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Introduction: The main aim of this pilot study was to compare the efficacy of 
using different spaced learning models during school examination revision on 
pupil attainment. Spaced learning is using intervals between periods of learning 
rather than learning content all at one time.

Methods: Three spaced learning models with different inter-study intervals (ISI’s) 
were co-designed by teachers and researchers using research evidence and 
practice knowledge. A pilot randomized controlled trial compared the three ISI 
models against control groups in 12 UK secondary schools’ science classes (pupil 
n  =  408). The effects on attainment of each model were assessed using pre and 
post-tests of science attainment.

Results: The results showed that all three models were feasible for use in a 
classroom. The spacing model using ISI of 24-h spaces between and 10-
min spaces within revision sessions was the only significant one for improving 
attainment against a control group (effect size d  =  0.19, p  =  <0.05). The study 
also found that student engagement with the spaced learning program was a 
statistically significant predictor of increased pupil attainment.

Discussion: The study demonstrates the potential benefits of applying spaced 
learning to exam revision, with the most optimal ISI model found to be the SMART 
Spaces 24/10 model.
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Introduction

Spaced learning is a process in which periods of learning are separated in time by an inter-
study interval (ISI). An ISI is the length of time between the periods of learning. The ISI may 
be as brief as a few seconds, or as long as weeks and months. When the efficacy of a spaced 
learning strategy is examined, it is often compared with a “massed learning” approach. Massed 
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learning is where all the to-be-learned content occurs in one constant 
block, without any intervals between study periods.

Spaced learning is often discussed in education as the result of a 
distributed practice or the “spacing effect” (Chen et al., 2018; Wiseheart 
et al., 2019). The “spacing effect” refers to the benefit of spaced learning 
has on memory and retention of information over massed learning 
(Ebbinghaus, 1885). The spacing effect is a well-researched and 
remarkably stable effect in psychological (Zwaan et  al., 2017) and 
educational research (Dunlosky et  al., 2013). This is a particularly 
pertinent point given the recent debates around the replicability of 
psychological phenomenon (Motyl et al., 2017). On this basis, because of 
its robustness, the spacing effect has great potential to be applied in 
educational settings (Firth, 2021) to improve attainment through its use 
as a theory of intervention, i.e., a theory within an evidence-based 
program that explains how program activities change program participant 
outcomes (Connolly et al., 2017 - Chapter 2).

Inter-study intervals and attainment: 
perspectives, theory and evidence

The robustness and replication of the spacing effect on memory, 
retention and attainment has been supported through many literature 
reviews over an extended period (Connolly et al., 2017). The following 
paragraphs outline the main findings from some of these reviews. 
However, there is a particular focus on the effectiveness of different 
ISIs on retention performance and attainment as this is the main 
outcome variable compared in this current study.

The optimal length of ISIs depend on the required retention interval 
(RI). Moss (1995) reviewed 120 articles on the spacing effect, comparing 
various types of learning material (verbal information, intellectual skill, 
and motor learning). The review found longer spacing intervals improved 
the learning of verbal information and motor skills in over 80% of the 
studies reviewed. Donovan and Radosevich’s (1999) review also found 
stronger spacing effects by increasing the ISI (mean ES for spacing = 0.46). 
Janiszewski et al. (2003) reviewed 97 articles on spacing effects and space 
lengths for various types of tasks. Again, the largest spacing effects arose 
from longer spaces (mean ES = 0.57). Cepeda et al. (2006) reviewed 317 
spacing effect experiments in 184 articles, including children, adults and 
older adults as learners. All but 12 of the 317 studies showed a benefit of 
spaced learning over massed study. Cepeda et al. found that increasing the 
spacing interval increased recall, but too long a spacing interval for a given 
retention period reduced recall. Cepeda et al. determined that the spacing 
interval during studying should increase as the retention interval increases 
to optimize recall. When the retention interval was less than 1 min, the 
optimal space was also less than 1 min. At least a one-month space was 
necessary for optimal recall after 6 months. What activity is undertaken 
during the space has also been found to be important for learning and 
attainment. Specifically, sleep during the activity may be crucial. Bell et al. 
(2014) found that sleep during 12-h spaces between periods of learning 
Swahili-English pairs led to better retention performance than the same 
length of space with no sleep.

Studies within the field of neuroscience have explored the 
neurobiological basis of the spacing effect, but with much shorter ISIs. 
These studies, which have largely been conducted with animals, have 
focused on recording neurobiological indicators of a precursor to 
memory formation—“long term potentiation” (LTP)—a process through 
which synapses may become stronger after being stimulated, and thus 

transmit a long-lasting signal between neurons. Mauelshagen et al. (1998) 
exposed synapses removed from Aplysia (marine mollusks) to serotonin 
in either five bursts of 5 min with 15-min intervals, or one long massed 
exposure of 25 min. They found that electrical responses to stimulation 
24 h later (which is representative of the type of cell activity important for 
long-term memory formation) was greater for spaced stimulation than 
massed stimulation. Fields (2009) reported that rat synapses produced 
increased levels of protein and gene markers of memory formation 
(CREB and zif268) and twice the voltage of electrical activity after being 
stimulated in three bursts with 10-min spaces than when they were 
stimulated in a massed pattern. The neuroscience literature also points to 
the benefit of increasing the space length for better retention. Kramar et al. 
(2012) found twice as much LTP in rat brain cells when stimulating in 
60-min spaced intervals rather than 30- or 10-min intervals. Zhang et al. 
(2012) found that a spacing protocol including a 30-min space in the 
stimulation of mollusk brain cells led to greater activity than 15-min 
spaces. The earliest neuroscience evidence of spacing effects in humans 
was gathered using experimental paradigms that did not include explicit 
spaced learning tasks but did include a comparison of spaced and massed 
repetitions. Van Strien et al. (2007) found a larger change in event-related 
potentials (electrical recording of brain events) associated with memory 
search and template matching (N400 and LPC) in response to massed 
rather than spaced presentations learning of repeated words. This suggests 
that massed presentation of learning resulted in more difficulty 
performing these two aspects of recall.

To date, we are aware of only two studies involving an explicit 
spaced learning task and the recording of human brain activity. 
Mollison and Curran (2014) compared the paired learning of nouns 
and pictures from two repetitions presented in either a massed or 
spaced format (12-s ISIs) and found ERP event-related potential 
evidence of repetition suppression (a reduced response to material 
when presented repeatedly) for massed but not spaced presentations. 
Furthermore, the spaced items were remembered with higher 
accuracy than the massed items. This result may indicate that attention 
to repeated items is better when a spacing strategy is used. Functional 
magnetic resonance imaging (fMRI) has also been used to explore 
spaced learning. Xue et al. (2011) found more activity in a brain area 
associated with face recognition (bilateral fusiform gyrus) for spaced 
learning of novel faces than for massed learning.

