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Executive Summary

Educational maths applications (apps) are

an emerging trend in children’s learning
environments aiming to raise their mathematical
attainment. However, with over 200,000
educational apps available within the App Store
(Apple, 2014), deciding which apps to use poses
a significant challenge to teachers, parents,

and policy makers. The current study aimed to
advance our understandings of whether and how
educational maths apps can support children’s
learning, as well as outline gaps in current
research evidence and practice. In doing so, the
current study included:

+ A systematic review (Part 1) to synthesise the
current evidence on educational maths apps
for young children in the first three years of
compulsory school (e.g, ages 4-7 years in
England; ages 5-8 years in the USA).

A content analysis (Part 2) to examine the
content and design features of different
educational maths apps and how they may
support children’s learning.
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What do we mean by
educational maths apps?

Educational maths apps are interactive software
primarily used on a hand-held touch-screen
tablet or smartphone device with the aim of
supporting learning outcomes. There are different
types of educational apps, which have different
aims and design features (Kay & Kwak, 2018):

- Practice-based apps (e.g, onebillion Maths
3-5) are designed to support the acquisition of
learning content, such as mathematical facts
and concepts through targeted practice. They
are primarily designed to be used by children
individually and are self-paced. In practice-
based apps, the child is the consumer of the
learning content.

- Game-based apps (e.g, Slice Fractions) are
like practice-based apps, with the addition
that the learning content is embedded within
a broader immersive player narrative.

- Constructive apps (e.g, Montessori Numbers
for Kids) are designed to encourage the
exploration and active manipulation of
mathematical ideas and concepts. With
constructive apps, the child is still the
consumer of the learning content.

- Productive apps (e.g, Quizlet Plus) are
designed to support children to produce their
content, for example, to present their own
ideas on a particular maths topic. As such, the
child is the creator of the learning content.

« Parent-based apps (e.g, Bedtime Math), are
primarily designed to be used by parents or

caregivers and are designed to encourage
offline interactions and learning opportunities
with children.

Part 1: Systematic Review
What studies were included?

The systematic review included studies that
assessed the impact of educational maths
apps used at home or at school for children in
the first three years of compulsory school on
mathematical attainment and other outcomes,
including cognitive development, enjoyment,
and motivation. Fifty studies were identified
that included both quantitative and qualitative
findings.

What were the key findings relating
to evaluation methods, populations,
and outcomes?

Evaluation methods

+ The most common research designs adopted
experimental methods (n = 33), with 20
randomised control trials and 13 quasi-
experimental designs.

« Across these 33 experimental studies, 21
showed positive results for mathematical
learning outcomes in favour of the maths
apps, compared to a range of control groups.

+ Eight experimental studies showed mixed
results, and four studies found no difference in
learning outcomes between the group using
the maths apps and the control groups.

Populations

+ Most studies focused on the use of educational
maths apps with typically developing children
of all attainment levels (n = 43).

+ Initial evidence suggested that educational
maths apps can also support children
identified as underachieving in mathematics
(n = 8) and children with special educational
needs and disabilities (SEND) (n =3).

Outcomes

« The included studies mostly focused on
mathematical learning outcomes immediately
following the intervention period (n = 47).

« Only five studies included a follow-up
(or delayed) assessment of children’s
mathematical attainment, ranging from one
month to two years with mixed results.

+ Thirteen studies also included a range of non-
attainment outcome measures. Results mostly
showed children enjoyed using the maths
apps, but mixed results were found in terms of
children’s intrinsic motivation, flow experience,
and preference towards app-based learning,
compared to other maths activities.

A Systematic Review and Content Analysis
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Part 2: Content Analysis

The 50 studies included in the systematic

review predominately reported greater learning
outcomes for children using the evaluated maths
apps compared to a range of control conditions.
However, little research has considered what

the active ingredients (i.e, mechanisms), or
combination of ingredients, of successful maths
apps are, and how they link to current theories
of mathematical development and learning
science. To examine how different maths apps
work, the underpinning pedagogy, including the
mathematical content and app design features,
needs to be examined (Griffith et al, 2020)

and linked to the observed learning outcomes
(Outhwaite et al, 2019).

This research sought to do so in three steps,
which formed part of the new framework for
educational maths apps:

a. A content analysis of the mathematical
content and app design features was
conducted with the educational maths apps
identified in the systematic review (Part 1). This
content analysis drew on existing frameworks
on the educational value of apps and
developed a new framework that adopted a
combined top-down (deductive) and bottom-
up (inductive) approach.

b. A qualitative comparative analysis (QCA) was
conducted and identified the specific app
design features, or combination of features,
that were sufficient to support children’s
learning outcomes with educational maths

apps.

c. The coding framework developed for the
content analysis was then also applied to the
Top 25 most popular commercial educational
maths apps from the iOS Apple App and
Google Play Stores.

What apps were included?

a. To be eligible for the content analysis, apps
identified through the systematic review (Part
1) needed to meet the following criteria:

« Apps were the individual focus of an
intervention study with maths attainment as
the primary outcome measure.

« If multiple apps were included within a
single study, the reported results were
disaggregated for each app.

+ Apps were commercially available and
accessible for download in the UK.

23 maths apps met these criteria.

b. To be eligible for the QCA, apps identified
through the systematic review (Part 1) needed
to meet the above criteria. In addition, apps
also needed to be evaluated in studies with
sufficiently reported data to calculate the
within-subject effect sizes (Cohen’s d). 8 apps
met these criteria.

c. The most popular commercial educational
maths apps for children aged 0-5 years
were selected from the Apple and Google
Play Stores in August 2021. 25 apps were
considered.

A Systematic Review and Content
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What were the key findings relating to types of apps evaluated, their mathematical content,

and design features?
Type of apps

Type of app

Practice-based

Game-based

e [
[

Practice-based maths were the most
common. They are designed to support
the acquisition of learning content
through targeted practice.

=
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Mathematical content

The most common
area of maths covered
in the maths apps was
understanding number
representations and
relationships.

of the maths apps
taught one-to-one
correspondence. This is
the understanding that
each item in a set can
only be counted once.

of the maths apps
targeted single
digit addition and
subtraction.

+]=
X]=

of the maths apps
covered number
representation with
Arabic digits, verbal,
and/or written number
word recognition.

of the maths apps
covered cardinality. This
is the understanding that
the last number counted
in a set represents the
overall total.

of the maths apps
included shape,
patterns, and
measurement skills.

More advanced maths skills, including
fractions, place value, multiplication,
and sequencing events were the least

common mathematical skills covered
across the maths apps.




*

Design features: Feedbo

o of the maths apps
provided motivational
35 /o feedback, such as “You
did it!” or “Great job!".

motivational and explanatory

O feedback. Explanatory
o feedback provides children
with an explanation of why

their answer is correct or
incorrect.

% of the maths apps provided

° of the maths apps
o gave no feedback.



Design features: Levelling /

o of the maths apps provided a suggested, but not
enforced sequence of learning content. This is
o known as participatory, free form levelling.

o of the maths apps provided levelling that was
adaptive of learning content in response to a child’s
o performance when using the app/ This is known as

programmatic, dynamic levelling.

A of the maths apps provided learning content that
was tailored to a child based on an initial attainment
e o assessment or learning content that was pre-selected by

an adult but did not adapt based on their in-app behaviour.
This is known as programmaitic, static levelling.

90/ of the maths apps gave no levelling.
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What were the key findings from
the QCA?

« Children’s learning outcomes with maths apps
were maximised when the apps provided a
scaffolded and personalised learning journey
(programmattic levelling) and explained why
their answer was right or wrong (explanatory
feedback), as well as giving praise, such as
“Great job!” (motivational feedback).

Most popular commercial maths

apps

+ The new framework developed in the content
analysis in Part 2 (type of app, mathematical
content, and app design features) was
then applied to the Top 25 most popular
commercial educational maths apps available
on the Apple and Google Play Stores for
children aged 5 years.

« Most commercial apps were also identified
as practice-based and primarily targeted
number and counting skills.

+ However, only one app identified in the Top
25 has been empirically evaluated (onebillion
Maths 4-6).

+ Six of the most popular commercial
educational apps identified as maths on the
search terms did not explicitly include any
maths content.

Can Maths Apps Add Value to Young Children’s Learning?

Recommendations
For researchers

Future studies in this area need to:

+ Consider the skills targeted by the apps
(near-transfer), as well as the generalisation
to broader mathematical skills and related
non-attainment outcomes (far-transfer),
including within a longer-term follow-up after
the intervention study has finished.

« Evaluate the use of educational maths
apps with young children identified as
underachieving in mathematics, and these
children should be reliably identified in ways
that do not threaten the internal validity of the
findings.

+ Evaluate the use of educational maths apps
with children with SEND, such as dyscalculig,
Down syndrome, and other learning difficulties.

« Further examine the role of children’s language
skills and their age when using different types
of maths apps.

+ Rigorously capture children’s time on task
when using the apps to examine how this is
associated with their immediate and sustained
learning outcomes.

+ Make use of innovative methods of data
collection to capture in-app data on learner
analytics and enable further work with hard-
to-reach populations.

« Examine the use educational maths apps in
different educational, cultural, and economic
contexts in cross-cultural studies.

+ Evaluate educational maths apps in different
settings, particularly the home learning
environment, for addressing educational
challenges, including those raised during the
Covid-19 pandemic.

Overall, research in this area would benefit from
improved reporting standards, whereby sufficient
information is reported to ensure studies are
rigorously conducted and evaluated. This will
support future synthesises and increase the
potential to impact on policy and practice.

For parents and teachers

When deciding if and which educational maths
apps to use with children, teachers and parents
should consider three key things:

« When trying the apps for the first time, consider
whether their child can meaningfully interact
with the chosen maths apps, particularly
based on their existing mathematical and
language skills?

« How can the chosen maths apps be
implemented in their own classroom or home?
For example, does the app include areas of
maths that children need extra support with?
What support may children need to use the
apps effectively?

+ Does the chosen app contain explanatory
feedback, whereby the app explains why
a response is correct or incorrect and
programmatic levelling, whereby the learning
content is scaffolded and personalised to the
child?



For policy makers

To ensure the best outcomes for all children,
information about the educational content
and quality of the app design needs to be
readily available (e.g, on the Apple and Google
Play Stores) and carefully considered.

Considerations should also be given as to
how the apps can be accessed, selected,
and used by schools and families at home if
they choose. As such, parents and teachers
also need access to appropriate support,
for example training and guidance on best
practices informed by the users themselves.
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The Need for the Systematic
Review

In the UK, 20% of 5-year-old children do

not achieve the expected attainment for
mathematics (Department for Education [DfE],
2017). Developing strong early mathematical
skills is vital for children’s later educational
success (Clements & Sarama, 2009) and

their economic, health, and employment
outcomes (Reyna et al, 2009). To address
mathematical underachievement, evidence-
based interventions are needed that successfully
engage children from a young age (Jordan

& Levine, 2009). An emerging trend aiming to
benefit children’s mathematical learning is the
use of educational maths applications (apps)
delivered on touch-screen tablets (e.g, iPads/
Androids) in school and at home (DfE, 2019).
These apps are better suited for children over
4 years compared to younger children under 3
years (Herodotou, 2018).

