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Boosting learning by changing the order and timing of classroom tasks:
Implications for professional practice.
The timing of what occurs in the classroom can affect how successfully new
concepts are learned. This paper analyses two promising ways of modifying the
schedule of tasks or examples – the spacing effect and interleaving. The spacing
effect refers to improvements in long-term retention if practice sessions are
separated by delays. Interleaving refers to the benefits of mixing different types
of examples or problems within a series, such that contrasting items are side by
side. These techniques are supported by a body of evidence which suggests that
they can boost the durability and transferability of learning, and both are
straightforward to implement given that they only require manipulating the
schedule of learning experiences. However, research into metacognition
suggests that classroom use of these techniques is likely to be undermined by
misconceptions about how learning and memory work, and that teachers may
not become aware of such misconceptions through experience alone. This leads
to a potential disparity between research evidence and popular assumptions
about learning and memory. While this can in part be addressed by teachers
engaging more with evidence-based practice, use of techniques such as spacing
and interleaving is highly context-specific. As discussed in the paper, this issue
implies a need for focused and contextualised professional learning, which
could be enhanced via the application of the same techniques to the professional
learning activities carried out by new and in-service teachers.
Keywords: spacing effect; interleaving; instructional practices, teacher beliefs;
practice-based teacher education.

1. Introduction

1.1 Learning and the role of memory

Learning involves a process of taking in new facts, skills, information and concepts in a
way that is durable and transferrable (Bransford, Brown & Cocking, 2000). However,
the learning process itself is not always intuitive. There is a tendency to mistake
performance for learning (Soderstrom & Bjork, 2015); a teacher may think that
learning has been accomplished at the end of a class or lecture, and fail to take account
of forgetting. As such, they may overlook certain useful classroom techniques, or even
actively avoid them.
This is due in part to the difficulty that teachers and learners alike have in understanding
the changes that occur over the course of new learning; most lack an accurate mental model
of memory processes (Pan & Bjork, 2020). While learning should not be reduced to
memorisation, any new learning experiences do need to be retained in some way if they are
later to be used (Kirschner, Sweller & Clark, 2006), and the relevance of those prior
experiences also needs to be recognised and the details retrieved in order to facilitate the
application of knowledge (Kaminske, Kuepper-Tetzel, Nebel, Sumeracki & Ryan, 2020).
This retention and retrieval is based on human memory.
While the concept of memory draws heavily on positivist-influenced work in
experimental psychology, it is also strongly influenced by constructivism in that the
knowledge in a person’s long-term memory is typically seen as being composed of
interconnected ‘schemas’, each representing a discrete concept (Bransford et al., 2000). The
long-term memory store is also widely seen as a dynamic system, with existing memories
prone to being modified and reinterpreted through the lens of new experiences (Loftus,
2019). As psychologist Robert Bjork once put it, “an item can seldom, if ever, be retrieved
from memory without modifying the representation of that item in memory in significant
ways.” (Bjork, 1975, p.123).

As such, the role of memory in learning is not as a passive store but rather a system which
is subtle and fluid in its functioning. As well as existing memories being affected by new
experiences, the reverse is true in as far as a learner creatively utilises relevant knowledge
during their learning – a fundamental tenet of constructivism (Perkins, 2006). The context
and timing of classroom experiences can therefore play an important role in how successfully
these experiences bring about new conceptual understanding.
This paper focuses on two classroom techniques which can help in promoting successful
learning via their effects on memory – spacing and interleaving. It also addresses the need for
professional learning of these techniques to overcome popular misconceptions, and the
potential of the techniques to be applied to practice-based teacher education itself, helping
what is learned by teachers to likewise be durable and transferrable.