The earlier cognitive psychology reviews of spaced learning 
literature highlight robust spacing effects mainly for simple tasks, but 
there is educational practice literature on the spacing effect for 
complex learning more like everyday learning that would occur in 
classrooms and its impact on retention performance. For example, the 
attainment benefits of spaced learning has been demonstrated in a 
wide range of educational contexts, e.g., vocabulary retention in 
elementary schools (Sobel et al., 2011), mathematics attainment in 
secondary school (Barzagar Nazari and Ebersbach, 2019) attainment 
in English as a foreign language (Namaziandost et  al., 2020) and 
examination performance for psychology undergraduates (Gurung 
and Burns, 2019). Like the lab-based literature, the length of ISI is a 
key consideration in educational practice literature. Miles (2014) 
found that students learning English as a second language using a 
spacing protocol of 1-week and 4-weeks scored more highly on a 
subsequent language task than students using massed learning. The 
retention interval was 5 weeks. Another study using a long retention 
interval of 5 weeks found that psychology undergraduates in Canada 
taught using a spaced protocol with eight-day ISIs showed better 
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retention after 5 weeks than when 24 h ISIs were used (Kapler et al., 
2015). This fits with the Cepeda et al. (2006) finding that 24-h ISIs are 
optimal for up to a 28-day retention interval. Retention for 5 weeks, 
using a complex task, needs more than a 24-h interval. Bird (2011) 
compared ISIs of three and 14 days for spaced learning lessons of 
English grammar for university students learning English. No 
difference was found after a retention interval of 7 days, but at 60 days, 
the shorter space group had decreased in accuracy and the longer 
space group’s score remained consistent with their 7-day score. This 
study suggests that ISIs of 3 days or 14 days may be too long to see a 
benefit for 7 days’ retention. Regarding very long retention intervals, 
Carpenter et al. (2009) found that children using an ISI of 16 weeks 
recalled more history facts over a retention interval of 9 months than 
children using an ISI of 1 week.

Optimizing spaced learning for school 
exam revision

For better or worse, the key success outcome of schooling is 
pupils’ performance on national examinations (Friedman and 
Laurison, 2020). Therefore, the need for pupils and students to revise 
and prepare for high stakes examinations has been, and continues to 
be, a substantial focus for schools around the world. All the research 
evidence on spaced learning is useful but is constrained by the context 
in which it is applied. There are several contextual considerations 
when designing a spaced learning program for examination 
revision purposes.

Head teachers and classroom teachers are keenly aware of the 
need to ensure that all students are successful regardless of their socio-
economic background. Consequently, disadvantaged students are a 
particular focus for schools. It is however, recognized by teachers that 
study skills may be  less well developed for disadvantaged pupils 
(Putwain, 2008). For some students the only examination revision 
they may complete will be in school as their home environment might 
not be conducive to focussed study. Relatedly, there is some evidence 
that homework fails to provide an advantage for disadvantaged pupils 
(Rønning, 2011).

It is important to consider current revision practices in school to 
assess what a spaced learning exam revision program might substitute. 
Current techniques employed by schools in the UK for GCSE science 
include the use of past papers, through the availability of previous 
GCSE science papers from examination boards. This technique 
involves pupils sitting previous exam papers as a practice test. The use 
of practice testing has an evidence base of similar longevity as the 
spacing effect (Abott, 1909) and the practice testing effect too is robust 
(see Rawson and Dunlosky, 2011 for review). Carpenter et al. (2009) 
suggested that this technique is effective through the triggering of 
elaborative retrieval processes. While much of the literature on 
practice testing has been on verbal attainment tasks, such as paired 
associate learning and word lists, there is an increasing evidence base 
for benefits for attainment on more complex tasks such as 
multiplication facts, word definitions, science facts and key term 
concepts (Dunlosky et al., 2013). However, there is one caveat. For 
practice testing to be most effective, feedback must be given (Dunlosky 
et al., 2013), and this introduces the major barrier for the feasible use 
of practice papers—marking and feedback. The initial practice time 
per student may not be high, but to make the technique effective the 

required marking of past papers is hugely demanding in an 
educational setting.

Another consideration regarding using the spacing effect within 
educational practice and exam revision is pupil engagement. A wide 
variety of perspectives suggest the issues of student engagement in spaced 
learning is worthy of consideration. Generally, participant engagement or 
responsiveness is offered as an important factor for implementing 
interventions with fidelity and impact (O’Hare, 2014; Connolly et al., 
2017; O’Hare et al., 2017, 2018). In addition, the idea of “chunking,” 
breaking down learning into short episodes and changes in activity by 
teachers are understood to assist student attention (Gobet, 2005). There 
is also some logic in the notion that science teachers might particularly 
engage with a spaced learning approach to exam revision as it is 
underpinned by substantial scientific evidence.

Study rationale

In designing the current study, the authors argue that the 
overwhelming evidence for the spacing effect moves it beyond a 
theoretical position and closer to a replicable stable effect, both in 
laboratory and classroom settings. Building on these solid foundations 
the educational research questions now turn to how best to optimize 
this effect for specific educational settings and outcomes, e.g., 
improving attainment in a real-world science classroom. Thus, this 
study synthesizes the theories and evidence from cognitive psychology, 
neuroscience and educational practice literature, to develop a range of 
Inter Study Intervals (ISI) to check for their feasible and engaging use 
by science teachers for revision purposes in science classrooms with 
the goal of improving pupil science attainment. The study also 
compares these ISI’s against each other in an RCT design to identify 
the optimum ISI model for future application and investigation.

The cognitive psychology theory and evidence on spacing suggest 
that the ISI should be at least 1 day for the length of retention interval 
that is desirable for exam preparation (weeks and months). The cognitive 
psychology evidence also shows that spaces of weeks or months are 
advantageous for long-term retention performance. However, one aim 
of the current research, is to apply spaced learning to science revision in 
schools in a way that is feasible in terms of the practicalities of school 
classrooms and schedules. Thus 24-h spaces are chosen as one potential 
spacing strategy for an applied spaced learning program. For the 
purposes of revision in the lead-up to examinations, the use of an ISI of 
24 h also potentially facilitates the benefits of sleep for memory formation 
(Bell et al., 2014). It also avoids the demands of multiple lessons within 
the one school day which is not unfeasible for school schedules, especially 
in high school education. The 24-h space is also likely to be the most 
appropriate ISI for mid-length retention, considering Cepeda et al.’s 
findings of too long a spacing protocol being detrimental, as the 
prioritized outcome of a revision program is exam performance, close in 
time to receiving the program, and not long-term retention. Cepeda et al. 
found a 24-h space to be the most advantageous for retention intervals 
of between 2 and 28 days, which is a realistic interval of time for 
delivering a revision program in schools.