In the UK, 94% of children aged 3-11 years have
access to touch-screen tablet devices (Marsh

et al, 2020) with parents of pre-school aged
children most likely to download educational
apps (Chaudron, 2015). 41% of teachers

also reported that they use maths apps as
supplementary teaching tools in early primary
school (Vega & Robb, 2019). More broadly, UK
schools spend over £900 million a year on
educational technology (London & Partners, 2015)
and as a rapidly growing sector, spurred by the
Covid-19 pandemic and the increased need for
digital learning environments, it is expected to be
worth £3.4 billion this year (Education Technology,
2021).

Alongside this growth, interest and use of
educational maths apps, there is also increasing
concern regarding young children’s screen time
and the impact it has on early learning and
development (American Academy of Pediatrics,
2016). Some recent studies have demonstrated
the benefits of different maths apps for children
(Outhwaite et al, 2018; Berkowitz et al, 2015).
However, there are mixed results across different
maths apps (Parks & Tortorelli, 2020). To examine
how different educational maths apps work, the
underpinning pedagogy, including app content
and design features, needs to be examined
(Outhwaite et al, 2019).

Previous Reviews

In a recent review, Herodotou (2018) included

19 experimental studies examining the use of
educational apps (i.e, not just maths) with
children aged 2-5 years. Five studies focused

on mathematics and found positive benefits

for 4-year-old children compared to younger
3-year-old children. Griffith et al. (2020)

also identified 15 experimental studies that
demonstrated interactive apps can support
mathematical learning outcomes and called for
more research examining app design features
and large-scale evaluations of educational apps.
In another recent systematic review, Simms et al.
(2019) identified 11 studies that used computerised
instructional programmes for children aged 4-11
years with mixed results. Although the review by
Simms et al. (2019) takes a broader age range
compared to other systematic reviews (Griffith

et al, 2020; Herodotou, 2018), it does not focus
explicitly on educational apps.




Overall, existing reviews have not
comprehensively synthesised the current
quantitative and qualitative research evidence

to examine whether educational maths apps
provide an effective form of instruction for
mathematical and non-attainment outcomes
with young children at the start of formall
education. For example, qualitative studies, which
were not included in previous reviews, provide
useful insights into how the implementation of the
maths app intervention can impact outcomes
(e.g, Outhwaite et al, 2019) and how app features
can support or hinder children’s engagement
and learning (e.g., Herodotou, 2021; Moyer-
Packenham et al, 2016). Likewise, feasibility studies
(e.g., Outhwaite et al, 2017), when successful,

can support the development of further studies
focusing on understanding the mechanisms and
efficacy of the maths app interventions (Green et
al, 2019).

Aims and Objectives of the
Current Review

In response, the current review aimed to
comprehensively synthesise the current evidence
to capture existing knowledge and identify
important gaps on whether maths apps can
support learning, under what circumstances, and
how maths apps may work to support learning,
as well as for whom maths apps may benefit.

More specifically, this study systematically
reviewed the quantitative and qualitative
research literature that has examined the impact
of educational maths apps used at school or

at home. The review focused on mathematical
learning outcomes (primary outcome measure)

Can Maths Apps Add Value to Young Children’s Learning?

and considered other outcomes, including
cognitive development, enjoyment, and
motivation (secondary outcome measures). The
review also focused on children in the first three
years of compulsory school (e.g, Reception to
Year 2 in England where children will be aged
4-7 years). Included studies were synthesised in
a comprehensive thematic narrative synthesis
with key findings and knowledge gaps identified
(Snilstveit et al, 2016) to address the following four
Research Questions (RQs):

RQI: What type, frequency, and quality of
evaluation studies have been conducted with
educational maths apps?

RQ2: What lessons can be learnt from previous
research examining educational maths apps,
relating to methods, populations, and outcomes?

RQ3: What is the external validity of the current
evidence?

RQ4: What gaps can be identified based on the
current evidence?

Overall, this study provides a comprehensive
overview of the current international research
evidence on educational maths apps. This allows
for a better understanding of 1) current research
quality, 2) current and new methodological
considerations and 3) where the gaps are in
research. For academics, this generates a clearly
articulated new research agenda at a time when
app-based learning and educational technology
more broadly are growing rapidly in popularity,
usage, and investment. Similarly, for teachers,
parents, and policymakers this develops insight




into “what works” and for whom in the context
of educational maths apps and provides the
grounding for evidence-based guidance.

Methods

The systematic literature search was conducted
using detailed and pre-defined search terms, as
well as inclusion and exclusion criteria developed
using the PICO (Populotion, Intervention,
Comparison, and Outcome) method to select
relevant studies for the thematic narrative
synthesis. The systematic review protocol was
pre-registered on the Open Science Framework
(https:/[ost.io/pzkmh/).

Search strategy

A broad search of the literature was conducted
in January 2021 using search terms focused

on the population, intervention, and outcome
components of the PICO statement (see Table
1). As touch-screen tablets were first introduced
in 2010, the search focused on studies published
between 2010- 2021.

—_—

Can Maths Apps Add Value to Young Children’s Learning?

Table 1: Search strategy used in the systematic review.

PICO Search String

(early years” OR preschool* OR kindergart* OR “primary school” OR “elementary school” OR
Population “young children” OR “young pupils” OR “young students” OR child* OR pupils OR students)
AND

| q “educational app” OR “interactive app” OR tablet OR “tablet technology” OR “iPad app” OR
ntervention p . " AR "
android app” OR “math* app”) AND
- (math* OR number* OR “number sense” OR arithmetic* OR measurement OR geomet* OR
shape)

Electronic web searches of published and grey literature were completed using the databases and
platforms outlined in Table 2.




Table 2: Databases searched using the listed platforms.

Database

PsycINFO

Platform

(@)V[e]

Educational Resource
Information Centre (ERIC)

Ovid

Medline

Ovid

Scopus

(@)V[e]

Science Citation Index (SC) Expanded

Web of Science

Social Science Citation Index (SSCI)

Web of Science

Arts & Humanities Citation Index (A&HCI)

Web of Science

Emerging Sources Citation Index

Web of Science

PubMed

https://pubmed.nchinim.nih.gov/

British Education Index (BEI)

UCL Explore

Australian Education Index (AEI)

UCL Explore

Dissertations and theses

ProQuest (abstract only)

Open Science Framework preprints

https://ost.io/preprints/

PsyArXiv preprints

https://psyarxiv.com/

Nuffield Foundation Research Reports

https:/ /www.nuffieldfoundation.org/research (search
string limited to “math*”)

Education Endowment Foundation
completed projects

https://educationendowmentfoundation.org.uk/
(search string limited to “math*”)
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In addition, a backwards citation search of three
recent and relevant systematic reviews (Griffith
et al, 2020; Herodotou, 2018; Simms et al, 2019).
was conducted. These existing reviews synthesise
evidence on mathematical interventions and
educational apps in general (i.e, not specific to
moths), and thus were selected based on the
similarities with the current review. A prospective
forward citation search of included studies

(n = 45) was also conducted in June 2021.

Inclusion criteria

For inclusion in the systematic review, studies
needed to meet the following eligibility criteriq,
which was developed based on the PICO
Framework.

Population: Studies needed to include children
in the first three years of compulsory school. This
age group was selected based on the emerging
trend in the use of educational apps at the start
of formal education (DfE, 2019) and evidence
suggesting apps are more beneficial for children
over 4 years (Herodotou, 2018).

However, as different countries have different
age ranges for the first three years of compulsory
education (e.g, children start preschool age 6

in Finland) or they may follow an ability-based
system, rather than an age-based system (e.g.,
Malawi), the ages of children varied across the
included studies. In England, the first three years
of compulsory school refers to Reception to Year
2, where children are aged 4-7 years. In the USA,
this refers to Kindergarten to Grade 2, where
children are aged 5-8 years. In some European
countries, such as Finland, this refers to preschool

Can Maths Apps Add Value to Young Children’s Learning?

to Grade 2, where children are aged 6-9 years.
Whereas, in Malawi, this refers to Standard 1-
Standard 3, where children typically start school
aged 6 years. However, while primary education
is free in Malawi, it is not compulsory, and many
children start school at different ages. The
repetition of school years is also common. This
means a child may be in an academic year that
is not typically aligned with their chronological
age.

If studies included children within the specified
school years, as well as older children, only

data relating to the year groups of interest

were extracted. Corresponding authors were
contacted where necessary. Studies that
focused on typically developing children, children
underachieving in mathematics and children
with special educational needs were eligible for
inclusion.

Intervention: Included studies needed to
evaluate a named downloadable maths app(s)
and not just a particular feature of an app.
Apps needed to be commercially available,

or researcher developed. For the purposes of
this review, an educational app was defined as
interactive software that is primarily designed
to be used on a hand-held touch-screen

tablet or smartphone devices. It did not include
computer-assisted instruction software e.g,
web-based programmes that can only be used
on computers but included apps that were
connected to external/physical manipulatives.

Studies also needed to be available in English
and included details on the duration (i.e, number
of weeks) and intensity of the intervention




implementation (i.e, number of sessions per week
and length of sessions). Data on intervention
duration and intensity was multiplied to give a
‘total time on task.

Comparison: To reflect the staged development
of maths app evaluations, the review did not
place any restrictions on the study design used
for the thematic narrative synthesis. Included
studies may or may not have included a control
group comparison in a quasi-experimental (i.e,
utilising pre-existing groups or within-subject
design) or randomised control trial (RCT) design.
No restriction was placed on the type of control
group (e.g, active control or business-as-usual)
or number of intervention groups.

Outcome: The primary unit of analysis was
mathematical learning outcomes in response

to a specific maths app(s) used at school or at
home immediately following the intervention
period. Other outcomes were also considered
including cognitive development, enjoyment, and
motivation (secondary outcomes). No restriction
was placed on whether outcome measures were
researcher developed or standardised. However,
this information was extracted from the included
studies and its impact on the conclusions of the
review were explored in the thematic narrative
synthesis.

Study screening

As outlined in the PRISMA Flow Diagram (Page

et al, 2021; see Figure 1), the database searches
returned 5,812 records. The titles and abstracts of
the records returned in the database searches
were imported to the web-based software EPPI-

Reviewer where 1,930 duplicate records were
identified and removed, resulting in 3,882 unique
records. Unique records were screened based on
the inclusion and exclusion criteria at two levels:
title and abstract, followed by full-text. In total,
3,756 records were excluded at title and abstract
level screening.