1.2 Desirable difficulties

Among memory-related approaches to teaching and learning, one group stands out as
especially subject to misconceptions – the so-called ‘desirable difficulties’, manipulations
which boost learning over the long term while impeding short-term performance (Bjork and
Bjork, 2011). These techniques result in slower and/or more error-ridden performance during
practice and to a greater subjective sense of challenge (and are therefore difficulties), but they
are beneficial for memory durability and transfer (and as such, desirable, when learning is the
priority).
Examples of techniques which bring about or entail desirable difficulties include selftesting (Roediger & Karpicke, 2006), active generation of material (Slamecka & Graf, 1978),
or variations in the learning context/surroundings (Smith, Glenberg & Bjork, 1978). They

also include the spacing effect and interleaving, which are discussed in detail below (Section
2).
Bjork and Bjork (1992) explain the distinction between performance and learning through
their ‘new theory of disuse’. According to this theory, the retrieval strength of a memory (its
accessibility at a given time) can be dissociated from its storage strength (how well it is
stored in memory). Something can be well stored but hard to retrieve – for example, a
childhood memory. Likewise, an item can be easily retrieved but not well stored – for
example, something novel which was practised just a few minutes ago.
From this perspective, the teaching of students of any age (here I will use the term
‘students’ to refer to those in formal education, and ‘learners’ when referring to learning
more broadly) should aim to boost storage strength of their memories. However, many
classroom tasks feature massed repetition over the short term, impacting on performance but
not learning. This raises a counterintuitive but important implication of the new theory of
disuse: a period of forgetting can make later learning more effective, as retrieving and
revising less accessible items boosts their storage strength, while more immediate repetition
would only boost retrieval strength (Yan, Clark & Bjork, 2016). As a result, practice or restudy would best be delayed until information is on the point of being forgotten (Bjork,
2011).
Another implication of this theory is that a new trace in long-term memory is not fixed.
Most obviously, any initial conceptual learning experience in the classroom will be subject to
rapid and large scale forgetting over subsequent weeks, and cannot in itself be considered the
end of the learning process, even if a formative assessment indicates that a student ‘knows’
the material. The classroom dynamics of learning and forgetting are better explained by this
theory than by the better-known behaviourist and information-processing frameworks which
emphasise short-term repetition.

It follows that simply changing the timing of when teaching or practice take place can
affect how likely material is to be later successfully recalled and transferred by students,
without requiring major modifications to the information itself or the task used, or any
additional learning time (and indeed, less study time may be required overall if the timing is
optimised). Accordingly, two techniques which focus on the schedule of learning experiences
– spacing and interleaving – are among a group of educational interventions which Roediger
and Pyc (2012, p. 242) describe as “low hanging fruit” – easily applied techniques with little
outlay for the education system and a high chance of success, in comparison to more
uncertain and costly alternatives. These techniques will be discussed next.

2. Techniques which modify item order and timing

2.1 Spacing

As highlighted above, teachers’ efforts to promote effective learning may be undermined by
the rapid and large-scale forgetting that follows. The spacing effect is a reliable and wellevidenced phenomenon which has been demonstrated in a wide range of contexts, including
the learning of physical skills, facts, and conceptual knowledge (Cepeda, et al. 2006),
although it should be noted that the bulk of the research consists of laboratory studies of
adults. The essential finding is that information is more effectively encoded to long-term
memory if it is practiced in a spaced (i.e. distributed) fashion than when practiced close
together in time (usually referred to as a ‘massed’ presentation).
It appears to be important that items are well learned in the first study session. Rawson
and Dunlosky (2011) found that during initial learning, students benefit from at least three
successful attempts to retrieve concepts, after which re-study should occur at widely spaced

intervals. It is likely that if students only briefly look at a set of information and do not fully
absorb or understand it, a long delay before a review will be unhelpful.
In a typical experiment into the effect, there is a gap between two study sessions which is
either shorter or longer across the different experimental conditions. There is also a
controlled retention interval between the end of the second study session in all conditions and
a final test, meaning that the period of time during which forgetting could occur is kept
constant. This is illustrated in Figure 1.

Condition 1, massed:

Session 1 - Session 2 - - - - - - - - - - Test

Condition 2, spaced:

Session 1 - - - - - - - - Session 2 - - - - - - - - - - Test

Figure 1. Typical design of an experiment into spacing. Each dash represents a time
period which could be brief (e.g. 1 minute) or longer (e.g. 1 week).

