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This document presents a review of evidence commissioned by the Education Endowment
Foundation to inform the writing of the guidance report Improving mathematics in the Early
Years and Key Stage One.

The review aimed to synthesise the best available international evidence regarding teaching
and learning of mathematics for children in Early Years and Key Stage 1 (i.e., between the
ages of 3 and 7) and aimed to answer the following research question:

What is the evidence on the effectiveness of classroom-based interventions for
improving mathematical learning of children in Early Years and Key Stage 1 settings?

Over the past decade or so, there have been a number of ‘best evidence’ reviews that have
surveyed and synthesised the research evidence on how young children learn mathematics
in order to consider how teaching could be adapted to better support learning (e.g., Clements
et al., 2013; Cross et al., 2009; Deans for Impact, 2019; Dooley et al., 2014). These reviews
provided valuable context for our review and enabled us to triangulate our findings with the
wider literature on mathematics learning. However, our review took a different approach by
focusing principally on teaching. Specifically, we reviewed the experimental evidence about
the efficacy of teaching interventions designed to improve children’s learning in mathematics.
We urge readers to view our review as a complement to the existing body of ‘best evidence’
and to consider the findings of this review in the context of this wider literature.

For the purposes of this review, a teaching intervention is defined as a change to existing
classroom practice. This covers a broad range of interventions, from relatively ‘small-scale’
strategies, such as the use of manipulatives, to ‘large-scale’ programmes that are intended to
cover the entire Early Years curriculum for a term or more. The critical characteristic is that
the intervention is clearly described and could be implemented in Early Years settings
(perhaps with some modification and in some cases with substantial costs). The interventions
are grouped into ‘strands’, each addressing a specific topic.

For the purposes of informing the guidance, we were additionally asked to review the
evidence in several areas that went beyond the strict classroom-based focus. First, we were
asked to consider the evidence on children’s progression in mathematics between the ages
of 3 and 7. As a result, we developed three diagrams illustrating development in number,
operations and geometry and spatial reasoning. Second, we were asked to examine the
evidence about interventions addressing professional development for teachers and other
Early Years educators (including professional knowledge), interventions to support the
transitions from Early Years to Key Stage 1 and from Key Stage 1 to Key Stage 2, parent and
family numeracy programmes and grouping by attainment. We report on all of these strands
except grouping by attainment. We identified no evidence about grouping by attainment,
either from the experimental literature or from the wider ‘best evidence’ literature. Hence,
we cannot comment on the effectiveness of either grouping or setting by attainment, or
alternatively mixed attainment practices, except to say that this does not appear to be an
active question for early years researchers or educators.



Our aim was to focus primarily on causal evidence of impact from robust experimental or
guasi-experimental studies. Given the rapid timescale for the review, our main focus was on
the effects of different interventions on attainment rather than on attitudes or other non-
cognitive outcomes. Using a systematic literature search strategy, we identified 115 relevant
studies with their results reported in sufficient detail to be included a meta-analysis. However,
there were nevertheless significant gaps. For example, there was very limited experimental
evidence about the effectiveness of interventions that support either play and mathematical
talk, both of which are shown by the wider literature to be important factors in children’s
mathematical learning (e.g., Clements et al., 2013). To address this, we supplemented our
main dataset with 12 systematic and other ‘best evidence’ reviews.

The review built upon, and extends, three existing reviews carried out by members of the
team and others:

e Simms, V., McKeaveney, C., Sloan, S., & Gilmore, C. (2019). Interventions to improve
mathematical achievement in primary school-aged children. London: Nuffield
Foundation.

e Hodgen, J.,, Foster, C., Marks, R., & Brown, M. (2018). Evidence for Review of
Mathematics Teaching: Improving Mathematics in Key Stages Two and Three:
Evidence Review. London: Education Endowment Foundation.

e Frye, D., Baroody, A. J., Burchinal, M., Carver, S. M., Jordan, N. C., & McDowell, J.
(2013). Teaching math to young children: A practice guide (NCEE 2014-4005).
Washington, DC: National Center for Education Evaluation and Regional Assistance,
Institute of Education Sciences, US Department of Education.

Finally, much of the experimental evidence is from studies of interventions conducted in the
United States and mainland Europe, rather than in the UK or England. In some cases,
particularly for ‘large-scale’ programmes from the US, these interventions would require
significant modification to the content and language in order to be used on a widespread
basis in England. To address this, for each strand, we consider the relevance of the evidence
base to Early Years and Key Stage 1 settings in England.

The structure of this document

We begin with a section about the development progression diagrams. This is followed by
sections that outline our findings for each of the 18 interventions or strands, presented in 15
sections, broadly in order of the quality of the evidence base.! Finally, we present our
methodology, which is supplemented by several appendices.

Terminology

In this document, we refer to ‘educators’, except where the evidence refers specifically to
teachers, teaching assistants or other adults.

1 Note that three pairs of related interventions (computer-assisted instruction, apps and technology tools,
mathematical talk and the use of storybooks, and peer tutoring and cooperative learning) are presented
together.



Meta-analyses and effect sizes

As we have observed in the introduction, our approach was to focus primarily on reviewing
causal evidence of impact from robust experimental or quasi-experimental studies. Our aim
was (where possible) to carry out meta-analyses to estimate the effect (or impact) of the
interventions identified.

Meta-analysis is a statistical procedure for combining data from multiple studies. If a
collection of studies are similar enough, and each reports an effect size, the techniques of
meta-analysis can be used to find an aggregated (or overall) effect size that indicates the best
estimate of the underlying effect size for all of those studies.

In education, effect size (ES) is usually reported as Cohen’s d or Hedges’ g, which are measures
of the difference between two groups in units determined by the standard deviation (the
variation or spread) within the groups. An effect size of +1 means that the mean of the
intervention group was 1 standard deviation higher than that of the control group. In practice,
an effect size of 1 would be extremely large, and typical effect sizes of potential practical
significance in education tend to be around the 0.1-0.5 range. Given our focus on
experimental and quasi-experimental studies, we have reported effect sizes using Cohen’s d.

Caution should be exercised in comparing effect sizes for different interventions which may
not be truly comparable in any meaningful way. Judgment is always required in interpreting
effect sizes, and it may be more useful to focus on the order of related effect sizes (higher or
lower than some other effect size) rather than the precise values. It should be noted that
effect sizes are likely to be larger in small, exploratory studies carried out by researchers than
when used under normal circumstances in schools. Effect sizes may be artificially inflated
when the tests used in studies are specifically designed to closely match the intervention, and
also when studies are carried out on a restricted range of the normal school population, such
as low attainers, for whom the spread (standard deviation) will be smaller.

In this review, in addition to reporting the effect size with a 95% confidence interval, we have
categorised the effect sizes as small, medium or large, in line with previous work by some
members of the team (Hodgen, Coe, Foster, Brown, Higgins, & Kiichemann, 2020). This
broadly follows Cohen’s (1988) rule of thumb: effects of below d=0.05 as negligible, effects
up to d=0.25 as small, effects of 0.25 < d < 0.75 as moderate and effects of d=0.75 or greater
as large. It was judged possible to carry out a meta-analysis for only seven of the 18
interventions that were identified. Of these, six of the effects were categorised as moderate
and one as large.

See the Methodology section and the various more detailed appendices for further
information on how the meta-analyses were carried out.



Quality (or strength) of the experimental evidence base

The quality (or strength) of evidence assessments were based on the GRADE system in
medicine (Guyatt et al., 2008). This is an expert judgment-based approach that is informed,
but not driven, by quantitative metrics (such as number of studies included). These
judgements took account of several factors: the number of original studies, the
methodological quality of the original studies, the consistency of results across studies, and
any reporting bias, as well as additional evidence from systematic reviews and best evidence
syntheses. Each member of the review team made independent judgments, which were then
compared, aggregated and moderated.

Grades were on a scale from 0 (minimal) to 3 (strong). Whilst the approach was primarily
judgment-based, we did operate thresholds for the strong, weak and minimal grades.

The experimental evidence base could be graded as strong only if we identified at least 20
experimental studies that met our inclusion criteria, two of which were conducted at scale.
(See Apoendix 4.) For a strong grade, there needed to be, in our judgment, sufficient evidence
from the remaining factors to support this grade. In the event, none of the strands was judged
as having a strong evidence base, although three (computer-assisted instruction (CAl) and
apps, explicit teaching, and individual / small-group tutoring by adults) were graded as having
a moderate-to-strong experimental evidence base.

The experimental evidence could be graded weak if we identified at least one experimental
study that met our inclusion criteria.

The experimental evidence was graded minimal if we identified no evidence from sufficiently
robust experimental studies through our systematic searches of the literature, although
readers should note that, for one strategy graded as minimal (play), the wider evidence base
from systematic reviews was judged to be of moderate strength.

For further information, see Appendix 4.
Relevance of the experimental evidence base

We also used a similar judgement-based system to assess the relevance of the experimental
evidence for Early Years and Key Stage 1 settings in England. These judgements took account
of several factors: where and when the studies were carried out, how the interventions were
defined and operationalised, any focus on particular topic areas, the age of children and
phase of education, and the ease of implementation. Relevance is not independent of the
quality of the body of evidence, so the overall relevance grading could not be more than one
grade higher than the quality of evidence grading.

As we did for the quality (or strength) gradings, each member of the review team made
independent judgments of relevance, which were then compared, aggregated and

moderated.

For further information, see Appendix 4.



Structure

For each module, we give a headline, summarising the key points, together with key
definitions, followed by a narrative account of the main findings. After noting any links to
other strands, we summarise our judgements about the quality (or strength) and relevance
of the evidence base.



The table below summarises the findings of our review. In addition to our findings about
impact on attainment, quality of the experimental evidence base and relevance to Early Years
and Key Stage 1 setting in England, we also summarise our judgments about the supporting
theoretical and empirical evidence from systematic reviews and best evidence syntheses. This
is particularly important for two interventions, play, and executive functions and

metacognition.

Relevance of

Quality (or experimental Additional
Aggregated effect . .
. . . . strength) of evidence to Early | theoretical and
Strand / intervention size (or impact on h .
. experimental Years and KS1 empirical
attainment) . . . .
evidence base settings in evidence
England
Computer-assisted instruction .
Moderate Moderate-to-strong| Moderate-to-high Moderate
(CAl) and apps
Explicit teaching Moderate Moderate-to-strong| Moderate-to-high Moderate
Indlv.ldual and small-group Moderate Moderate-to-strong| Moderate-to-high Moderate
tutoring by adults
Manlpulatlvgs and Moderate Moderate Moderate Moderate
representations
Whole-curriculum interventions Moderate Moderate Moderate Moderate-to-strong
Feedback and formative Moderate Weak-to-moderate Moderate Moderate
assessment
U;e of storybo_oks (reported Large Weak-to-moderate Moderate Weak-to-moderate
with mathematical talk)
Movement and gesture N/A Weak Weak Weak
Cooperative learning N/A Weak Weak Weak
Play N/A Weak Minimal Moderate
Tgchnology tools (reported N/A Minimal Minimal Weak
with CAl)
Mathematical talk N/A Minimal Minimal Weak
Peer tutoring N/A Minimal Minimal None
Executlve.f.unctlons and N/A Minimal Minimal Moderate
metacognition
Parent and family numeracy N/A Minimal Minimal Weak
programmes
Problem-solving N/A Minimal Minimal Weak
Professional development and N/A Minimal Minimal Weak
teacher (educator) knowledge
Transitions N/A Minimal Minimal Weak
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Early mathematical development is important for children’s current achievement and also for
their future learning and life success (Duncan et al., 2007; Watts, Duncan, Siegler, & Davis-
Kean, 2014). Therefore, as educators, it is important to be aware of the typical development
of mathematical skills and concepts in order to understand what may be appropriate for
teaching children in the Early Years and Key Stage 1.

Mathematical development involves acquiring procedural skills, conceptual understanding
and factual knowledge across a range of topic areas, including number, operations, and shape
and space. It also involves forming connections between operations and concepts, such as
understanding that addition is the inverse of subtraction. Children also need to develop
reasoning skills, where they use mathematical ideas, structure or principles to justify or
explain methods or solutions, or to extend their existing knowledge to new areas (Donovan
& Bransford, 2005; Kirkpatrick, Swafford, & Findell, 2001). Mathematical development relies
not only on specific mathematical knowledge and skills but also on higher-level thinking skills
(executive functions), such as working memory (e.g., being able to hold information in your
mind and manipulate it) and inhibition (e.g., ignoring distracting whole number information
when dealing with fractions) (see Bull & Lee, 2014). The experiences that children have with
mathematical materials and activities may also influence development (Elliott & Bachman,
2018). In addition, children’s interest, enjoyment and attitudes towards mathematics also
affect their learning (e.g., Dowker, Cheriton, Horton & Mark, 2019).

Therefore, because mathematics relies on specific knowledge and complex thinking skills and
is also influenced by children’s experiences and attitudes, development in this area can take
extended periods of time and may be very taxing for young children. Children may develop
mathematics skills at different rates and specific skills may emerge in different orders.
Importantly, even if children appear to be engaging in mathematical activities (e.g., reciting
the count sequence), they may not have a full grasp of the underlying concepts (e.g.,
understanding the meaning of the numbers in the count sequence). A particular challenge for
children involves understanding that numbers are made up of other numbers (additive
composition); for example, that 6 can be made up of 5+ 1, or 3 + 3, or 2 + 4. Experience with
different types of countable objects may help children develop this understanding (Nunes &
Bryant, 1996).

It is important to recognise that children will use different strategies to solve problems
throughout development and this will be influenced by both their mathematical knowledge
and their general thinking skills. There is strong evidence for this in the learning of addition,
for example. When asked to complete a problem such as 2 + 3 = ?, children may begin by
counting through all of the numbers in each set and then the combined set, perhaps using
their fingers or countable objects (1, 2, ... 1, 2, 3, ... 1, 2, 3, 4, 5). With increased counting
proficiency, children will begin to count on from the first number of one of the sets (2, ... 3, 4,
5). With further understanding that order is irrelevant for addition (commutativity) and
increased working memory capacity, children will identify and count on from the larger
number (3,... 4, 5). Finally, after sufficient experience with a problem, children will retrieve
the answer (5) (see Carpenter & Moser, 1984; Noel, Seron, & Trovarelli, 2003). This is not to
say that any of the strategies used throughout development are incorrect; they are stepping
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stones towards becoming more efficient at completing problems, but they also place different
demands on general higher-level thinking skills that develop over time.

We have summarised in three diagrams (Figures 1-3) what researchers currently know about
the development of different key areas of early mathematics: number, operations, geometry
and spatial thinking and measurement. The diagrams are spiral to convey that, whilst this
hierarchy of steps is useful, development does not take place in clearly defined linear steps.
Instead, skills and concepts develop in overlapping ways and children may develop some skills
together or in a slightly different order. Moreover, developing a ‘secure’ grasp of these key
mathematical ideas takes time. As a result, children’s understanding may appear to differ in
different settings or from one day to the next (Pirie & Kieren, 1994). The inner circle in each
diagram indicates the general thinking skills or environmental influences that researchers
have identified as being associated with development in this key area. The outer spiral
highlights individual skills or concepts that develop over time. We have also provided specific
examples of how our knowledge of development may influence what happens in the
classroom, with teachers planning activities for learning, observing children’s interaction with
materials and then modelling or playing to support learning from these activities.

Further reading

In writing this section, we drew heavily on two recent syntheses that describe young
children’s mathematical development. For more information on the research underpinning
the diagrams of children’s development, please see these publications:

Clements, D., Baroody, A. J.,, & Sarama, J. (2013). Background research on early
mathematics. Background Research for the National Governor’s Association (NGA)
Center Project on Early Mathematics. [This outlines ‘learning trajectories’ for number
and operations, and spatial reasoning, together with more explanation and illustrative
examples.]

Cross, CT, Woods, T A., & Schweingruber, H (Eds) [National Research Council] (2009).
Mathematics Learning in Early Childhood: Paths Toward Excellence and Equity.
Washington, DC: The National Academies Press. https://doi.org/10.17226/12519.
[This provides detailed ‘learning paths’ for number, relations, and operations, and
geometry and measurement, together with examples and further explanation.]

Additional evidence was drawn from:
Deans for Impact (2019). The Science of Early Learning. Austin, TX: Deans for Impact.

Gilmore, C., Gobel, S., & Inglis, M. (2018). An Introduction to Mathematical Cognition.
London, UK: Routledge.

In addition, the Department for Education has recently published non-statutory guidance on

progression in key mathematical concepts across primary, including previous experience
required as the basis for learning in Year 1:

12



Department for Education / National Centre for Excellence in Teaching Mathematics.
(2020). Mathematics guidance: Key Stages 1 and 2. Non-statutory guidance for the
national curriculum in England. Year 1. London, UK: Department for Education.
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Learning Progression Diagrams

Figure 1: Number
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Figure 2: Operations
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Figure 3: Geometry and Spatial Thinking
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There is a large body of evidence demonstrating that interventions delivered through Apps or
Computer-Assisted Instruction (CAl) can have a positive effect on children’s attainment in
mathematics. However, much of the evidence relates to software that is not distributed in
England or designed for the English mathematics curriculum. Hence, while such software has
potential benefits, there is a need for research evaluating the effects of Apps and CAl
specifically developed to align with the mathematics curriculum in England. The existing
evidence base on CAl is relevant to both Early Years and Key Stage 1 settings. In contrast, there
is very limited research examining the effect of using technology tools to support mathematics
learning in either Early Years or Key Stage 1.

Definitions:

Computer-assisted instruction (CAl) and Apps: We use these terms interchangeably to refer
to a broad range of computer- or tablet-based software designed to ‘teach’, or provide
practice, for all or part of the mathematics curriculum. The software usually provides a
controlled environment and often includes some form of corrective feedback to children. It
may be set in the context of a specially designed game.

Virtual manipulatives refers to digital representations that attempt to mimic or model the
movement of concrete manipulatives.

Technological tools refers to tools that can be used by children to explore and do
mathematics, such as calculators, robots, programming software, dynamic geometry and
digital technologies.

Findings:

Computer-assisted instruction (CAl) and Apps: We identified 37 studies, with 40 effects, that
examined the effect of CAl and Apps and that met our inclusion criteria and had sufficient
data to aggregate the reported effects in a meta-analysis. [This gave an overall moderate
effect (d=0.42, 95% Cl: 0.24, 0.59). All but three of the effects were positive and the
interventions were in both Early years and Key Stage 1 relevant settings. This effect is larger
than the small effect found for older pupils in an earlier review of mathematics interventions
for Key Stage 2 and Key Stage 3 pupils (Hodgen et al., 2018).

There was a relatively high degree of heterogeneity across the effects that may reflect
variation in the nature and scope of the studies and the different forms of CAl or Apps
investigated. For example, some studies involved comprehensive interventions, in particular
the Building Blocks Software Suite, which is designed to improve understanding and skills
across the mathematics curriculum (Foster et al., 2016, 2018) and to facilitate child-initiated
and open-ended activity. In contrast, others investigated much more focused interventions,
often as part of an experiment investigating children’s learning (e.g., Maertens et al., 2016,
which is focused specifically on number lines).
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Much of the evidence relates to software that is not available in England, either because the
software has been developed in another educational system (often the US) or because the
software has been produced for research purposes and is not commercially available. We
identified only one App, onebillion, that has been evaluated in England. Onebillion addresses
topics across the mathematics curriculum and has been the subject of a small-scale pilot
(Outhwaite et al., 2019) and an independent efficacy trial (Nunes et al., 2019). As a result of
the efficacy trial, onebillion is judged by the Education Endowment Foundation to have
promise for mathematics teaching and learning.