The remaining 126 studies were eligible for full-
text screening. An additional two studies were
included within the full-text screening, following
contact with an author (n =1) and the backward
citation search of existing systematic reviews (n
=1). In line with the pre-registered protocol, full-
text screening was also supplemented through
contact with authors when more information

to determine study eligibility was necessary

(n = 22). Following this procedure, 83 records
were excluded at full-text screening. Reasons
for exclusion are provided in Figure 1. In total, 45
studies were identified for inclusion in the current
review.

The prospective forward citation search of these
45 included studies returned 1,316 records. 1,249
records were excluded at title and abstract
screening. The remaining 67 studies were
assessed at full-text screening. At this stage,

an additional five studies were identified for
inclusion, resulting in a total of 50 studies
included in the thematic narrative synthesis.

One reviewer (EE) was responsible for screening
all records at both levels, with a second reviewer
(LO) validating a random 20% sample (at both
levels) to reduce potential error and bias in

the screening outcomes. When conflicting
decisions were apparent, discussions were held

between the two reviewers until a consensus was
reached. Inter-rater reliability between the two
reviewers was calculated and reflected excellent
agreement (k = .83).
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Figure 1: PRISMA Flow Diagram of studies through the

systematic review

Records identified through
database searching
(n =5,343)

PsycINFO = 25

ERIC = 327

Medline = 28

Scopus = 1,751

Science Citation Index — Expanded = 945
Social Science Citation Index = 551
Arts & Humanities Citation Index = 15
Emerging Sources Citation Index = 203
PubMed = 1,370

British Education Index = 97

Australian Education Index = 31

Records excluded before screening
(duplicate records)
(n =1,930)

Records screened at title and abstract
(n=3,882)

Full-text articles assessed for eligibility
(n =128)

Additional studies provided by:
A rs after contact was made (n=1)
Backward citation search (n = 1)

Total for full text screening =128

Studies identified in prospective search
of 45 studies
(n=1,318)

Studies included in thematic
narrative synthesis
(n = 50)

Additional records identified
through other sources
(n = 469)
ProQuest Dissertations and Theses Global = 105
Open Science Framework preprints = 128

PsyArXiv preprints = 112

Nuffield Foundation Research Reports (projects) = 92

Education Endowment Foundation (completed
projects) = 32

Overall total: 5,812

Records excluded
(n =3,756)

Full-text articles excluded, with reasons
(n=83)

Population =19
Intervention = 50
Qutcome = 2

Other version available = 6
Duplicate =1

No paper available

No response from a

Total for inclusion = 456

Excluded from prospective search
(n=1,31)

Title and abstract = 1,249
Full-text = 62

Total for inclusion = §
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Quality of studies

Studies were not excluded from the synthesis
based on quality to gain important insights into
the impact of varied methodologies, as well

as obtain an indication of the rigour of current
research.

The quality of each included study was formally
assessed using the study quality checklists
developed by Kmet et al. (2004). Quantitative
studies were scored (0 for no, 1 for partial, and 2
for yes) on 14 criteria, such as sampling strategy,
appropriateness of study design, and group
allocation procedures. Individual studies were
then given an overall quality score (total score
divided by the highest possible score of 28).
Following Kmet et al’'s (2004) guidelines, studies
were rated as low (0 — 0.44), moderate (0.45 —
0.69), and high (0.70 - 1.00) quality.

The same procedure was implemented for
qualitative studies using 10 criteria, including
systematic data analysis, reflexivity, and
connection to a theoretical framework. If studies
included both quantitative and qualitative
components, both scoring checklists were used,
and an overall quality score was derived from
the mean average of the two (quantitative and
qualitative) scores. Study quality scores did not
affect inclusion in this review; all studies that
met the inclusion criteria were subject to data
extraction and thematic narrative synthesis.

Attrition rates and the reliable and consistent
reporting of data within included studies were
also used as indicators of study quality.

Results and Discussion

What type, frequency, and quality
of evaluation studies have been
conducted with educational maths
apps?

Fifty studies were identified that evaluated 77
maths apps and included both quantitative and

qualitative findings. A short descriptive account of

each study is included in Appendix 1. A summary
of the 50 included studies is also included in
Appendix 2.

Experimental methods were the most common
designs, with 20 RCTs and 13 quasi-experimental
designs (QEDs). Four of the RCTs included an
implementation process evaluation, of which one
was reported in a separate paper. Three studies
used other quantitative methods, including
single case designs. There were seven qualitative
studies and six using mixed methods.

Twenty-seven of the included studies were
classified as high quality, based on Kmet et al.’s
(2004) criteria. The remaining 23 studies were
classified as moderate quality. No studies were
classified as low quality. Only seven studies
reported attrition rates greater than 30%.

However, the quality of reporting standards
across the 50 studies was relatively poor.

Fifteen studies did not sufficiently report data

to enable calculations of within-subject effect
sizes (Cohen’s d) on children’s learning gains

in response to the maths app interventions.
Similarly, time on task (ie, the amount of time that
children used the maths app interventions) was not
reliably or consistently reported across studies.

A Systematic Review and Content Analysis

23




24

What lessons can be learnt from
previous research examining
educational maths apps, relating to
methods, populations, outcomes,
and questions asked?

Methods
Business-as-usual control groups

Of the 12 experimental studies with a business-
as-usual control group, eight reported positive
results in favour of the maths app interventions
compared to standard mathematical practice
(Kosko & Ferdig, 2016; Nunes et al, 2019; Outhwaite
et al, 2017; Pitchford et al, 2019; Schacter & Jo,
2016; Spencer, 2013; Stubbé et al, 2016; Wu, 2020).
Standard mathematical practice in these studies
incorporated mathematical instruction typical
for the classroom context and included, whole
class teacher-led instruction, small group or
one-to-one activities, play-based learning, and
traditional, physical manipulatives. However, the
specific mathematical activities completed by
the business-as-usual control group were not
explicitly differentiated.

The remaining four studies comparing the maths
app intervention to standard practice reported
mixed findings. Specifically, the training effects

of the maths apps were limited to the targeted
skills, such as number line estimation, magnitude
comparison, and spatial skills, and did not
transfer to broader mathematical competence
(Cornu et al, 2019; Lee & Choi, 2020; Zhang et

al, 2020) or maths anxiety (Vanbecelaere et al,
2020).

Can Maths Apps Add Value to Young Children’s Learning?
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Active control groups

Thirteen studies used a range of active control
groups in an experimental design (RCTs and
QEDs). Five studies compared the maths app
interventions to non-digital maths interventions
(Grimes et al, 2020; Mattoon et al, 2015; Miller,
2018; Schacter & Jo, 2017; Zander et al, 2016).
Importantly, unlike in the business-as-usual
control groups, the different mathematical
activities, and thus the potential mechanisms for
learning, were differentiated. There were mixed
outcomes across these five studies.

When comparing the maths app intervention to
one-to-one and small peer group instruction,
results showed immediate, near-transfer
benefits for mathematical performance (Grimes
et al, 2020; Schacter & Jo, 2017). However, the
maths app intervention effects did not transfer
to mathematical language skills (Grimes et

al, 2020). The benefits of app-based maths
instruction were also seen when children used
a paper-based version of the task, and then the
app-based version. Training effects were not
observed when the app was used first, followed
by the paper-based task (Zander et al, 2016).
Furthermore, learning gains with the maths app
interventions were not statistically significant
from gains made with traditional manipulatives
and play-based learning (Mottoon et al, 2015;
Miller, 2018). However, in both studies multiple
apps were evaluated and the results per app
were not disaggregated. As such, it is not clear
which apps may or may not have supported
learning. In addition, the frequency and duration
of use for each app were not reported, thus it is
also unclear which apps children engaged with

and for long, which may have also impacted the
observed results.

Eight studies compared the maths app
intervention to other apps including maths (Hung
et al, 2015; Judd & Klingberg, 2021; Schacter et
al, 2016), reading/literacy (Berkowitz et al, 2015;
Schaeffer et al, 2018), science (Parks & Tortorelli,
2020), and no educational or mathematical
content (i.e, placebo) (Griffith et al, 2019; Hieftje
et al, 2017). As the touch-screen tablet mode

of delivery is consistent across the intervention
and control groups in these studies, it enables
the quality of the mathematical content to be
assessed, rather than just the use of technology
(i.e, a novelty effect).

Of these eight studies, six reported positive
results in favour of the maths app interventions
compared to the active controls (Berkowitz et al,
2015; Griffith et al, 2019; Hung et al, 2015; Judd &
Klingberg, 2021; Schacter et al, 2016; Schaeffer et

al, 2018). One study reported mixed results (Hieftje

et al, 2017). Although the maths app intervention
was shown to support children’s numeration
skills targeted by the app, the training effect

did not transfer to other areas of mathematical
development, including measurement, numerical
operations, and problem solving (Hieftje et all,
2017).

In contrast, Parks and Tortorelli (2020) found

no difference in mathematical learning gains
between the intervention (nine maths apps) and
active control group (five other educational apps
covering literacy, science, and maths). However,
in this study the effects of each individual app
were not disaggregated,

and both the intervention and active control
groups received some form of app-based
mathematics instruction.
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Multiple control groups

Eight experimental studies (RCTs and QEDs)
included more than one control group. Two
studies included a business-as-usual control
group, as well as an active control group,
consisting of other apps with reading (Hassler
Hallstedt et al, 2018) or no educational content
(Pitchford, 2015). This design enabled the effects
of the maths app intervention, as a form of
effective instruction, to be disentangled from
maturation (business-as-usual) and the
technology-based delivery (active controls)
within the context of the same study. Significant,
near-transfer learning gains in response to

the maths app interventions were observed in
both studies. While Pitchford (2015) found these
benefits transferred to mathematical conceptual
knowledge, not targeted by the intervention,
Hassler Hallstedt et al. (2018) found no significant
improvements in far-transfer outcomes between
the different groups.

Ramani et al. (2019) also compared the maths
app intervention to two active control groups,
consisting of an app-based working memory and
reading game. As domain-specific mathematical
skills and domain-general working memory skills
are closely intertwined (Allen et al, 2019), this
design allowed closer examination of near- and
far-transfer effects of app-based instruction.
Results showed children using the maths apps
improved in numerical knowledge (near-transfer)
compared to both active controls, as well as
working memory (far-transfer), compared to the
active controls using the reading game.

Can Maths Apps Add Value to Young Children’s Learning?

Five experimental studies used multiple

control groups to compare different forms of
implementation of the maths app intervention
to understand how learning gains could be
maximised. This included variations in time spent
learning maths (Cory et al, 2020; Outhwaite et
al, 2018), the language of instruction (Outhwaite
et al, 2020), integration with other mathematical
instructional materials (Pires et al, 2019), and
additional links with parents at home (Schenke et
al, 2020).

