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SERIES FOREWORD



TOM SHERRINGTON





The idea for the In Action series was developed by John Catt’s Teaching WalkThrus team after we saw how popular our Rosenshine’s Principles in Action booklets proved to be. We realised that the same approach might support teachers to access the ideas of a range of researchers, cognitive scientists and educators. A constant challenge that we wrestle with in the world of teaching and education research is the significant distance between the formulation of a set of concepts and conclusions that might be useful to teachers and the moment when a teacher uses those ideas to teach their students in a more effective manner, thereby succeeding in securing deeper or richer learning. Sometimes so much meaning is lost along that journey, through all the communication barriers that line the road, that the implementation of the idea bears no relation to the concept its originator had in mind. Sometimes it’s more powerful to hear from a teacher about how they implemented an idea than it is to read about the idea from a researcher or cognitive scientist directly – because they reduce that distance; they push some of those barriers aside.


In our In Action series, the authors and their collaborative partners are all teachers or school leaders close to the action in classrooms in real schools. Their strategies for translating their subjects’ work into practice bring fresh energy to a powerful set of original ideas in a way that we’re confident will support teachers with their professional learning and, ultimately, their classroom practice. In doing so, they are also paying their respects to the original researchers and their work. In education, as in so many walks of life, we are standing on the shoulders of giants. We believe that our selection of featured researchers and papers represents some of the most important work done in the field of education in recent times.


In this excellent book, the focus is on the work of two brilliant researchers, Robert and Elizabeth Bjork. Their fascinating and powerful concept of ‘desirable difficulties’ has been explored through multiple blogs and conference sessions over recent years but, in my experience, has still been a source of some confusion when it comes to implementation. For example, beyond the realm of controlled trials, what exactly do ‘spaced practice’ and ‘interleaving’ look like in practice? As the Bjorks say themselves in their foreword, this is where the expertise and experience of our teacher authors come into play.


Jade Pearce and Isaac Moore have done a superb job of wrestling with the theoretical concepts that constitute desirable difficulties, then setting out multiple ways in which they apply to specific concepts. Using their knowledge and enthusiasm for the research in combination with their experience in the classroom, together with some case studies from other specialist teachers, they explore the sense in which difficulties can be desirable. In essence, this comes down to placing gains in long-term deep learning above more shallow or superficial learning that comes when the process might seem more immediately satisfying. They clarify the interplay between the concepts of storage strength and retrieval strength in explaining how memory works and suggest multiple ways that teachers can vary the conditions of practice – a central element in the Bjorks’ model. I’d like to congratulate them on this excellent addition to the In Action series and their persistence in the writing of the book when both of them have such full-on day jobs!


Finally, in producing this series, we would like to acknowledge the significant influence of the researchED movement run by Tom Bennett that started in 2013. I was present at the first conference and, having seen the movement grow over the intervening years, I feel that many of us, including several In Action authors, owe a significant debt of gratitude to researchED for providing the forum where teachers’ and researchers’ ideas and perspectives can be shared. We are delighted, therefore, to be contributing a share of the royalties to researchED to support them in their ongoing non-profit work.






















FOREWORD



ROBERT A. BJORK AND ELIZABETH LIGON BJORK





The title of the authors’ volume, Desirable Difficulties in Action, serves to remind the two of us that incorporating desirable difficulties into actual instruction and/or the self-management of one’s own learning has proved to be no easy matter. Early on, 30 years or so ago, findings from our laboratory and other laboratories made clear the importance of an old distinction between performance, the ability of learners to produce a correct answer or a problem-solving procedure during the instructional process, and learning, as measured by the ability to sometime later, after the instructional process, produce that answer or procedure in contexts where it is needed. We found, however, when given a choice of learning strategies – such as (a) spacing rather than massing restudy opportunities; (b) practising retrieval processes rather than restudying; or (c) interleaving rather than massing the study or practice of the separate components of some to-be-learned material or skills – that participants tended to choose the less effective strategies.


With hindsight, it now seems a bit laughable that we thought that simply reporting our findings would get students and others to change the way they studied or practised. First of all, habits, especially long-term habits, are not easy to change, and how a given learner studies or practises may reflect the influences of past teachers or instructors who were themselves prone to interpreting current performance as a valid index of learning. In addition, while making and correcting errors is a key component of effective learning, it can be interpreted, instead, as reflecting a failure of the learning strategy, the instructor, or both.