Many of the CAl and App interventions involved the use of virtual representations, apparently
intended to mimic concrete manipulatives, although it was not clear the extent to which
children were afforded opportunities to ‘manipulate’ these virtual representations. There
were no studies that directly compared the effects of virtual and concrete manipulatives.

Given the prevalence of experimental studies investigating the use of CAl or Apps, it is
somewhat surprising that the Best Evidence Syntheses and expert reviews do not specifically
address this type of software. However, these research syntheses all emphasise that software
of any kind is likely to be more effective when combined with sound pedagogic practice.

Technological tools: Although the Best Evidence Syntheses and expert reviews support the
use of technological tools, we identified just one experimental study relating to technological
tools, specifically focused on computational thinking or programming. However, this study,
Sung et al. (2017), which is also reported under the movement strand, did not investigate the
effect of programming compared to a control, but rather compared different pedagogical
approaches to providing teaching ‘off the computer’ to support the use of a programming
language, Scratch Junior, in numeracy activities involving number lines. They found an effect
for physical movement on mathematics outcomes and an effect for giving instructions about
movement to a peer on computational thinking outcomes. We identified no experimental
studies examining calculators, dynamic geometry or the broader range of technological tools.

Evidence from Best Evidence Syntheses (Clements et al., 2013; Cross et al., 2009) and expert
reviews (Anthony & Walshaw, 2007, Dooley et al., 2014) provides additional support for the
use of computer software, particularly highlighting the potential of virtual manipulatives and
programming. However, all these syntheses also emphasise the importance of the educator’s
role and sound pedagogy in making best use of technological tools.

Cross et al. (2009) provide a useful checklist to help teachers select software with potential
to aid mathematics learning, which is reproduced in Appendix 6.

Links to other strands:

Explicit teaching: As noted in the findings, in general, children need help from educators in
order to develop sophisticated mathematical ideas.

Manipulatives and representations: As noted in the findings, many of the recent studies
involved the use of virtual manipulatives.

18



Evidence base:

We judge the experimental evidence supporting the use of computer-assisted instruction and
apps in general to be moderate to strong. We judge the experimental evidence supporting
the use of technological tools to be minimal.

CAl and Apps
Aspects of quality of the | Grade | Notes
body of available
evidence
Number of original 3 40, 4 at scale.
studies
Methodological quality 2.5 Mixed, but some good. Some independently
of the original studies evaluated studies.
Consistency of results 2 Heterogeneity. CAl / Apps covers a wide variety
of approaches
Reporting bias N/A | Not known
Evidence from 2 Supports findings from the original studies
systematics reviews and
best evidence syntheses
Overall Quality of 2.5 | Moderate-to-strong
Evidence judgment
Technological tools
Aspects of quality of the | Grade | Notes
body of available
evidence
Number of original 1 1 study, insufficient information to aggregate
studies
Methodological quality 1 Small scale
of the original studies
Consistency of results N/A | Too few studies to make judgment
Reporting bias N/A | Not known
Evidence from 1 No specific findings
systematics reviews and
best evidence syntheses
Overall Quality of 0 Minimal

Evidence judgment
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Relevance:

The evidence on CAl and Apps is judged to be of moderate relevance to Early Years and Key
Stage 1 mathematics teaching in England. There is insufficient evidence on technological tools
to make a useful judgment on relevance.

CAl and Apps
Threat to relevance Grade | Notes
Where and when the 2 Three studies (2 Apps) carried out in England. The

studies were carried out

remaining evidence is from a range of countries
in America, Europe and the Far East.

How the interventions 2 Only 2 of the Apps evaluated are commercially

were defined and available in England and many are designed for

operationalised research purposes rather than for use in ordinary
classrooms. Wide variety of different approaches.

Any focus on particular 3 Studies involved both number and/or calculation

topic areas and geometry / spatial reasoning.

Age of children /phase 3 The studies were carried out across the age range

of education and in contexts that have relevance to both Early
Years and Key Stage 1.

Ease of implementation 2 Implementation requires appropriate
infrastructure/ technology to be available

Overall relevance 2.5 | Moderate to high

judgment

Technological tools

Threat to relevance Grade | Notes

Where and when the N/A | Too few studies to make judgment

studies were carried out

How the interventions N/A | Too few studies to make judgment

were defined and

operationalised

Any focus on particular N/A | Too few studies to make judgment

topic areas

Age of children /phase N/A | Too few studies to make judgment

of education

Ease of implementation N/A | Too few studies to make judgment

Overall relevance 0 Minimal

judgment
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There is a substantial body of evidence demonstrating that explicit, educator-led teaching has
a positive effect on children’s attainment, although structured teaching should be balanced
with opportunities for children to engage in both free and structured (or guided) play involving
mathematical resources and ideas. The evidence relates to a variety of educator-initiated
interventions, ranging from direct instruction, which refers to tightly specified interventions
often involving scripted lessons, to interventions that allow more flexibility. However, the
evidence is largely based on interventions developed by expert teams for use in the US which
involve considerable guidance and professional development for teachers and other adults
delivering the intervention. In addition, much of the evidence concerns interventions with
children assessed to be at risk of low attainment in mathematics or of mathematical learning
difficulties. Although there is more evidence relating to interventions in the Early Years, the
research on structured teaching is judged relevant in general to both Early Years and Key Stage
1. However, there is a need for more research and development examining how best to
support the use of structured teaching in Early Years and Key Stage 1 contexts in England.

Definitions:

We use the term explicit teaching to refer to formal educator-directed approaches in which
educators explicitly support children to develop specific mathematical ideas and skills. This
covers a broad range of approaches that may be referred to as direct instruction, explicit
instruction or simply as structured teaching.

Direct instruction is a term used in the US to refer to interventions that are often wholly or
partially scripted, and which involve corrective feedback and structured practice, and which
are taught on the basis of assessments that children have ‘mastered’ the necessary
prerequisite knowledge. Direct instruction covers a wide range of approaches. At one
extreme, Direct Instruction (capitalised) refers to a particular highly structured approach
developed by Siegfried Engelmann and which has been evaluated in several relevant studies
(Stockhard et al., 2017). In Early Years and Key Stage 1 settings, Direct Instruction follows a
similar structure to later years, although teaching is normally in small rather than large (or
whole-class-sized) groups and sessions may be shorter (e.g., McKenzie, Marchand-Martella,
Moore & Martella, 2004).

Explicit instruction is a looser and broader term, also used in the US, that includes
interventions involving high instructional guidance, where educators draw specific attention
to mathematical concepts (for example, when using manipulatives, Carbonneau et al., 2013).

Structured teaching is used to refer to any planned, educator-led intentional teaching
directed at a clear and specific learning goal (Cross et al., 2009). Educator-led does not imply
a ‘formal’ classroom layout for teaching; often structured teaching may take place in
‘informal’ small groups. The key characteristics are that the teaching is planned and
intentional, not that it takes place in a traditional classroom arrangement.
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Findings:

We identified 26 studies, with 30 effects, that examined the effect of explicit teaching and
met our inclusion criteria. There was sufficient data in the papers to aggregate 25 of these
effects in a meta-analysis. This gave an overall moderate effect (d=0.66, 95% Cl: 0.45, 0.87),
although there was a relatively high degree of heterogeneity (1°=93%) across the effects that
suggests some variation in the effects of different interventions. All but one of the effects
were positive and the interventions were in both Early years and Key Stage 1 relevant settings,
although there is more evidence relating to interventions in the Early Years. One limitation is
that most studies involved children screened as ‘at risk’ of low attainment or of mathematical
learning difficulties and, therefore, it is difficult to generalise these findings to general
classroom practice.

Evidence from several best evidence syntheses (Cross et al., 2009; Deans for Impact, 2019;
Clements et al., 2013; Frye et al., 2013) support this finding, noting that it is unlikely that
children will develop abstract or more sophisticated mathematical ideas without some
structured teaching. Two expert reviews (Anthony & Walshaw, 2007; Dooley et al., 2014) add
further weight to this evidence, although both place particular emphasis on the ‘planned’
elements of ‘structured’ teaching. However, more broadly, drawing on whole-curriculum
approaches such as Building Blocks (Clements et al., 2011), these syntheses and reviews all
strongly emphasise that free and structured play involving mathematics is important, not
simply because this provides learning opportunities for children, but also because this
provides opportunities to observe and assess children’s informal mathematical activity, as
well as for engaging children in mathematics.

The evidence relates to a variety of educator-initiated interventions reflecting a range of
different approaches and the bulk of the studies aggregated used some form of direct
instruction, although this may be because such interventions are more clearly operationalised
or manualised and thus are more amenable to investigation using experimental methods. Five
studies involved Engelman’s Direct Instruction, but all were conducted prior to 2012. There is
also a substantial body of evidence relating to structured teaching within wider interventions
that place equal, or more, emphasis on educator judgment and child-initiated starting points
for teaching (e.g., Building Blocks). We note also that Nelson & McMaster’s (2019) meta-
analysis examining Early Years mathematics interventions did not identify an effect for direct
instruction over and above the positive effect they identified overall for all the interventions
considered.

The bulk of the interventions examined in these studies were designed and conducted in the
US and relate to programmes that are not commercially available in England. In any case,
these interventions, although largely well-designed, would not be appropriate for widespread
use in settings in England without some adaptation to match the curriculum, UK English and
the particular features and pedagogic traditions of Early Years and Key Stage 1 contexts in
England. In addition, these interventions all involve both considerable guidance for educators
(e.g., scripted lessons in Direct Instruction, Stockhard & Engelmann, 2010; or well-developed
learning trajectories in Building Blocks) as well as substantial professional development
support (e.g., regular monthly coaching in Building Blocks, Clements & Sarama, 2008). Hence,
there is a need to develop, and evaluate, interventions designed specifically for the English
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context, examining both the effectiveness and the implementation of different forms of
structured teaching, both in standalone forms and in the context of wider whole-curriculum
approaches (as in Building Blocks).

Links to other strands:

Play: As noted above, the evidence from Best Evidence Syntheses indicates that structured
teaching should be balanced with opportunities for play, which can include a diverse range of
manipulatives (e.g., Deans for Impact, 2019) that provide opportunities for learning as well as

for educators to observe, assess and thus plan appropriate structured teaching.

Feedback and formative assessment: Feedback and assessment are a key aspect of most
explicit teaching interventions.

Evidence base:

We judge the experimental evidence supporting the use of explicit teaching in general to be
moderate to strong.

Aspects of quality of the | Grade | Notes
body of available

evidence
Number of original 3 30, 2 at scale, many studies (41) excluded from
studies meta, because insufficient information available

to aggregate
Methodological quality 2.5 Mixed, some good
of the original studies
Consistency of results 1 Some problems with definition, e.g., Building
Blocks, a play-based curriculum, & Ramani Linear
Game, both aggregated within some meta-

analyses.
Reporting bias 1 Many interventions evaluated by developers
Evidence from 2 Direct instruction somewhat contested, but
systematics reviews and support for explicit / planned teaching.
best evidence syntheses
Overall Quality of 2.5 Moderate-to-strong

Evidence judgment
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Relevance:

The relevance of the evidence is judged to be moderate-to-high.

Threat to relevance

Grade

Notes

Where and when the
studies were carried out

2

None of the studies in our dataset was carried
out in England and almost all the evidence is from
the US.

judgment

How the interventions 2 The studies combine a range of different

were defined and approaches to structured teaching, many of

operationalised which are manualised (but not for English
contexts).

Any focus on particular 3 Studies involved both number and/or calculation

topic areas and geometry / spatial reasoning. Some critiques
of di argue that there is too much focus on
procedures, but this is disputed (by, e.g.,
Gersten).

Age of children /phase 3 The studies were carried out across the age range

of education and in contexts that have relevance to both Early
Years and Key Stage 1.

Ease of implementation 2 Generally implementation is well-described or
manualised. Requires PD in general.

Overall relevance 2.5 | Moderate-to-high
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There is a large body of evidence demonstrating that tutoring (or numeracy support)
programmes delivered by teaching assistants, or by teachers, can have a positive effect on
attainment for low-attaining children. However, this is likely to be the case only where the
support is delivered through structured interventions that have been designed to address
specific weaknesses in numeracy. Without this, evidence indicates that TA support has little,
or even negative, effects on the attainment of low-attaining children. Almost all of these
effective tutoring programmes have been developed by expert teams that have been informed
by research on children’s mathematical development and involve regular sessions over an
extended period equivalent to a term or more. For these structured interventions, delivery by
teaching assistants appears to be as effective as delivery by teachers. However, most of these
interventions involve considerable guidance and professional development or coaching for
tutors. The bulk of the evidence concerns interventions developed and evaluated in the US,
although two of the programmes are available in England: Numbers Count and Mathematics
Recovery. The evidence is relevant to both Early Years and Key Stage 1 contexts.

Definitions:

In this strand, we refer to face-to-face tutoring by educators in one-to-one, paired or small
group settings targeted at low-attaining children. In Early Years settings and primary schools
in England, this is often referred as either intervention or support for children who struggle
with mathematics rather than tutoring and tutoring is often provided by teaching assistants.
The experimental evidence relates to the efficacy of structured programmes that outline the
support and/or teaching to be provided over a number of sessions.

Findings:

Tutoring by adults, particularly Teaching Assistants (TAs), currently plays a major role in
education in England, especially in the support of low-attaining children using small-group or
one-to-one tuition (Warhurst et al., 2013). Although there is a large body of evidence showing
that, where educators use carefully designed and structured interventions, this can have a
positive impact on attainment in numeracy for children at risk of low attainment, much of the
support provided by TAs appears to be relatively unstructured (Sharples et al., 2015). There
is a great deal of evidence indicating that such unstructured support has no, or even a
negative, effect on learning (e.g., Blatchford et al., 2009). On the other hand, we found
evidence that support, delivered through structured tutoring programmes, can have a
positive impact on children’s attainment.

We identified 15 studies, with 18 effects, that examined the effect of tutoring by adults in
structured programmes that met our inclusion criteria and which reported sufficient data to
aggregate the effects in a meta-analysis. This gave an overall moderate effect (d=0.50, 95%
Cl: 0.37, 0.64), although there was a high degree of heterogeneity across the effects that
suggests some variation in the effects of the different programmes. The interventions were
in both Early Years and Key Stage 1 relevant settings. All but one of the studies was conducted
with children judged, or formally screened, to be at risk of low attainment in mathematics.
This finding is supported by two meta-analyses conducted with primary age children:
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Dietrichson et al.’s (2017) review of numeracy and literacy interventions for disadvantaged
children, and Pellegrini et al.’s (2020) best evidence synthesis of mathematics interventions
lasting 12 weeks or more. In addition, Cross et al.’s (2009) expert-judgment based review
emphasises the importance of early intensive intervention to support children at risk of low
attainment.

These interventions include Number Rockets (Rolfhus et al., 2013), ROOTS (Doabler et al.,
2016) and Galaxy Maths (Fuchs et al., 2013). These programmes have been developed for use
in the US by academic teams and have been informed by research both on children’s
development and on effective pedagogies. These programmes are extensive in nature; they
cover a substantial element of the mathematics (or number and calculation) curriculum and
involve regular structured tutoring sessions several times a week over an extended period
equivalent to a term or more. Additionally they provide specific pedagogic guidance together
with considerable professional development and/or instructional coaching (see, e.g., Kraft et
al., 2018). ROOTS, for example, which has been extensively evaluated and is the focus of six
studies, consists of 50 lessons, each of 20 minutes, delivered 5 days a week over 10 weeks,
and tutors receive up to 4 coaching visits in addition to 2 days of professional development.

However, some caution should be exercised about the duration of tutoring interventions, and
there is some evidence to suggest that time-limited tutoring support may be more effective.
For example, Dietrichson et al.’s (2017) meta-analysis across primary, which identified
tutoring as having a positive effect based on a large number of studies, found that longer
interventions tended to be less effective. There is also evidence that the effects of
interventions fade over time. For example, Smith et al.’s (2013) evaluation of Mathematics
Recovery found that gains at the end of the programme were not maintained a year after the
intervention. To address this problem, Clements et al. (2013) suggest that it is important for
subsequent teaching to explicitly build on, and be consistent with, earlier teaching.

Pellegrini et al. (2020) found that, of the structured tutoring programmes they reviewed, all
of which involved professional development for the tutors, those delivered by TAs were as
effective as those delivered by qualified teachers. Pellegrini et al. also found no difference in
the effect on attainment of interventions delivered individually and in small groups, although
Wang et al. (2018) found a small difference in the effects.

Only one of the included studies was conducted in England: a large-scale randomised
controlled trial of Numbers Count, conducted by an independent team of evaluators
(Torgerson et al., 2013). This intervention is available in England, as is Mathematics Recovery,
an intervention delivered by specially trained teachers, originally developed in Australia and
independently evaluated at scale in the US (Smith et al., 2013). Additionally, Mathematics
Recovery informed the development of Catch Up ™Numeracy, an intervention for pupils aged
6 to 14 delivered by teaching assistants in England, and which has been evaluated with older
children, although with mixed results: an efficacy trial by Rutt et al. (2015) indicated a small
but significant effect on attainment compared to a no-support control, whereas Hodgen et
al.’s (2019) effectiveness trial found no effect when compared to a control group receiving
matched time tutoring support.
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Links to other strands:

Whole-curriculum interventions: Several whole-curriculum interventions, such as Building
Blocks (Clements et al, 2011), involve small-group teaching as one element of the
intervention. Several meta-analyses do not distinguish between tutoring interventions
delivered individually or in small groups and whole-class interventions (e.g., Nelson &

McMaster, 2018; Wang et al., 2016).

Explicit teaching: Several tutoring interventions, such as ROOTS (Doabler et al., 2016), involve

direct or explicit instruction.

Evidence base:

We judge the experimental evidence supporting the use of tutoring for low-attaining children

to be moderate to strong.

Evidence judgment

Aspects of quality of the | Grade | Notes

body of available

evidence

Number of original 3 18 effects from 13 studies; 3 studies at scale
studies

Methodological quality 2.5 Several well-constructed studies, although many
of the original studies programmes evaluated by developers
Consistency of results 1 Heterogeneity

Reporting bias N/A Not known

Evidence from 2 Tutoring in small groups supported by BES, but
systematics reviews and little mention of para-professionals / TAs

best evidence syntheses

Overall Quality of 2.5 Moderate-to-strong
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Relevance:

The relevance of the evidence is judged to be moderate-to-strong.

Threat to relevance

Grade

Notes

Where and when the
studies were carried out

2

Aside from 2 in England, the identified studies
were conducted in the US.

judgment

How the interventions 3 Mostly well-defined & manualised interventions.

were defined and

operationalised

Any focus on particular 2 Mostly number

topic areas

Age of children /phase 3 The studies were carried out across the age range

of education and in contexts that have relevance to both Early
Years and Key Stage 1.

Ease of implementation 2 Generally implementation is well-described or
manualised (although US-focused). Requires PD
in general. Many use instructional coaching.

Overall relevance 2.5 | Moderate-to-high
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Concrete manipulatives and representations are a powerful way of enabling young children
to engage with mathematical ideas, provided that teachers and other adults help children to
understand the links between the manipulatives or representations and the mathematical
ideas that they represent through discussion and explicit teaching. There is consistent
evidence that supports the use of physical manipulatives, and the evidence supports a variety
of manipulatives, including linear board games, building blocks, counting aids and number
lines. Linear board games, such as Snakes and Ladders, appear to be particularly beneficial for
children from disadvantaged backgrounds or who struggle with numeracy. Children benefit
from actually moving and interacting with manipulatives to understand mathematical ideas.
As children’s understanding of key mathematical ideas develops, educators should encourage
children to use pictures, symbols and other more abstract diagrams to represent and
communicate these ideas and concepts. Educators should show children different
representations of number and make connections between them. Fingers provide a
particularly valuable tool for supporting the understanding of counting, addition and
subtraction. As with any intervention, educators need to consider carefully what
manipulatives and representations to use and for how long in order to enable children to
develop increasingly sophisticated mathematical ideas. The evidence relating to
manipulatives and representations is consistent across, and relevant to, both Early Years and
Key Stage 1.