Results showed children'’s learning gains with
maths apps were optimised when children

used the apps for a longer, rather than shorter,
duration (Cary et al, 2020). However, finding an
appropriate balance with other subject areas is
important to consider. Other research showed an
extra 30 minutes per day learning mathematics,
in the form of the app-based instruction had no
additional benefit for children’s basic and higher-
order maths skills, compared to when the maths
app intervention was integrated into the school
day and thus did not take away from time spent
with other subjects (Outhwaite et al, 2018).

Children also benefited more from the maths
app intervention, when it was implemented

in their first language (L1), compared to their
second language (L2; Outhwaite et al, 2020), as
well as when it was used in combination with
physical play manipulatives, rather than virtual
play manipulatives (Pires et al, 2019). However,
there was no added benefit of implementing the
maths app intervention with children alongside
a parent-focused companion app, compared to
the maths app only (Schenke et al, 2020).




Implementation process evaluations

Implementation process evaluations (IPEs) are
typically used in combination with experimental
methods (RCTs and QEDs) to further examine how
a particular intervention works and under what
circumstances (Humphrey et al, 2016; Pawson

& Tilley, 1997). Within the 50 studies identified in
this review, four RCTs included IPEs, which ranged
from descriptions of implementation (Miller,
2018) to highlighting important implications for
understanding how maths apps can be most
effectively implemented to maximise children’s
learning outcomes (Nunes et al, 2019; Outhwaite
et al, 2019) and understanding null results (Parks
& Tortorelli, 2020).

Outhwaite et al. (2019) conducted observations
of the maths app intervention sessions and
interviews with the participating teachers and
found 41% of the variance in children’s learning
outcomes (reported in Outhwaite et al, 2018)
were explained by the established routine within
the participating school contexts. This included
implementing the intervention at a consistent
time each day, having a member of staff
responsible for the intervention implementation,
having well-organised equipment, and having
dedicated space within the classroom and a
seating plan for the maths app intervention. In
the larger-scale efficacy school-level RCT of the
same maths app intervention, Nunes et al. (2019)
triangulated qualitative data from observations,
interviews, and questionnaires with teaching
assistants. Results showed maths learning
outcomes were greater when the teaching
assistants perceived their role as an educator

or guide, compared to an observer during
implementation.

Similarly, when explaining their null findings, Parks
and Tortorelli (2020) suggested that factors, such
as lack of integration into the classroom setting,
combined with a relatively short time on task (on
average, 13 minutes per week) may have limited
the success of the maths app intervention.
Teachers also reported challenges with the
logistics of charging tablet devices, difficulty
downloading apps, and the need for training on
how to integrate and implement the maths apps.

Feasibility studies

In the current review, there were seven feasibility
studies with typically developing children with
mixed results. These studies are valuable for
establishing if the maths app interventions were
viable (Kalmpourtzis, 2014; Stacy et al, 2017) or
not (Swicegood, 2015), and provided the initial
evidence base needed for further larger-scale
experimental studies (Outhwaite et al, 2017).

These studies also provide useful insights into
age-related differences in children’s engagement
behaviours with the maths apps. Moyer-
Packenham et al. (2016) and Watts et al. (2016)
found 5-8-year-old children’s efficiency and
accurate performance in different mathematical
skills significantly improved over time, in response
to using a selection of 11 maths apps. In contrast,
Bullock et al. (2017) assessed the feasibility of
three of these apps with 4-year-old children and
found most children did not make any significant
progress in seriation and counting skills.

A Systematic Review and Content Analysis

27




28

Populations

Most studies focused on the use of educational
maths apps with typically developing children of
all attainment levels (n = 43). A small number of
studies considered whether educational maths
apps can support children underachieving in
mathematics (n = 8) and children with special
educational needs and disabilities (n = 3).

Children identified as underachieving
in mathematics

Eight studies included a focus on children
identified as underachieving in mathematics
(Cory et al, 2020; Hassler Hallstedt et al,, 2018;
Hieftje et al, 2017, Krommminga & Codding, 2020;
Nunes et al, 2019; Outhwaite et al, 2017, Outhwaite
et al, 2018; Wu, 2020). The methods used to
identify these children varied across studies,
which has important implications for the internal
validity of the findings.

Four studies included exploratory sub-sample
analyses to examine which children benefited the
most from the maths app intervention (Cary et al,
2020; Hieftje et al, 2017; Outhwaite et al, 2018; Wu,
2020). In these studies, children were identified

as underachieving in mathematics based on a
statistical cut-off point applied to their pre-test
maths assessment score. For example, Cary et

al. (2020) analysed a sub-sample of participants
when evaluating KinderTEK. 5-6-year-old

children performing below age-expected levels
in mathematics (n = 38) made significantly
stronger learning gains with the maths app
intervention (Cohen’s d = 1.97), compared to the
control group. In contrast, children considered
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at-risk of being below age-expected levels in
mathematics (n = 50) showed similar levels

of improvement across the two experimental
conditions. Similarly, both Outhwaite et al.

(2018) and Wu (2020) found children identified

as underachieving in mathematics made
significantly greater improvements with onebillion
Maths 3-5 and Maths 4-6 (Cohen’s d = 4.03), and
MathemAntics (Cohen’s d = 2.11), respectively,
compared to their higher-attaining peers. Hieftje
et al. (2017) also found the same pattern of results
when examining Knowledge Battle. Collectively,
this evidence may suggest that the maths app
interventions were most beneficial for children
underachieving in mathematics. However,

this method of identifying children who are
underachieving is not considered rigorous, due

to the regression to the mean phenomenon and
can threaten the internal validity of the findings
(Barnett et al, 2004).

With a more rigorous approach, four studies
used different measures to identify children

as underachieving in mathematics, relative to
their peers and evaluate the primary outcome
of the maths app intervention. In the current
review, two studies used teacher reports
(Outhwaite et al, 2017; Nunes et al, 2019). One
study used a screening assessment tool (Hassler
Hallstedt et al, 2018) but this tool also included
items used in the primary outcome measure
that may have also been impacted by the
regression to the mean phenomenon. One
study used a combination of teacher reports
and an independent screening assessment tool
(Kromminga & Codding, 2020). Three studies
found children using the maths app intervention

made significant gains in maths skills compared
to the control conditions (Hassler Hallstedt et

al, 2018; Outhwaite et al, 2017; Nunes et al, 2019).
Kromminga and Codding (2020) found children
underachieving in mathematics made significant
gains in maths skills with both the app- and
paper-based versions of intervention.




Special educational needs and
disabilities

Three studies assessed the feasibility of maths
app interventions with children with special
educational needs and disabilities (SEND),
including Down syndrome and attention deficit
hyperactivity disorder (ADHD), as well as vision
loss, and emotional, behavioural, communication
and learning difficulties (Ahmad et al, 2014;
Pecora, 2015; Pitchford et al, 2018).

Within the included studies, most children with
SEND showed improvements in mathematicall
skills in response to app-based instruction.
However, the average progress rate was twice

as slow for children with SEND relative to their
mainstream peers. Moreover, the extent of
children’s additional needs significantly predicted
their progress rate; children with hearing and/

or language difficulties made slower progress
compared to other SEND profiles (Pitchford et al,
2018). Further observations also indicated that
children with SEND sometimes faced challenges
engaging with the maths apps, such as
becoming frequently distracted, lack of interest,
unfocused, and interrupted by schedule changes
(Ahmad et al, 2014; Pecora, 2015).
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Outcomes
Mathematical outcomes

Included studies mostly focused on
mathematical learning outcomes (n = 46),
which were primarily assessed with researcher
developed outcome measures (n = 32). Only
14 studies used a standardised assessment

of mathematical attainment as the primary
outcome measure (see Appendix 2).

Twenty-four studies sufficiently reported data to
calculate within-subject effect sizes (Cohen’s d)
on children’s learning gains in response to the
maths app interventions and afford comparisons
on the magnitude of effect sizes across studies.
Effect sizes ranged from .05 to 3.34, with 11 studies
reporting Cohen's d effect sizes equal to or
greater than one (Grimes et al, 2020; Hassler
Hallstedt et al, 2018; Kosko & Ferdig, 2016; Mattoon
et al, 2015; Outhwaite et al, 2017, Outhwaite et

al, 2020; Pitchford, 2015; Schacter & Jo, 2016;
Vanbecelaere et al, 2020; Wu, 2020; Zhang et al,
2020).

Although most of these 11 studies used an RCT
design (n = 6; Grimes et al, 2020; Hassler Hallstedt
et al, 2018; Kosko & Ferdig, 2016; Pitchford, 2015;
Vanbecelaere et al, 2020; Wu, 2020), studies with
small sample sizes, such as those with fewer than
250 students, are more likely to produce inflated
effect sizes than larger sample sizes (Cheung

& Slavin, 2013). Of these 11 studies, nine had final
sample sizes less than 250 children (Grimes

et al, 2020; Kosko & Ferdig, 2016; Mattoon et al,
2015; Outhwaite et al, 2017; Outhwaite et al, 2020;
Schacter & Jo, 2016; Vanbecelaere et al, 2020; Wu,
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2020; Zhang et al, 2020). Hedge's g corrections
were applied for studies with sample sizes equall
to or less than 50 (Lin, 2018; see Appendix 2), and
these effect sizes remained above one (Grimes et
al, 2020; Kosko & Ferdig, 2016; Mattoon et al.,, 2015;
Outhwaite et al, 2017).

Effect sizes can also be impacted by the
outcome measure used. Of these 11 studies, seven
used researcher developed measures as the
primary outcome measure (Kosko & Ferdig, 2016;
Outhwaite et al, 2017; Pitchford, 2015; Schacter

& Jo, 2016; Vanbecelaere et al, 2020; Wu, 2020;
Zhang et al, 2020), which are more likely to have
larger effect sizes, compared to standardised
assessment tools (Cheung & Slavin, 2013).

Only three studies used an RCT design with a
large sample size (greater than 250 children)

and a standardised measure of mathematical
attainment (Berkowitz et al, 2015; Hassler Hallstedt
et al, 2018; Outhwaite et al, 2018). Hassler Hallstedt
et al. (2018) evaluated the Chasing Planets app
for 19-20 weeks with 281 low-achieving students
and reported an effect size of 119. However, there
are important caveats to the internal validity

of these findings due the crossover of items
between the outcome measure and the measure
used to identify children as underachieving in
mathematics. As such, the large effect size may
be inflated.

The two other studies with rigorous experimental
designs reported effect sizes less than one.
Berkowitz et al. (2015) evaluated the Bedtime
Math app for 22 weeks with 278 children and
reported an effect size of .82. Outhwaite et al.
(2018) evaluated onebillion Maths 3-5 and Maths

4-6 for 12 weeks with 389 children and reported
an effect size of .78.