Many of the early laboratory studies into spacing (e.g. Landauer & Bjork, 1978) involved
short retention intervals, but there have since been field studies using delays relevant to the
timescale of classroom learning. For example, in a field study of Canadian undergraduates,
Kapler, Weston and Wiseheart (2015) followed a science lecture with a review delayed by
either one day (condition 1) or eight days (condition 2), and a final test five weeks after the
review; this study found superior performance in the eight-day delay condition.
It is difficult to put an exact time on the optimal duration for a delay, but in a study of
trivia facts, Cepeda, Vul, Rohrer, Wixted and Pashler (2008) found that the benefits of
spacing could extend to up to a year, and concluded that most educators are likely to be
spacing too little, as the benefits of a larger delay outweighs the risk of increased forgetting.
Importantly, they also concluded that the optimal delay depends on the retention interval; the
longer a learner needs to remember the information, the more widely the initial study sessions

should be spaced. Therefore, assuming that it is an educational aim for students to retain
information for a lengthy period after initial learning (ideally lifelong), then the delays
between practice sessions should be as long as can be practically accommodated.
Another factor that may affect optimal spacing is the level of understanding that a student
has gained. Items which are more deeply understood – i.e. those with better-developed links
to existing schemas – are better remembered at a later point (Brainerd et al., 1990). This
implies that forgetting has been slowed; from the point of view of the new theory of disuse,
meaningful items remain more accessible for longer. As optimal spacing depends on the
speed of forgetting, it is therefore meaning-dependent, too. Less inherently meaningful
information (such as arbitrary vocabulary and terminology) may require more rapid followup. However, given that meaningful understanding is an interaction between the students and
the material (as the extent to which something is meaningful to a student depends in part on
their existing concept knowledge), optimal timing is a highly context-specific judgement for
teachers.

2.2 Interleaving

Interleaving refers to the mixing of types of learning item – i.e. problems, images or
examples – such that each item is preceded and followed by an item of a different type. It can
be contrasted with a ‘blocked’ sequence, where several items of the same type are presented
together. For example, in arithmetic, a set of four tasks each involving addition would be
considered a blocked presentation, while four similar tasks each involving different skills
(such as one addition, one subtraction, one multiplication and one division) would be
considered to be interleaved. If an individual was learning about different species of birds,

interleaving would involve alternating or mixing examples of different species, while
blocking would involve viewing several examples of the same species consecutively.
Figure 2 shows the typical way that interleaving and blocking are contrasted in an
experimental design, keeping the overall items presented and the study time constant.

Condition A, blocked sequence:

xxxxyyyyzzzz

Condition B, interleaved sequence:

xyzxyzxyzxyz

Figure 2. The order of items in typical interleaved and blocked sequences.

The benefit of interleaving (sometimes termed the ‘interleaving effect’) has been found to
apply to the practice of mathematics skills (e.g. Rohrer, Dedrick & Stershic, 2015), and to the
learning of social science concepts (Rawson, Thomas & Jacoby, 2015), modern artists’ styles
(Kornell & Bjork, 2008), and animal species (Birnbaum, Kornell, Bjork & Bjork, 2013), to
name but a few. As with other desirable difficulties, interleaving appears to make learning
more difficult at first but more durable over the long term (Yan, Clark & Bjork, 2016).
There is a connection between interleaving and the spacing effect, because interleaving
inevitably affects the delay between two items of the same type (in Figure 2, for example,
instances of each item type are more widely spaced in Condition B than in Condition A).
Indeed, when Kornell and Bjork (2008) rekindled interest in the concept with their laboratory
study of interleaved learning of artists’ styles, they initially attributed their findings to
spacing. Since then, however, several studies have kept overall spacing of new examples
constant while still comparing blocking versus interleaving – usually by inserting delays or
filler items – and found that the benefit of interleaving persists (e.g. Kang & Pashler, 2012).
A key factor which results in this benefit is the increased opportunity for a learner to
compare and contrast different types of item when they are presented consecutively.

Accordingly, delays in between interleaved items can reduce the benefit (Birnbaum et al.,
2013), interleaving unrelated items is not beneficial (Hausman & Kornell, 2014), and the
greatest benefit comes when the difference between items are subtle and thus likely to be
missed if the items are presented in separate study sessions (Carvalho & Goldstone,
2014). This subtlety, however, will depend on a learner’s state of knowledge; something
which is obvious to an expert may be subtle to a novice. As such, this matter implies a
need for judgement by the teacher in terms of where a particular class of students may
benefit from items being contrasted.
Interleaving typically involves the inductive learning of a category. For example,
Birnbaum et al. (2013) presented example images of bird and butterfly species followed by a
test with novel images, while Eglington and Kang (2017) used a similar methodology when
teaching categories based on types of hydrocarbon to American undergraduates. In such
cases, it is through exposure to multiple examples that category learning occurs – and this
happens best when the examples shown include items which both do and do not exemplify
the category to be learned. Overall then, interleaving appears to be a valuable technique for
developing transferrable concept knowledge through mixing of examples and problems.

