially learnt. For the higher attaining group this resulted in an increase from 92% to 94%. Furthermore, and of equal significance, is the difference between the higher attaining group’s second and third intervention results, which was a staggering 26%. The reasons for this increase could be attributed to anything from experiential learning to the automaticity of memory encoding, or a mixture of the two. However, what is quite clear is that something happened in the brains of those high attaining pupils that told them to hold on to the data. 
The results for the lower attaining also reveals that something similar happened to them. The results from the third intervention show that not only did their retention levels increase by 16% from the previous intervention, but that they also encoded 10% more data than they had initially. I believe that this increase alone demonstrates that for lower attaining pupils spaced retrieval practices could not only act as an effective way of encoding information into long term memory, but they could also potentially act as an effective learning tool.  It is for this reason that I would argue that spaced retrieval practices could impact more on lower attaining pupils than higher attaining pupils, though this research suggests that it would benefit all learners. The idea that pupils could potentially learn up to 10% more data and encode more information in to their long term memory also reinforces the findings of (McDaniel, et al., 2011), which stated that pupils obtained a full grade higher as a result of retrieval interventions. 
3) Is quizzing an effective form of retrieval practice?
Figure 8- A comparison of the average recall achieved by the students in this study and Ebbinghaus’ forgetting curve


 
       
     
  





The graph above demonstrates that the average percentage of data recalled by the students in this study was considerably higher than that achieved in the laboratory based studies of Ebbinghaus (1885), Murre and Dros (2015) and Gonzales (2015). Though we must recognise that the studies are fundamentally different, and that there are a number of external environmental factors that must be taken in to consideration, the results of this study are nonetheless encouraging. Of particular significance to the effectiveness of quizzing as a method of retrieval practice are the results of the 6 day intervention. These results show that, in this study at least, quizzing not only negated further loss of recall but also acted as an additional learning tool. This supports the findings in McDaniel et al’s (2011) study which claimed that students who undertook quizzing as a form of retrieval practice achieved a full grade higher than those who did not.   
What was clear throughout my study was that the pupils were certainly inspired by the participation aspect of the low-stakes quizzing (ibid, 2011) and it was clear from watching them throughout the interventions that the ‘testing effect’ encouraged them to try and access their long term memory (Karpicke and Roediger, 2008). However, whilst I believe that it is appropriate to suggest that quizzing is an effective form of spaced retrieval practice; further research is clearly needed to clarify both the extent of its effectiveness and its limitations. McDaniel et al’s (2011) research is the only study that I am aware of that has attempted to answer this particular question, but even that study is limited because the research does not incorporate any of the other retrieval practice methods (Flashcards etc) in order to validate its data through cross verification. It is clear that my research would have clearly benefitted from a control group for comparison purposes. I could have, at least, then begun to address this question in a more defined and precise manner.  
Limitations and future development – 
As the research progressed it became abundantly clear that there were a number of limitations or slight theoretical misconceptions within this study. First and foremost, I believe that the title of this essay should have simply referenced ‘memory’ as a whole rather than ‘working memory’. The reason for this is that I believe that spaced retrieval interventions enhance working memory and long term memory, as well as the neural pathways between the two. Luckily, because of the symbiotic relationship between the two, the enhancement of long term memory encoding creates additional working memory capacity. This is why I did not change the title of the essay.        
Whilst conducting this research it quickly became apparent that perhaps Ebbinghaus’ study was not particularly reflective of the wider classroom environment. This was evident as soon as the pupils’ results were taken in after the initial 20 minute learning period. Having thought about this in greater depth I would argue that there are probably only a finite number of occasions in any academic year where all pupils in the class have learnt 100% of the material. Therefore, there are clear limitations to using Ebbinghaus’ study as a comparison. Ultimately, further research needs to be carried out on the rate of forgetting within classroom environments so that a more precise model/s can be created. This, however, will be an extremely difficult task because no one has yet found an accurate way of measuring student engagement. In my opinion this is the most significant unknown variable.   
Within the study itself I would argue that the results of the 1 hour intervention potentially provide evidence to suggest that plenaries should be used at the end of each lesson in order to immediately combat the forgetting process. Similarly, it could be argued that having a starter based on previously learnt material approximately 6 days after an intervention greatly enhances the likelihood of working memory being encoded in to long term memory. This study also revealed that perhaps, the gap of 25 days between the third and last intervention was too long. In future studies, I would recommend that this is reduced by approximately one week.     
In conclusion I would suggest two further areas of development that I believe would be beneficial to the field of memory recall. Firstly, I would suggest that a study be carried out which seeks to cross verify the effectiveness of the different spaced retrieval tools. Though this study would be exceptionally large and take a huge amount of time, I believe that this research is necessary before the field can advance much further.  Secondly, I would argue that further research needs to be carried out on the ideal spacing of ‘expanded’ retrieval practice. Again, this may require researchers to carry out several different studies over a number of years, yet this knowledge is imperative if schools and other educational institutions are to buy in to the practice of regular spaced retrieval interventions.  
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Appendix A- 
1) How many Spanish ships were there in the Armada?
130
2) Who commanded the Royalist forces at the Battle of Naseby?
Prince Rupert 
3) Who commanded the Spanish Fleet that set off for Britain?
The Duke of Medina Sedonia
4) How many baths did James I take a year?
1
5) In what year was the King James Bible, an English translation of the Bible authorised by King James, first published?
1611
6) When did Charles I become King?
1625
7) In the Civil War what did the supporters of parliament become known as?
Roundheads
8) When did the English Civil War begin?
1642
9) Where did Charles I die? 
Whitehall
10) When was the monarchy restored and Charles II declared king?
1660  