What is needed, in addition to learners actually experiencing the long-term consequences of more effective versus less effective learning procedures, is what the authors provide in this book: namely, concrete examples of more effective and less effective study activities taken from the real world of instruction and learning.
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CHAPTER 1



MEMORY AND LEARNING







The cognitive science model of memory and learning


According to The Derek Bok Center for Teaching and Learning, memory is the retention of information over time. Memory is also the cognitive process of encoding, storing and retrieving prior knowledge. Learning can be defined as a permanent change in long-term memory. When knowledge is more or less permanent and transfer is possible, then we say learning has taken place.


For example, I can tell you the address of the house where I grew up from memory because I have been able to encode, store and retrieve it many times over a period of years. As this memory is now more or less permanent, I have learned my childhood home address. When we are able to store and retrieve discrete but related knowledge, we begin to form knowledge connections. This enables us to use knowledge in lots of different ways and in different contexts.


Cognitive science has given us a model of memory and how learning occurs. This model, represented in the illustration below, shows that there are three components to learning:




[image: A diagram showing a square filled with dots, which represents stimuli in the environment, and an outline of a head, which has a circle inside labelled with ‘working memory’. An arrow leads from the environment box to the eyes of the head outline and is labelled ‘attention’. Above the head outline is ‘long-term memory’. An arrow between ‘long-term memory’ and ‘working memory’ is labelled ‘remembering’. And arrow between ‘working memory’ and ‘long-term memory’ is labelled ‘learning’. An arrow leading from ‘working memory’ to the outside of the head outline is labelled ‘forgotten’.]








	Attention: Paying attention is the beginning of the learning process for our students. Attention is the gateway for information to pass from the environment into our working memory. The learning environment is full of information, some of which is unhelpful to learning. It is therefore important for class teachers to direct the attention of their students to what students need to learn.



	Working memory: Our working memory is where the information that has been collected by paying attention is processed. This is where thinking takes place. Our working memory is limited in both capacity and duration. Our current understanding is that working memory can only hold between four and seven items when dealing with a new situation. The capacity of working memory can be increased by retrieving information stored in long-term memory.



	Long-term memory (LTM): Long-term memory is where knowledge storage and integration take place. When we encounter new situations, information stored in our LTM can be recalled into our working memory to help us make sense of the new situation. Our LTM includes both episodic memories of personal events and semantic memories of facts and knowledge about subjects and the world. When we have actively processed information in our working memory, it is transferred to the LTM.











Five principles of learning


There are five principles from the cognitive science model of memory and learning that all teachers need to know about and plan for in their teaching to ensure that all students learn.


Principle 1: We learn only when we pay attention and think hard


We can only transfer new knowledge to the LTM if it first enters the working memory. Attention is required for this to happen. This shows the importance of limiting distractions and creating calm and orderly environments. However, this is not enough for students to learn. ‘Memory is the residue of thought’ (Willingham, 2009), so if we want our students to remember complex content, they have to think about the materials. There is no learning without thinking.


Principle 2: Our working memory is limited when we learn something new


The amount of new information that we are able to process at any one time in working memory is limited. If the capacity of the working memory is overloaded, the transfer to the LTM is impeded and so learning is hindered. This means it is crucial for teachers to limit the amount of new content students are asked to process at any one time. Teachers can do this by chunking, removing redundant information and using images or diagrams alongside verbal explanations.


Principle 3: What we know determines what we learn and how quickly we learn


The prior knowledge that our students have in their LTM enables them to make sense of new concepts and situations that they encounter during teaching. But this prior knowledge is not the same for all students. Therefore it is important that class teachers are able to check this and support students to modify it before introducing something new. Doing this enhances how well and quickly students learn.


Principle 4: Fluency arises through practice over time


For students to develop fluency, there needs to be sufficient practice both in lessons and at home. This strengthens the storage of the content in the LTM and ensures it is retrievable in the future. When students are not fluent, what we teach them can be easily forgotten.


Principle 5: There is a relationship between learning and forgetting


It is common for forgetting to be seen as the enemy of learning, but the relationship between the two is not that simple. This is because allowing for some forgetting can often enhance learning. To learn (retain knowledge long term), there should be some forgetting. To forget, we should wait before we check for learning. Planned forgetting is therefore good for learning.




Summary




	Memory can be described as the cognitive process of encoding, storing and retrieving prior knowledge.



	When memory is more or less permanent, then we say learning has taken place.



	Attention is the gateway for information to pass from the environment into our working memory.



	Our working memory is where the information that has been collected by paying attention is processed. This is where thinking takes place.



	When we encounter a new situation, information stored in our LTM can be recalled into our working memory to help us make sense of the new situation.