2.3 Practical considerations

A major practical difference between spacing and interleaving is that the former tends to
involve re-studying a given set of material, while interleaving tends to involve presenting
several different examples of a category during an inductive learning phase and then
presenting novel items during a test phase (instead of or as well as testing memory for the
original items). This has educational implications; spacing is likely to be particularly
beneficial when items studied are exactly the same, such as for the practice of foreign

language vocabulary or times tables. Interleaving, in contrast, stands to benefit not only
memory but also transfer. It is likely to be useful in situations where students have to identify
novel instances of previously studied concepts, such as identifying signs of glaciation in a
previously unseen landscape, or recognising social psychology phenomena during an
everyday encounter.
However, there is at least some evidence that spacing can also impact on transfer, perhaps
because it supports the factual knowledge required for transfer to be successful. For example,
in a study by Foot-Seymour, Foot and Wiseheart (2019), 9 to 12-year-old Canadian students
were taught to judge the credibility of online sources either in three consecutive days
(massed) or over three weeks (spaced). The spaced group later showed better factual
retention but also better critical thinking than did the massed group. This study also
highlights that although the evidence-base tends to draw on studies of university students
(Cepeda et al., 2006), both spacing and interleaving have been demonstrated with younger
learners (see Slone & Sandhofer, 2017; Vlach, Sandhofer & Bjork, 2014 for further
examples).
Another practical consideration is that school systems in many jurisdictions tend to judge
teacher performance via the performance of classes on test scores. Given that the techniques
described benefit long-term learning rather than performance, there is a danger that spacing
may be avoided because its benefits are slower to be realised; interleaving, in contrast, has
been demonstrated over relatively short timescales. While shifting to longer-term measures of
judging teacher effectiveness would be desirable, a more immediate fix would be to compress
the spaced practice schedule used. The optimal delay between practice sessions depends on
the timescale that information needs to be retained (Cepeda et al., 2008); teachers and classes
who are working towards assessments over a timescale of days and weeks rather than years
can still space their practice, but the optimal delays will be shorter.

As noted, the literature on both spacing and interleaving is dominated by laboratory
studies of undergraduates, but many use highly authentic materials such as language
vocabulary or science examples. Field studies have begun to show that the techniques have
potential to apply to more complex, higher-order learning as well as to basic facts, and can
generalise to school-aged children (Kapler et al., 2015; Foot-Seymour et al., 2019), though
lower levels of background knowledge among younger students could impact on the optimal
timing of spacing and on the types of contrast that would most benefit from interleaving.
Clearly, then, both techniques have potential to be applied to a range of learning
experiences, particularly where there is institutional support in the form of systems that
recognise that learning is best defined in terms of flexible and long-term competencies rather
than performance on short-term tests. However, their use faces a further challenge – higher
levels of subjective difficulty tends to prompt students to eschew such techniques, while
teachers, too, may seek to avoid short-term difficulties. The next sections focus on the
underpinnings of such misconceptions, and on ways to address them through professional
learning.

3. Barriers due to learner and teacher metacognition

3.1 Student metacognition

When studying material with a view to learning or developing new concepts, students think
not only about the material but also about their own thinking. They attempt to judge what
they have learned, and make decisions about what to study next (Kornell & Bjork, 2007). The

processes involved draw on metacognition, a concept which can usefully be divided into two
main areas when it comes to education (Nelson & Narens, 1994):
•

Metacognitive knowledge: learned information about strategies that can be brought to
bear on future learning.

•

Metacognitive monitoring: focus on a particular learning task as it proceeds.