Despite the justified concern about the difficulty and validity of 
translating neuroscience evidence in the classroom (Donoghue and 
Horvath, 2016; Horvath and Donoghue, 2016) the neuroscience 
literature did inspire some classroom applications of spaced learning 
and these may have practical applications. Kelley and Whatson (2013) 
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adopted Fields (2009) spacing protocol from his neuroscience work and 
successfully employed spaced learning strategies in the classroom with 
children aged 14–15 years in England, in a quasi-experimental study. 
They claimed that 90 min of spaced learning (three periods of 20 min of 
teaching, interspersed with 10-min intervals of distractor activities) 
produced retention of the information that was not significantly 
different to 4 months of typical teaching (massed learning), despite 
significantly less teaching time. However, Timmer et al. (2020) found 
no significant benefit of using short 5-min spaces with a single lecture 
for medical students. The students did, however, give positive feedback 
on the lessons and the Timmer et al. (2020) called for more research into 
optimum spacing patterns. The neuroscience theory and evidence 
indicates that short spaces (60 min or less) can still reveal a spacing 
effect, even if longer spaces may have an advantage in retention length. 
The 10-min ISI has inherent value in the classroom due to the length of 
lessons. Considering the intense, rapid delivery style of spaced learning 
revision lessons, we hypothesized that intra-lesson 10-min spaces may 
be beneficial for improving student attainment and engagement in the 
lessons. The current study, therefore, also investigated the use of a short 
spacing protocol (10 min), because if this could produce a spacing effect 
equal to that of a longer strategy, it would be appealing and feasible 
for schools.

Considering all this evidence and to test the current state of the 
literature regarding its feasibility (including pupil engagement) for 
using spaced learning in high school science classroom revision, the 
present study involved the investigation of three models of spaced 
learning. One model informed by the cognitive psychology literature 
featuring longer spaces (24-h spaces between sessions). One model 
informed by the neuroscience literature with shorter spaces (10-min 
spaces within sessions), and a combined approach (10 min within 
session, 24 h between sessions) integrating both sources of evidence.

Research questions

The overall aim of this project is to draw on the findings from the 
different literatures on the spacing effect and produce an educational 
program that is evidence based (with an optimal ISI for revision), but 
also one that is feasible and engaging for use with students in real 
world classrooms. Specifically, this study has two main research 
questions (RQ):

RQ 1. What model of inter study intervals (24 h, 10-min, or 24/10) 
shows the most promise on improving attainment outcomes in GCSE 
science exam revision classes (i.e., testing a spaced learning theory 
of intervention)?

RQ 2. Is student engagement with spaced learning revision a 
significant predictor of pupil science attainment (i.e., testing a spaced 
learning theory of implementation)?

Materials and methods

Study design

The research reported in this manuscript refers to one aspect of a 
larger study that had three sequenced phases to develop an optimal 
spaced learning program for revision purposes. The phases where: (1) 
A design phase; (2) A feasibility pilot phase; and (3) an optimization/
comparison phase. However, due to space constraints in this article 
only the final phase (3. Optimization/comparison) is fully reported. A 
full report of the first two phases (1. design and 2. feasibility pilot) are 
provided elsewhere (O’Hare et  al., 2017). For the purposes of 
information and clarity a summary of the design and pilot feasibility 
phases are provided below.

The first phase (1. design) was a series of program design 
workshops, which were held between teachers and researchers 
(cognitive psychologists and neuroscientists) to develop a logic 
model for high school science revision program using a spaced 
learning format. This co-design process between researchers and 
teachers was used to ensure the program had both issues of 
evidence, feasibility and engagement at the center of its design. The 
main outcomes of the discussion were that the teachers were already 
feasibly using 10-min spaces in their revision lessons and the 
researchers indicated that the cognitive psychology research 
evidence would suggest that longer spaces, of 24 h or more, have 
been found to be  more effective in memory formation. The 
discussion culminated in agreement that it was useful to develop 
several models of a revision program that had combinations of 24 h 
and 10-min inter study intervals. Three resultant models were 
produced: one which had 10-min spaces, one with 24 h spaces and 
one that had 24 h and 10-min combined spaces (see Table 1). The 
co-design team produced a draft program manual and training 
materials for the different spaced learning models. The team also 
designed the content based on the teachers’ knowledge of the 
students’ likely level of understanding and the focus of the UK 
science curriculum.

Phase 1 was followed by a qualitative feasibility pilot study 
(phase 2) which saw program materials and the three emergent 
models derived in the first phase (Table 1), piloted in schools to see 
if they were feasible to deliver in actual classrooms. A control 
condition using the slides, but no spaces was also piloted for 
feasibility. The spaced learning models and control condition were 
piloted in a small number of schools (n = 4). Focus groups with n = 5 
pupils per school and interviews with n = 4 teachers were used to 
gain feedback on the feasibility of the different models. Adaptations 
to training materials and lesson content were made based on this 
feedback (see O’Hare et al., 2017 for specific changes made between 
Phase 2 and Phase 3). The outcome measure was also piloted in this 

TABLE 1 The three versions of the SMART Spaces program trialed in this study.

10  min model 24  h model 24/10 model

Day 1 12 min of chemistry 10-min “space” 12 min of 

chemistry repeated 10-min “space” 12 min of 

chemistry repeated

12 min of chemistry 12 min of physics 12 min of 

biology 20 min of “space” at end

12 min of chemistry 10 min of “space” 12 min of 

physics 10 min of “space” 12 min of biology

Day 2 As day 1 but for physics As day 1 As day 1

Day 3 As day 1 but for biology As day 1 As day 1
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second phase with two classes per school across the four schools to 
ensure usability and appropriate timing for the evaluation in Phase 
3. Further detail on this measure is outlined in “Measures” below.

The three models in Table  1 have different origins in the 
literature with the 10-min model emerging from the evidence from 
the neuroscientific literature (and the practice of teachers involved 
in this project); the 24 h model incorporating the evidence from the 
cognitive psychology literature; and the 24/10 model using evidence 
from neuroscientific and cognitive psychology literature as well as 
the current teachers’ practice.

The third phase (and focus of this article) was an optimization 
pilot randomized controlled trial (RCT). This study is a called a 
“pilot RCT” because the study is not a fully powered effectiveness 
RCT study. This study was a process to find the optimal ISI model 
(from phase 2) for use in future classroom applications and 
investigation through fully powered RCT effectiveness studies. It 
was never intended to have a fully powered sample size based on a 
sample size calculation with the required participant numbers to 
identify effectiveness with a high degree of statistical power. The 
pilot RCT design was used to give the different ISI models from 
phase 2 a “fair test” against each other and controls. In addition, it 
is not a blinded, or double blinded, RCT as it is not possible to hide 
the method of intervention from trainers, teachers and pupils etc. 
in educational trials. In fact, it is arguably detrimental to 
effectiveness if stakeholders are not aware of the program’s theory 
of intervention.