Definitions:

Concrete manipulatives include counting aids (such as counters, unifix cubes or other objects,
physical number lines, building blocks and board games), which can be ‘manipulated’ by
children or adults, and may be physical or virtual (on a computer).

Representations include informal drawings (including drawings of manipulatives) as well as
mathematical symbols (such as canonical dice patterns) and more formal mathematical
diagrams (such as grids, drawn number lines and graphs). For the purposes of this review, we
exclude gesture, which is included in the movement strand.

Findings:

We identified 19 effects from 17 studies that examined the effect of using manipulatives
and/or representations and met our inclusion criteria with sufficient data to aggregate in a
meta-analysis. The meta-analysis showed an overall moderate effect (d=0.34, 95% Cl: 0.07,
0.60). There was a relatively high degree of heterogeneity across the effects that suggests
some variation in the effects of different approaches and interventions. All but two of the
effects were positive. Evidence from several best evidence syntheses (e.g., Cross et al., 2009;
Deans for Impact, 2019; Clements et al., 2013) also support this finding.

Whilst evidence from best evidence syntheses is consistent in indicating that playing with
mathematical objects (manipulatives, drawings, symbols, pictures and diagrams) is important
for children’s mathematical development (e.g., Anthony & Walshaw, 2007; Dooley et al.,
2014), it is unlikely that many children will develop sophisticated mathematical ideas without
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some explicit teaching or guided interaction (e.g., Clements et al., 2013). Carbonneau et al.’s
(2013) meta-analysis examining the effects of concrete manipulatives on mathematics
achievement across all years of schooling and beyond found that high levels of instructional
guidance, or explicit teaching, were generally associated with higher effects on outcomes.
Hence, Carbonneau et al. argued that, in general, explicit teaching helps learners establish
connections between the concrete manipulatives and the intended mathematical ideas,
which in turn facilitates understanding. However, this finding is largely based on evidence
from studies with older children and we were not able to find evidence within our dataset to
support this finding, because we did not have sufficient data on the levels of instructional
guidance in the original studies. However, this finding is supported and emphasised by several
of the Best Evidence Syntheses (Cross et al., 2009; Clements et al., 2013; Deans for Impact,
2019; Nunes et al., 2009) and, in our judgment, there is relatively good evidence to support
the importance of structured teaching to make best use of manipulatives and
representations.

There has been a great deal of interest amongst educators in England in Concrete-Pictorial-
Abstract (CPA) approaches to the teaching of mathematics, an approach which is broadly
supported by research into children’s development, although the evidence from the reviews
and syntheses of research indicate that this is a more complex process than a simple cycle.
The Deans for Impact (2019) report, for example, states that “Young children begin to
understand abstract mathematical concepts through concrete representations, and learn to
apply what they know in new contexts by gradually transitioning from concrete to visual to
abstract” (p.13). However, we found no specific evidence relating to interventions explicitly
labelled as CPA, which may be because the notion of CPA broadly is central to interventions
involving manipulatives and representations. The Deans for Impact (2019) report highlights
the importance of “concreteness fading” to describe how symbols and other abstract
representations need to gradually replace concrete representations in their thinking about
guantity (see also Fyfe et al., 2014). Teachers and other adults have an important role to play
in helping children to make connections between different forms of representation (e.g.,
Cross et al., 2009). Indeed, Cross et al. (2009) argue that teaching should be directed at
helping children to move from concrete to abstract thinking. Key to this, they argue, is the
use of a wide range of examples and non-examples, as well as enabling children to link their
informal knowledge to formal language, symbols and procedures.

Several interventions involved counting, comparison, estimation, addition and subtraction
using objects, number lines and dot patterns (either physical or virtual). One study (Casey et
al., 2008) used building blocks to improve children’s spatial awareness (as measured by a
mental rotation task).

Ramani & Siegler’s (2011; 2012) research has demonstrated that playing a linear board game,
where children move playing pieces, can be an effective way of developing children’s
numeracy skills, particularly for children from disadvantaged backgrounds, and replications
demonstrate that this also has benefits for other children struggling with number (Deans for
Impact, 2019). Although this work is in the context of a particular resource, “The Great Race
Game”, in our judgment, and the judgment of other experts (e.g., Deans for Impact, 2019),
this finding extends to well-known and readily available board games, such as Snakes and
Ladders, providing opportunities to develop strategies such as ‘counting on’. However, this
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intervention involves a gaming context as well as the use of manipulatives, and the studies
did not examine the extent to which the benefits were due to the manipulation of playing
pieces, the gaming context or the combination of the two.

Four of the studies investigated the use of movement or gesture alongside manipulatives and
representations, and all showed a positive effects. This finding, that children benefit from
actually moving and interacting with manipulatives to understand mathematical ideas, is
supported by Cross et al. (2009), who argued that, while pictures are a valuable tool for
learning, manipulatives are more effective, because children can manipulate them in ways
that physically represent or resemble mathematical concepts, processes and operations. In
addition, Cross et al.’s (2009) expert-judgment-based review argued that well-designed
virtual manipulatives may be able to offer more manipulative flexibility and more
opportunities for children to describe their actions than is the case with concrete
manipulatives. However, we were not able to identify any studies that provided evidence to
support this position or any studies that directly compared virtual and concrete manipulatives
(see Computer-assisted instruction, apps and technology tools).

Thereis a great deal of evidence from studies of children’s mathematical learning highlighting
the importance of representations in the learning of mathematics (see, e.g., Nunes et al.,
2009). Indeed, Nunes et al. (2008) observe that representations (e.g., number symbols and
diagrams) are fundamental to mathematics in that they “afford manipulations which might
otherwise be impossible” (p. 9). However, learning to interpret, coordinate and use these
different mathematical representations is far from straightforward, and children need help
from educators to do so. Frye et al.”s (2013) What Works Clearinghouse Guidance Report finds
moderate evidence that educators need to help “children to link their informal knowledge
with formal representations of math[ematics]” (p.111).

Several best evidence syntheses highlight the importance of showing children different
representations of number and helping them to make connections between them (Cross et
al., 2009; Deans for Impact, 2019; Clements et al., 2013. Cross et al. emphasise that educators
should not discourage children’s use of fingers, but rather should help children to use fingers
as a representation (or manipulative) and in ways that help them to develop their
understanding of counting, addition and subtraction.

Educators need to consider carefully what manipulatives and representations to use and for
how longin order to enable children to develop increasingly sophisticated mathematical ideas
(e.g., Cross et al., 2009). One study extracted from Carbonneau et al.’s (2013) meta-analysis
strikes a cautionary note regarding manipulatives: Battle (2007) found that Grade 1 children
(Year 2) taught addition and subtraction with counters performed very much worse than
children taught without counters. A possible cause is that, in this case, the counters
encouraged some children to use less sophisticated but familiar strategies (such as ‘count-all’
rather than ‘count-on’” methods). This illustrates an argument made by Deeley et al. (2014)
that, when misused, manipulatives and representations can inhibit children’s development.
One way to avoid this is to use a development progression, or learning trajectories, approach
to guide teaching (e.g., Clements et al., 2013). Frye et al.’s (2013) What Works Clearinghouse
Guidance Report finds moderate evidence to support such an approach, largely from research
programmes such as Building Blocks (Clements & Sarama, 2007). Carbonneau et al.’s (2013)
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meta-analysis examined the effect of time, and found some evidence to show that, in general,
interventions using manipulatives for up to 45 days had a greater effect than interventions
over longer periods. This may be because in longer interventions children may come to rely
on concrete manipulatives rather than develop more sophisticated approaches and ideas.
However, as Carbonneau et al. caution, there is a need for further research to understand the
effects of time (as well as the related issues of frequency, duration and intensity).

Links to other strands:

Play: Play is an important element of young children’s learning and it is important that
children have opportunities to engage in both free and structured play, with a range of
manipulatives. Key to this is creating a rich mathematical environment including a diverse
range of manipulatives that provide opportunities for educators to observe, assess and
intervene where appropriate.

Explicit teaching: As noted in the findings, in general, children need help from educators in
order to develop sophisticated mathematical ideas from manipulatives.

Computer-assisted instruction, apps and technology tools: Many of the CAl and Apps
interventions involved the use of virtual manipulatives, although we identified no evidence
to indicate the relative efficacy of virtual and physical manipulatives.

Movement and gesture: The evidence suggests that manipulatives and representations are
more effective when children actually carry out the manipulation themselves in order to
explore mathematical ideas.

Evidence base:

We judge the experimental evidence supporting the use of manipulatives and
representations in general to be moderate.

Aspects of quality of the | Grade | Notes
body of available

evidence

Number of original 2 19 effects from 17 studies, none at scale

studies

Methodological quality 2.5 All small scale, some good methodological quality
of the original studies

Consistency of results 1 Heterogeneity

Reporting bias N/A Not known

Evidence from 2 Supports findings from the original studies

systematics reviews and
best evidence syntheses
Overall Quality of 2 Moderate
Evidence judgment

Relevance:
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The relevance of the evidence is judged to be moderate.

Threat to relevance

Grade

Notes

Where and when the
studies were carried out

2

The identified studies were conducted in the US,
Belgium, Germany, Netherlands, Sweden and the
Netherlands. None in England.

judgment

How the interventions 2 Varied interventions. However, manipulatives

were defined and and representations sufficiently 'broad' as an

operationalised intervention to allow some variation.

Any focus on particular 2 Mostly, but not exclusively, number, but includes

topic areas pattern as well as geometry / spatial reasoning.

Age of children /phase 2 The studies were carried out across the age range

of education and in contexts that have relevance to both Early
Years (8) and Key Stage 1 (7).

Ease of implementation 3 Judged to be relatively straightforward to
implement

Overall relevance 2 Moderate
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There is evidence to support the use of eight different whole-curriculum interventions to
increase attainment in mathematics. Three of these interventions have been evaluated more
than once at scale and have shown positive effects on children’s attainment: Building Blocks,
Project M? and Oxford Mathematical Reasoning. Only one of these, Oxford Mathematical
Reasoning, has been designed and evaluated in England. Implementing whole-curriculum
interventions at scale can be a challenge.

Definitions:

Whole-curriculum interventions include a range of interventions for whole classes of children
covering either the whole or a substantial part of the mathematics curriculum over a period
of at least a term. Some interventions, such as Building Blocks, focus on the entire
mathematics curriculum and cover all of children’s mathematical experiences. Other
interventions, such as Oxford Mathematical Reasoning, focus on providing a series of regular
whole-class lessons to be taught over at least a term (10-12 weeks). These are often referred
to as ‘curriculum interventions’ in the US (see, e.g., Pellegrini et al., 2020).

Findings:

We identified 14 studies that evaluated a total of 8 different whole-curriculum interventions
that met our inclusion criteria. Four interventions have been evaluated at scale in more than
one study: Building Blocks (4 studies), Big Maths for Little Kids (2 studies), Oxford
Mathematical Reasoning (2 studies) and Project M? (2 studies). Building Blocks and Oxford
Mathematical Reasoning have each been independently evaluated, whereas Project M? has
only been evaluated by teams that included the developers.

Following the approach adopted by Slavin and colleagues’ Best Evidence Syntheses (e.g.,
Pellegrini et al., 2020; Slavin & Lake, 2008), we have aggregated the effects in a meta-analysis.
This gave an overall moderate effect (d=0.44, 95% Cl: 0.16, 0.72). However, this estimate
should be treated with some caution due to differences between the various programmes
and, indeed, there was a very high degree of heterogeneity across the effects (12=97.9%).
There was also some variation in the effects reported for each intervention, which may
indicate some variation in implementation or research design; the effects ranged from d=0.11
to 1.09 for Building Blocks, from d=0.30 to 0.99 for Big Maths for Little Kids, from d=0.08 to
0.20 for Oxford Mathematical Reasoning, and from d=0.25 to 1.88 for Project M.

Only one of these whole curriculum interventions, Oxford Mathematical Reasoning, has been
designed and evaluated in England; the other seven interventions have been developed for
use in the US.

Of the eight whole-curriculum interventions, all but two, Building Blocks and Project M?, are

targeted at Kindergarten or Pre-Kindergarten. Project M? is focused on Kindergarten and
Grade 1, whilst Oxford Mathematical Reasoning is targeted at Year 2 children.
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Building Blocks is a particularly important programme that has been carefully developed and
evaluated over the past 20 years in a number of studies led by Doug Clements and Julie
Sarama (e.g., Clements & Sarama, 2008). Building Blocks is a comprehensive research-based
curriculum designed for children in Pre-Kindergarten settings that integrates mathematics
throughout the school day and addresses the entire mathematics curriculum (Clements et al.,
2011). The intervention provides software, manipulatives, games and texts, together with
guidance on whole-class, small-group and individual activities. The intervention is informed
by a learning trajectories approach based on an extensive programme of research on
children’s learning (e.g., Clements & Sarama, 2007). Educators receive substantial
professional development (13 days over two years) together with coaching visits. An
alternative focused on the Building Blocks software intervention has also been evaluated (see
Computer-assisted instruction, apps and technology tools strand). One potential criticism of
evaluations of Pre-Kindergarten mathematics interventions is that the treatment or
intervention group is compared to a business-as-usual control group in which children engage
in only very limited mathematics learning. However, in an earlier study, Clements et al. (2011)
compared Building Blocks to an active control in which new mathematics curricula were
introduced and found a large positive effect (g=0.72).

In the What Works Clearinghouse guidance on teaching mathematics to young children, Frye
et al. (2013) cite Building Blocks extensively to support recommendations that include the use
of a research-based developmental progression to teach number and operations, the need
for a broad mathematics curriculum (that includes geometry, patterns, measurement and
data analysis), the use of progress monitoring, encouraging children to see and describe their
world mathematically as well as ensuring both dedicated time for mathematics and that
mathematics should be integrated throughout the school day. However, they judge only the
first of these recommendations to have anything more than minimal evidential support.
Other expert-judgment-based reviews cite Building Blocks as evidence for the importance of
using developmental progressions or learning trajectories to guide teaching and for
integrating play into mathematics teaching (Anthony & Walshaw, 2007; Clements et al., 2013;
Dooley et al.,, 2014). In our judgment, Building Blocks is an impressive evidence-based
programme which does provide some general support for these findings. However, since it is
a comprehensive programme, it is difficult to ascribe causal mechanisms to any one element
of the programme. Hence, while these findings and recommendations do appear reasonable
on the basis of both correlational studies and also expert judgment, they should nevertheless
be treated with some caution.

The evidence from this review suggests that some whole-curriculum interventions may be an
effective way to raise attainment. However, some caution needs to be exercised here. First,
we note again that only one of the interventions, Oxford Mathematical Reasoning, has been
designed and evaluated in England and, in the most recent effectiveness trial, the effect size
achieved was relatively small (d=0.08). Interventions designed for the US, such as Building
Blocks, would require considerable adaptation for widespread use in the English context, to
align with the mathematics curriculum in England and the pedagogic traditions of English
Early Years settings. Second, scaling up such interventions is far from straightforward, and
many interventions struggle to achieve high levels of fidelity. The Building Blocks programme
generally achieves relatively high levels of fidelity (e.g., Clements et al., 2011). This may be
because the programme adopts an approach, derived from a review of implementation
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research, based on principles that include involving stakeholders, being clear about permitted
adaptations and creating incentives (Sarama et al., 2008). This approach has shown benefits
over implementation without this support (Sarama et al., 2008; see also Clements & Sarama,
2008). However, the high level of fidelity may also in part be due to external support at a
school district level. Wang et al. (2016) compared the effects of comprehensive programmes
with supplemental programmes, which they argued were likely to be easier to implement,
and found no difference in the effects. However, we note that it is possible that the effects of
some of the supplemental programmes considered may have been high because they were
implemented by the researchers themselves and, hence, achieved good fidelity.

Links to other strands:

Many of the whole-curriculum interventions involve a variety of strategies including explicit
teaching, play, etc.

Evidence base:

We judge the experimental evidence supporting the use of whole-curriculum interventions
to be moderate.

Aspects of quality of the | Grade | Notes

body of available

evidence

Number of original 2.5 14 effects; 3 studies at scale

studies

Methodological quality 2 Several well-constructed studies; some variation

of the original studies in the effects reported for each programme
evaluated more than once

Consistency of results 1 Interventions are of very different types &
approaches

Reporting bias 1 Many interventions evaluated by developers

Evidence from 2.5 Considerable expert / academic support for

systematics reviews and research-based whole curriculum interventions.

best evidence syntheses One intervention (Building Blocks) used as
exemplar in several BES.

Overall Quality of 2 Moderate

Evidence judgment
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Relevance:

The relevance of the evidence is judged to be moderate.

Threat to relevance

Grade

Notes

Where and when the
studies were carried out

2

Aside from 2 in England, the identified studies
were conducted in the US.

judgment

How the interventions 2 Mostly well-defined & manualised interventions.

were defined and Some, like Building Blocks, involve holistic

operationalised intervention.

Any focus on particular 3 Studies involved both number and/or calculation

topic areas and geometry / spatial reasoning.

Age of children /phase 2 Mostly, but not exclusively, Early Years. England-

of education based studies KS1 (1).

Ease of implementation 2 Some studies, eg Building Blocks, may need
external support and pressure to implement.

Overall relevance 2 Moderate
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A small number of studies and several best evidence syntheses and expert reviews provide
evidence to support the use of feedback and formative assessment practices in teaching
mathematics to young children in the Early Years and Key Stage 1. Evidence from one study
supports the use of an online tool to enable educators to use their observations of children’s
mathematical activity to plan future instruction. There is a small amount of evidence to
support the use of corrective feedback alongside the opportunity to engage conceptually.
Evidence also supports the use of teaching programmes that include formative assessment
practices. However, evidence is limited and more research focusing specifically on the use of
formative assessment practices with young children is needed.

Definitions:

Feedback is the provision of information, in any form, to children, or educators, about
children’s learning and progress. Corrective feedback consists of evaluating, and, if necessary,
correcting children’s responses.

Formative assessment refers to processes of gaining insight into learning and the use of those
insights to improve learning. The term formative assessment is often used rather loosely to
refer to a range of diverse pedagogic strategies (Bennett, 2011). Broadly, these practices are
intended to give educators insight into children’s understandings, thus enabling educators to
plan appropriate mathematical learning opportunities and provide feedback to children.

Findings:

We identified 6 studies that included focus on feedback and formative assessment and which
met our inclusion criteria with sufficient data to aggregate effects in a meta-analysis. This
gave an overall moderate effect (d=0.31, 95% Cl: 0.18, 0.44). Effects in all studies were
positive. The studies covered settings relevant to both Early Years and Key Stage 1. However
the effects reported must be interpreted with some caution, since, for four of the six studies,
feedback and formative assessment were components of the interventions, and one factor
among many; the effect size reported is thus for the intervention overall, and not feedback
and formative assessment specifically. We therefore report a limited evidence base for the
impact of the use of feedback and formative assessment on young children’s mathematical
learning, consistent with the findings of Cross et al. (2009).