These two key strands of metacognition clarify why students and their teachers may avoid
spacing and interleaving: due to mistakenly believing that they are less effective, and because
of failing to recognise successful learning.
Metacognitive knowledge includes beliefs about learning and about one’s own attainment
level, and these are characterised by inaccuracies. The workings of human memory are not
easy to figure through practice alone (Bjork, 2011), and do not fit with ‘common sense’
assumptions (Simons & Chabris, 2011), or with the way memory is typically portrayed in the
media (Karpicke, 2016).
Metacognitive monitoring can also be inaccurate because introspection is a limited way
of theorising about thinking. Indeed, students are generally poor at judging what they do and
do not understand; tasks requiring ‘judgement of learning’ – a person’s subjective
anticipation of being able to recall the information at a later point in time – tend to be biased
by the ease of retrieval, without making sufficient allowances for the context of this retrieval
(Benjamin & Bjork, 1996).
Multiple laboratory studies of spacing (e.g. Zechmeister & Shaughnessy, 1980) and
interleaving (e.g. Kornell & Bjork, 2008) have confirmed that many people mistakenly think
that these strategies are less effective than the alternative (i.e. massing or blocking the same
practice). Students also appear to favour sub-optimal learning strategies outside of the
laboratory. For example, Hartwig and Dunlosky (2012) found that over 60% of their student
sample favoured ineffective revision strategies such as re-reading, cramming and

underlining/highlighting, and that the choice of such strategies was statistically related to a
poorer grade point average.
Accurate metacognition undoubtedly helps with evaluating one’s own work and learning
from mistakes in the right context, and as such it is seen as a potentially powerful education
intervention (EEF, 2018). In the case of metacognitive knowledge, this could include teachers
directly discussing metacognition with their classes, using accurate terminology and guiding
them towards effective learning strategies (Pintrich, 2002). Of course, to do so, they would
have to possess this knowledge themselves.
Timing appears to play a role in the accuracy of student metacognitive monitoring. A
study by Nelson and Dunlosky (1991) compared judgements of learning for word pairs either
immediately or after ten minutes. The ten-minute delay greatly improved the accuracy of
learner judgements, which was little better than chance level when done immediately. This
suggests that as well as its role in learning, spacing may improve metacognition. Indeed,
Bahrick and Hall (2005) have suggested that this is one of the primary causes of the spacing
effect.
Overall, then, there is evidence that students will tend to lack insight into the techniques
under discussion, and there is potentially a very important role for teachers to guide them
towards more effective learning behaviours. An important question, therefore, is whether
teachers have sufficient expertise in these processes. The next section explores this issue.

3.2 Teacher metacognition

As argued at the start of this paper, effective learning depends upon the schedule of learning
experiences; it therefore also depends on teachers making good choices about what material
or tasks to present and when to present them. It may appear to stand to reason that most

teachers will have a thorough and accurate conception of how memory works to guide these
choices. However, the points made above about flawed metacognition need not apply only to
students. Teachers, too, may harbour beliefs about the learning processes which fail to match
the evidence.
Misconceptions about the mind and learning are widespread among adults. Furnham
(2018) questioned adult participants about popular myths from developmental and
neuropsychology such as ‘people suffering from amnesia typically cannot recall their own
name or identity’, and found that a large number were rated as definitely or partly true across
all demographic groups. Simons and Chabris (2011) found large differences between answers
from the general public and those of memory researchers on questions about memory; 63%
of members of the public agreed or strongly agreed with the idea that memory works like a
video camera, while 48% agreed that once you have experienced an event and formed a
memory of it, that memory does not change. None of the researchers surveyed endorsed
either belief.
Clearly, professionals differ from members of the public in important ways, and have
been given specific training to carry out their role. However, there is considerable variability
in what is taught to new teachers (Carter, 2015), meaning that there is no guarantee that what
they have been told about learning will be accurate. Guides for new teachers often fail to
include information on strategies such as spacing (Surma, Vanhoyweghen, Camp &
Kirschner, 2018), and school textbooks tend not to feature interleaved tasks (Rohrer, Dedrick
& Hartwig, 2020), meaning that such approaches are unlikely to be seen as standard practice.
Meanwhile the popularity of neuromyths (Howard-Jones, 2014) – over 97% of teachers
surveyed in Turkey subscribe to the idea that people learn better when taught according to
their preferred ‘learning style’, while 91% of UK teachers agreed that differences between