The three models emerging from phase 2 were compared by 
being trialed against two control types, namely:

Control 1 “slides only” was a control group that included the 
PowerPoint slides but no spaces, i.e., a control of the lesson materials.

Control 2 was a “no slides or spaces” control that had no materials 
presented or spaces in their learning, i.e., pupils and teachers received 
no intervention and carried on with their normal teaching/learning.

All this work from phase 1, 2, and 3 is summarized in the 
SMART Spaces logic model in Figure 1. This logic model shows how 
neuroscience and cognitive psychology evidence, along with 
classroom feasibility, was used to design the three spacing models. 
It also shows how the optimization study was set up to test each 
model’s effect on attainment (distal theory of intervention RQ1—
see Connolly et al., 2017 Chapter 2 for description of different types 
of program theory). The logic model also shows that pupil 
engagement with the program was explored as an indicator of 
implementation success (theory of implementation RQ2). The study 
does not elucidate on how the program activities impact upon 
memory through neurological conditions and cognitive changes 
(proximal theory of intervention) or how these neurocognitive 
changes interact with attainment (theory of change). This would 
require more lab-based or highly controlled conditions featured in 
much of the previous research. Rather this study focused on the 
practical questions of optimization of the ISI and program 
engagement in real world classroom exam revision for improving 
pupil attainment.

FIGURE 1

Logic model showing SMART Spaces research design and theoretical development.
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The SMART Spaces program

This research article explains the experimental optimization of a 
secondary school science attainment program called SMART Spaces 
which is described in a Template for Intervention Description and 
Replication (TIDieR—Hoffmann et al., 2014) checklist in Table 2.

The TIDieR checklist details the two main elements to the 
SMART Spaces program, i.e., SMART Materials and SMART CPD 
(continuing professional development). The SMART Materials 
comprise of a manual, condensed PowerPoint slides and an activities 
pack. The manual is a comprehensive guide to the SMART Spaces 
program and is intended to help teachers deliver the program with 
fidelity (that is, in a manner consistent with the original design) in 

any classroom. The manual covers the following elements: 
background evidence relating to the program’s development, the 
program logic model, the slides for teachers to use during the sessions 
(chemistry, physics and biology GCSE content), and a step-by-step 
guide on how to deliver the program. The spacing activities pack is a 
set of materials that are used in the 10-min “spaces” (distraction 
activity resources, e.g., juggling balls), and includes a description of 
how to conduct the activities in various classroom settings.

The SMART CPD consists of a half-day CPD course with an 
experienced teacher in the delivery of the program (usually a GCSE 
science teacher). SMART CPD is a prerequisite for all teachers 
delivering the program. It includes the presentation of some of the 
supporting evidence from neuroscience and cognitive psychology, but 

TABLE 2 TIDieR checklist for SMART Spaces models shared elements.

Brief name

1 SMART Spaces: Spaced-learning for Memory And Retention Teaching (GCSE Science Revision Version)

Why

2 Educational program for GCSE students primarily used for examination revision with an aim to improve science attainment for Year 9 and 10 

pupils in English schools

What

3 Materials: SMART Materials, PowerPoint slides, SMART Spaces manual, and SMART Spaces activity pack

4 Procedures: SMART CPD—teachers are trained on delivery of SMART Spaces in a one-day CPD session. SMART Spaces inter-study-interval 

model (N.B. this is the key aspect being optimized in this study) 3 models were trialed (see Table 1)

Who provided

5 SMART CPD was provided by trainers experienced in the delivery of SMART Spaces. The same teacher should provide the whole session of 

SMART Spaces on the three consecutive days

How

6 Whole-class program that is conducted during three normal science lessons

Where

7 SMART CPD conducted in out-of-school session, and SMART Spaces lessons are conducted in standard GCSE classroom

When and how much

8 The program covers GCSE science curriculum content in a high intensity way. The SMART Spaces slides are set out in three 12-min chunks of 

GCSE chemistry, physics and biology (approximately one third of each course) content to be taught in 1-h lessons, repeated on three consecutive 

days (see Table 1)

Tailoring

9 The program logic model was designed using neuroscientific evidence, cognitive psychology evidence, and educational practice literature in both 

areas. Feasibility was piloted in four schools and optimization was achieved by comparing three different models against two controls in a 12 

school RCT (detailed in this manuscript)

Modifications

10 The optimization study explored the different types of spaces (inter-study intervals) that could be used in delivery of SMART Spaces. It found 

that there was a clear benefit to using a combination of both 10-min and 24 h spaces in the delivery of SMART Spaces content (24/10 SMART 

Spaces model). Some minor adaptations were made to the inter-study activities (for example, alternative tasks to juggling). No major adaptations 

are recommended to the emerging model with most promise of 24/10 model

How well

11 Planned: effective implementation required CPD for teachers in all 12 schools before they took part in the optimization trial and all delivered 

their assigned version of the program. This CPD was planned to consist of modeling, practice, and feedback on program delivery

12 Actual: the rationale behind this study was to look at the impact of variability in implementation. Among those schools who delivered the same 

model there was no apparent difference in implementation. The content of the SMART Spaces program was found to have a significant benefit 

over a no slides/spaces control in the optimization study, with ES g = 0.19 on total scores on an attainment test using past GCSE questions. Pupil 

engagement with SMART Spaces was found to be a significant mediator of outcome change. Therefore, it was deemed that SMART Spaces 

should include the following key elements: 10-min and 24 h intervals, SMART CPD, and SMART Resources
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the major component is modeling how the program is delivered, as 
well as practice and formative feedback for the teachers on their 
delivery of SMART Spaces. Specifically, the CPD schedule is:

 • The scientific background to SMART Spaces—the how and the 
why of why it works (20 min);

 • How the sessions are managed, including managing the activities 
in the “spaces” (15 min);

 • A look at the lesson resources provided (15 min);
 • An experience of how a SMART Spaces session runs (20 min); and
 • The opportunity to have a go at delivering a session to the other 

delegates with constructive formative feedback (20 min 
per teacher).