	There are five principles from the cognitive science model of memory and learning that all teachers need to know about and plan for in their teaching to ensure that all students learn.



	To learn, there should be some forgetting. To forget, we should wait before we check for learning. Some forgetting, when planned, is a friend of learning.
































CHAPTER 2



INTRODUCING DESIRABLE DIFFICULTIES







Learning versus performance


To understand desirable difficulties, we first need to understand the distinction between performance and learning. Performance is what we can observe during or soon after instruction. For example, a teacher is teaching a class about electric current. After explaining what current is and why current moves around a circuit, the teacher then proceeds to ask questions. All students correctly answer the questions. This is performance. However, the ability of students to answer these questions does not mean they have learned. We still would not be able to say they have learned if they did well in a test completed immediately or days after they have been taught about electric current.


As stated previously, learning is a more permanent change in knowledge or understanding. This may be seen in an assessment completed days, weeks or even months later. This definition of learning is important for the choices that teachers make in their lessons as it means that we should choose strategies that are more effective for learning over those that improve performance.


This distinction is also supported by the concept of latent learning – learning that only becomes clear when a student has an incentive to show the knowledge (for example, in assessments and external exams) but is not seen in improvements in performance.


Honzik and Tolman (1936) carried out an experiment in which three groups of rats were placed in a complex maze over a period of 17 days. One group of rats was given no reward for reaching the target until the 11th day. A second group was never rewarded for reaching the target but taken out of the maze when they reached the target. A third group of rats was rewarded every time they reached the target.


The results of the experiment showed that the group of rats that was regularly rewarded made the fewest errors. The group of rats that was not rewarded made the most errors. The group of rats that was not rewarded until day 11 made the same number of errors as the never-rewarded group until day 11, after which they were rewarded for finding the target. The number of errors made then dropped significantly. This third group of rats did learn even without any reward and without showing gains in performance.


Latent learning is also possible in humans. Stevenson (1954) showed that considerable learning can take place in humans without changes to performance. In this experiment, children were tasked with finding a key that would open a box. There were other non-key objects in the environment during this task. When the children were subsequently asked to find the position of these non-key objects, they were relatively faster in locating them. Latent learning occurred during their search for the key that would open the box.







Retrieval strength and storage strength


In ‘A new theory of disuse and an old theory of stimulus fluctuation’, Bjork and Bjork (1992) proposed that there are two strengths to memory, namely storage and retrieval strength. Storage strength is a measure of how well learned knowledge is and how likely it is to be retrieved in the future. The storage strength of a memory increases as a function of opportunities for retrieval. As many items as possible can be stored in long-term memory as there is no limit on storage capacity. Retrieval strength on the other hand is a measure of the current ease of access to knowledge in memory. Retrieval strength is demonstrated by current performance like answering questions in lessons. This is performance and not learning.


Storage strength increases when we allow retrieval strength to decrease over a period of time through forgetting. It is therefore important for teachers to focus on improving storage strength for their students. This is what learning is about.







What are desirable difficulties?


The idea of desirable difficulty describes strategies that slow down performance but enhance long-term learning. These strategies or practices are desirable because they require students to think hard and so enhance long-term retention and knowledge transfer – they increase learning. However, they are difficult because they are challenging and slow down the rate at which a learner’s performance improves.


In the seminal paper ‘Making things hard on yourself but in a good way: creating desirable difficulties to enhance learning’ by Bjork and Bjork (2011), the following are the four desirable difficulties:




	Spacing



	Varying the conditions of practice



	Interleaving



	Testing.











Undesirable difficulties


It should be noted here that not all difficulties are desirable. Undesirable difficulties make the initial processing of the new content more challenging without leading to gains in long-term learning. There are a number of potential undesirable difficulties including:




	Asking learners to engage with new content without the necessary background knowledge to do so – for example, through discovery learning or using trial and error to solve problems. For learners to think hard there needs to be some knowledge to think with. If learners do not have the background knowledge needed to engage with desirable difficulties strategies, we expose them to undesirable difficulties.



	Any instruction that causes cognitive overload or makes the initial presentation of the new content more difficult. This is explained more later.






In their paper, Chen et al. (2018) looked into why desirable difficulties (DD) effects are not always realised and suggested cognitive load theory as a way to explain the variability in the effects that have been observed. They specifically named high element interactivity as a cause of the loss of the DD effects. Interactive elements are defined as ‘elements that must be processed simultaneously in working memory as they are logically related’. Element interactivity can be determined by ‘estimating the number of interacting elements in learning materials’ (Sweller, 2010).
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