Despite this limited evidence base, best evidence syntheses and expert reviews support the
importance specifically of feedback (Cross et al., 2009), and formative assessment practices
more generally (Anthony & Walshaw, 2007; Clements et al., 2013; Cross et al., 2009; Dooley
et al., 2014), arguing that this is a key element of effective teaching and learning. In particular,
these reviews emphasise the importance of educators observing children engaging in
mathematics in order to assess how to intervene so as to support them to develop more
sophisticated mathematical concepts and skills. However, both Clements et al. (2009) and
Cross et al. (2009) argue that educators devote very little time to observing young children
engaging in mathematics activities. Clements et al. (2013) suggest that interviews,
documentation of children’s talk and collating samples of work can be productive ways for
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educators to understand young children’s thinking. Cross et al. (2009) add that these
activities, particularly observation, tasks and interviews (involving probing questioning), can
be ‘rigorous, focused and deliberate’ (p.256) and that they should be employed frequently.
In the light of this, it is notable that only one study reported below (Polly et al., 2017) expressly
investigates the use observation as an assessment method.

Cross et al. (2009, p.255) also note that an understanding of developmental progression in
mathematics is needed to enable educators to use assessment to inform teaching, and one
study in our set responds to this recommendation. Polly et al. (2017) report the use of an
internet-based tool that supports educators in making diagnostic assessments in one-to-one
sessions with children. In this study, information arising from educators’ observations of
children’s responses to tasks was entered into a formative assessment tool. This tool included
a built-in rubric and provided an assessment based on the responses entered; this then linked
to further instructional materials. The authors report greater gains from the use of these
formative assessment practices for pupils in disadvantaged school communities compared to
business as usual teaching and, consistent with the recommendations of Cross et al. (2009),
where assessments were made more frequently.

Corrective feedback is a core component of many direct instruction interventions (see the
‘Explicit teaching’ strand). Some evidence supports the use of corrective feedback on accuracy
in number fact recall and problem solving. However, the limited evidence available suggests
that this should be combined with opportunity to engage conceptually. This is illustrated in
the difference in design and outcome between two studies, Fuchs et al. (2006) and Popa &
Pauc (2015). In the first, Fuchs et al. (2006) addressed recall of addition and subtraction facts
in Grade 1 low attainers using computer-assisted flashcard software. Immediate corrective
feedback indicated where errors in recall had been made and lengthened the stimulus display
time for subsequent examples. Here, a small effect for recall of addition facts only was
reported, but with no transfer of learning gains to story problems. In contrast, Popa & Pauc
(2015) enacted anintervention specifically focusing on formative assessment practices (which
they termed ‘dynamic assessment’). In this case, the use of corrective feedback was combined
with engaging pupils in reflection on their problem-solving approaches, identifying solution
paths, and the use of question prompts to support strategy selection and to encourage
autonomy in the analysis of problem-solving processes. Used with high achieving 6- and 7-
year olds in Romania, these approaches led to a moderate positive effect.

Two further studies support the use of corrective feedback alongside the opportunity to
engage conceptually. Bryant et al. (2011) and Fuchs et al. (2013) both employed a tutoring
model for low-attaining pupils in which manipulatives and problem solving were used to
develop arithmetic skills (Fuchs et al., 2013) and conceptual understanding of number and
calculation (Bryant et al., 2011). In each of these studies, corrective feedback was a part of
the intervention, combined with the use of alternative calculation strategies.

Lastly, Sarama et al.’s (2008) study presents an example of an intervention in which
assessment practices were part of a much more wide-ranging intervention. This teacher
professional development programme and curriculum intervention for Early Years classrooms
(US Pre-K) employed both software and class-based activities following a learning trajectory
programme. The programme evaluated a wide range of instructional characteristics, including
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approaches to formative assessment such as the use of scaffolding, listening to children’s
responses and the use of assessment to adapt children’s tasks. Observation of class teachers
revealed strong fidelity of implementation, with listening to children and use of scaffolding
evaluated as the most consistently implemented of the individually evaluated components of
assessment. Thus, whilst the effect size cannot be attributed to formative assessment
specifically, its integration into the intervention is in line with the recommendations of best
evidence syntheses.

Links to other strands:

Computer-assisted instruction, apps and technology tools: The use of software to support
elements of skill rehearsal, to provide corrective feedback and to support educator
assessment is noted above.

Executive functions and metacognition: Corrective feedback is a component of many
interventions aimed at improving executive functions or metacognition.

Explicit teaching: As noted above, feedback and/or formative assessment practices are
included as components of a more comprehensive teaching intervention. In particular,
corrective feedback is often a feature of direct instruction interventions.

Individual and small-group tutoring by adults: Formative assessment and feedback are
frequently part of a tutoring programme.

Evidence base:
We judge the experimental evidence supporting the use of feedback and formative
assessment to be weak-to-moderate. This may be surprising given that feedback, in

particular, is generally regarded as an intervention with relatively strong evidence. However,
much of the evidence relates to older pupils (beyond Key Stage 1).
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Aspects of quality of the
body of available

Grade

Notes

evidence

Number of original 1.5 6 studies. 2 at scale (although not clear whether

studies clustered analysis carried out). Also, for all but 2
of the 6, feedback/formative assessment is part
of a holistic intervention.

Methodological quality 1.5 Mixed, 2 at scale

of the original studies

Consistency of results 1 Heterogeneity

Reporting bias N/A Not known

Evidence from 2 Considerable expert-based support including

systematics reviews and reviews and indications from meta-analyses of

best evidence syntheses ways in which feedback may be
effective/ineffective

Overall Quality of 1.5 Weak-to-moderate

Evidence judgment

Relevance:

The relevance of the evidence is judged to be moderate.

Threat to relevance

Grade

Notes

Where and when the
studies were carried out

2

All but one of the studies carried out in the US

How the interventions 1 The interventions are not described in detail. For

were defined and 4 studies, the assessment is part of a wider more

operationalised holistic intervention and the remaining two focus
on formative assessment and dynamic
assessment, respectively.

Any focus on particular 1 Mostly, but not exclusively, number

topic areas

Age of children /phase 2 The studies were carried out across the age range

of education and in contexts that have relevance to both Early
Years and Key Stage 1.

Ease of implementation 2 Generally considered to be relatively
straightforward to implement, although may
require sophisticated approaches to pedagogy.

Overall relevance 2 Moderate

judgment
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There is a consensus that high quality talk and extended discussion is key to children’s
development, although there is very limited experimental evidence about specific
interventions to raise the quality of number-related talk. Relatedly, there is a small but
growing body of evidence to support a specific intervention promoting mathematical talk, the
use of storybooks. Some research indicates that e-books and educator-led use of storybooks
can be effective. Storybooks can help develop children’s spatial as well as numerical
understanding. Storybooks provide an opportunity to support mathematical talk and
discussion. As with any resource, educators need to consider carefully how, and which,
storybooks should be used to help children develop more sophisticated mathematical ideas.
The intervention evidence is all from Kindergarten, or Early Years, settings.

Definitions:

The evidence on storybooks relates to picture books (with or without text) in structured group
reading sessions, led by an educator, and to e-books, which provide an interactive experience
via a computer or tablet in which a narrator reads to a child.

Findings:

Talk and vocabulary: We identified 2 studies which met our inclusion criteria, which is too few
to conduct a meta-analysis. Both studies were carried out with Key Stage 1 children. Powell
and Driver (2015) examined the effect of a tutoring intervention in which Grade 1 children
with mathematical difficulties were taught the meaning of key vocabulary related to number,
comparison and addition, compared to children who received the same intervention, but
without a specific focus on vocabulary, finding a moderate effect size (d=0.49). Russo &
Hopkins (2018) compared two approaches to discussion in the context of challenging tasks
with Grade 1 and Grade 2 children: a discussion-first approach and a task-first approach, but
did not compare these to a business-as-usual control. They found a positive effect on fluency
for the discussion-first approach, but no difference in the effects on problem solving.

These studies examined interventions that specifically addressed talk as the primary feature,
although very many of the interventions in our database involved guidance for teachers and
other adults on talk, questioning and discussion (e.g., see in particular the whole-curriculum
and tutoring interventions). There is agreement across the expert-judgment-based reviews
and best evidence syntheses that high quality talk and extended discussion is key to children’s
development (Anthony & Walshaw, 2007; Cross et al., 2009; Clements et al., 2013; Frye et al.,
2013). Dooley et al. (2014, p.37), for example, make the case for mathematical talk as
enabling “sustained shared cognitive engagement ... ensuring optimal cognitive challenge for
all children ... [and] mak[ing] their thinking visible”. Clements et al. (2009) recommend
encouraging children to use informal language to describe mathematical ideas and that
teaching should help children to connect their informal knowledge to more formal
vocabulary.

The use of storybooks: There is a small but growing body of evidence to support the use of
storybooks to teach mathematics, most of it involving the specific use of talk. We identified 6
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studies that examined the effect of using storybooks and met our inclusion criteria. There was
sufficient data in the papers to aggregate all of these effects in a meta-analysis. This gave an
overall large effect (d=0.96, 95% ClI: 0.29, 1.63). All of the effects were positive, but the range
of effects was great, varying from small (d=0.04) to very large (d=2.0). This diversity suggests
that the way in which storybooks are used is critical to their effectiveness. Additionally, this
result should be treated with some caution because the large effects may be inflated by
aspects of the study design or implementation. Evidence from one best evidence synthesis
(Cross et al., 2009) and one expert review (Dooley et al., 2013) provide some relatively weak
support for the use of storybooks.

All of the storybook intervention studies were conducted in Kindergarten settings, although,
in our judgment and the judgment of several expert reviews (e.g., Dooley et al., 2013), these
findings would be expected to generalise to more formal Key Stage 1 settings.

The studies all involved the use of specially chosen or specially designed storybooks. One
study (Casey et al., 2008) focused specifically on geometry, whilst others addressed number
or mathematics more generally. Two studies examined the use of Grandfather’s Minibus, an
interactive e-book available in Israel, and both found a very large effect (Segal-Drori et al.,
2018; Shamir & Baruch, 2012).

The four (physical) storybook interventions all involved guidance to support mathematical
talk and educator questioning (Casey et al., 2008; Hassingder-Das et al., 2015; Purpura et al.,
2017; van den Heuvel-Panhuizen et al., 2016). In one case (Purpura et al., 2017), notecards
were placed at key points in the books, prompting the educator interventions and thus
facilitating mathematical discussion. Dooley et al.’s (2013) expert review discusses ways in
which educators can engage in discussion with children. Clements et al. (2013, p.38) observe
how a storybook can be used to assess, or explicitly teach, mathematical vocabulary such as
‘more’ or ‘fewer’.

Throughout this review, we have cited evidence from Best Evidence Syntheses and other
expert-judgment-based reviews, emphasising that educators need to consider what
strategies and resources to use and how they should be used, and this also applies to
storybooks (e.g., Anthony & Walshaw, 2007; Clements et al., 2013; Cross et al., 2009; Dooley
et al., 2014). Based on a review of relevant research and consultation with expert
practitioners, van den Heuvel-Panhuizen & Elia (2012) have developed a framework for
evaluating the suitability of picture books for children’s mathematical development (see also
Dooley et al., 2014). More educator-friendly evidence-informed guidance is available from
the US-based Development and Research in Early Math Education (DREME) website:
https://dreme.stanford.edu/.
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Links to other strands:

Many of the interventions addressed in other strands involve guidance on the use of talk by
educators. Such guidance is a particular feature of whole-curriculum and tutoring
interventions

Computer-assisted instruction, apps and technology tools: As noted in the findings, there is
some evidence to support the use of e-books.

Manipulatives and representations: Mathematical ideas are represented in picture books and,
hence, the findings in the manipulatives strand are relevant. When choosing picture books to
support mathematical learning, it is important to consider how mathematical ideas are
represented in the illustrations and the text.

Evidence base:
We judge the experimental evidence supporting effective interventions promoting high

quality talk to be minimal. We judge the experimental evidence supporting the use of
storybooks to be weak-to-moderate.

Talk and vocabulary

Aspects of quality of the | Grade | Notes

body of available

evidence

Number of original 1 1; 1 additional study did not compare

studies intervention with control

Methodological quality 1 All small-scale

of the original studies

Consistency of results N/A Too few studies to make judgment; varied
interventions

Reporting bias N/A Not known

Evidence from 1 Supports findings from the original studies about

systematics reviews and the importance of the development of talk,

best evidence syntheses examples given support (and extend) the findings
of the original studies. But little evidence to
support actual interventions.

Overall Quality of 0 Minimal

Evidence judgment
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The use of storybooks

Aspects of quality of the | Grade | Notes

body of available

evidence

Number of original 1.5 6, 1 at 'medium’ scale [18 schools]

studies

Methodological quality 2 Medium scale not a clustered analysis

of the original studies

Consistency of results 1 Heterogeneity

Reporting bias NK

Evidence from 1.5 Supports use of picture books, drawing on
systematics reviews and evidence largely from the experimental studies
best evidence syntheses included in this meta-analysis

Overall Quality of 1.5 Weak-to-moderate

Evidence judgment

Relevance:

The evidence on interventions to promote talk is judged to be of minimal relevance. The
evidence on interventions to promote the use of storybooks is judged to be of moderate
relevance.

Talk and vocabulary
Threat to relevance Grade | Notes
Where and when the 1 The 2 identified studies were in US and Australia
studies were carried out
How the interventions N/A Too few studies to make judgment

were defined and
operationalised

Any focus on particular 1 Number and geometry / spatial reasoning.
topic areas
Age of children /phase N/A Too few studies to make judgment
of education

Ease of implementation | N/A Too few studies to make judgment
Overall relevance 0 Minimal
judgment
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The use of storybooks

Threat to relevance

Grade

Notes

Where and when the
studies were carried out

The identified studies were conducted in the US,
Israel and Netherlands. None in England.

How the interventions 2 Well-defined, although different.

were defined and

operationalised

Any focus on particular 2 Mostly number

topic areas

Age of children /phase 1 All Early Years.

of education

Ease of implementation | 2 Some studies included well-defined
strategies/questions to use.

Overall relevance 2 Moderate

judgment
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Although there is a substantial body of literature on gesture and learning mathematics, there
is only a small number of recent studies that examine interventions involving movement or
gesture. Although these provide some evidence to suggest the value of using movement and
gesture to teach mathematics, the evidence base is weak and covers a disparate range of
interventions. Nevertheless, movement and gesture is a low-cost strategy that could be used
relatively easily. The evidence is relevant to both Early Years and Key Stage 1 settings.

Definitions:

In this strand, we refer to interventions where movement or gesture by children is a central
component of the intervention. We have not included linear board games or strategies
involving fingers, which are both coded as manipulatives and representations.

Findings:

We identified 4 studies that examined the effect of using physical movement and/or gesture
and met our inclusion criteria. Since the studies examine the effects of different interventions,
the effects are not aggregated. In all cases, movement or gesture was combined with other
strategies, such as verbalising.

All but one of the studies was small scale; the exception being Have et al.’s (2018) study
involving 12 schools. Nevertheless, all the studies showed a similar effect size (d=0.37 to 0.40),
except for one (d=0.91, Jordan et al., 2015). The studies examined a range of strategies
involving movement and gesture: physically moving along a large floor number line (Ruiter et
al., 2015); and gesturing to indicate a set whilst counting or comparing numbers of objects on
a computer (Jamalian, 2015). Two studies investigated interventions where teachers
integrated mathematically-related physical activity into mathematics lessons over an
academic year after receiving professional development (Have et al.,, 2018; Shoval et al.,
2018). A further study, not included in the meta-analysis, involved an element within a wider
computational thinking intervention: instructing another child to move along a number line
in the context of Scratch programming (Sung et al., 2017).

There is a substantial literature examining how gesture contributes to learning (e.g., Goldin-
Meadow, 2011) and evidence from three best evidence syntheses (Cross et al., 2009;
Clements et al., 2013; Frye et al., 2013) and two expert reviews (Anthony & Walshaw, 2007;
Dooley et al., 2013) provide support for the use of movement and gesture during play and in
the context of both numeracy and geometric tasks.

Links to other strands:

Manipulatives and representations: As noted in the manipulatives strand, children benefit
from actually moving and interacting with both physical and virtual manipulatives.
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Evidence base:

We judge the experimental evidence supporting the use of movement and gesture to be
weak.

Aspects of quality of the | Grade | Notes

body of available

evidence

Number of original 1 4, 1 at 'medium' scale [12 schools]

studies

Methodological quality 2 Some good. Medium-scale study uses clustered
of the original studies analysis

Consistency of results 1 Quite disparate range of studies

Reporting bias N/A Not known

Evidence from 1 Expert judgment and best evidence syntheses
systematics reviews and highlight the importance of movement and
best evidence syntheses gesture

Overall Quality of 1 Weak

Evidence judgment

Relevance:

The relevance of the evidence is judged to be weak.

Threat to relevance Grade | Notes

Where and when the 1 Denmark, Israel & US.

studies were carried out

How the interventions 1 Range of different approaches

were defined and
operationalised

Any focus on particular 1 Mostly number

topic areas

Age of children /phase 1 The studies were carried out across the age range

of education and in contexts that have relevance to both Early
Years (2) and Key Stage 1 (2).

Ease of implementation 1 Unclear, would require description and PD.

Overall relevance 1 Weak

judgment
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There is some weak evidence from two studies indicating some benefits for peer tutoring with
young children, although both studies consider one specific peer-tutoring intervention. There
is only a very limited amount of evidence addressing cooperative learning with young children.

Definitions:

Cooperative learning refers to interventions, usually structured, where children work with
peers to solve a common mathematical problem or achieve a mathematical goal, usually with
the explicit aim of developing wider mathematical, social and/or communication skills and
capabilities.

Peer tutoring refers to interventions in which a same-age or older child coaches, or tutors,
another child, although in the Peer-Assisted Learning Strategies (PALS) intervention children
take turns to tutor each other.

Findings:

Peer tutoring: We identified 2 small-scale studies that examined the effect of peer-tutoring
and met our inclusion criteria. The studies, from 2001 and 2002, both examined the effects
of one specific peer-tutoring intervention: Peer-Assisted Learning Strategies (PALS). In PALS,
same-age peers work in pairs and take turns to coach each other. The interventions were
evaluated by the development team in relatively small-scale studies and found small to
medium effects in favour of PALS of d=0.32 for Kindergarten and 0.17 for Grade 1.

Cooperative Learning: We identified 2 small-scale studies that examined the effect of
cooperative learning and met our inclusion criteria. The effects were judged to be too varied
to aggregate. The more recent study found no effect for cooperative learning compared to
both individual learning and to a control group (Meloni et al., 2017). An older study found
cooperative learning to have a large effect compared to a business as usual control group
(d=1.08, Tarim, 2009).

The best evidence syntheses and expert-judgment-based reviews did not directly address
either cooperative learning or peer tutoring, although there was implicit support for group-
based play and collaborative activities (e.g., Clements et al., 2013; Dooley et al., 2014).

Links to other strands:

No specific links.
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Evidence base:

We judge the experimental evidence supporting the use of peer tutoring to be weak and

cooperative learning to be minimal.

Peer tutoring

Aspects of quality of the
body of available

Grade

Notes

evidence
Number of original 1 2; plus 2 further with insufficient data to be
studies included
Methodological quality 1 Both small scale studies and both (PALS
of the original studies intervention) evaluated by the developers
Consistency of results N/A | Too few studies to make judgment
Reporting bias N/A | Not known
Evidence from 0 No evidence identified
systematics reviews and
best evidence syntheses
Overall Quality of 1 Weak
Evidence judgment
Cooperative learning
Aspects of quality of the | Grade | Notes
body of available
evidence
Number of original 0 0 studies, 4 excluded due to insufficient
studies information
Methodological quality N/A | N/A
of the original studies
Consistency of results N/A | N/A
Reporting bias N/A | Not known
Evidence from 1 Some expert-based support for collaborative
systematics reviews and activities.
best evidence syntheses
Overall Quality of 0 Minimal / insufficient evidence

Evidence judgment
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Relevance:

The evidence on peer tutoring is judged to be of weak relevance to Early Years and Key Stage
1 mathematics teaching in England. The evidence on cooperative learning is judged to be of

minimal relevance.