Methods

Sample, recruitment, and randomization
Recruitment advertisements were shared across England on the 

funders website, but most schools were recruited through the delivery 
team’s networks in Northern England. There were no selection 
criteria schools other than they had not previously implemented 
spaced learning practice in the school. 12 schools agreed to take part 
and the delivery team responded to interested schools with further 
information. Each school submitted an expression of interest, and 
none were excluded from the study as they met the criteria. As 
explained in study design (page 12) this is not a fully powered RCT 
sample hence description of the study as a “pilot RCT.” So sample size 
was based on engagement from eligible schools. All schools were in 
the Yorkshire and Lancashire area of England and most had a high 
percentage of pupils in receipt of free school meals (a proxy measure 

for disadvantage). Characteristics of the 12 participant schools are 
provided in Table 3.

School and pupil numbers for each condition are shown in 
Table 4. Pupils were all from the same academic year of schooling 
across all schools (Year 10, i.e., aged 14–15 years).

Randomization was conducted at the school-level. Schools were 
ordered in terms of numbers of participants and then divided into two 
groups based on participant numbers (Group A = six schools with 
largest participant numbers, Group B = six schools with smallest 
participant numbers). Random numbers were generated for each group 
to allocate them to one of the five conditions. The remaining schools, 
one in each group, were allocated to the 10-min and 24-h variants, 
respectively, (to ensure some participants in these two variants in case 
of school withdrawal). Four schools were pre-tested after randomization 
due to practical time constraints. Randomization took place on 23 
February 2016; four schools were pre-tested in a window 2 weeks after 
that, up to 8 March 2016. One school (School L, a small independent 
school) assigned to the 24-h space variant did not wish to take part in 
the training and delivery of the program as assigned, but agreed to the 
pre-and post-test (with 11 of the 14 pupils providing complete data). 

TABLE 3 The characteristics of the 12 schools involved in optimization study.

School Variant type Urban/
rural

Size of 
school 

(n)

Free school meals 
(proxy for disadvantage) 

pupils (%)

Type of 
establishment

Ofsted (UK 
government) 
quality rating

A Control 1 (No spaces 

control)

Urban 1,755 15 Academy Converter Good

B 10 min model Rural 1,522 3 Academy Converter Outstanding

C 24/10 model Urban 725 15 Community School Outstanding

D Control 2 (No slides or 

spaces control)

Urban 525 21 Academy Converter Good

E 24/10 model Urban 1,650 15 Academy Converter Good

F 24/10 model Urban 980 21 Academy Converter Good

G Control 1 (No spaces 

control)

Urban 1,244 15 Academy Converter Good

H 24 h model Urban 1,600 10 Community School Good

I 10 min model Rural 600 16 Academy Converter Good

J 10 min model Urban 600 12 University Technical 

College

Good

K 24 h model Urban 1,365 35 Academy Sponsor Led Good

L Control 2 (No slides or 

spaces control)

Urban 160 0 Other Independent 

School

N/A

TABLE 4 Numbers of schools and pupils assigned to each condition.

Condition School N Pupil n

10 min model 3 110

24 h model 2 75

24/10 model 3 91

Control 1 (No spaces control) 2 79

Control 2 (No slides or spaces control) 2 53

Total 12 408
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Therefore, it was reassigned to the “no spaces/materials” control group. 
This reassignment violates full RCT intention-to-treat characteristics, 
but the study is still an RCT. However, as feasibility and ISI optimization 
were the foci of the study showing evidence of program promise rather 
than actual efficacy of the program, it was deemed appropriate by the 
evaluation team to include this school in the analysis.

All AQA GCSE1 science pupils in the schools were eligible for 
the program on the condition that their class teachers had received 
the SMART Spaces CPD. Classes of pupils were chosen within each 
participating school by the project contact for each school. A 
teacher who returned an expression of interest may have 
volunteered their own teacher time, and may have asked other 
teachers to also participate in the study. Schools did not include all 
GCSE science pupils—one to two classes were chosen in each 
school by the participating teachers (there was a total of 408 pupils 
across all schools). All research was conducted according to 
(Queen’s University Belfast) School of Education ethical guidelines. 
Ethical consent was obtained from the Ethics Committee before 
data collection was conducted. Informed consent was sought at the 
pupil level through opt-out consent forms (sent home to parents 
and verbally explained to pupils at testing) for informed 
participation in the program, and completion of pre-tests and post-
tests. The data collected was coded and entered onto a database, 
anonymized, and held securely on a password-protected computer.

Measures

The main outcome measure was a bespoke secondary school 
science test, comprising past-paper questions from the AQA GCSE 
curriculum. The questions were selected by the research team from a 
range of past papers. The teacher delivery team were blind to the 
content of the outcome measure; so as not to influence the content of 
the CPD sessions or encourage adaptation of slides to include 
additional emphasis on the exam questions used. A reliability analysis 

1 AQA is a U.K. exam board, and GCSEs (‘General Certificates of Secondary 

Education’) are national subject-specific awards typically taught and conducted 

in the U.K. in Years 10 and 11 (age 15–16 years).

of the test showed a Cronbach’s alpha = 0.88. This test had two sections: 
Section A—short answers and multiple choice, and Section B—long 
answers. There were 39 marks available for Section A and 18 marks for 
Section B—a total maximum score of 57. The short answer and 
multiple-choice section (Section A) required participants to give 
answers ranging from one word to two or three lines; the long answer 
section (Section B) required considerably more detail per  answer, 
requiring five to six key points of information. The test had a time limit 
of 45 min.

Data from teacher focus groups provided during phase 2 of the 
study (not reported here—see O’Hare et al., 2017 for more details) 
reported that engagement of pupils in the program was an important 
implementation factor. This data was used to design an 
implementation questionnaire which was administered to pupils 
post-implementation. There were 13 items in the pupil engagement 
scale and reliability of this measure was very good (Cronbach’s 
alpha = 0.91).

Mean retention interval (i.e., lag between pre-test and post-test) 
was 18 days (SD = 12). The retention interval varied across schools due 
to availability of the school for a testing visit from the research team. 
We  controlled for retention interval using a regression model 
(including pre-test score as a predictor) and retention interval was not 
predictive for post-test scores. This natural variation of retention 
interval, around 3 weeks is representative of when schools would use 
a revision intervention.

Analysis

Comparison of model effects on improving 
attainment (research question 1)

To investigate the relative effects of the three different spacing 
models, independent t-tests were used to compare pupil’s 
attainment gain scores (difference between their pre and post-
test) for each model with the two controls. Attainment gain 
scores were used to control for baseline score (see Table 5 for 
mean pre, post and attainment gain scores for conditions). For 
example, pupils’ gain scores in the 10-min group were compared 
(using an independent t-test) with pupil gain scores in Control 
group 1 (“slides only” control). In total there are six comparisons, 
i.e.: 10-min model with Control 1 and Control 2; 24-h model with 

TABLE 5 Pre-test, post-test for all delivery models and controls.