Long-term mathematical outcomes

Most included studies focused on mathematical
outcomes measured immediately after the
intervention period (n = 42). In the current
review, five studies included a delayed post-test
assessment of children’s mathematical abilities
with mixed results. Three studies showed the
mathematical gains on the primary outcome
measure were sustained at follow-up (Hassler
Hallstedt et al, 2018; Outhwaite et al. 2017;
Schaeffer et al, 2018). The timing of delayed post-
tests in these studies ranged from five months
(Outhwaite et al, 2017) to two years (Schaeffer
et al, 2018). Two studies found the effects of

the maths app intervention faded after one to
(Ramani et al, 2019) two months (Vanbecelaere
et al, 2020).

Time on task

Thirty-nine studies reported approximate time
on task for the maths app interventions (see
Appendix 2). For studies that reported time on
task as a range (e.g., 600-1,350 minutes in Parks
& Tortorelli, 2020), the intervention usage was
estimated based on the mean average of the
two reported values. On average, children used
the maths apps for 797 minutes (13 hours), which
ranged from 24 minutes (Ginsburg et al, 2019)

to 5,400 minutes (90 hours; Stubbé et al, 2016).
Within these 39 studies, 23 studies provided
sufficient data to calculate within-group effect
sizes. A small, positive, but not statistically
significant relationship was observed between
intervention usage and within-subject effect sizes
on mathematical primary outcomes (r =.30, p =
160).

Use of in-app data

Four studies used log data automatically
collected by the maths apps. For example,
Hasanah et al. (2017) examined children’s in-
app behaviour, including the average number
of steps made by children and the number of
errors made. Pitchford et al. (2018) collected in-
app data on progress through the app content
and examined how this related to learning
gains. Two studies used in-app data collection
to measure children’s mathematical abilities
(Broda et al, 2019; Judd & Klingberg, 2021). This
innovative use of data collection demonstrates
proof-of-concept for conducting intervention
studies remotely and for improving the quality of
collecting datag, particularly relating to usage and
children’s engagements with the apps.

Non-attainment outcomes

Alongside mathematical learning outcomes, 13
studies also included a range of non-attainment
outcome measures, including enjoyment,

preference modality, intrinsic motivation, and flow

experience. Five studies reported that children
mostly enjoyed using the evaluated maths app
interventions (Berggren & Hedler, 2014; Ginsburg
et al, 2019; Hieftje et al, 2017; Nunes et al, 2019;
Pitchford et al, 2018). Furthermore, Hieftje et al.
(2017) observed a positive relationship between
enjoyment and children’s learning gains in
mathematics.

While Griffith et al. (2019) also found children
enjoyed using the selection of seven maths apps,
enjoyment ratings were not significantly different
from that of other apps with no educational
content. No significant differences were also

observed in children’s preferences between app-
based learning and non-digital based maths
interventions (Krommingo & Codding, 2020;
Pecorg, 2015; Swicegood, 2015).

Four studies examined the impact of educational
maths apps on children’s intrinsic motivation and
flow experience (i.e, sustained attention) with
mixed results. Hung et al. (2015) found greater
flow experience, but not intrinsic motivation, with
the maths app in the treatment group, compared
to controls. The remaining three studies found no
groups differences in intrinsic motivation or flow
experience (Grimes et al, 2020; Spencer, 2013;
Zander et al, 2016).
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What is the external validity of the
current evidence?

The external validity of the current evidence
base was mixed. Although included studies were
conducted in 18 countries, the majority were
conducted in the USA (n = 26). Only eight studies
examined the same maths app intervention.
Between these eight studies three different
countries were covered, including England (Nunes
et al, 2019; Outhwaite et al, 2017, Outhwaite et al,
2018; Outhwaite et al, 2019), Brazil (Outhwaite et
al, 2020), and Malawi (Pitchford, 2015; Pitchford et
al, 2018; Pitchford et al, 2019).

However, in most included studies the maths app
intervention was implemented in the classroom
learning environment (n = 46) by teaching
practitioners (n = 26), rather than by researchers
(n = 20) (see Appendix 2). Only four studies were
implemented in the home learning environment
by parents (Berkowitz et al, 2015; Griffith et al,
2019; Kosko & Ferdig, 2016; Schaeffer et al, 2018).

What gaps can be identified based
on the current evidence?

Across the 50 studies, eight key findings and
associated gaps were identified in the evidence
base. The contributions of studies to the eight
themes identified through the thematic narrative
synthesis is outlined in Appendix 3. These

gaps should be addressed in future research

to advance understandings of app-based
mathematics instruction and ensure optimal
learning outcomes for all children.
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Near- and far-transfer benefits of
educational maths apps

Nine experimental studies (RCTs or QEDs)
explicitly examined differences between learning
gains in mathematical skills targeted by the
maths app intervention (near-transfer), and
other relevant mathematical and cognitive
outcomes, not included in the intervention (far-
transfer) with mixed results. Three studies found
that the benefits of the maths app interventions
transferred to other skills (far-transfer), including
higher-order and conceptual mathematical
abilities, such as mathematical reasoning and
problem solving (Outhwaite et al, 2018; Pitchford,
2015), as well as working memory (Ramani et al,
2019).

In contrast, six studies found the benefits of

the maths app interventions did not transfer

to broader mathematical abilities, including
more complex arithmetic, problem-solving, and
measurement skills (Cornu et al, 2019; Hassler
Hallstedt et al, 2018; Hieftje et al, 2017; Lee & Choj,
2020; Vanbecelaere et al, 2020). Training effects
also did not transfer to children’s mathematical
language skills (Grimes et al, 2020) or maths
anxiety (Vanbecelaere et al, 2020).

As these studies represent the best available
experimental evidence currently available, the
mixed findings may indicate that variations

in the breadth of the mathematical content

and quality of the design features included in
the evaluated apps may, in part, explain the
variations in the observed near- and far-transfer
training effects. However, no firm conclusions
can be drawn based on the evidence to date.

Further research is needed to systematically
evaluate these underlying pedagogical features
within the maths apps to identify potential
mechanisms that underpin children’s learning in
this technology-based context.
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Children identified as underachieving
in mathematics

While there is emerging evidence that
educational maths apps can provide
supplementary learning opportunities for children
identified as underachieving in mathematics, the
quality and rigour of this evidence was varied.

Five studies used the same assessment tool to
identify children underachieving in mathematics,
as well as measure the outcomes of the
intervention (Cory et al, 2020; Hassler Hallstedt et
al, 2018; Hieftje et al, 2017; Outhwaite et al, 2018;
Wu, 2020). This poses a threat to the internal
validity of these findings, due to the possibility

of regression to the mean (Barnett et al, 2004).
This is because extreme values, such as a low
mathematics score at pre-test may be due to
measurement error and are more likely to be
followed by a less extreme score closer to the
participant’s true mean when assessed again at
post-test (Barnett et al, 2004; Stigler, 1997). This
makes it very difficult to disentangle a regression
to the mean effect from a genuine intervention
effect (Yudkin & Stratton, 1996).

In contrast, only three studies in the current
review used an external method for identifying
children as underachieving in mathematics,
which was completely independent from the
outcome variable (Krommingo & Codding, 2020;
Outhwaite et al, 2017; Nunes et al, 2019). This helps
to minimise the regression to the mean problem
(Yudkin & Stratton, 1996), and thus greater
confidence can be placed in these three studies,
compared to the five using other identification
methods.

However, within these three studies, only one used
a RCT design with a business-as-usual control
group and a large sample size (Nunes et al, 2019),
meaning that there is currently a lack of evidence
as to whether educational maths apps are suited
for children struggling to learn mathematics.

As such, more large-scale rigorous intervention
studies are needed to evaluate the use of
educational maths apps with young children
identified as underachieving in mathematics

and inform the targeted implementation of such
interventions. The use of an assessment measure
for identifying these children, independent of the
outcome measure, should be considered best
practice when conducting future research.

Special educational needs and
disabilities

Research with children with SEND was restricted
to feasibility level evidence and no studies
worked with children with dyscalculia. However,
it is important to acknowledge that the inclusion
criteria for the current review was restricted

to the first three years of formal education. As
many special educational needs are not formally
diagnosed until children are older and the SEND
code of practice ranges from 0-25 years (DfE,
2020), there may be more developed evidence
that fell beyond the age range included in the
scope of this review.

Nevertheless, further research is needed to
examine the use of educational maths apps with
children with specific mathematical difficulties,
such as dyscalculia, Down syndrome, and other
learning difficulties. For example, Sella et al. (2021)
showed children with Down syndrome made

significant improvements in specific numerical
skills and mental calculation, in response to
using the computer-based game, The Number
Race, for 10 weeks, compared to a reading active
control group. Although this study fell beyond
the scope of the current review, it provides a
useful demonstration of how interventions initially
evaluated with typically developing children
(sella et al, 2016), can be translated for different
population groups. As such, similar research
specific to educational maths apps on touch-
screen tablets is needed to identify how such
interventions can be successfully implemented
and adapted to meet the needs of different
groups of children and ensure equitable access
to effective and evidence-based mathematical
instruction.
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Role of age and language in educational
maths apps

Consistent with previous systematic reviews
(Griffith et al, 2020; Herodotou, 2018), the current
synthesis also suggests that younger children
may face more barriers when accessing
educational maths apps (e.g, Bullock et al, 2017).
However, this chronological approach, does

not necessarily capture how the suitability of
educational maths apps may differ based on
children’s individual abilities. Two studies showed
children’s language abilities influenced their
progress through the maths app intervention,

in that children with better proficiencies in the
language of instruction made more progress
through the maths apps, compared to those
with weaker language skills (Pitchford et al, 2018;
Outhwaite et al, 2020). Overall, this evidence
collectively suggests that as young children are
still developing their language and vocabulary
skills, it may be important to consider their
strengths and weaknesses in these areas, when
deciding if and which apps to use, rather than
just their age.

Furthermore, different types of apps may be
better suited to support children’s developing
language skills in the context of app-based
maths instruction. For example, apps that are
designed with a strong focus on social interaction
(Hirsh-Pasek et al, 2015), may provide additional
linguistic scaffolds that are not included in

other types of apps that place an emphasis

on individual use by the child. As such, future
research should further examine the role of
language and how this may interact with age,
when children use different types and features of
maths apps.
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Usage and immediate and sustained
learning gains

Although a small, positive, but not statistically
significant relationship was observed between
intervention usage and learning outcomes

(r =.30), this result should be treated tentatively.
This is because usage was not reliably and
consistently reported across studies and very few
studies examined the log data available from the
maths apps. In addition, the quality of reporting
standards across the 50 studies was relatively
poor, which limited the calculations of within-
subject effect sizes on learning outcomes.

In studies where usage was sometimes
adequately reported, it gave insights into
explaining the observed long-term mathematical
outcomes, in response to the maths app
interventions. Three studies reported learning
gains that were maintained when assessed at a
5-month- to- 2-year- follow-up (Hassler Hallstedt
et al, 2018; Outhwaite et al. 2017; Schaeffer et al,
2018). Importantly, in these studies, the maths app
intervention was implemented over a sustained
period, with time on task ranging from 900 to
1,698 minutes (15- 28 hours). In contrast, the two
studies that found the effects of the maths app
intervention faded at one to two months later,
were implemented for a shorter duration of 100-
300 minutes (1.7- 5 hours) (Ramani et al, 2019;
Vanbecelaere et al, 2020). Overall, this highlights
the need for more reliable and consistent
reporting of maths app usage, which can be
supported by innovative methods for data
collection.