students can be explained by their being ‘left brained’ or ‘right brained’ – shows that fads and
misconceptions can spread easily.
Firth (2018) has found that despite having more accurate views of memory overall than
those found among the public by Simon and Chabris (2011), teachers subscribed to a number
of misconceptions. In particular, those studied were highly out of line with the scientific
consensus on desirable difficulties such as the spacing effect, with only 12.2% agreeing that
‘as a teacher, it is wise to wait until learners have almost forgotten things before you go over
them again’.
There are also reasons to doubt that experience alone will correct misconceptions about
memory. In the same study by Firth (2018), the extent of misconceptions did not vary with
experience; teachers within the first five years of their career showed the same level of
misconceptions as those with 20 or more years of experience. Similarly, Morehead et al.
(2016) found no relationship between teachers’ endorsement of myths such as learning styles
and their number of years of teaching experience.
Indeed, despite experience being near synonymous with skill in some contexts, there is
not a strong statistical relationship between a teacher’s years of classroom experience and
student outcomes in their classes, in part because improvements tend to plateau within five
years (Rivkin et al., 2005), with further experience beyond this point having a negligible
impact on classroom performance. This fits with what is known from other domains; as
Ericsson, Prietula and Cokely (2007) note in relation to sports expertise, practice alone can
lead to the consolidation and automation of mediocre performance.
It therefore appears that simply accumulating more time in the classroom is likely to be
insufficient to develop accurate metacognition regarding how memory works. This strongly
suggests that teachers will not spontaneously develop metacognitive accuracy and come to

adopt evidence-based strategies such as spacing and interleaving – exactly as is the case with
students (e.g. Rohrer & Pashler, 2010).
The next section of this article looks at some possible approaches to tackling this gap in
professional learning.

4. Implications for professional learning

4.1 The role of evidence-based practice

The techniques discussed highlight a disparity between research evidence and popular
assumptions about learning and memory that is likely to affect both students and teachers. An
obvious interim conclusion is that teachers – both new trainees and in-service professionals –
should engage more with research evidence, boosting their students’ learning by using and
recommending techniques such as spacing and interleaving.
However, as discussed earlier (see Section 2), applications of such techniques are highly
context-specific. A student’s existing knowledge impacts on how and when techniques
should be used, and this interaction is specific to the learner and to the material. The
application and use of spacing and interleaving therefore depends on judgements made in a
particular classroom, even if the principles do hold more generally.
The implication of this is that teachers will need to build in delays between practice
sessions (sometimes by taking existing tasks and dividing them across different sessions), but
delays alone are not enough – there must be practice before and after the delay. For any
practice task, students should continue until they have achieved an initial mastery of the
material. Further practice at this point (i.e. overlearning) is inefficient, and should instead

occur after a delay (Rohrer & Taylor, 2006). As learning becomes more secure, the delays
between separate practice sessions can increase.
When it comes to interleaving, the key factor is contrast. Again, teachers’ judgement is
important, as they are in the best position to know which concepts are likely to cause
confusion. Such concepts should be illustrated with multiple interleaved examples, rather
than being studied in separate sessions.
Teachers will also need to build metacognitive knowledge among their students, and
manage any motivational impact of techniques which increase the difficulty of short-term
practice. Understanding of learning and memory processes could be seen, then, as a part of
the teacher’s professional toolkit, rather than as something that can be imposed from above
(Firth, 2017) – a fact that may assuage concerns about the potential of evidence-based
practice to interfere with a teacher’s professional judgement (e.g. see Biesta, 2007).

4.2 Professional learning

For in-service teachers, how exactly should professional learning about spacing and
interleaving (or related desirable difficulties) take place? Unfortunately, simply providing
teachers with information is likely to have only a limited impact (Wiliam, 2010). A useful
direction comes from a study by Will, Masad, Vlach and Kendeou (2019) which featured
common false beliefs such as ‘reading in dim light causes nearsightedness’ (p. 113). All
participants were given information that contradicted the myths, but only one condition
featured a direct refutation; participants in this condition later showed more accuracy and less
circularity in their written explanations. A classroom implication would be that that simply
presenting teachers with information about the evidence base may be insufficient if the