Variant Mean N Std. deviation Std. error mean

10 min model Pre-test - Total score (max = 57) 27.93 100 9.16 0.92

Post-test - Total score (max = 57) 30.82 100 9.82 0.98

24 h model Pre-test - Total score (max = 57) 25.77 69 12.94 1.56

Post-test - Total score (max = 57) 27.30 69 14.64 1.76

24/10 mode Pre-test - Total score (max = 57) 23.79 76 10.87 1.25

Post-test - Total score (max = 57) 27.55 76 12.22 1.40

Control 1 No spaces Pre-test - Total score (max = 57) 21.37 68 8.70 1.05

Post-test - Total score (max = 57) 23.99 68 8.89 1.08

Control 2 No slides 

or spaces

Pre-test - Total score (max = 57) 25.00 50 7.20 1.02

Post-test - Total score (max = 57) 26.82 50 9.80 1.39
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Control 1 and Control 2; and 24/10 Model with Control 1 and 
Control 2. From the results of these independent t-tests the effect 
sizes (ES = Cohen’s D) were produced using standardized mean 
difference (d) calculated from mean gain scores, pre and post 
SDs, and paired t-tests (effect size calculator available at 
Campbell Collaboration2).

Finally, it is important to consider the educational significance of 
effect sizes in education trials. Kraft (2020) analyzed the distribution 
of 1942 effect sizes from 747 education RCTs and determined 
classifications of effect sizes: less than 0.05 = small effect, 0.05 to less 
than 0.20 = medium effect, and 0.20 or greater = large effect. Bloom 
et al. (2008) found that by age 10, children’s educational achievement 
progresses by an effect size of 0.4 per year, and as such, effect sizes in 
education trials have a threshold lower than has traditionally 
been interpreted.

There is debate over when correction for multiple comparisons 
should be  applied to correct for possible inflated risk of Type 
I errors. We argue that the present study meets the criteria for not 
requiring correction for multiple comparisons, as all analyses were 
pre-planned (Armstrong, 2014). The design of the study, comparing 
multiple variants of spaced learning, is indicative of this 
pre-planning—the multiple comparisons are of these variants 
specifically. Correcting for multiple comparisons unnecessarily may 
itself present an inflated risk of Type II error (Gelman et al., 2012). 
However, in appreciation of the uncertainty of this debate, we have 
also presented an alternative analysis, using a one-way ANOVA of 
pre-test to post-test gain scores for a between-groups factor of 
variant, thus providing a single significance test for the effect of 
variant on gain scores. We followed this with Bonferroni-corrected 
post-hoc tests, the most conservative-correction for multiple 
comparisons. Finally, we also present Tukey-corrected post-hoc tests, 
still correcting for multiple comparisons, but with less risk of Type 
II error.

2 https://www.campbellcollaboration.org/research-resources/effect-size-

calculator.html

Exploration of pupil engagement as an 
implementation factor (research question 2)

Two hundred and twenty-four pupils received one of the three 
models of the program (i.e., were not in either control group). These 
pupils completed pre- and post-tests and the post-test engagement 
questionnaire. A sub-group regression analysis was conducted using 
only data for these pupils to investigate the relationship between their 
attainment gains and engagement.

Results

Comparison of model effects on improving 
attainment (research question 1)

The independent t-tests for the 24/10 model showed a consistent 
pattern of positive effects when compared to both controls (with a 
positive effect indicating improved performance of the intervention 
group over the control group) (Table 6). One of these effects was 
significant between the total gain score of the 24/10 model and the 
total gain score of “no slides or spaces” Control 2 (ES = 0.19). There 
was a more modest pattern of positive effects of the 10-min model 
compared to controls, but with no significant effect. The 24 h model 
produced negative effects in comparison to the two controls. 
Therefore, it can be seen that 24/10 model shows the most consistent 
evidence of promise against controls at this stage of program 
development. This effect of 0.19 is at the upper limit of Kraft’s (2020) 
medium category of effect sizes: effects of 0.05 to less than 
0.20 = medium, 0.2 or greater are “large.” It should also be noted that 
all the spaced learning models performed better against the “no slides 
no spaces” control rather than the “no spaces” control. Thus suggesting 
an intrinsic benefit of the slides in themselves.

As discussed in the methodology, we  present an alternative 
analysis in appreciation of the debate over multiple comparisons and 
error risks: a one-way ANOVA for the effect of variant on pre-test to 
post-test gain score for Total score. This gave a result of 
F(4,358) = 2.058, p = 0.086, suggesting that the overall effect of variant 
on gain score is non-significant.

TABLE 6 Pre-post paired t-tests for all groups with effect size of gain on total score for the three models compared to the two control groups.

Spaced learning 
models and 
controls (N)

Mean 
difference 
pre-post

S.D. S.E. 95% 
confidence 

interval of the 
difference

t df Paired t 
sig. 

(2-tailed)

Effect 
compared to 
control type

Effect 
size  =  d (95% 
confidence 
intervals)a

Lower Upper

10 min model (100) 2.89 5.27 0.57 1.84 3.94 5.49 99 <0.01 No spaces 0.03 (−0.14, 0.20)

No slides or spaces 0.11 (−0.07, 0.3)

24 h model (69) 1.54 5.40 0.65 0.24 2.83 2.36 68 0.02 No spaces −0.09 (−0.25, 0.07)

No slides or spaces −0.02 (−0.20, 0.15)

24/10 model (76) 3.76 5.01 0.57 2.62 4.91 6.55 75 <0.01 No spaces 0.11 (−0.05, 0.27)

No slides or spaces 0.19* (0.01, 0.36)

Control 1: No spaces (68) 2.62 4.92 0.60 1.43 3.81 4.39 67 <0.01

Control 2: No slides or 

spaces (50)

1.82 5.19 0.73 0.35 3.29 2.48 49 0.02

*Significant < 0.05. aStandardized Mean Difference (d) calculated from mean gain scores, pre and post SDs, and paired t-tests available at Campbell Collaboration calculator: https://www.
campbellcollaboration.org/research-resources/effect-size-calculator.html.
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We followed this with Bonferroni-corrected post-hoc comparisons 
of each pair of variants (Table 7) which showed that no comparisons 
of any variant with another was statistically significant when this 
correction was applied.

Finally, Table 8 shows Tukey HSD post-hoc tests for each pair of 
variants effect on gain score, which shows the only comparison 
approaching significance, is for 10 min 24 h variant having a higher 
mean gain score than 24 h variant (p = 0.07).