Innovative methods for data collection

Previous systematic reviews on educational
apps identified the lack of studies utilising in-
app data on learner analytics (Herodotou, 2018).
The current review identified four studies that
used log data to understand children’s in-app
behaviour and examine learning outcomes
(Broda et al, 2019; Hasanah et al, 2017; Judd

& Klingberg, 2021; Pitchford et al, 2018). These
studies demonstrate proof-of-concept for
innovative methods for data collection with
educational maths apps. Future studies should
build on this evidence base to make effective use
of the in-app data automatically generated by
the maths apps. In particular, in-app data can
be used to rigorously examine the relationship
between time on task and mathematical
outcomes, as well as understanding other areas
of in-app behaviour, such as patterns of errors
children make during game play. This data
could also be utilised to conduct high-quality
intervention studies remotely, for example during
periods of home learning and for working with
hard-to-reach populations, such as those with
SEND.

Cross-cultural comparisons with
educational maths apps

Although 18 different countries were represented
across the 50 included studies in the current
review, only one maths app intervention was
evaluated in different high- (England), middle-
(Brazil), and low- (Malawi) income country
contexts (Nunes et al, 2019; Outhwaite et al,
2017; Outhwaite et al, 2018; Outhwaite et al, 2019;
Outhwaite et al, 2020; Pitchford, 2015; Pitchford

et al, 2018; Pitchford et al, 2019). Across these
eight studies, results were positive in favour of the
maths app intervention, compared to a range of
control groups. As such, it demonstrates that this
maths app intervention can be effectively used
to support children’'s mathematical development,
particularly for girls in countries where gender
differences in standard practice may typically
hinder their learning progress (Pitchford et

al, 2019). This has important implications for
addressing global educational challenges,
including issues faced because of schools
around the world being closed for significant
periods of time for most children during the
Covid-19 pandemic. Data from the United Nations
(2021) suggests that the impact of the pandemic
has wiped out 20 years of educational gains,
thus limiting progress towards the education
Sustainable Development Goals. To continue
supporting children’s learning and development,
particularly in response to Covid-19, there has
been a greater emphasis on the implementation
of children’s education by parents at home, for
which technology can play an important role.
However, it is essential these interventions are
effective, evidence based, and distributed in

an equitable way. In response, further rigorous
research is needed to evaluate educational
maths apps around the world, particularly in the
home learning environment.

A Systematic Review and Content Analysis




Educational maths apps in the home
learning environment

The home learning environment plays a vital

role in child development (Toth et al, 2020), yet
parents typically engage in maths activities at
home once a week, compared to every day for
reading (Organisation for Economic Co-operation
and Development [OECD], 2020). Parents also
often report their own maths anxieties, which can
impact their children’s mathematical outcomes
(Maloney et al, 2015).

In the current review, only four studies were
conducted at home with parents (Berkowitz et
al, 2015; Griffith et al,, 2019; Kosko & Ferdig, 2016;
Schaeffer et al, 2018). One additional study
involved parents in the maths app intervention
implemented in the classroom (Schenke et

al, 2020). As such, more research is needed

to understand how maths app interventions

can work in the home to empower parents

and support children’s learning. This could be
achieved through apps that encourage off-
screen play and maths talk (Berkowitz et al, 2015;
Schaeffer et al, 2018). No apps in the current
review included a separate parent area that
communicated children’s usage and progress
through the app. This may support parental
involvement in children’s mathematical learning,
but further research is needed.

Can Maths Apps Add Value to Young Children’s Learning?

Part1Conclusions

The current systematic review was inclusive of
quantitative, qualitative, and mixed methods
studies to comprehensively capture the
emerging evidence on whether educational
maths apps can support learning, under what
circumstances apps work, and who benefits the
most from apps. Most studies were implemented
in the classroom by teaching practitioners with
typically developing children, highlighting the
usability and external validity of the evaluated
maths apps for this group of children.

The best available experimental evidence (RCTs
and QEDs) mostly demonstrated positive results
towards the maths app intervention for typically
developing children, compared to a range of
control groups, including standard mathematical
practice (business-as-usual), and other
educational apps (active control).

However, only two of these studies met the
highest standards for rigorous methods,
including, a RCT design with a large sample

size (greater than 250 children), a standardised
measure of mathematical abilities, and
sufficiently reported data to calculate within-
subject effect sizes (Berkowitz et al, 2015;
Outhwaite et al, 2018). As such, although the
current evidence base demonstrates promising
and externally valid findings, more high-quality
rigorous research is needed to support evidence-
based decisions relating to young children’s use
of educational maths apps.




Part 2:
Can Maths Apps Add
Value to Learning?



Part 2: Can Maths Apps Add Value
to Learning? A Content Analysis

This content analysis follows the systematic
review synthesising the research literature on
educational maths apps, reported in Part 1. The
systematic review identified 77 maths apps

that have been previously evaluated across 50
studies. Overall, the studies predominately report
greater learning outcomes for children using the
evaluated maths apps, compared to a range of
control conditions. While this systematic review
addresses whether educational maths app

can be an effective learning tool, little research
has considered what the active ingredients (ie,
mechanisms), or combination of ingredients, of
successful maths apps are and how they link to
current theories of mathematical development
and learning science. To examine how different
maths apps work, the underpinning pedagogy,
including the mathematical content and app
design features, needs to be examined (Griffith
et al, 2020) and linked to the observed learning
outcomes (Outhwaite et al, 2019).
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The Need to Develop a New Content
Analysis Framework

To date, only one systematic review on
educational apps (maths and literacy) has
attempted to consider the potential relationships
between the app design features and observed
learning outcomes. Kim et al. (2021) scored 36
identified apps in their systematic review using
five simple questions based on Hirsh-Pasek

et al’s (2015) theoretical framework that high
quality educational apps should include active,
engaged, meaningful, and socially interactive
learning with a specific learning goal. Questions
included, “do activities promote meaningful
learning?”, which were then rated on a 3-point
Likert scale. In this example, scores ranged

from: “low (app promotes rote memorisation
disconnected from broader learning contexts),
moderate (app sometimes connects to broader
learning contexts but also sometimes promotes
rote memorisation), to high (app promotes
conceptual mastery that is consistently
connected to a broader learning context)” (Kim et
al, 2021, p.4 Supplementary Materials). Moderation
analyses showed no relationship between the
quality of app score and the learning gains in the
reported meta-analysis. However, the questions
used to assess the apps did not include specific
features, such as feedback or levelling, which

are proposed in other existing frameworks to be
important components of app-based instruction
(Collaghon & Reich, 2018; Herodotou, 2021; Kolak et
al 2020; Meyer et al, 2021; Papadakis et al, 2017).

Feedback within educational maths apps can be
defined as immediate responses from the app,
based on the actions, input, and performance

of the user (Tucker, 2015). Feedback can be
understood according to its explanatory

and motivational components. Explanatory
feedback within the apps provides the user with
an explanation of why their answer is correct/
incorrect. On the other hand, motivational
feedback provides general feedback to the

user such as “You did it!” or “Great job!” but is

not directly associated with the answers or
performance of the user. Recent experimental
evidence shows preschool-aged children who
received explanatory verbal feedback, made
significantly fewer errors during a novel practice-
based mathematics sorting game compared

to children who received motivational non-
verbal feedback (e.g, cheering sound effects).
Motivational verbal feedback (e.g., “Great

job!") did not increase performance accuracy
compared to other forms of feedback (Callaghan
& Reich, 2021).

Levelling can be defined as tailoring learning
content so that it accounts for and builds on
children’s prior knowledge and progression (Hsin
& Wu, 2011; Magliaro et all, 2005). Levelling can
be implemented in educational maths apps in
three ways. First, participatory free form levelling
refers to apps that provide a suggested but

not enforced sequence of learning content
(Kucirkova, 2018). Second, programmatic static
levelling tailors the learning content to a child
based on an initial attainment assessment or
learning content that is pre-selected by an
adult (Vandewaetere & Clarebout, 2014). Third,
programmatic dynamic levelling adapts the
presented learning content in response to a
child’'s performance while using the app
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(Vandewaetere & Clarebout, 2014). Experimental
evidence demonstrated app-based maths
learning tasks were completed quicker and

with increased accuracy when learning tasks
gradually increased in difficulty (programmatic
levelling), compared to a non-strategic sequence
of learning activities (participatory free form
levelling) (Callaghan & Reich, 2021). Further
research found no group differences between
dynamic and static forms of programmatic
levelling (Vanbecelaere et al, 2021).

Within previous research, it is also assumed

that all app design features, such as levelling
and feedback, are equally important and
combine in equivalent ways. However, some app
design features may be necessary, sufficient,

or inconsequential. Therefore, more nuanced
approaches and analyses are required to
understand how maths apps may work to
support learning.

Existing Frameworks for the
Educational Value of Apps

Many existing frameworks assessing the
educational value of apps have been developed
based on developmental and learning science
theory (e.g, Hirsh-Pasek et al, 2015) and

thus adopt a top-down approach to coding
educational maths apps (Callaghan & Reich,
2018; Kolak et al 2020; Meyer et al, 2021; Papadakis
et al, 2017). For example, Meyer et al. (2021)
designed a detailed coding scheme and scoring
system also based on Hirsh-Pasek et al’'s (2015)
4-pillar theoretical framework. However, many

of the items included in Meyer et al.s (2021)
framework were biased towards certain types
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of apps (Kay & Kwak, 2018). For example, off-
screen social interaction is a key component

of parent-based apps (e.g, Bedtime Math) but

is not aligned to the design principles of other
types of apps, such as practice-based and
game-based apps, which are typically designed
to be individually used by the child. As such,
when using Meyer et al’s (2021) scoring scheme,
parent-based apps will inherently gain a higher
score compared to other types of apps. This is
problematic, as no intervention studies to date
have directly compared the learning outcomes
of these different types of apps with these
features. Thus, it is currently unknown whether this
distinction between face-to-face interaction and
in-app character engagement is appropriate
within the context of app-based instruction.

A similar issue is also present in Kolak et al's
(2020) framework, with the inclusion of the
storyline items, which are a key component of
game-based apps and are less relevant to other
types of apps. To develop unbiased conclusions
about the potential mechanisms underpinning
learning outcomes with app-based maths
instruction, it is important to develop framework
items that are applicable to the different types of
maths apps.

In contrast, Herodotou (2021) took a bottom-up
approach and identified, through a literature
review, app features that may facilitate or hinder
learning across different subject areas including:
main figure, feedback, instructions, highlighting
information, constraints, linking multiple
representations, experimentation, as well as
other features such as, progression, sounds, and
language (e.g, Fallon, 2013; Moyer-Packenham




et al, 2016). The proposed framework was then
expanded through the observational study of 17
children using one practice-based maths app
(Moose Math), which emphasised the importance
of feedback, experimentation, and learning
theories in app design.