Peer tutoring
Threat to relevance Grade | Notes
Where and when the 1 The PALS studies both carried out in the US
studies were carried out
How the interventions N/A | Too few studies to make judgment
were defined and
operationalised
Any focus on particular N/A | Too few studies to make judgment; varied
topic areas interventions
Age of children /phase N/A | Too few studies to make judgment
of education
Ease of implementation N/A | Too few studies to make judgment
Overall relevance 1 Weak
judgment

Cooperative learning
Threat to relevance Grade | Notes
Where and when the 1 Studies carried out in Italy and Turkey
studies were carried out
How the interventions N/A | Too few studies to make judgment
were defined and
operationalised
Any focus on particular N/A | Too few studies to make judgment; varied
topic areas interventions
Age of children /phase N/A | Too few studies to make judgment
of education
Ease of implementation N/A | Too few studies to make judgment
Overall relevance 0 Minimal
judgment
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A substantial amount of young children’s time is spent engaging in play and play-based
activities. Broad research emphasises the integral nature of play in child development, but
there is a lack of robust evidence of the precise impact of play interventions on learning
mathematics. Young children should be encouraged to engage in both free and structured
play. By planning and creating rich learning environments, teachers help stimulate children’s
exploration, discussion and problem solving. Educators can also balance opportunities for free
and more structured play with explicit teaching or tutoring with specific mathematical
learning goals. Through observing children’s play, educators will identify “teachable
moments” (Cross et al., 2009) in which they can intervene to discuss salient points, encourage
problem solving or connect the play scenario to curriculum topics. Educators can engage in
and model mathematical tasks displaying their enjoyment, and this can motivate children to
engage in similar behavior (Dooley et al., 2014).

Definitions:

The definition of play can be contentious. In the context of this review, play is activity that is
not predominantly directed by externally set goals, but instead is defined by the processes
that children engage in rather than a specific outcome. Play can be self-chosen and self-
directed (free play), but can also include structure and rules which may be set by an educator
(structured or guided play). Play can include many types of content and behaviours, including:

Pretend play: using imagination to role play, such as going to the shop,
Object play: manipulating and building with blocks or jigsaws, and
Social play: playing in small groups to solve a problem or puzzle.

Findings:

Through the review process, we identified two studies that investigated the impact of solely
play-based interventions on learning and met our inclusion criteria, only one of which
reported an effect; therefore, meta-analysis was not conducted for this strand. The one
reported effect size was small (d=0.19). Three further studies, reported in the “Whole-
curriculum intervention” strand, indicate positive effects for Building Blocks, an intervention
involving both explicit teaching and play (Sarama & Clements, 2009), although these studies
do not investigate the specific impact of the play element. Therefore, in contrast to other
strands, there is relatively little robust and direct evidence from interventions on the impact
of play, or strategies to encourage mathematically-focused play, on learning mathematics.
However, there is a large body of research on the importance of play to children’s
development and learning and, in our judgment, play is important to young children’s
mathematical learning. Hence, due to the lack of experimental evidence, we used Best
Evidence Syntheses to provide further information on the importance of play for learning.

An important aspect of play is that it harnesses children’s self-motivation. Colliver (2018)
observed that if parents or educators modelled mathematics problem-solving activities near
to where children were engaging in other types of play, children were more likely to
incorporate these types of activities in their own free play when compared to a control group.
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Importantly, these activities were everyday problems that children might encounter, such as
measuring out liquids or working out how many blocks they may need to build a wall. Children
in the “modeling” intervention group outperformed children in a control group in their
numeracy skills at post-test. This study emphasises the important role that the adult fulfills in
providing activity ideas and structure, but also the essential role of self-motivation of children
to engage in this type of play. By spending time doing these activities adults implicitly
communicated the value of mathematical problem solving to children.

Vogt et al. (2018) assessed the effectiveness of an intensive educator-led training intervention
using card games and board games (24 x 30 minute sessions). These games focused on skills
such as quantity comparison, counting and digit recognition. A second group experienced a
play-based intervention, in which children were given the same materials and the same
number of sessions as the educator-led group, but instead children were allowed to choose
their playing partner and to have free choice of what games to play. Educators in the play-
based intervention were asked to introduce the games and support the children in their
game-playing, following guided play principles (Weisberg, Hirsh-Pasek, Golinkoff, Kittredge &
Klahr, 2016). Results indicated that children in both the educator-led and play-based groups
had similar levels of mathematical achievement after the 8-week intervention. These two
groups performed better than a business-as-usual control group, indicating that guided, or
structured, play scenarios can be effective for children’s learning, but children need to be
provided with sufficient materials, structure and educator guidance to enable learning.

Best evidence reviews emphasise the importance of play in mathematical learning, especially
in relation to providing children with opportunities to think about mathematical concepts and
use mathematical language (e.g., Clements et al.,, 2013). Play is regularly mentioned in
relation to geometry and spatial thinking, with building, or construction, blocks play being
highlighted as particularly useful for developing spatial awareness and knowledge of shapes
(Cross et al., 2009).

Social play provides opportunities for children to engage in creative, imaginative experiences
that help to develop functional mathematics skills, such as counting items of food or paying
at a shop. Importantly, Cross et al. (2009) highlight that this complex play provides children
with the opportunity to develop their self-regulation and executive functions, by controlling
their own behavior in complex social situations. Many correlational studies emphasise the
importance of these cognitive skills for mathematical learning (e.g., Blair & Razza, 2007).
These types of play also provide educators with opportunities to encourage the development
of complex language use.

Play provides opportunities for practice of skills that require modelling or scaffolding by
adults. By using play-based activities, educators can tap into children’s intrinsic motivation to
increase attention and remain engaged in challenging tasks. Scaffolded play using board
games has been suggested to be particularly beneficial. Board games provide children with a
focused play activity and the opportunity for educators to link multiple representations, use
complex mathematical language and encourage flexible strategy use (Clements et al., 2003,
Deans for Impact, 2019). Educators should feel confident in intervening in these play activities
to ensure that opportunities are taken to “mathematize” the experience (Cross et al., 2009),
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perhaps by pointing out mathematical aspects of objects that children are playing with or
encouraging children to solve a social problem using mathematical concepts.

Links to other strands:

Computer-assisted instruction, apps and technology tools: Many Apps involve some element
of play, although we did not find studies that investigated this.

Manipulatives and representations: It is difficult to separate out this strand from
“Manipulatives and representations”, particularly in relation to the use of “snakes and
ladders” type linear board games. These games provide structured activities for play, but also
evidence suggests that they strengthen and build children’s representations.

Whole-curriculum interventions: Play is a key component of Building Blocks, an intervention
where explicit teaching is based on “finding the mathematics in, and developing mathematics
from, children's activity” (Clements & Sarama, 2007, p.138).

Evidence base:
We judge the experimental evidence supporting the use of play-based interventions to be

weak, although in our judgment, play can make an important contribution to young children’s
mathematical development.

Aspects of quality of the | Grade | Notes
body of available

evidence

Number of original 0 1 study with sufficient data to meta-analyse

studies original studies, 2 additional studies; none at
scale

Methodological quality 1 Two small scale, one medium (N=329)

of the original studies

Consistency of results N/A Too few studies to make judgment

Reporting bias N/A

Evidence from 2 "Theoretical" and expert-based support for play.

systematics reviews and
best evidence syntheses
Overall Quality of 1 Weak
Evidence judgment
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Relevance:

The relevance of the evidence is judged to be minimal.

Threat to relevance

Grade

Notes

Where and when the
studies were carried out

N/A

Too few studies to make judgment

judgment

How the interventions N/A | Too few studies to make judgment
were defined and

operationalised

Any focus on particular N/A | Too few studies to make judgment
topic areas

Age of children /phase 1 All Early Years (not Key Stage 1)

of education

Ease of implementation N/A | Too few studies to make judgment
Overall relevance 0 Minimal
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A small number of studies have been identified that focus on executive functions and
metacognition. The research suggests that educators should encourage children to explain
their problem-solving strategies either to themselves or to others. This enables them to gain
insight into their own thinking and provides opportunities for children to learn from one
another, guided by a teacher or other adult. Educators can also highlight and show children
efficient ways to remember and process information and then support them to put these
strategies into action. Although it is clear that working memory training does not lead to gains
in mathematical achievement, there is some evidence that embedding mathematical content
in memory games may be a useful way to encourage children’s learning. Educators should
remember that children have a suite of sophisticated executive function skills that they can
use in the classroom. Games and tasks can be designed to harness and challenge these skills,
to boost their development and create opportunities for learning.

Definitions:

To be able to successfully complete a mathematical task, children must be able to regulate
their own behaviour, focus their attention, plan, store and process information. The specific
skills may be described as metacognition, executive functions or self-regulation.

Executive functions are complex cognitive skills that are associated with learning and
behaviour. Specific executive functions include working memory (i.e., storing and
manipulating information in your mind), inhibition (i.e., holding back responses and ignoring
distracting information) and attentional control (i.e., focusing and shifting your attention as
and when required). Executive functions are related to learning through many different
pathways: regulating social behaviour enables children to work in groups, monitoring
problem solving (metacognition) enables children to learn from their errors and understand
mathematics more fully; choosing and switching between different strategies enables
children to complete multi-step problems. This may also be referred to as self-regulation.

Metacognition is the ability to reflect on and control one’s own thinking processes. This
reflection enables children to think about the processes or strategies they may use to solve a
problem. Executive functions may be useful in multiple domains, such as forming social
relationships, concentrating in class or completing complex problem-solving.

The relationship between executive functions, metacognition and self-regulation is complex
and contested (Gascoine, Higgins & Wall, 2017). For the purposes of this review, executive
functions refer specifically to working memory, inhibition and attentional control, whereas
metacognition refers to more general strategies, such as monitoring their mathematical
activity and reflecting on or explaining their approaches and strategies. See Muijs and
Bokhove’s (2017) evidence review for further discussion of metacognition and self-regulation.

Findings:

The review identified four papers that met our inclusion criteria and focused on classroom
interventions in mathematics education involving executive functions or metacognition.
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Effect sizes could only be extracted from three of the studies, with effects ranging from d=0.20
to 1.33. The studies were judged not to be sufficiently conceptually similar to aggregate a
meaningful effect size. Therefore, there is little robust evidence on the impact of focusing on
metacognition and/or self-regulation on learning. Best Evidence Syntheses also provide little
evidence for this strand.

Many studies provide correlational evidence that executive functions and metacognition are
associated with learning outcomes. That is, more advanced cognitive skills are related to
better mathematical achievement. However, there are very few intervention studies that test
whether the relationship between these skills and achievement is causal and, more
importantly, whether teaching interventions can modify or improve executive functions in
ways that in turn improve mathematics learning and/or achievement.

Metacognition

We identified one study that solely focused on metacognition. Rittle-Johnson, Saylor and
Swygart (2008) assessed the impact of children explaining correct solutions to pattern-making
tasks, either to themselves or to their mothers, compared to a control group who simply
repeated the task. There was no difference in outcome between children who explained to
themselves or explained to their mothers, but gains in problem solving were observed in both
groups when compared to the control group. This study suggested that the process of
reflecting on the solution process and explaining how the answer was achieved increased
children’s problem-solving skill and, hence, provides some evidence that this metacognitive
activity, if prompted, could be an effective way to teach more complex problem solving. (See
also, Baten, Praet and Desoete, 2017, discussed below, for a study combining metacognition
with numeracy training.)

Combined executive function and numeracy training

A large body of research has established the close association of executive functions, in
particular working memory, with success in mathematics (e.g. Deans for Impact, 2019). This
has led to significant interest in the potential benefits of executive function training for
mathematical achievement, with the majority of studies specifically focusing on working
memory training. Evidence suggests that working memory training can improve performance
on working memory tasks. However, these studies indicate that working memory training
does not improve academic achievement (Melby-Lervag, Redick & Hulme, 2016).

A more nuanced approach to working memory training has recently emerged. Even though
executive functions, such as working memory, are important for mathematical achievement,
subject-specific knowledge is also essential (Clements et al., 2013). Therefore, it has been
suggested that, by combining working memory and numeracy training, real benefits for
mathematical achievement may be achieved.

We identified two studies that combined working memory training with numeracy content.
Kroesbergen, van’t Noordende and Kolkman (2012) compared the impact on basic number
skills of general working memory training and working memory training that used number-
based games. In the general working memory training group, games focused on verbal and
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spatial working memory, such as remembering word lists or the spatial location of objects.
The number-based working memory training used similar games, but these had embedded
numerical content, such as remembering lists and numbers of items, matching quantities on
hidden cards and playing a number line board game. Both groups improved their working
memory and number skills after the intervention, when compared to a business as usual
control group. Therefore, no unique benefit of embedding numeracy content in working
memory training was observed.

Nemmi et al. (2016) compared the impact of number line training (i.e., estimating positions
of numbers on a blank number line), working memory training (i.e., remembering the location
of items in a visual scene) or combined working memory and number line training on
mathematical achievement. Only children in the combined training group displayed
significant gains in performance over the business as usual control group after the
intervention period. This study may indicate the importance of combining these two types of
training to boost mathematical achievement. The authors also emphasise the large
differences between children in their response to the intervention, and how this may need to
be taken into account in future studies or in practice.

An additional study by Baten, Praet and Desoete (2017) investigated the impact of training
that combined metacognitive techniques and mathematical content. This was delivered
through a computerised programme. The programme included a number of games; for
example, one game required children to remember sequences of digits and quantities. The
training supported children in learning how to remember mathematical information
efficiently and effectively and also provided feedback, so they could learn from their mistakes.
This intervention showed positive gains in calculation skills after the intervention, but we do
not know whether this was due to the metacognitive or mathematical elements or the
combination of the two.

Links to other strands:

Play: Play can provide opportunities for children to practise using metacognitive skills, such
as self-explanation. In addition, play places high demands on self-regulation and executive
functions; therefore, by engaging in play-based activities children may improve their use of
these skills.

Feedback and formative assessment: Timely and appropriate feedback should provide
children with the opportunity to reflect on their strategies for problem solving. By using
children’s metacognitive skills, educators should be able to increase children’s insight into
appropriate strategy use.
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Evidence base:

We judge the experimental evidence for this strand to be minimal.

Aspects of quality of the | Grade | Notes

body of available

evidence

Number of original 0 0; 2 studies with ES, but not sufficiently similar to
studies aggregate; 2 additional with insufficient data to

aggregate, 2 additional studies examining
integrated numeracy (Number Line) and WMT

Methodological quality 1 Small experimental studies, one single case

of the original studies design

Consistency of results 1 Inconsistency of definition

Reporting bias N/A | Not known

Evidence from 2 Correlational support for an association, but little
systematics reviews and evidence to support actual interventions

best evidence syntheses

Overall Quality of 0 Minimal

Evidence judgment

Relevance:

The relevance of the evidence is judged to be minimal.

Threat to relevance

Grade

Notes

Where and when the
studies were carried out

2

The identified studies were conducted in the US,
Belgium, Sweden, Iran and the Netherlands.
None in England.

How the interventions 1 Similar definitions across studies are used, but

were defined and varied interventions.

operationalised

Any focus on particular 1 Studies either focused on problem solving or

topic areas more general mathematical achievement. No
geometry / spatial reasoning.

Age of children /phase 2 The studies were carried out across the age range

of education and in contexts that have relevance to both Early
Years (3) and Key Stage 1 (2).

Ease of implementation 1 Little evidence to support actual well-described
interventions.

Overall relevance 0 Minimal

judgment
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There is very little evidence about the effectiveness of parent and family numeracy
programmes.

Findings:

There is some correlational evidence to indicate that parental interest and engagement in
children’s mathematics is associated with increased attainment (e.g., Cross et al., 2009),
although a recent review suggests that the results are mixed (Napoli & Purpura, 2018).
Moreover, there is very little evidence about effective ways of increasing parental
engagement that have an impact on children’s attainment. Two relatively recent reviews
carried out by Greg Brooks and colleagues (Brooks et al., 2008; Cara & Brooks, 2012) identify
very little robust evidence about family numeracy programmes. We identified only two
relevant studies in our searches, although both were very small scale. Cheung & McBride
(2017) found a positive effect for an intervention in China encouraging parents to play
numerical board games with their children, whilst Colliver’s (2018) intervention encouraging
mathematical play between parents and children showed a negative effect on learning.
Nevertheless, two expert-judgment-based reviews address parental involvement. Cross et al.
(2009) cite evidence indicating that parents spend very little time on mathematics with their
children and suggest ways in which families can engage in numeracy and other mathematical
activities. Dooley et al. (2014) place a great deal of emphasis on developing a partnership
between educators and parents about children’s mathematics. However, as noted above,
there is very limited evidence about how to intervene to support effective parental
involvement in children’s numeracy.
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Evidence base:

We judge the experimental evidence supporting interventions or strategies to support
transitions to be minimal.

Aspects of quality of the | Grade | Notes

body of available

evidence

Number of original 1 2

studies

Methodological quality 1 Very small scale

of the original studies

Consistency of results N/A Too few studies to make judgment; varied
interventions

Reporting bias N/A Not known

Evidence from 1 "Theoretical" and expert-based support for

systematics reviews and working with parents, although not for specific

best evidence syntheses interventions. Correlational studies show mixed
evidence

Overall Quality of 0 Minimal

Evidence judgment

Relevance:

The relevance of the evidence is judged to be minimal.

Threat to relevance Grade | Notes

Where and when the N/A Too few studies to make judgment
studies were carried out

How the interventions N/A Too few studies to make judgment

were defined and
operationalised

Any focus on particular N/A Too few studies to make judgment
topic areas
Age of children /phase N/A Too few studies to make judgment
of education

Ease of implementation | N/A Too few studies to make judgment
Overall relevance 0 Minimal
judgment

61



There is very little evidence about the effectiveness of problem solving, although we consider
that educators should encourage children to engage in reasoning and to tackle non-routine
and challenging tasks.

Findings:

In an earlier review of mathematics teaching at Key Stages 2 and 3, Hodgen et al. (2018)
identified a body of work that focused on the use of problem solving. However, in the
searches for this current review, we identified few studies that explicitly addressed problem
solving. In fact, despite a strong focus on challenge in several whole-curriculum interventions,
only Oxford Mathematics Reasoning explicitly mentioned problem solving (see Worth et al.,
2015). One potential reason may be that the term ‘problem’ is sometimes used simply to
indicate a task, such as (in the US) any kind of ‘word problem’, whereas in other contexts it
implies a task with a certain degree of challenge. Hence, the Building Blocks intervention does
refer to ‘problem solving’ but includes it as just one type of activity within the overarching
theme of mathematising (Clements et al., 2011). For standard word problems, Hembree’s
(1992) meta-analysis finds that representations and manipulatives are helpful for young
children, although he also finds that the value of these problems per se increases with
children’s cognitive development. However, there is a great deal of support from the best-
evidence syntheses and expert-judgment-based reviews for the value of children setting their
own problems, for educators ensuring an appropriate level of mathematical challenge for
children and for problems as a vehicle for assessment and learning (see, e.g., Clements et al.,
2013; Cross et al., 2009, Deans for Impact, 2019; Dooley et al., 2014; Frye et al., 2013). In our
judgment, rather than referring to ‘problem solving’ per se, it may be better to emphasise the
characteristics of productive ‘problem solving’, such as encouraging children to reason,
engaging children in non-routine tasks and setting children suitable challenges.
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Evidence base:

We judge the experimental evidence supporting the use of problem-solving to be minimal.