Appendix B-
	Student Code
	20 minute learning (%)
	1 hour intervention (%)
	2 day intervention (%)
	6 day intervention (%)
	31 day intervention (%)

	01
	60
	70
	50
	70
	60

	02
	70
	60
	70
	70
	70

	03
	50
	40
	30
	60
	40

	04
	60
	60
	40
	70
	60

	05
	30
	30
	30
	50
	40

	06
	50
	60
	60
	60
	50

	07
	40
	50
	60
	60
	50

	08
	90
	100
	60
	100
	90

	09
	60
	70
	40
	70
	50

	10
	70
	80
	40
	80
	60

	11
	60
	40
	40
	60
	50

	12
	80
	60
	60
	80
	70

	13
	90
	70
	50
	90
	60

	14
	60
	70
	50
	90
	70

	15
	50
	50
	30
	60
	50

	16
	60
	50
	40
	60
	50

	17
	80
	70
	70
	90
	80

	18
	60
	50
	60
	80
	70

	19
	70
	70
	50
	60
	80

	20
	50
	50
	50
	50
	40

	21
	70
	70
	60
	80
	70

	22
	100
	80
	80
	100
	100

	23
	50
	50
	60
	70
	80

	24
	40
	30
	50
	60
	40

	25
	60
	70
	40
	70
	60

	26
	60
	60
	30
	80
	60

	27
	100
	90
	50
	90
	70

	28
	90
	90
	80
	90
	70

	29
	70
	60
	40
	70
	70

	30
	70
	70
	40
	90
	80



Low attaining pupils 
High attaining pupils
Pupil that reported illness before intervention session 2

Ebbinghaus Forgetting Curve	Immediately	1 hour	2 days	6 days	31 days	56 days	100	44	28	25	21	Intervention 1	Immediately	1 hour	2 days	6 days	31 days	56 days	100	57	40	35	32	Intervention 2	Immediately	1 hour	2 days	6 days	31 days	56 days	100	72	55	46	Intervention 3	Immediately	1 hour	2 days	6 days	31 days	56 days	100	80	65	Intervention 4	Immediately	1 hour	2 days	6 days	31 days	56 days	Class	20 minute learning (%)	1 hour intervention (%)	2 day intervention (%)	6 day intervention (%)	31 day intervention (%)	65	62.33	50.33	73.66	63	High	20 minute learning (%)	1 hour intervention (%)	2 day intervention (%)	6 day intervention (%)	31 day intervention (%)	92	86	68	94	82	Low	20 minute learning (%)	1 hour intervention (%)	2 day intervention (%)	6 day intervention (%)	31 day intervention (%)	46	38	40	56	42	Ebbinghaus	20 minute learning (%)	1 hour intervention (%)	2 day intervention (%)	6 day intervention (%)	31 day intervention (%)	100	44	28	25	21	High	20 minute learning (%)	1 hour intervention (%)	2 day intervention (%)	6 day intervention (%)	31 day intervention (%)	92	86	68	94	82	Low	20 minute learning (%)	1 hour intervention (%)	2 day intervention (%)	6 day intervention (%)	31 day intervention (%)	46	38	40	56	42	Class	20 minute learning (%)	1 hour intervention (%)	2 day intervention (%)	6 day intervention (%)	31 day intervention (%)	65	62.33	50.33	73.66	63	Ebbinghaus	20 minute learning (%)	1 hour intervention (%)	2 day intervention (%)	6 day intervention (%)	31 day intervention (%)	100	44	28	25	21	2
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