Herodotou's (2021) proposed framework was
based on a narrative review of studies across
different domains and was not focused solely on
maths apps. In the current project, we took this
approach further by (a) conducting a systematic
review of the literature focusing specifically on
maths apps with young children (see Part 1).

This resulted in identifying several maths apps
that were shown to support learning and will

be combined with (b) a content analysis of the
identified apps and their design features.

This content analysis combined a top-down
(deductive) and bottom-up (inductive)
approach, which enabled the current study to
build on existing frameworks and ensure other
app features, not currently included in existing
frameworks, are also captured within this
analysis. Furthermore, while existing frameworks
(Callaghan & Reich, 2018; Herodotou, 2021; Kolak
et al 2020; Meyer et al, 2021, Papadakis et al,
2017) provide a useful indication of specific
potential mechanisms underpinning app-based
learning, the associated scoring systems are
not suitable for making meaningful connections
to intervention study outcomes. The current
study addressed this limitation using Qualitative
Comparative Analysis (QCA).

Research Questions

This content analysis aimed to address the
following research questions:

RQIL: When combining top-down and bottom-
up approaches to the content analysis, what
mathematical content and app design features
are included within educational maths apps that
have been previously evaluated in terms of their
impact on children’s learning outcomes?

RQ2: Which app design features are sufficient
for supporting children’s learning outcomes with

maths apps?

Method
Inclusion criteria

To be eligible for inclusion in the content analysis,
the maths apps identified in the systematic
review had to meet the following criteria:

+ Included apps must be the individual focus of
an intervention study that has mathematical
attainment as the primary outcome measure,
measured before (pre-test) and after (post-
test) the intervention period (e.g, the onebillion
Maths app intervention evaluated in Pitchford
et al, 2018).

« In cases where multiple apps were included
in one study, the results (i.e, mathematicall
attainment scores) were reported separately
for each app (e.g., Bullock et al, 2017 evaluates
three apps and includes individual results for
each app).

” A Systematic Review and
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+ If the intervention study included multiple
maths apps and the reported results were
not disaggregated for each app (Griffith et
al, 2019; Mattoon et al, 2015; Miller, 2018; Parks
& Tortorelli, 2018), the identified maths apps
were excluded from the content analysis. This
is because it was not possible to disentangle
whether one app was driving the observed
learning outcomes and there may be
some apps that were not used during the
intervention period, as intervention intensity
specific to each app was not reported. There
was also no guarantee that these apps, with
combined results, had the same app design
features, therefore the identification of active
ingredient/s would be unclear.

+ However, before excluding maths apps that
were included in intervention studies without
disaggregated results, the lead author of
each study was contacted to check whether
any app specific learning outcome data was
available.

These criteria allowed for within-subject

effect sizes in response to the specific maths
app to be calculated, and thus enable the
mathematical content and app design features
to be meaningfully associated with the observed
learning outcomes (Outhwaite et al, 2019).

Included apps must also:

+ Be commercially available and accessible for
download from the Apple and/or Google Play
stores in the UK.

- If the app was not commercially available (e.g,
it has been developed by a research team for
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the purposes of the study), the lead author
was contacted to request access. If it is not
possible to access the relevant app after two
follow-up emails, the app was excluded from
the content analysis.

+ If the app is not available in the UK app stores,
the app was excluded from the content

analysis.

Effect sizes

To capture children’s learning outcomes with the
evaluated maths apps that met the inclusion
criterig, the following data was extracted from the
relevant studies:

« Group mean and standard deviation for pre-
test and post-test mathematical attainment
scores for the intervention group(s).

« Final sample size of the intervention group(s).

+ Intervention intensity: number of weeks the
intervention was implemented for and the
number and length of sessions per week.

« Whether the mathematical assessment
tool used as the outcome measure was
standardised or researcher developed.

The extracted data on pre-test and post-test
mathematical attainment scores was used to
calculate within-subject (i.e, pre-test to post-
test) effect sizes (Cohen's d) for the progress
made in maths abilities over the duration of the
intervention period for the intervention group only.
The final sample size was used to apply

Hedge's g corrections where appropriate for
studies with samples less than 50 (Lin, 2018).




Coding of included apps

Each of the included apps were coded following
a three-step process, as detailed below.

Type of maths app

First, each included app was classified by

type. This was based on Kay and Kwak's (2018)
taxonomy of different types of educational apps.
While these categories were exclusive, they

were not exhaustive; an important feature of
qualitative coding (Braun & Clarke, 2008). As such,
the taxonomy was expanded to include parent-
based apps (see Table 3).
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Table 3: Descriptions for each type of educational app.

Type of App

Practice-based

Description

Designed to support the acquisition of learning
content, such as mathematical facts and concepts,
through targeted practice (e.g, onebillion Maths 3-5).
Primarily designed to be used by children individually
and is self-paced. Child is the consumer of the
learning content.

Game-based

Same as practice-based apps, with the addition that
learning content is embedded within broader immer-
sive player narrative (e.g, Slice Fractions).

Constructive

Designed to encourage the exploration and active
manipulation of mathematical ideas and concepts
(e.g., Montessori Numbers for Kids). Child is the con-
sumer of the learning content.

Productive

Designed to support children to produce their own
content, for example to present their own ideas on a
particular maths topic; they are creators of their own
learning content (e.g, Quizlet Plus).

Parent-based

App content is primarily designed for parents/caregiv-
ers and encourages offline interactions and learning
opportunities with children (e.g, Bedtime Math).

44 Can Maths Apps Add Value to Young Children’s Learning?




Mathematical content included
within the app

Second, the mathematical content within each
included app was catalogued, based on four
areas of mathematical development which
included several description points: Number
Representation and Relationships (11 description
points including transcoding, number bonds, and
number line estimation), Counting (7 description
points including one-to-one correspondence,
cardinality, and skip counting), Arithmetic (10
description points including addition, subtraction,
and arithmetic symbols and language), and
Shape, Patterns, and Measurement (10 description
points including working with patterns, shape
recognition, and sequence of events).

The initial categories were developed based on
current theories of mathematical development
(Butterworth, 2005; Clements & Sarama, 2009;
Gilmore et al, 2018) and best practice guidelines
for effective early mathematics teaching (Clark
et al, 2020). The descriptions within each area
of mathematical development also aligned with
content from the mathematics curriculum in
England (DfE, 2013; 2021) and the Common Core
Standards for mathematics in the USA (Common
Core State Standards Initiative, n.d.).

Included apps were dichotomously coded

(not present [0] or present [1]) for each of the
listed areas of mathematical development.
Apps needed to meet at least one of the
description points, for the area of mathematical
development to be coded as present.

To capture more detail about how well the
different areas of mathematical development
were covered within the included apps, each of
the description points were also dichotomously
coded (not present [0] or present [1]). There

was also the opportunity to include other
mathematical skills, not currently listed, to ensure
exhaustive coding.

Design features included within the
app

Finally, the presence of certain app design
features was dichotomously coded (not
present [0] or present [1]). This was followed by
a brief description of how each feature was
implemented within each app. Table 4 outlines
the list of app design features identified. This
list was collated based on their predominant
presence in existing frameworks evaluating the
educational value of apps (Callaghan & Reich,
2018; Herodotou, 2021; Kolak et al 2020; Meyer et
al, 2021; Papadakis et al, 2017).

However, as discussed above, most of the existing
frameworks adopted a top-down approach,
which is not exhaustive and there may be
additional design features present within the
included maths apps that are not currently
included. As such, a bottom-up approach was
also taken with the opportunity to include other
design features — beyond those outlined in

Table 4 - to ensure exhaustive coding. Additional
design features were identified through reviewer
engagement with the app and by re-visiting the
associated papers and applying the principles of
an intervention component analysis (Sutcliffe et
al, 2015).
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Table 4: Initial list of design features

Design Feature

Feedback

Inclusion in Existing

Description Frameworks

App provides immediate feedback on children’s performance during the learning activity. Nature of feedback can be:

1) Explanatory/corrective: app gives reasons why an answer is (in)correct, and/or
2)Metivational: app encourages children’s engagement (e.g, “Good job!” or “Let's try again”).

Feedback can be delivered via audio and/or visually.

Levelling

App provides multiple, structured levels of difficulty that can be personalised to the child. Levelling can be:

1) Programmatic, static: learning content is tailored to the child based on initial attainment assessment or pre-selected by
an adult, and/ or

2) Programmatic, dynamic: adaptivity of learning content in response to the child's performance, or

3) Participatory, free form: App provides suggested (but not enforced) sequence of learning content.

Social
interaction

App encourages social interaction either:

1) With an in-app character, who ‘communicates’ with the child through introducing the learning activity, modelling
concepts and/or asking prompting questions.

2) Between the adult and child outside of the app. Support is given to the adult to support these interactions.

Task instruction

App includes:
1) Explicit instructions (i.e, explains task and what to do next) with easy-to-understand language, and/or

2) There are opportunities for instructions to be repeated.

Meaningful
learning and
solving
problems

Activities within the app provide meaningful learning centred around mathematical development and focus on:
1) Practicing basic mathematical skills in isolation (e.g, tracing Arabic digits only), and/or

2) Practicing multiple basic mathematical skills in relation with each other (e.g, tracing Arabic digits and transcoding with
other numerical representotions), ond/or

3) Embedding mathematical skill practice within a real-life context (e.g, selecting and counting items to be packed on
holiday), and/or

4) Applying mathematical skill practice to solve novel problems.

Existing frameworks: 1) Callaghan & Reich, 2018; 2) Herodotou, 2021; 3) Kolak et al, 2020; 4) Meyer et al, 2021; 5) Papadakis et al, 2017.
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Coding procedures

Each of the included apps was coded using
the data collection form designed specifically
for this study (see Appendix 4). To assess the
mathematical content, reviewers considered
the overall focus and available learning tasks
for each app. To understand the app design
features, reviewers played with each app for
20-30 minutes and engaged with a minimum
of ten different activities from across the app.
During play, reviewers gave both correct and
incorrect answers to understand how each
maths app responded to user behaviour.

The first reviewer (EE) completed the coding
procedure for all the included maths apps.

A second reviewer (LO) repeated the coding
procedure for 20% (randomly selected) of the
apps. There was excellent agreement between
the reviewers (k= .85). Any disagreements were
resolved through discussion.

Results
Type of apps

As outlined in Table 5, practice-based apps were

the most popular type of app that has been
evaluated. Productive and parent-based apps
were the least common.

Table 5: Summary of the type of apps identified in the systematic review (Part 1; n = 23).