Aspects of quality of the | Grade | Notes
body of available
evidence

Number of original N/A
studies
Methodological quality N/A
of the original studies

Consistency of results N/A

Reporting bias N/A

Evidence from 1 Theoretical and expert-based support for use
systematics reviews and (and importance) of problem-solving.

best evidence syntheses

Overall Quality of 0 Minimal

Evidence judgment

Relevance:

The relevance of the evidence is judged to be minimal.

Threat to relevance Grade | Notes

Where and when the N/A Too few studies to make judgment
studies were carried out

How the interventions N/A Too few studies to make judgment

were defined and
operationalised

Any focus on particular N/A Too few studies to make judgment
topic areas
Age of children /phase N/A Too few studies to make judgment
of education

Ease of implementation | N/A Too few studies to make judgment
Overall relevance 0 Minimal
judgment
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There is widespread consensus on the need for high-quality professional development.
However, there is very limited evidence on effective approaches to professional development.
Some evidence from expert-judgment-based reviews suggests that coaching together with
instructional feedback may be effective, particularly for manualised, or well-described,
interventions. Additionally, professional development should address educators’ knowledge in
three areas: content knowledge of mathematics, pedagogical content knowledge in
mathematics and knowledge of children’s mathematical development.

Definitions:

Content knowledge (CK) is used to refer to an educator’s knowledge of mathematics, more
specifically for this review, the mathematics in the Early Years and Key Stage 1 curricula.

Pedagogical content knowledge (PCK) is a term originally coined by Lee Shulman to refer to
the knowledge a teacher (or other educator) needs to teach a particular subject area above
and beyond the usual content knowledge that a non-educator in that domain would have. In
mathematics, this may include some knowledge about connections between mathematical
concepts (e.g. Askew et al., 1997), knowledge of children’s development and likely difficulties
or misconceptions, different approaches to solving problems or tasks, and knowledge of how
classroom tasks connect to mathematical ideas (e.g., Baumert et al., 2010).

Findings:

In an earlier review focused on Key Stages 2 and 3 mathematics, Hodgen et al. (2018)
highlighted a paucity of evidence relating to effective professional development for teachers.
The evidence for Early Years and Key Stage 1 educators is even weaker. Nevertheless, there
is widespread consensus amongst both professional experts (e.g.,, ACME, 2016) and
researchers (e.g., Dooley et al., 2014, on the need for high-quality professional development).
Few studies focus exclusively on the effects of professional development without an
accompanying teaching intervention to be implemented with young children. As a result, it is
difficult to isolate and, thus, assess the specific impact of professional development. There is
also very limited direct evidence on the effect of teacher (or other educator) mathematical
knowledge (or pedagogical content knowledge) on young children’s learning. However, our
review does provide some evidence relating to professional development and teacher
knowledge.

First, several of the best evidence syntheses and expert reviews all point to the importance
of professional development and suggest ways in which professional development is likely to
be more effective. However, all draw heavily on studies with teachers of older children to
support their arguments, and hence these findings are largely based on expert inferences
from research rather than being directly supported by either correlational or experimental
evidence. Dooley et al. (2104), for example, highlight lesson study and the importance of
developing teachers’ mathematical knowledge. Clements et al. (2013) argue that often
professional development for the teachers of young children is “too unfocused, too

64



superficial, too brief, too sporadic, and without adequate support or follow through” (p.28).
To counter this, professional development for teachers of young children should focus on
integrating mathematics knowledge for teaching, the psychology of mathematical
development and mathematical pedagogy (or didactics). Clements et al. place considerable
emphasis on the role of coaching, real-time corrective feedback and the benefits of using
learning trajectories to support teachers’ knowledge. They also argue for the importance of
learning from interventions that have been successfully scaled up, such as Building Blocks,
which takes a research-informed approach to professional development and coaching
(Sarama et al., 2007). Cross et al. (2009) cite Yoon et al.’s (2007) meta-analysis of the impact
of teacher professional development on attainment, which found that the effective
professional development programmes that they reviewed averaged 53 contact hours in a
period of 4 months to a year, which is substantially more contact time than typically available
to Early Years teachers. Only one of the identified studies, Cognitively Guided Instruction
(Carpenter et al., 1989), addresses mathematics in settings relevant to Early Years or Key
stage 1. However, substantial contact time in and of itself does not appear to be sufficient for
effective professional development (and nor does it appear to be strictly necessary, judging
by the PD contact time in several of the interventions identified for this review). As we have
already noted, a large number of the interventions in this review included professional
development and/or coaching for teachers or other adults. In some cases, this professional
development was relatively substantial (e.g., for Building Blocks, teachers received 13 days of
training plus individual coaching), but, in other cases, face-to-face training was relatively
limited. One common feature of several effective programmes was coaching with
instructional feedback (see also, Kraft et al.’s, 2018, meta-analysis of coaching for educators).

Second, although not included in our main database, three studies that we identified in our
searches directly address professional development. Sarama et al. (2007) investigated the
effects of a scale-up programme for Building Blocks, the TRIAD approach, which involved
professional development and coaching coupled with strategies to encourage support from
school principals on fidelity to the programme. They found evidence to support the TRIAD
approach, although this was not isolated from the effects of the Building Blocks intervention.
Piasta et al. (2015) compared Early Years educators who were randomly assigned to three
conditions, each with 64 contact hours: one of two intervention groups addressing either
mathematics or science knowledge, using an approached based on Hirsch & Wiggins’s (2009)
core knowledge curriculum, or an active equivalent time control group focused on arts and
creativity education. Children taught by participants in the science group made gains
compared to the control, but children taught by those in the mathematics group did not. This
suggests that solely addressing mathematics knowledge may not be sufficient and that, as
Clements et al. argue, effective professional development needs to integrate mathematics
knowledge with knowledge of children’s mathematical development and of effective
mathematical pedagogy. It is not sufficient simply for educators to have mathematical
knowledge; in order to use this knowledge in the classroom they need knowledge of how
children learn and the errors they make, as well as of how to intervene pedagogically to
support young children’s mathematical development (see also, Cross et al., 2009).

Finally, some research suggests that access to some expertise in mathematics education is an

important factor in successful professional change (e.g., Millet et al., 2004; see also Spillane,
1999). Robinson-Smith et al. (2018) evaluated the Maths Champions programme, which
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supports a mathematics expert practitioner in Early Years settings to design and implement
an action plan for improving mathematics teaching. This evaluation found a small effect for
the programme. However, it is possible that this effect may be related to the focus of the
intervention on the mathematics action plan. A wider and more substantial programme to
support mathematics expert teachers in all primary schools was introduced in England in 2010
as a result of the Williams (2008) Independent Review of Mathematics Teaching in Early Years
Settings and Primary Schools. Intended to eventually address mathematics expertise in all
primary schools, the programme involved extended university-led training and, initially,
substantial financial incentives to teachers. However, despite widespread support for the
programme, an independent evaluation found no effects on children’s attainment, although
there were effects on children’s confidence, but mainly in the participants’ own classes
(Walker et al., 2013).

In summary, although the evidence base is weak, it is possible to draw some tentative
conclusions about professional development for educators of young children (and other Early
Years practitioners). Professional development contact time does matter, but it is not
sufficient. This review suggests that designing effective professional development is not
straightforward and that coaching together with feedback may be important. In our
judgment, there is some justification for Clements et al.’s (2013) call for professional
development that integrates knowledge of mathematics, of children’s mathematical
development and of mathematics pedagogy.

Links to other strands:

Professional development is a feature of most interventions in this review.
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Evidence base:

We judge the experimental evidence supporting the findings for both professional
development and teacher (or other educator) mathematical knowledge to be minimal,
although, in our judgment, professional development is a key component to enabling
educators to use strategies or implement interventions effectively.

Aspects of quality of the | Grade | Notes
body of available
evidence

Number of original 0 No studies
studies
Methodological quality | N/A N/A
of the original studies
Consistency of results N/A N/A

Reporting bias N/A N/A

Evidence from 1 Consensus on the need for high-quality PD, but

systematics reviews and less consensus on what constitutes high-quality

best evidence syntheses PD. Some expert support for instructional
coaching

Overall Quality of 0 Minimal

Evidence judgment

Relevance:

The relevance of the evidence is judged to be minimal.

Threat to relevance Grade | Notes

Where and when the N/A Too few studies to make judgment
studies were carried out

How the interventions N/A Too few studies to make judgment

were defined and
operationalised

Any focus on particular N/A Too few studies to make judgment
topic areas
Age of children /phase N/A Too few studies to make judgment
of education

Ease of implementation | N/A Too few studies to make judgment
Overall relevance 0 Minimal
judgment
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There is very little evidence about approaches, or interventions, relevant to supporting
children’s transition in mathematics from Early Years to Key Stage 1, or from Key Stage 1 to
Key Stage 2.

Findings:

We identified no studies of interventions relevant to the transition from Early Years to Key
Stage 1, or from Key Stage 1 to 2, that met the criteria for inclusion in our reviews. Several of
the expert-judgment-based reviews argue that in order to facilitate successful and productive
transitions, educators need to communicate about children’s mathematical learning and to
adopt coherent approaches to teaching across the phases (e.g., Dooley et al., 2014; see also
Geudet et al., 2016). Clements et al. (2013) note that the effects of mathematics interventions
tend to fade away over time and argue that it is therefore important to explicitly follow
through on these programmes in more formal schooling at Grade 1 (Year 2) and beyond.
However, as Verschaffel et al. (2017) observe, although there is widespread consensus
amongst policymakers, professionals and academics on the importance of greater alignment
between phases, there is very little evidence about the benefits of this.

Evidence base:

We judge the experimental evidence supporting interventions or strategies to support
transitions to be minimal.

Aspects of quality of the | Grade | Notes
body of available
evidence

Number of original 0 0
studies
Methodological quality | N/A N/A
of the original studies
Consistency of results N/A N/A

Reporting bias N/A N/A

Evidence from 1 "Theoretical" and expert-based support for
systematics reviews and 'consistency' across transitions. Correlational
best evidence syntheses studies with older children.

Overall Quality of 0 Minimal

Evidence judgment
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Relevance:

The relevance of the evidence is judged to be minimal.

Threat to relevance

Grade

Notes

Where and when the
studies were carried out

N/A

Too few studies to make judgment

judgment

How the interventions N/A Too few studies to make judgment
were defined and

operationalised

Any focus on particular N/A Too few studies to make judgment
topic areas

Age of children /phase N/A Too few studies to make judgment
of education

Ease of implementation | N/A Too few studies to make judgment
Overall relevance 0 Minimal
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This was a rapid evidence review drawing on the literature related to Early Years and Key
Stage 1 mathematics in England. In many other educational systems, these are termed Pre-
kindergarten / Kindergarten and Grade 1, respectively.

Research Question and Aims

This review was commissioned in order to inform the production of an evidence-based
guidance report for educators, schools and other Early Years educational settings. The review
aimed to answer the following research question:

What is the evidence on the effectiveness of classroom-based interventions for improving
mathematical learning of children in Early Years and Key Stage 1 settings?

For the purposes of this review, interventions are defined as changes to existing classroom
practice (Simms et al., 2019), which are sufficiently well-described to be implemented by
educators in the Early Years or Key Stage 1. In response to specific queries raised by the panel
responsible for writing the guidance, we additionally examined evidence about interventions
that went beyond the strict classroom-based focus in three areas: Professional development
and teacher (or educator) knowledge; Interventions to support transitions; and Parent and
family numeracy programmes. We found no evidence relating to a further intervention:
grouping by attainment.

A Rapid Review

While methods for rapid reviews vary significantly, our approach allowed us to quickly assess
what is currently known about practice in the field and to update a previous US review of
research (Frye et al, 2013) while using systematic review methods (e.g., Cooper, 2010). Our
approach largely maintains the expected standards of a systematic review: it is rigorous,
transparent, reproducible, based on explicit inclusion/exclusion criteria, and provides both
guantitative and qualitative synthesis. Nevertheless, there are limitations to our approach
due to the rapid timescale. In particular, we were not able to contact authors systematically
to request additional information or clarification of the results in the published studies.
Additionally, we did not have sufficient time to register and publish our review protocol in
advance.

We judged a rigorous rapid review to be possible because a number of related reviews have
recently been carried out: Frye et al.’s (2013) review for the US What Works Clearinghouse
(WWC) examining the teaching of young children aged 4-8, and Simms et al.’s (2019) review
of primary mathematics. This enabled us to focus our literature searches on a relatively tight
timeline (2012-2019) as well as making use of the search strategies and approaches of these
existing reviews. In addition, we could build on two recent secondary meta-analyses of
mathematics for older pupils: Hodgen et al.’s (2018) review of mathematics teaching at Key
Stages 2 and 3, and Hodgen et al.’s (2020) review of mathematics teaching for low-attaining
pupils at Key Stage 3. Although these reviews focused on older pupils, the literature reviewed
included studies conducted with younger children. Hence, we could ‘unpack’ the primary
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meta-analyses to identify additional relevant literature and examine the extent to which the
general findings of these primary meta-analyses applied specifically to younger children.

Given the rapid timescale for the review, our main focus was on the effects of different
interventions on attainment (rather than on attitudes or other non-cognitive outcomes).

Review outcomes

We present evidence from our review under ‘strand’ headings (see below), with each strand
representing a key theme in the field. For each strand, our rapid review allowed us to produce
two outputs:

1. A meta-analysis (where appropriate) of interventions
2. A narrative review of intervention studies

The strands —i.e. the key themes relevant to our review — were developed using an iterative
approach, with the strand list refined during the data search and extraction processes. As a
starting point, we drew on three sources:

1. Guidance from the Expert Panel as to areas they wished us to examine

2. The strand (or module) list developed for Hodgen, J., Foster, C., Marks, R., & Brown,
M. (2018). Evidence for Review of Mathematics Teaching: Improving Mathematics in
Key Stages Two and Three: Evidence Review. London: Education Endowment
Foundation;

3. Expertise within the team in mathematics teaching and learning in Early Years and Key
Stage 1.

As literature were sourced and coded, we reviewed and discussed as a team where strands
could be expanded or combined or where new strands needed to be added. Strands were
grouped into topic areas and intervention types. Studies could be coded to multiple strands.
Interventions were also coded according to the mathematical topic addressed: Number &
calculation; Shape, space & measures; Both number and geometry / spatial reasoning; Other
(e.g., early algebra, such as patterning).

Data types
Our review is based on three categories of data/literature:

1. Best Evidence Syntheses, Meta-Analyses and Systematic Literature Reviews, including
Expert Judgment-Based Reviews.

2. RCT (Randomised Controlled Trial) and QED (Quasi-Experimental Design) studies of
interventions, published since 1/1/2012 (chosen because Frye et al, 2013, reviewed
literature published up to December 2011). The full papers for studies that met our
inclusion criteria were sourced for the review. Our focus on RCT and QED studies is
because such studies provide robust evidence of the effects of an intervention by
comparing a group receiving the intervention with a control group who do not.
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3. RCT and QED studies of interventions, included in the meta-analyses above, published
between 2000 and 2011, and with sufficient data to enable the extraction of an effect
size that could be aggregated together with the post-2012 intervention studies using
meta-analysis. These studies were only accessed indirectly through the meta-
analyses, not through the original papers. This enabled us to extend the database of
studies while carrying out the review within the rapid timescale.

Datasets

In order to assess the literature in a timely manner we drew on four existing substantial
datasets in addition to our own searches as presented in the table below.

Publications sourced through these existing datasets were recorded within the appropriate
database:

1. Best Evidence Syntheses / Systematic reviews / Meta-Analyses

Individual RCT and QED studies (published since 1/1/2012)

3. Individual studies (published between 2000 and 2011) where data was extracted from
existing published meta-analyses

N

Within each database, strict notes were kept detailing the original source of the publication;
i.e., the existing dataset it was identified within and/or the original meta-analysis from which
an individual study was extracted.
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Existing dataset

Extent / coverage of existing
dataset

How we used the dataset

Frye, D., Baroody, A. J.,
Burchinal, M., Carver, S. M.,
Jordan, N. C., & McDowell, J.
(2013). Teaching math to young
children: A practice guide (NCEE
2014-4005). Washington, DC:
National Center for Education
Evaluation and Regional
Assistance, Institute of
Education Sciences, U.S.
Department of Education.

e |dentified 79 studies
evaluating instructional
practices (with 29 meeting
the What Works Clearing
House stringent criteria)

e Covered preschool, pre-
kindergarten and
kindergarten (ages 3-6)

e Included studies published
between 1989-2011

e Focused predominantly on
US-based studies

i Used to establish
knowledge base (in line
with EEF guidance for this
rapid review) to the end of
2011, providing a baseline
for the present review.

Simms, V., McKeaveney, C.,
Sloan, S., & Gilmore, C. (2019).
Interventions to improve
mathematical achievement in
primary school-aged children.
London: Nuffield Foundation.

e  Systematic review of 80
primary RCT and QED
studies

e Covered 4-11 age-range

e Included studies published
between 2000-2017

e  Excluded studies where
children were screened to
assess their need for the
intervention (due, for
example, to low
attainment)

i Examined authors’ original
complete dataset (531
studies) to identify relevant
RCT/QED studies:

a) Covering 3-7 age-range

b) Published 2012-2017

c) Studies in non-school
contexts (e.g., Early Years
settings)

d) Studies in which children
were screened

i. Amended authors’ search
strings to address our RQs
and extend search to April
2019

Hodgen, J., Foster, C., Marks, R.,
& Brown, M. (2018). Evidence
for Review of Mathematics
Teaching: Improving
Mathematics in Key Stages Two
and Three: Evidence Review.
London: Education Endowment
Foundation.

e Secondary meta-analysis of
66 meta-analyses and 56
other studies

e Covered meta-analyses
judged relevant to the 9-14
age-range (and, as a result,
many of the meta-analyses
included studies with
younger children)

e Included meta-analyses
published between 1970-
2017

i Identified meta-analyses
from original dataset which
included 3-7 age-range
(may have gone beyond,
e.g. K-G8) including re-
assessment of excluded
meta-analyses

i. Extracted original studies
from (i) which met our
inclusion criteria

i. Amended authors’ search
strings to address our RQ
and extend search to April
2019

Hodgen, J., Brown, M., & Coe, R.
(2020). Low attainment in
mathematics: an investigation of
Year 9 students. London:

Nuffield Foundation.

e  Analysis of 76 meta-
analyses and 31 systematic
reviews

e Covered meta-analyses
judged relevant to low-
attainers in the 11-14 age-
range

e Included meta-analyses
published between 1970-
2018 (note overlap with (2)
above)

i Identified meta-analyses
from original dataset which
included 3-7 age-range
(may have gone beyond,
e.g. K-G8) including re-
assessment of excluded
meta-analyses

i Extracted original studies
from (i) which met our
inclusion criteria
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Systematic search

In addition to drawing on the existing datasets detailed above, we also conducted our own
systematic searches. There were two reasons for this:

1. Toensure search strings and results captured the agreed foci of our review, and hence
triangulate and validate the existing search strategies;
2. To update existing datasets to include literature published up to April 2019.

Our searches involved four phases:

Phase 1: Updating and extending the search results of existing datasets (3) and (4) to identify
further meta-analyses relevant to the present review and from which individual studies could
be extracted

Phase 2: First run of systematic search for RCTs/QEDs and systematic reviews/Best Evidence
Syntheses based on amended versions of search strings used in existing datasets (2) and (3).