Exploration of pupil engagement as an 
implementation factor (research question 
2)

The pupil engagement score was a significant implementation 
predictor, with higher engagement scores predicting more 
positive outcome change (the adjusted R Square for the model 
was 0.81 showing the high degree of the variance in post-test 
score being predicted by pre-test and engagement score). Looking 
at the standardized co-efficients it can be  seen that the 
vast majority of the variance in the post-test score is predicted 
by the pre-test score (b = 0.40) compared to the engagement 
score (b = 0.06) but engagement (controlling for pre-test score) 
is still a significant predictor of performance and an 
implementation variable that teachers can influence, thus worthy 
of note (Table 9).

Discussion

Previous literature on the spacing effect has shown the benefits of 
both short spaces (around 10 min—Kelley and Whatson, 2013) and 
medium-term spaces (24 h plus—Cepeda et al., 2006) on the retention 
of information. Furthermore, some educational practice literature 
shows the benefits of both these kinds of spaces in real-world 
educational settings (Dunlosky et al., 2013). The emerging picture 
from this research would be consistent with that literature. Also, when 
comparing different spacing models (as described in the “The SMART 
Spaces program” section above) this research suggests that there is 
promise to combining both short and medium-term spaces for 
improving attainment outcomes. This has resulted in the 10-min and 
24-h spacing pattern (24/10 model) underpinning SMART Spaces.

Regarding SMART Spaces theoretical development, it is useful to 
reflect on the logic model (Figure 1). The previous work (O’Hare et al., 
2017) showed how a mix of research evidence and feasibility study 
could generate models of spaced learning that can be applied during 
classroom revision and tested for their impact on attainment. 
Generally, the 24/10 model fits within the constraints of most school 
timetables as it enables delivery that can be completed within an hour. 
Programs taking more than this time require greater re-organization 
within a school and so are often beyond the means of an ordinary 
classroom teacher. Also, student engagement was found to be high 
during the lessons, which is important as engagement was found to 
be a significant implementation predictor of attainment outcomes.

TABLE 7 Bonferroni-corrected post-hoc tests for comparison of variant effect on gain pre-test to post-test gain scores for total score.

Variant Variant Mean difference Std. error Sig. 95% confidence interval

Lower bound Upper bound

10Min 24Hour 1.35 0.81 0.95 −0.93 3.64

NoSpaces 0.27 0.81 1.00 −2.02 2.57

10Min_24Hour −0.87 0.79 1.00 −3.09 1.35

Control 1.07 0.89 1.00 −1.46 3.60

24Hour 10Min −1.35 0.81 0.95 −3.64 0.93

NoSpaces −1.08 0.88 1.00 −3.57 1.41

10Min_24Hour −2.23 0.86 0.10 −4.65 0.20

Control −0.28 0.96 1.00 −2.99 2.43

NoSpaces 10Min −0.27 0.81 1.00 −2.57 2.02

24Hour 1.08 0.88 1.00 −1.41 3.57

10Min_24Hour −1.15 0.86 1.00 −3.58 1.29

Control 0.80 0.96 1.00 −1.92 3.52

10Min_24Hour 10Min 0.87 0.79 1.00 −1.35 3.09

24Hour 2.23 0.86 0.10 −0.20 4.65

NoSpaces 1.15 0.86 1.00 −1.29 3.58

Control 1.94 0.94 0.40 −0.71 4.60

Control 10Min −1.07 0.89 1.00 −3.60 1.46

24Hour 0.28 0.96 1.00 −2.43 2.99

NoSpaces −0.80 0.96 1.00 −3.52 1.92

10Min_24Hour −1.94 0.94 0.40 −4.60 0.71

Based on observed means.
The error term is Mean Square (Error) = 26.676.
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An observed pattern in the current study was that the all the 
models performed better against the “no slides and no spaces” control 
group rather than the “slides-only” group (see Table 6). This suggests 
that there is some intrinsic benefit in the way the content is presented. 
Therefore, it is important that the slides are of high quality and 
updated regularly based on the current curriculum and the key words 
that students must use in the exam are clearly elucidated, repeated in 
context by the teacher and then recalled and practiced by the student. 
There was less difference between the three spacing models and the 
“no spaces control” and the “no slide no spaces control,” and so 
we must acknowledge that the study found evidence of the effect of 
the program as a whole (i.e., CPD, slides, spaces etc.) and not simply 
evidence for the benefits of a particular spacing strategy.

Beyond these points, the underpinning theory of intervention is 
that the SMART Spaces 24/10 model proximally improves memory 
through neurological conditions and cognitive changes which have a 

distal effect on pupil attainment. This study only investigated the distal 
effects of the 24/10 model on attainment (compared against other 
models). The neurocognitive changes are only hypothesized at this 
point as a proximal theory of intervention. New neuroscientific and 
cognitive study would be required to investigate this proximal theory 
of intervention as explored in the “Inter-study Intervals and 
Attainment” section above. For example, sleep (Bell et al., 2014) and 
regeneration or proteins such as CREB (Fields, 2009) are potentially 
fruitful areas of future investigation.

Taking a wider view, there may be criticism of the 24/10 model 
in the educational community as this approach focuses on the 
acquisition of facts and key points in a defined set of science topics, 
rather than focussing on deeper learning and the application of 
science knowledge in practical contexts. We must acknowledge some 
key counterpoints to this criticism. Firstly, for students who have not 
achieved successful retention of key facts yet, doing so during 

TABLE 8 Tukey HSD post-hoc tests for comparison of variant effect on gain pre-test to post-test gain scores for total score.

Variant Variant Mean difference Std. error Sig. 95% confidence interval

Lower bound Upper bound

10Min 24Hour 1.35 0.81 0.45 −0.86 3.57

NoSpaces 0.27 0.81 1.00 −1.95 2.50

10Min_24Hour −0.87 0.79 0.80 −3.03 1.28

Control 1.07 0.89 0.75 −1.38 3.52

24Hour 10Min −1.35 0.81 0.45 −3.57 0.86

NoSpaces −1.08 0.88 0.74 −3.50 1.34

10Min_24Hour −2.23 0.86 0.07 −4.58 0.13

Control −0.28 0.96 1.00 −2.91 2.35

NoSpaces 10Min −0.27 0.81 1.00 −2.50 1.95

24Hour 1.08 0.88 0.74 −1.34 3.50

10Min_24Hour −1.15 0.86 0.67 −3.51 1.22

Control 0.80 0.96 0.92 −1.84 3.44

10Min_24Hour 10Min 0.87 0.79 0.80 −1.28 3.03

24Hour 2.23 0.86 0.07 −0.13 4.58

NoSpaces 1.15 0.86 0.67 −1.22 3.51

Control 1.94 0.94 0.24 −0.64 4.52

Control 10Min −1.07 0.89 0.75 −3.52 1.38

24Hour 0.28 0.96 1.00 −2.35 2.91

NoSpaces −0.80 0.96 0.92 −3.44 1.84

10Min_24Hour −1.94 0.94 0.24 −4.52 0.64

TABLE 9 Regression of independent variables pre-test and engagement onto post-test outcome scores.