explanation does not also directly highlight areas of current practice which are suboptimal,
with alternatives directly contrasted.
Just as classroom learning is more effective when it is spaced rather than massed,
professional learning is more effective when it is sustained over a period of time; lessons
from one-off CPD events tend to be rapidly forgotten upon returning to the classroom
(Donaldson, 2011). Instead, teachers need opportunities to put their new learning to work in
the classroom, perhaps gradually and with some scaffolding of the process. They may also be
able to acquire naturally-occurring classroom evidence, for example class test scores, to gain
a further insight in a process of ongoing reflection and enquiry (Wall & Hall, 2019).
Extended professional learning also provides more opportunities to integrate new ideas into
classroom practice (Darling-Hammond, Hyler, & Gardner, 2017), thus supporting the process
of transfer and application of new knowledge.
One model of spaced professional learning is to engage in practitioner research projects,
as such projects are naturally distributed over a period of time. A teacher research project
could also engage curiosity, and be highly motivating. While this point again applies mainly
to in-service teachers, a similar format can be used to ensure that learning from initial teacher
education is spaced out over time, to minimise forgetting.
Interleaving, too, can be applied to professional learning. As discussed, interleaved
presentations provide opportunities for students to compare and contrast concepts, thus
allowing more accurate categorisation and the development of new categories, and is
particularly valuable if differences are subtle and easily missed. One practical example of
how this could occur is through brief presentations of classroom learning examples by
multiple colleagues, for example at staff meetings. Such formats would promote teachers’
ability to compare and contrast varied examples, rather than spending an entire session
learning about a single technique.

There is also the potential for increased interleaving through the mixing of real observed
classroom experiences. For example, viewing multiple short video clips of lessons may be
preferable, in terms of concept and skill learning, to infrequent observations of entire lessons.
To increase contrast, such clips should be as short as possible, and presented side-by-side
without intervening delays (Birnbaum et al., 2013).
On the basis of the research evidence into interleaving (which tends to feature novel
categories), there is no reason that the same principle could not be applied to initial teacher
education as well. Indeed, interleaving of classroom video clips could be an excellent way of
raising trainees’ awareness of contrasts that are subtle and hard to notice, even before they
have had the opportunity to spend time in real classrooms. It’s worth noting again that the
ease of perceiving a contrast will depend on the individual’s prior learning; as teachers
become more skilled, they will become better able to learn from subtle contrasts.
Overall, just as information does not come to us neatly categorised in the real world, so
the professional learning process may benefit from increased variability and more delays,
boosting teachers’ ability to retain and transfer new knowledge.

5. Concluding comments

The evidence presented here explores the benefits of spacing and interleaving – both
easy, quick and cheap techniques to apply. While much of the research on the two techniques
is founded on theories of human long-term memory, it is important to recognise that modern
cognitive psychology sees memory as a flexible and constantly-changing system which is
highly sensitive to context and which provides the foundation for meaningful understanding.
New experiences, in this view, should be encoded into a learner’s memory in a way that best
activates and links to prior knowledge. This process is sensitive both to timing and to the

opportunities available for a learner to perceive contrast between one task or example and
another. Improvements to the schedule of classroom tasks can therefore boost students’
ability to apply the concepts they study to new situations (Kaminske et al., 2020).
However, metacognitive research strongly suggests that we cannot rely on either students
or their teachers to have accurate beliefs about the optimal timing or order of learning tasks.
Those involved in supporting professional learning should be aware that many of the same
myths and misconceptions present among the general population can be seen in the teaching
profession, and experience alone appears insufficient to counter this problem. In addition, inservice professional learning that is interleaved and spaced out over time is more likely to be
impactful.
As has been seen, much of the evidence on these techniques draws on laboratory studies
of adults. Further research to guide their application to classroom practice could include a
field research programme that assesses the use of spacing or interleaving across different
topics, using previous years’ attainment as baseline data. It would also be helpful to carry out
qualitative research to explore teachers’ views and judgements, for example by presenting
interviewees with example tasks and asking them to talk through their views on the best
schedules to use.
Finally, if preparation of new teachers were to include an overview of relevant areas of
memory and misconceptions such as the ones identified above, this would increase awareness
of pitfalls such as judging learning on the basis of short-term performance and students’
tendency to metacognitive inaccuracy.
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