Phase 3: Second run of systematic search for RCTs/QEDs and systematic reviews/Best
Evidence Syntheses based on amended versions of search strings used in Phase 2 and updated
to included emerging ‘strands’ and guidance from the Expert Panel.

Phase 4: Additional searches of material not picked up in Phases 1-3 including the Education
Endowment Foundation (EEF) and What Works Clearing House (WW(C) reports in addition to
further recommendations of known reviews from the expert panel.

See Appendix 1 for more details on the search processes.
Inclusion Criteria
For RCTs and QEDs we applied the following inclusion criteria:

e Focused on mathematics (including numeracy, geometry and spatial reasoning)

e Concerned with teaching or pedagogy or strategy (i.e., exclude studies simply about
children’s learning)

e Has a ‘well-described’ intervention (or change to / deviation from teaching practice)
that could be implemented (or initiated) by teachers or other adults working in Early
Years or Key Stage 1 settings

e Study design involves a control group

e Conducted with children aged 3-7

e Conducted with an Early Years or Key Stage 1 setting (i.e. nursery, pre-school,
reception class, school) but excluding home, child-minder and ‘out of school’ settings
such as museums (but include nursery or school-led initiatives to help parents or
carers work on maths with their child)

e Published since January 2012 (‘grey’ literature included)

e Not focused solely on pupils with Emotional and Behavioural Difficulties

e Written in English
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Coding and data extraction

We entered all publications identified through re-analysis of existing datasets and through
our searches into three separate spreadsheets representing our data categories, with a
detailed record kept of the source of all citations:
1. Systematic reviews / Best Evidence Syntheses / Meta-Analyses
2. RCT (Randomised Controlled Trial) and QED (Quasi-Experimental Design) studies of
interventions (including studies where data was extracted from existing meta-
analyses)

Meta-analyses and Systematic reviews / Best Evidence Syntheses

We entered each meta-analysis and systematic review / BES into a spreadsheet capturing
basic publication information (e.g. author(s), year of publication, title, etc.), search source and
demographic information (country, ages of pupils included, area of mathematics).

From the demographic information, abstracts, and, where necessary, reading the full papers,
we identified 22 of the 102 meta-analyses which addressed our review foci, although only 3
exclusively addressed the Early Years and KS1 phases.

We constructed a further spreadsheet with a separate sheet for each strand. The 22 identified
meta-analyses were allocated to these strands (with some meta-analyses coded to two or
more strands). One member of the team ‘unpacked’ each of the 22 meta-analyses and
identified the underpinning studies in each which met our inclusion criteria (see inclusion
criteria in systematic search phase 2). We identified 101 individual RCTs/QEDs which met our
inclusion criteria from the 22 ‘unpacked’ meta-analyses. For each of these 101 studies, we
extracted the effect sizes (ES) as given in the meta-analyses (as opposed to reading the
original study). Any concerns or limitations in the meta-analysis or extracted studies were
additionally noted at this stage.

Another member of the team applied our inclusion criteria to the systematic review / BES
spreadsheet, identifying 11 publications which met our review foci. These publications were
used in the narrative on the strands only; individual studies were not extracted from these
reviews.

Individual studies (RCTs and QEDs)

We entered each individual study into a spreadsheet capturing basic publication information
(e.g. author(s), year of publication, title, etc.), search source and demographic information
(country, ages of pupils included, area of mathematics).

The studies identified through our systematic searches were allocated to five members of the
team, with 10% of the studies each being allocated to two members of the team for the
purpose of inter-coder checks. Each team member checked the demographic information for
their studies and identified whether the study met our inclusion criteria. Any uncertainties
were flagged for discussion as a team. The team identified 96 publications from our individual
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searches which met the inclusion criteria. For each of these publications, full study
information was extracted from the papers and detailed in the spreadsheet. Two team
members checked the 10% of entries allocated for inter-coder checks for consistency of
extraction and completion of the spreadsheet. Team discussions were held to address any
discrepancies.

Extraction set Details
Basic publication information Author(s)

Year of publication

Title

Reference

Abstract

Publication type
Search source Dataset or systematic search
Strands Identifying which topic and intervention strand(s) the study related to
Experiment type RCT, QED, Other
Demographics Includes intervention (yes/no)?

Conducted at scale (yes/no)?

Involves maths or geometry (yes/no)?

Covers Key Stage 1 (5-7 years, G1)?

Covers EY (PK/K)?

Country study was conducted in

Effect size statistics ES extracted from paper (if available)

Number (intervention and control groups)
Number of clusters (intervention and control)
Low (ClI-) and High (Cl+)

Standard error

Variance

Difference in Means (if pre/post not given)
Pre-test mean and SD (intervention and control)
Post-test mean and SD (intervention and control
Intervention name e.g. Building Blocks, Big Maths for Little Kids
Coding notes

Effect sizes from the 101 individual studies ‘unpacked’ from the meta-analyses were added
to our individual studies spreadsheet (with ES data taken from the related meta-analysis),
giving 197 studies. Of these, 25 were duplicates (i.e. they occurred in both our systematic
search and in the unpacked meta-analysis studies) leaving 172 individual studies.

Meta-analysis

Of the 172 individual studies, 57 were excluded from the meta-analysis due to insufficient
data to extract or calculate a comparable ES, leaving 115 studies. Of these, 14 were
published pre-2012 and 102 in 2012 or later. In general, to calculate an ES we required
descriptives (means and SDs) for pre- and post-test for both intervention and control

groups, although we exercised judgment on studies without pre-test information.

See Appendix 2 for a flowchart providing an overview of the process.
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Data analysis

As noted previously, we used the identified studies and the data extracted from them to
produce two outcomes for each strand:

1. A meta-analysis (where appropriate) of interventions
2. A narrative review of intervention studies

Meta-analysis was conducted using the R package “metafor" (Viechtbauer, 2010), with a
random-effects model, and the code used is provided in Appendix 3. The results of the meta-
analyses are presented as forest plots in Appendix 5.

In producing a narrative for each strand we included some individual studies which were
excluded from the meta-analysis due to insufficient information. We also drew on the, albeit
limited, systematic reviews and BES examining the strand area. This was particularly
important in strands where the evidence from interventions studies was limited (such as
interventions to support play or executive functions).

A first draft of each strand was written by one member of the research team, then reviewed
by other team members. Disagreements were resolved through discussion.

The quality (or strength) and relevance of the evidence base

Both the quality (or strength) of evidence and the relevance of the evidence for each strand
were assessed using a procedure based on the GRADE system in medicine (Guyatt et al.,
2008). This is an expert judgment-based approach that is informed, but not driven, by
quantitative metrics (such as number of studies included).

The judgments about the quality (or strength) of evidence took account of the number of
original studies, the methodological quality of the original studies, consistency of results
across the studies, any reporting bias and the extent to which the findings were supported
additionally by the systematic reviews and best evidence syntheses.

The judgments about relevance of the evidence and findings took account of where and when
the studies were carried out, how well the interventions were defined and operationalised,
any focus on particular topic areas, the age of children involved and the ease of

implementation.

Members of the research team each independently gave a for each aspect, then used this to
make a judgment about an overall rating. Disagreements were resolved through discussion.

See Appendix 4 for further details of this process.
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Best Evidence Syntheses, Systematic Reviews, Expert Judgment-based Review and Existing
Meta-analytic Reviews:
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The systematic search was carried out in four phases as follows.

Phase 1

This phase of the systematic search focused on updating our meta-analyses database. We
took the search strings used in Dataset 3 (see Hodgen, Foster, Marks, & Brown, 2018,
Appendix 15 pp.153-199). From these, we:

Identified and excluded all search terms/strings irrelevant to the present review (e.g.
those focussed on strands or age-phases sitting outside of the foci of our present
review);

Removed all search strings developed to identify "research review" OR "research
synthesis" OR "review of research" (due to focus on meta-analytic studies);

Added in new search terms to address the strand foci of the present review.

From this we produced the following search terms. All permutations were combined in
developing our search strings.

Specific

General

Original search terms

New search terms

Literature Type

mathematic*
math*
numeracy
arithmetic
education
pedagogy
intervention*
strateg*
teach*
learn*
instruction

concrete apparatus
diagram*
imagery
manipulative
mastery
professional
development
resource*
textbook*
transition
visualization*

co-operative Learning
direct instruction
explicit instruction
feedback
group-work
heuristic*
metacognition
parent*

play
self-instruction
self-regulation

a meta-analysis

a meta-analytic
meta-analysis
meta-analytic
guantitative synthesis

student centred
tutor*

For search strings including original specific search terms (column 2) we used a date range of
March 2017 to April 2019 to account for this search building on previous datasets. For search
strings including new specific search terms (column 3) we used a date range of 1970 to April
2019 to account for this search adding to previous datasets.

All search strings were run as full text searches across multiple databases and search engines:

ArticleFirst OCLC

British Education Index

Child Development & Adolescent Studies
ECO

Education Abstracts

EducatiOnline

ERIC

Erikson Early Math Collaborative

Google / Google Scholar
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JSTOR

MathSciNet via EBSCOhost
PapersFirst OCLC

PEDAL

ProQuest

PsycARTICLES

PsycINFO

Teacher Reference Center

Additional hand-searches were also made of review journals from March 2017 — April 2019:

Educational Research

Educational Research Review
Educational Researcher

Review of Educational Research
Review of Research in Education
Review of Education

Open Review of Educational Research

Inclusion criteria for meta-analyses were developed from the inclusion/exclusion criteria used
within dataset (3) in addition to the specific inclusion criteria covering other phases of this
systematic review:

Focused on mathematics (including numeracy, geometry and spatial reasoning)
Concerned with teaching or pedagogy or strategy (i.e. exclude studies simply about
children’s learning)

Included children aged 3-7 (possibly as part of a broader review)

Included / relevant to an Early Years or Key Stage 1 setting (i.e. nursery, pre-school,
reception class, school) but excluding home, child-minder and ‘out of school’ settings
such as museums (but include nursery or school-led initiatives to help parents or
carers work on maths with their child)

Published since 1970 / 2017 (see above) re. original and new specific search terms
Not focussed solely on pupils with EBD (e.g. Losinski, M. L., Ennis, R. P., Sanders, S. A.,
& Nelson, J. A. (2019). A Meta-Analysis Examining the Evidence-Base of Mathematical
Interventions for Students With Emotional Disturbances. The Journal of Special
Education, 52(4), 228-241.)

Written in English

We used these inclusion criteria to assess the citations amassed from the searches. We
assessed citations on the basis of their titles wherever possible and on abstracts where
required. Papers were not accessed or read at this stage.
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Phase 1 of our systematic review produced the following additions to our database:

Google Scholar and hand journal
searches]

Search string Search dates Hits New extracted | Remaining
on title (i.e. not | after initial
in existing cleaning /
database) removal of

duplicates

Search strings including original March 2017 — 1038 54

specific search terms [Databases, April 2019

Google Scholar and hand journal

searches] 56

Search strings including new 1970 — April 2180 17

specific search terms [Databases, 2019

Systematic search: Phase 2

Phase 2 of the systematic search focused on updating our RCT and QED individual studies
database, updating our Systematic Review database and on capturing any relevant meta-
analyses not picked up on Phase 1.
We took the search string used in Dataset 2 (see Simms, McKeaveney, Sloan, & Gilmore, 2019,

p.9). From this, we:

e Re-ran the Dataset 2 search string in its original form with the date range of January
2017 — April 2019 in order to capture studies published post the search date of the

original dataset

e Amended the ‘population” element of the Dataset 2 search string to focus on the
population of our present review, namely Early Years and Key Stage One, with the date
range of January 2012 to April 2019 to capture studies published post Dataset 1 (the
baseline for our present review)

We also took the search string used in the original Dataset 3 (as in Phase 1, but including all

review search terms), and:

e Amended the ‘population” element of the Dataset 3 search string to focus on the
population of our present review, namely Early Years and Key Stage One
e Included all original and new specific search terms (as detailed in Phase 1) and added
further specific search terms (talk, discussion and outdoor exploration) following
discussion with the Expert Panel/EEF
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From the above, we produced three separate search strings:

with amended
population
and foci

Source Date range of | Search string
search
Original January 2017 (Primary OR Elementary OR Kindergarten* OR “Grade 1” OR “Grade 2”, “Grade 3", “Grade
”ou " * * * * * H *
Dataset 2 to April 2019 4 . Grade 5”) AND (school* OR educeLt OR class OR"teach OR learn QR mstr.uct OR
i train* OR program*) AND (Math* OR “Number Sense” OR Numer* OR Arithmetic* OR
search string counting OR addition OR subtraction OR multiplication OR division OR Adding OR Geometry
OR fractions OR algebra OR "place value") AND (Achieve* OR “Standardi* Test” OR Anxiety
OR Attitud* OR “Self-Efficacy” OR Confidence OR Enjoyment) AND (Trial OR RCT OR Quasi
OR Random* OR “Control Group” OR “Post Test” OR experimental)
Dataset 2 January 2012 (“Early Years” OR Reception OR Nursery OR “Foundation Stage”) AND (school* OR educat*
. . OR class* OR teach* OR learn* OR instruct* OR train* OR program*) AND (Math* OR
search strin to April 2019
R g P “Number Sense” OR Numer* OR Arithmetic* OR counting OR addition OR subtraction OR
with amended multiplication OR division OR Adding OR Geometry OR fractions OR algebra OR "place
population value") AND (Achieve* OR “Standardi* Test” OR Anxiety OR Attitud* OR “Self-Efficacy” OR
Confidence OR Enjoyment) AND (Trial OR RCT OR Quasi OR Random* OR “Control Group”
OR “Post Test” OR experimental)
Dataset 3 January 2012 (“Early Years” OR Reception OR Nursery OR “Foundation Stage” OR Elementary OR
. . : * AR “ » AR “ ” AR ” AR “ ”
search string to April 2019 Kindergarten* OR “Grade 1” OR “Year 1” OR “Year 2” OR “Key Stage One”) AND

(mathematic* OR math* OR numeracy OR arithmetic OR education OR pedagogy OR
intervention* OR strateg* OR teach* OR learn* OR instruction) AND (manipulative OR
“concrete apparatus” OR imagery OR visualization* OR diagram* OR textbook* OR
resource* OR “professional development” OR parent* OR play OR mastery OR transition OR
“explicit instruction” OR “direct instruction” OR tutor* OR heuristic* OR feedback OR “self-
instruction” OR “metacognition” OR “self-regulation” OR “co-operative learning” OR “group
work” OR “student centred” OR “outdoor exploration” OR talk OR discussion) AND (“a meta-
analysis” OR “a meta-analytic” OR “meta-analysis” OR “meta-analytic” OR “quantitative
synthesis” OR “best evidence synthesis” OR “systematic review” OR “research review” OR
“research synthesis” OR “review of research”)

Each search string was run for full text searches across multiple databases and search engine
as detailed in Phase 1. Additional hand-searches were also made of relevant journals in
mathematics education and early childhood education / development from March 2017 to

April 2019.

For located meta-analyses and syntheses, the same inclusion criteria / process as in Phase 1
was employed. For RCTs and QEDs we applied the following inclusion criteria:
e Focused on mathematics (including numeracy, geometry and spatial reasoning)

e Concerned with teaching or pedagogy or strategy (i.e. exclude studies simply about
children’s learning)

e Has a ‘well-described’ intervention (or change to / deviation from teaching practice)
that could be implemented (or initiated) by teachers or other adults working in Early
Years or Key Stage 1 settings

e Study design involves a control group

e Conducted with children aged 3-7

e Conducted with / relevant to an Early Years or Key Stage 1 setting (i.e. nursery, pre-

school, reception class, school) but excluding home, child-minder and ‘out of school’
settings such as museums (but include nursery or school-led initiatives to help parents
or carers work on maths with their child)

Published since January 2012

Not focussed solely on pupils with EBD

Written in English
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We used these inclusion criteria to assess the citations amassed from the searches. We
assessed citations on the basis of their titles wherever possible and on abstracts where
required. Papers were not accessed or read at this stage.

Phase 2 of our systematic review produced the following additions to our databases:

New extracted Rema.ln.lr.lg
on title (i.e. not after initial
Search string Search dates Hits . A cleaning /
in existing
removal of
database) .
duplicates
- . January 2017
Original Dataset 2 search string to April 2019 2928 82
Dataset 2 search string with January 2012
amended population to April 2019 15,883 3 134
Dataset 3 search string with January 2012 607 58
amended population and foci to April 2019

Systematic search: Phase 3

Phase 3 of the systematic search focused on further updating our RCT and QED individual
studies database, updating our Systematic Review database and on capturing any relevant
meta-analyses not picked up on Phase 1. Phase 3 was identical to Phase 2 but with
amendments to the specific search strings to reflect our growing awareness of the themes /
strands relevant to the field and further guidance from the Expert Panel. Hence, the search
strings used were:
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Source

Date range of
search

Search string

Dataset 2
search string
with amended
population
and foci

January 2012
to April 2019

(“Early Years” OR Reception OR Nursery OR “Foundation Stage” OR Elementary OR
Kindergarten* OR “Grade 1” OR “Year 1” OR “Year 2” OR “Key Stage One”) AND (school* OR
educat* OR class* OR teach* OR learn* OR instruct* OR train* OR program*) AND (games
OR construction OR pretend OR “role-play” OR “role play” OR co-construction OR
calculation OR conservation OR shape OR measures OR “data handling” OR statistics OR
“problem-solving” OR “problem solving” OR communication OR reasoning OR connections
OR misconceptions OR “working memory” OR “mathematical objects” OR “number line” OR
pictorial OR visual OR technology OR CAIl OR “computer aided instruction” OR coding OR
programming OR “programable toy” OR tablets OR integrated OR “cross-curricular” OR
“story time” OR “picture books” OR rhymes OR songs OR “language development” OR
vocabulary OR assessment OR “progress monitoring” OR intervention OR “task choice” OR
“pedagogical content knowledge” OR “teacher knowledge” OR “teaching assistant” OR “TA”
OR “home learning” OR “home environment” OR “head-start” OR “head start” OR surestart
OR “sure start” OR “early intervention” OR “Dynamic assessment”) AND (Achieve* OR
“Standardi* Test” OR Anxiety OR Attitud* OR “Self-Efficacy” OR Confidence OR Enjoyment)
AND (Trial OR RCT OR Quasi OR Random* OR “Control Group” OR “Post Test” OR
experimental)

Dataset 3
search string
with further
amended
population
and foci

January 2012
to April 2019

(“Early Years” OR Reception OR Nursery OR “Foundation Stage” OR Elementary OR
Kindergarten* OR “Grade 1” OR “Year 1” OR “Year 2” OR “Key Stage One”) AND
(mathematic* OR math* OR numeracy OR arithmetic OR education OR pedagogy OR
intervention* OR strateg* OR teach* OR learn* OR instruction) AND (games OR construction
OR pretend OR “role-play” OR “role play” OR co-construction OR calculation OR
conservation OR shape OR measures OR “data handling” OR statistics OR “problem-solving”
OR “problem solving” OR communication OR reasoning OR connections OR misconceptions
OR “working memory” OR “mathematical objects” OR “number line” OR pictorial OR visual
OR technology OR CAIl OR “computer aided instruction” OR coding OR programming OR
“programable toy” OR tablets OR integrated OR “cross-curricular” OR “story time” OR
“picture books” OR rhymes OR songs OR “language development” OR vocabulary OR
assessment OR “progress monitoring” OR intervention OR “task choice” OR “pedagogical
content knowledge” OR “teacher knowledge” OR “teaching assistant” OR “TA” OR “home
learning” OR “home environment” OR “head-start” OR “head start” OR surestart OR “sure
start” OR “early intervention” OR “Dynamic assessment”) AND (“a meta-analysis” OR “a
meta-analytic” OR “meta-analysis” OR “meta-analytic” OR “quantitative synthesis” OR “best
evidence synthesis” OR “systematic review” OR “research review” OR “research synthesis”
OR “review of research”)

The search was then run identically to that described in Phase 2 but with the date-range on
both searches running from January 2012 to April 2019.