Independent variables Unstandardized coefficients Standardized 
coefficients

t Sig.

B Std. error Beta

(Constant) −0.97 2.04 −0.47 0.64

Pre-test total score (max = 57) 0.99 0.03 0.40 30.54 <0.01

Engagement score 0.11 0.05 0.06 2.13 0.03

Dependent variable: post-test total score (N = 224)a across all model types (max score = 57).
aNote this sample size is smaller than the feasibility study overall sample size as it is a sub-group analysis of the three spaced learning conditions.
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revision could be extremely beneficial. Secondly, covering the key 
facts in a time-efficient manner may allow students to then move on 
to practical applications at an earlier stage and spend more time on 
these other facets of science education. Finally, the program may 
be  criticized for focussing its spacing strategy on mid-length 
retention rather than long term (as would be encouraged if we used 
a spacing protocol of weeks or months). But being pragmatic about 
revision, the goal is exam performance, and a 24-h space may 
therefore be most appropriate when the examination is in the near 
future. This is supported in the earlier literature (Cepeda et al., 2006) 
and as interpreted above in the “Inter-study Intervals and 
Attainment” section. Furthermore, some students, particularly those 
in disadvantaged circumstances, may only revise in a school context 
and therefore it is important that the revision conducted within 
school is as effective as possible.

A methodological point is that this research project is an 
example of the benefits of conducting pilot work and small-scale 
trial studies as well as using theory and evidence to inform the 
design of educational programs, rather than prematurely moving to 
large RCT type studies of interventions, or going to large scale 
program implementation prematurely. Furthermore, it demonstrates 
the benefits of conducting this pilot work in a research and practice 
partnership (i.e., where teachers and researchers work together to 
co-design or co-construct an educational program) for easier 
integration of evidence and ensuring feasibility and pupil 
engagement in real world classroom settings.

Regarding application of these findings, although we  have 
designed and tested the 24/10 SMART Spaces model in a secondary 
school science classroom there may be  applications of it for 
enhancing attainment in other environments. Arguably the model 
could be easily applied, for examination and revision purposes, to 
other school subjects (languages, mathematics etc.) at other levels of 
education (e.g., elementary and middle school). However, there are 
also a wide range of contexts outside the school classroom that it 
could help improve performance (e.g., healthcare and industry 
settings). Training for many jobs requires role specific content to 
be  learned quickly and yet well remembered. The 24/10 SMART 
Spaces model could potentially add efficiency and cost effectiveness 
in these situations. It is important to consider the measured effects 
in the context of changes in examination performance. The effect of 
the 24/10 model in the above analysis equates to 4–5% of an increase 
in test score. Considering UK GCSE examinations are graded on a 
9 point scale, this could substantially shift a student toward a higher 
grade boundary, especially if this strategy was applied across all 
examination content and gains could be realized across the multiple 
papers a student must sit for science GCSE qualifications. 
Furthermore, an intervention like SMART Spaces, which has a 
comparatively low cost and low commitment for teacher’s, is 
arguably a productive use of teacher time if the low and medium 
effect sizes (based on Kraft, 2020) found in this research are 
replicated in future research.

These potential gains, however, must be considered alongside 
the caveat that this is an early stage pilot evaluation, and not a fully 
powered RCT. Some limitations must, therefore, be  considered. 
First, although the t-tests (Table 6) showed a significant effect of the 
24/10 model these significant effects were not apparent when the 
corrections of multiple comparisons was included. We have argued 
that this correction is not appropriate in this case as the comparisons 

were pre-determined before analysis. However, on balance the lack 
of significant effects in the post hoc tests would indicate any potential 
effects of spaced learning in this application are fairly weak. Another 
limitation is the sample size is relatively small for an RCT, and not 
adequately powered to confidently detect significance in the 
expected effects. The number of schools and pupils per condition 
was also small and varied substantially. This variation in numbers 
per condition, or an anomalous school in terms of implementation 
quality, could have had an undue influence on the effect size of the 
model being delivered. Although there is not a particularly strong 
weight of evidence to select the 24/10 model over the others, the 
nature of a pilot study is to investigate what is most promising, and 
the quantitative effects, in combination with the qualitative feedback 
and student engagement data, suggest that this is the model most 
likely to succeed from our piloted variations. Finally, data were not 
gathered on what constituted control group activity, i.e., what 
“business-as-usual” involved. This introduces a limitation when 
comparing the spaced learning conditions with this control group, 
as it is possible the control group used other effective revision 
strategies or their own independent attempts at spaced learning. The 
moderately low level of pre-test to post-test changes for the no slides 
or spacing control group does not suggest that there was usage of any 
efficient revision strategy, but this must be considered in future work 
and rigorous examination of contamination or other relevant control 
group activity should be analyzed. Regardless, if the control groups 
were using some revision strategies then this would have dampened 
the effects found for the 24/10 model rather than inflating them.

Future research would require a larger sample size and comparison 
of fewer variations of the program (ideally control and intervention). 
Future research would also benefit from being in a real-world context, 
i.e., as revision program before a national standardized exam such as 
GCSE in the UK. This real-world test would also need to consider the 
presence about current revision practices used in schools, e.g., past 
papers, and whether 24/10 SMART Spaces model adds value or alters 
these practices. In fact, the study presented here is succeeded by a 
large-scale efficacy trial of the SMART Spaces program (see Hodgen 
et al., 2018 for a research protocol) and will explore all these issues in 
more detail and at a greater scale. Finally, as previously mentioned 
more work is needed to understand the proximal theory of 
intervention in terms of the cognitive and neurological changes that 
occur as a result of the spacing effect.

Conclusion

The main aim of this study was to compare several models of 
spaced learning for their effects on educational attainment when used 
during examination revision. The most promising model used 24-h 
spaces between repetitions of science material, with 10-min breaks 
within each repetition (the SMART Spaces 24/10 model), which was 
consistent with effectiveness studies in the neuroscience and cognitive 
psychology literature on the spacing effect. The present findings 
demonstrate that (1) the spacing effect can be utilized feasibly in the 
classroom for revision purposes, and (2) the SMART Spaces program 
shows promise as a specific way to use the spaced learning through 
revision to improve attainment.

The key theoretical intervention mechanism at the heart of this 
program, i.e., the spacing effect, has had a century of evidence behind 
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it, yet explicit, evidence informed and classroom-based 
implementation of it remains scarce. Ultimately, high quality revision 
strategies are obviously of value in schools, and this paper provides 
evidence that the 24/10 SMART Spaces model should be a strategy to 
consider for future classroom use and research.
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