Phase 3 of our systematic review produced the following additions to our databases:

New extracted Rema.ln.lr?g
on title (i.e. not LS (hE]
Search string Search dates Hits . R cleaning /
in existing
removal of
database) .
duplicates
Amended Dataset 2 search string January 2012 7553 197
with amended population and foci | to April 2019
- - 131
Dataset 3 search string with further | January 2012 504 39
amended population and foci to April 2019

Systematic search: Phase 4

In order to ensure our searches were comprehensive, we identified in advance a set of
studies that should be identified and included in the review. Across Phases 1 to 3 we noted
that searches were not identifying several of these studies. These included reports and
reviews published by the Education Endowment Foundation (EEF) and the What Works
Clearing House (WCC). We established that these were not identified as they are not
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included in the key academic literature databases. As a result, one member of the research

team completed the following:

Search source

Process and outcomes

Hand-searched WWC Website: Find
What Works:
https://ies.ed.gov/ncee/wwc/

Filtered by Pre-K and Mathematics & K-12 & Mathematics.
Identified studies (dated 2011 or after AND reviewed 2013
or after) AND conducted with (Pre-K, K or Grade 1)
Excluded studies focused on literacy and oracy with no
maths intervention, but where maths outcomes were
reported, but did include The Creative Curriculum for
Preschool, Fourth Edition (physical play and sand & water)
Excluded ‘global’ teacher education programmes e.g., Teach
for America (K-12) and TAP: The System for Teacher and
Student Advancement

Some repeated studies found (e.g. Scott Foresman-Addison
Wesley Elementary Mathematics already covered by Saxon
Maths study)

Included related reviews where relevant (although few
WWC webpages identified related studies)

Searched for original (key) publications where available

Searched for Best Evidence Syntheses on
Ministry of Education and related
websites in Ireland, New Zealand and
Scotland on the basis of advice from EEF
EY & KS1 Expert Guidance Panel.

This process identified 3 potentially relevant reports from
CfBT and CREC

Hand-searched EEF Website: Completed
Projects:

https://educationendowmentfoundation
.org.uk/projects-and-evaluation/reports/

Filtered completed projects by mathematics and by Early
Years and KS1: This identified 6 potential project

Analysed literature underpinning the EEF Early Years toolkit
for meta-analyses and single studies relevant to numeracy

In total, Phase 4 of our Systematic Search added 3 meta-analyses, 3 systematic
reviews/reports and 9 single studies to our databases.
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install.packages("metafor")
library(metafor)

Data <- read.csv("Metadata.csv", header = TRUE, sep=",")
Data <- Data[!(DataSExclude=="Y"),]

Data <- subset(Data, manipulatives=="Y")

DataSeffectsize <- as.numeric(as.character( DataSeffectsize))
DataSvar <- as.numeric(as.character( DataSvar))

res <- rma(yi=effectsize, vi=var, data=Data, slab=paste(author, year, sep=", "),

method="REML")

res

forest(res, xlab="Effect size (d)")

mtext(bquote(paste("Manipulatives and representations: (Q =",
.(formatC(resSQE, digits=2, format="{")), ", df =", .(resSk - resSp),
" p=",.(formatC(resSQEp, digits=2, format="f")), "; ", 1r2," =",
.(formatC(resSI2, digits=1, format="f")), "%)")))
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Quality (or strength) of evidence

This tables details how the review team made judgments about the quality of the body of
evidence about a specific type of intervention or strategy, and the extent to which the findings
are supported by a robust body of evidence. The term ‘quality’ is used in preference to
‘strength’ to avoid confusion with the size of effects. Each member of the review team made
independent judgments, which were then compared, aggregated and moderated.
Disagreements were to be discussed as a team, although, in the event, this was not necessary.

Aspects of Grade Notes

strength of [0, minimal,

evidence to 3, strong]

A: The number of e Thresholds: 20 studies, strong [3] (e.g., CAl,

original studies explicit teaching); 5 or less, low [1]; and none
as minimal [0]

e For strong grade, at least 2 studies conducted
at scale (>500 pupils in study & > 250 in
intervention group)

B: The e Sample size? Well-reported? Design

methodological appropriate (including clustered analysis)

quality of the e Ideally, we would ask whether aspects of

original studies implementation considered but | do not think
we have captured this as yet.

C: Consistency of e Are the results consistent across studies and

results across the is the intervention sufficiently similar (and

studies coherently described) across the studies? Are
any differences sufficiently well explained?

D: Any reporting e |s there any indication (or evidence) of

bias publication bias?

E: Evidence from o Do the reviews support the findings of the

systematic original studies? If not, are there good

reviews and BES reasons for the differences?

Overall judgment Make overall judgment based on above criteria,

of the strength of then moderate across the team.

evidence

Relevance to English Early Years and Key Stage 1 mathematics teaching and learning

This table details how the review team made judgments about the relevance of the specific
type of intervention or strategy to Early Years and Key Stage 1 mathematics contexts in
England. Each member of the review team made independent judgments, which were then
compared, aggregated and moderated. Disagreements were to be discussed as a team,
although, in the event, this was not necessary. Relevance is not independent of the quality of
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the body of evidence, so the overall relevance grading cannot be more than one grade higher
than than the quality of evidence grading.

when the studies
were carried out

Aspects of Grade Notes
relevance [0,
minimal, to
3, high]
A: Where and e Were any (a large proportion of?) studies

carried out in England? Should we have
thresholds for this (which would need to be
low to be operationally useful in discriminating
between strands)?

o Were the studies carried out in educational
systems or contexts judged to be similar to
England (either similar overall or similar for the
topic)?

e If mostly US, is this aspect of US mathematics
education judged to be sufficiently similar to
England to be relevant?

e |f many of the studies are dated, is this a threat
relevance?

B: How the
interventions
were defined and
operationalised

e Are the interventions either available in
England or sufficiently well-described for
teachers to implement in England?

e Are there widely available examples of use in
England?

C: Any focus on
particular topic
areas

e Are the studies skewed towards particular
mathematical topics — both broad topics
(number/calculation v shape/space/geometry v
measures) and more specific (narrow) topics?

D: Age of children

o Were the studies carried out across the age

implementation??

/phase of range — and in different kinds of context (more
education / less formal)?
e Are there reasons why the intervention is more
appropriate for either EY or KS1?
E: Ease of e Are there potential difficulties with

implementation (e.g., cost, amount of training
required, level of external support required)?

Overall relevance
judgment

Make overall judgment based on above criteria,
then moderate across the team. Focus more
attention on criteria A and B with C, D and E as
caveats.
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The results of meta-analyses for the strands where this was judged appropriate are
summarised in the table below. The detailed results for each intervention are presented here
as forest plots.

Aggregated Effect Size
Strand / Intervention (or impact on 95% CI ?
attainment)

Computer-assisted instruction and apps 0.42 Moderate (0.24, 0.59) 91.3%
Explicit teaching 0.66 Moderate (0.45, 0.87) 93.3%
Individual and small-group tutoring by adults 0.50 Moderate (0.37, 0.64) 77.8%
Manipulatives and representations 0.34 Moderate (0.07, 0.60) 90.6%
Whole-curriculum interventions 0.44 Moderate (0.16, 0.72) 97.9%
Feedback and formative assessment 0.31 Moderate (0.18, 0.44) 59.7%
Use of storybooks (reported with mathematical talk) 0.96 Large (0.29, 1.63) 90.7%
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Computer-aided instruction, apps and technology tools: (Q = 383.31, df = 39, p = 0.00; I* = 91.3%)

Aragon-Mendizabal, et al. (2017) : —_— 1.35[0.79, 1.91]
Bengtson (2014) —_—— -0.29 [-0.87, 0.29]
Bryant, et al. (2016) : —_— 0.99[0.47, 1.51]
Cheung, et al. (2017) —_— 0.51[-0.15, 1.17]
Feng, et al. (2000) —_—— 0.13[-0.44, 0.70]
Fien, et al. (2016) —— : -1.74 [-2.03, -1.44]
Fletcher (2016) ——— 0.20 [-0.22, 0.62]
Foster, et al. (2018) o—.—o 0.260.00, 0.51]
Foster, et al. (2016) —— 0.29[0.01, 0.56]
Fuchs, et al. (2006) —_— 0.19[-0.49, 0.87]
Gonzélez-Castro, et al. (2014) : —_— 1.45[0.93, 1.97]
Jabagchourian (2008) —_— 0.31[-0.30, 0.92]
Jamalian (2015).1 —_— 0.40 [-0.18, 0.98]
Jamalian (2015).2 ———t 0.34 [-0.24, 0.92]
Kermani (2017).1 —_— -0.01[-0.73, 0.70]
Kermani (2017).2 »——-—4 0.10 [-0.61, 0.80]
Maertens, et al. (2016) —t—— 0.21[-0.24, 0.65]
Magnolia Consulting (2012) Ha 0.04 [-0.12, 0.20]
Mohd Syah, et al. (2016) : — 1.29[0.68, 1.89]
Nemmi, et al. (2016) »——.—4 0.20 [-0.15, 0.54]
Nunes (2019) D e 0.24[0.12, 0.36]
Nunes, et al. (2018) - 0.18[0.00, 0.36]
Obersteiner, et al. (2013) ——— 0.22[-0.25, 0.68]
Outhwaite, et al. (2019) —— 0.23[-0.01, 0.48]
Pagar (2013) — 0.49[-0.06, 1.04]
Park, et al. (2016) ——— 0.16 [-0.22, 0.55]
Pitchford (2015) _— 0.47 [-0.15, 1.08]
Praet, et al. (2014) [ ———— 0.78[0.36, 1.21]
Salminen, et al. (2015) R S— 0.21[-0.36, 0.78]
Sarama, et al. (2015) Lo 0.38[0.22, 0.54]
Schacter, et al. (2017) : —— 0.94[0.74, 1.14]
Schacter, et al. (2016).1 D o—a— 0.57[0.17, 0.97]
Schacter, et al. (2016).2 — 0.63[0.20, 1.06]
Shamir, et al. (2012) —y 0.68[0.12, 1.24]
Tournaki, et al. (2008) : —_— 152[0.71, 2.33]
Uzomah (2012) D —a— 0.60 [ 0.20, 1.00]
Wang, et al. (2011) —— 0.11[-0.10, 0.32]
Wilson, et al. (2009) D o ———y 0.97[0.40, 1.54]
Zaranis (2016) . ] 0.47[0.25, 0.69]
Zaranis (2018) : —— 1.31[1.04, 1.58]
RE Model L - 0.42[0.24, 0.59]
[ T T T T T 1
-3 -2 -1 0 1 2 3

Effect size (d)

Explicit teaching: (Q = 300.35, df = 29, p = 0.00; 1= 93.3%)

Bryant, et al. (2016) [ —— 0.99[0.47,1.51]
Bryant (2011) —— 0.33[0.03, 0.63]
Cheng (2012) § —_y 3.88[3.05,4.71]
Clarke, et al. (2015) - 0.11[0.02, 0.19]
Clarke, et al. (2017) HaH 0.09 [-0.12, 0.30]
Clarke, et al. (2016a) —— 0.38[0.02,0.73]
Clarke, et al. (2014) Do 0.82[0.39, 1.25]
Clarke, et al. (2016b) - 0.16 [-0.09, 0.41]
Clements, et al. (2007) C—a— 0.64[0.15, 1.13]
Clements, et al. (2008) : . 1.09[0.80, 1.38]
Codding, et al. (2011) ] 0.40 [-0.09, 0.89]
Davies, et al. (2015) : HH 1.42[1.21,1.62]
Doabler, et al. (2016) - 0.40 [ 0.15, 0.64]
Dyson, et al. (2013) e 0.62[0.26, 0.99]
Dyson, et al. (2015).1 b 0.82[0.38, 1.26]
Dyson, et al. (2015).2 [ ] 0.32[-0.12, 0.76]
Foster, et al. (2018) ] 0.26[0.00, 0.51]
Fuchs, et al. (2005) —a— 0.56[0.21, 0.91]
Gersten, et al. (2015) | 0.34[0.21, 0.47]
Jordan, et al. (2012) P e 0.91[0.47, 1.35]
Kaufmann, et al. (2005) —— 0.79[0.09, 1.49]
Kermani (2017).1 — -0.01[-0.73, 0.70]
Kermani (2017).2 ——i 0.10 [-0.61, 0.80]
McKenzie, et al. (2004) i 0.71[-0.03, 1.45]
Papadakis, et al. (2017) Lo 0.63[0.36, 0.89]
Passolunghi, et al. (2016) o—— 1.11[0.37, 1.85]
Purpura (2012) by 0.43 [-0.14, 1.00]
Siegler, et al. (2009) —a— 0.94[0.40, 1.48]
Stockard, et al. (2010) - 0.25[-0.08, 0.58]
Toll, et al. (2013) : - 1.23[0.90, 1.57]
RE Model > 0.66 [ 0.45, 0.87]
[ T T T T T 1
-1 0 1 2 3 4 5

Effect size (d)

104



Individual and small-group tutoring by adults: (Q = 84.75, df = 17, p = 0.00; I = 77.8%)

Bryant, et al. (2016)

0.99[0.47, 1.51]

Clarke, et al. (2017) 0.09 [-0.12, 0.30]
Clarke, et al. (2016a) —— 0.38[0.02, 0.73]
Clarke, et al. (2014) —_— 0.82[0.39, 1.25]
Clarke, et al. (2016b) }—‘—I—{ 0.16 [-0.09, 0.41]
Doabler, et al. (2016) —a— 0.40[0.15, 0.64]
Doabler, et al. (2017) [ — 0.32[0.06, 0.58]
Dyson, et al. (2013) i — 0.62[0.26, 0.99]
Dyson, et al. (2015).1 I ———— ] 0.82[0.38, 1.26]
Dyson, et al. (2015).2 »——-—4 0.32[-0.12, 0.76]
Fuchs, et al. (2013b).1 —a— 0.87[0.67, 1.07]
Fuchs, et al. (2013b).2 —a— 0.38[0.18, 0.58]
Gersten, et al. (2015) —a— 0.34[0.21, 0.47]
Hassinger-Das, et al. (2015).1 s—-—+ 0.45[0.01, 0.88]
Hassinger-Das, et al. (2015).2 S — 0.59[0.15, 1.03]
Powell, et al. (2015) | 0.49[0.02, 0.96]
Smith, et al. (2013) —a— 1.04[0.85,1.23]
Torgerson, et al. (2013) —a— 0.33[0.13,0.53]
RE Model - 0.50[0.37, 0.64]
T T T T
-0.5 0.5 1 15

Manipulatives and representations: (Q = 83.32, df = 18, p = 0.00; I = 80.6%)

Effect size (d)

Booth, et al. (2008)

Casey, et al. (2008a).1
Casey, et al. (2008a).2
Elofsson, et al. (2016)

Gonzélez-Castro, et al. (2014)

Jamalian (2015).1
Jamalian (2015).2
Jordan, et al. (2012)
Kidd, et al. (2012)

Kidd, et al. (2014)
Maertens, et al. (2016)
Mohd Syabh, et al. (2016)
Nemmi, et al. (2016)
Obersteiner, et al. (2013)
Pagar (2013)

Park, et al. (2016)
Powell, et al. (2015)
Ruiter, et al. (2015)
Uzomah (2012)

0.20 [-0.37, 0.77]
0.16 [-0.56, 0.89]
0.02 [-0.64, 0.69]
0.37 [-0.13, 0.87]
1.45[0.93, 1.97]
0.40 [-0.18, 0.98]
0.34 [-0.24, 0.92]
0.91[0.47, 1.35]

-0.11 [-0.76, 0.54]

-1.51 [-2.06, —0.95]
0.21[-0.24, 0.65]
1.29[0.68, 1.89]
0.20 [-0.15, 0.54]
0.22 [-0.25, 0.68]
0.49 [-0.06, 1.04]
0.16 [-0.22, 0.55]
0.49[0.02, 0.96]
0.39 [-0.14, 0.93]
0.60[0.20, 1.00]

RE Model

Effect size (d)

0.34[0.07, 0.60]
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Whole-curriculum interventions: (Q = 261.02, df = 13, p = 0.00; I* = 97.9%)

Alger (2015) -0.17 [-0.79, 0.45]
Casa, et al. (2017) [ 0.25[0.05, 0.45]
Clarke, et al. (2015) +l+ 0.11[0.02, 0.19]
Clements, et al. (2007) ‘ e 0.64[0.15, 1.13]
Clements, et al. (2008) —a— 1.09[0.80, 1.38]
Gavin, et al. (2013) —a— 1.88[1.63, 2.13]
Khomais (2014) [ — 0.99[0.49, 1.49]
Kinzie, et al. (2014) »—.—4 0.01[-0.27, 0.30]
Lewis Presser, et al. (2015) i 0.30[0.16, 0.44]
Llorente, et al. (2015) = 0.24[0.08, 0.40]
Mattera (2018) +—l—+ 0.19[0.03, 0.35]
Sarama, et al. (2015) - 0.38[0.22, 0.54]
Stokes, et al. (2018) - 0.08[0.03, 0.13]
Worth, et al. (2015) +—I—+ 0.20[0.03, 0.37]
RE Model e 0.44[0.16,0.72]
T w T T 1
-1 0 1 2 3
Effect size (d)
Feedback and formative assessment: (Q = 14.74, df = 5, p = 0.01; 2= 59.7%)
Bryant (2011) — 0.33[0.03, 0.63]
Fuchs (2013a) —a— 0.41[0.24,0.58]
Fuchs, et al. (2006) ' | 0.19[-0.49, 0.87]
Polly, et al. (2017) HH 0.17[0.12,0.21]
Popa, et al. (2015) ' { 0.54 [-0.03, 1.10]
Sarama, et al. (2015) —a— 0.38[0.22, 0.54]
RE Model - 0.31[0.18, 0.44]
T w T T 1
-0.5 0 0.5 1 15

Effect size (d)
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Mathematical talk and the use of stor ybooks: (Q = 52.61, df = 5, p = 0.00; 1= 90.7%)

Casey, et al. (2008b)

2.00[0.88, 3.12]

Hassinger-Das, et al. (2015) ! 0.45[0.01, 0.88]
Purpura, et al. (2017) r—l—+ 0.42[-0.22, 1.06]
Segal-Drori, et al. (2018) —a— 1.97[1.33, 2.61]
Shamir, et al. (2012) — . 1.32[0.72,1.92]
Van den Heuvel-Panhuizen, et al. (2016) +—.—+ 0.04 [-0.17, 0.24]
RE Model —— 0.96[0.29, 1.63]

T I T T T

-1 0 1 2 3

Effect size (d)
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Cross et al. (2009, p.253) suggest that the following criteria should be considered when
selecting software:

) Actions and graphics should provide a meaningful context for children.

J Reading level, assumed attention span, and way of responding should be appropriate
for the age level. Instructions should be clear, such as simple choices in the form of a
picture menu.

] After initial adult support, children should be able to use the software independently.
There should be multiple opportunities for success.

J Feedback should be informative.
J Children should be in control. Software should provide as much manipulative power as
possible.

o Software should allow children to create, program, or invent new activities. It should
have the potential for independent use but should also challenge. It should be flexible
and allow more than one correct response.
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