Type of App

Practice-based

Game-based

Constructive

Productive

Parent-based

Number of Apps

App Names

Fingu; Friends of Ten; Intro to Math; IXL; KinderTEK; Know Number
Lite; MathemAntics; Maths 3-5; Maths 4-6; Math Shelf; Montessori
Numbers for Kids; Native Numbers; Pink Tower; Splash Math 2nd
Grade; Teaching Number Lines

Addimal Adventure; Slice Fractions; Vektor; Zorbit's Math
Adventure

Montessori Bead Skip Counting; 100s Board

Quizlet Plus

Bedtime Math
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Mathematical content

Results showed that within the 23 evaluated
maths apps, understanding number
representations and relationships was the most
popular area of mathematical development (n

= 21). There were 18 apps that targeted counting
skills, 12 apps targeted arithmetic, and 13 apps
targeted shape, patterns, and measurement.
Table 6 summarises the specific mathematical
skills covered within these areas of mathematical
development.

Four apps also included additional mathematical
areas that were not categorised in the initial
coding (IXL,' Slice Fractions; Splash Maths 2nd
Grade; Vektor). IXL included the exploration of
probability, data, and graphs. Slice Fractions
included the addition and subtraction of
fractions. Splash Maths 2nd Grade explored how
to read data from line graphs, picture graphs,
and bar graphs. Vektor included visuo-spatial
working memory tasks and shape rotation tasks.
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Table 6: Summary of the mathematical content of the included maths apps (n = 23)

Number of

Mathematical Content
Apps

Number Representation and Relationships

)

Number representation with Arabic digits (symbolic), verbal, and written number word recognition.

Transcoding between Arabic digits and number words.

Recognition of number of items within a set (i.e, subitising).

Comparison of magnitude of symbolic (ie, 5 is less than 8) and non-symbolic number (i.e, 5 dots is less than 8 dots).
Mathematical language, relating to more/ less, before/ after, most/least, equal to.

Position of numbers on a number line (e.g, 0-10, 0-20, and/or 0-100).

Number bonds to 10 and/or 100.

Odd and even numbers.

Basic exploration of fractions (e.g, recognition of halves and quarters).

Further exploration of fractions (e.g, % of 6 = 3 and/or equivalence of % and % ).

Exploration of place value (i.e, understanding the value of a digit based on its position in a number).

Support for one-to-one correspondence.

¥

Counting sequence (in ones) forwards and backwards to 10, 20 and/or 100.

Support for cardinality- the last number counted represents the set.

Counting of a range of different objects (i.e., understands oneness, twoness, threeness with abstraction principle).
Counting on from a specified number (e.g, count from 5 to 8).

Skip counting (e.g, in twos, threes, fives, and/or tens).

Given a number, identify one more and one less.
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Number of

Mathematical Content
Apps

N

Single digit addition and subtraction with two numbers (e.g, 2 + 2 = 4).

Addition and subtraction with at least one double-digit (e.g, 10 + 2 =12 or 10 + 10 = 20).
Single digit addition with three numbers (e.g, 1+ 2 + 3 = 6).

Familiarisation with arithmetic (e.g, + - =) and/or mathematical symbols (e.g, < >) and associated language (e.g, add, take-away, equals, more than, less
than).

Familiarisation of how arithmetic operations are related to each other (e.g, + is opposite of -).

Introduction to multiplication tables (e.g, 2, 5, and 10).

Support for counting strategies when completing more complex arithmetic operations (e.g, share and group objects).

One-step addition and subtraction word problems using concrete objects, pictorial representations, and/or missing number problems.

One-step multiplication (e.g, doubling) and division (e.g, halving) word problems using concrete objects, pictorial representations and or arrays.

Familiarisation of commutative nature of addition and/ or multiplication (i.e, numbers can be added/ multiplied in any order) and non-commutative
nature of subtraction and division.

Shape, Patterns, and Measurement

Recognise and continue patterns with shapes and/or objects (i.e, not number).

Create new patterns with shapes and/or objects.

Order objects in a set (i.e, first, second, third).

Sequence of events in chronological order.

Compare or group sets of objects on a defining feature (e.g, all the blue balls).

2D and/or 3D shape recognition.

Understanding of 2D and/or 3D shape properties (e.g, triangle has 3 corners, line of symmetry).
Manipulate shapes to make and/or decompose other shapes.

Mathematical language relating to length, height, weight, capacity, spatial position (e.g., left, right, top, bottom), money, and time.

Use of measurement units (e.g, m/cm, kg/g, litres/ml, £/p).
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App design features

As shown in Table 7, within the 23 apps,
explanatory and motivational feedback (n =

12) and participatory, free form levelling were

the most common (n = 12). Most apps did not
provide social interaction in the form of an in-
app character or support adult-child interactions
outside of the app.

All apps provided some form of meaningful
learning and problem solving with most apps
including practice of basic mathematical

skills in isolation (n = 17). Of the two apps that
incorporated a mixture of meaningful learning
and problem-solving features, Bedtime Math
practiced multiple basic mathematical skills

in relation with each other and embedded
mathematical skill practice within a real-life
context, whilst IXL practiced basic mathematical
skills in isolation and embedded mathematical
skill practice within a real-life context. Quizlet
Plus was categorised as not applicable as itis a
productive app and as such children are creators
of the app content.
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Table 7: Summary of the app design features of the included maths apps (n = 23)

App Design Feature Number of Apps

Feedback

N

Explanatory and motivational feedback
Explanatory only

Motivational only

No feedback

N

Participatory, free form
Programmatic, dynamic
Programmatic, static

No levelling

Social Interaction

—=

In-app character
Adult-child interactions

No social interaction

=

Task Instruction

Instructions can be repeated by the child more than once in all app activities
Instructions are repeated only once if a child does not respond or gives an incorrect answer
Instructions can be repeated, but only in some app activities

Instructions cannot be repeated

No instructions

Meaningful Learning and Solving Problems

~

Practicing basic mathematical skills in isolation

Practicing multiple basic mathematical skills in relation with each other
Embedding mathematical skill practice within a real-life context
Applying mathematical skill practice to solve novel problems

Mixture of above categories

Not applicable
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Qualitative comparative analysis

Due to the small number of maths app
interventions available for this analysis (n =8), the
number of included app features within the QCA
was restricted to three (see Table 8). Based on
previous experimental research (e.g, Callaghan
& Reich, 2021), the QCA model focused on the

role of feedback (explanatory and motivational)
and programmatic levelling (static or dynamic).
A highly effective intervention was defined as a
within-subject effect size (Cohen's d) greater than
1 (Hedge's g corrections applied to studies with
sample sizes equal to or less than 50). In cases
where math apps were evaluated in multiple
studies (onebillion Maths 3-5 and Maths 4-6;
Math Shelf), the most robust study (e.g, an RCT
with the largest sample size) that had sufficiently
reported data to calculate the within-subject
effect size was used as an indication of children’s
learning outcomes (Outhwaite et al, 2018;
Schacter & Jo, 2017).

All eight studies included in the QCA (Berkowitz et
al, 2015; Cary et al, 2020; Grimes et al, 2020, Kosko
& Ferdig, 2016; Outhwaite et al, 2018; Schacter &
Jo, 2017; Spencer et al, 2013; Wu, 2020) focused

on typically developing children aged between
4-7 years old with an experimental design (RCT or
QED). Two studies reported sub-group analyses
on children identified as underachieving in
mathematics (Cary et al, 2020; Wu, 2020). But

for the purposes of this analysis, the extracted
within-group effect sizes focused on the whole
sample.
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Table 8: Summary of included apps in the qualitative comparative analysis (QCA) with potential conditions and classifications of
highly effective intervention sets.

. - Outcome
L SN (Within-Group Effect Size)

Sample Size

H Highly (Treatment
Feedback- Feedback- Levelling- Social Task Effective Group only)

Programmatic Hedge's g°

(Dynamic or Static) Intervention

Set®

Explanatory | Motivational Interaction | Instruction

Berkowitz et

al. (2015) BedTime Math 0 0 1 1 0 82 n/a 0 Unknown

Cary et al. .

(2020) KinderTEK ] ] 0 ] 1 88 n/a 0 58

Spencer et al. Know Number

(2013) Ve 0 1 0 0 0 56 n/a 0 na

fg?gg]t%r and -, th Shelf 0 1 1 1 0 20 n/a 0 23]

Wu (2020) MathemAntics 1 1 1 1 1 1.89 1.84 1 28

Grimes et al. .

(2020) Native Numbers 1 1 1 0 1 110 1.06 1 24
: onebillion

OtUtTV(V;CI)ﬁg) (Maths 3-5 and 1 1 0 1 1 78 n/O 0 126

srel Maths 4-6)

Koskoand B8 & rbit 1 1 1 ] 1 145 141 1 27

Ferdig (2016)

“Hedge’s g correction applied to effect sizes where study sample sizes were less than 50.
® Effect sizes greater than 1.00 coded as 1. Effect sizes less than 1.00 coded as 0.
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Table 9: Summary of Model 1in the qualitative comparative analysis (QCA).

Ol Membership in ‘Highl
Feedback- Feedback- Programmatic - P 9 y .
AT . Number of Apps Effective Intervention Raw Consistency
Explanatory Motivational (Dynamic or Set
Static

] ] ] 3 (MathemAntics; Native Numbers; Zorbit) ] 1.00

1 1 0 2 (KinderTEK: onebillion) 0 n/a

0 1 1 1 (Math Shelf) 0 n/a

0 1 0 1 (Know Number Lite) 0 n/a

0 0 1 1 (BedTime Math) 0 n/a

Table 10: Summary of Model 2 in the qualitative comparative analysis (QCA).

Levelling- Levelling- Membership in ‘Highly
Programmatic | Programmatic Feedbacke Number of Apps Effective Intervention’ Raw Consistency
Dynamic Static Set
1 0 1 2 (Native Numbers; Zorbit) 1 1.00
0 1 1 1 (MathemAntics) 1 1.00
0 0 1 2 (KinderTEK: onebillion) 0 n/a
1 0 05 1 (Math Shelf) 0 n/a
0 0 05 1 (Know Number Lite) 0 n/a
0 1 0 1 (BedTime Math) 0 n/a
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Model 1

Results indicated the combination of explanatory
and motivational feedback, together with
programmatic levelling (static or dynamic, rather
than participatory levelling) were necessary
conditions for highly effective maths apps (see
Table 9).

Although motivational feedback on its own

was not associated with highly effective maths
apps, importantly, it was not a hinderance on
children’s learning outcomes. It is also important
to highlight that the differential effects of
explanatory and motivational feedback could not
be disentangled in this analysis. This is because
within this sample, there were no maths apps
that included explanatory feedback only.

Model 2

Model 1 focused on programmatic levelling, which
can be dynamic or static. To further explore any
differential effects between these different types
of levelling, Model 2 included programmatic
dynamic and programmatic static levelling
entered as separate conditions, with feedback
entered as a fuzzy set. In a fuzzy set, multiple
categories can be included to represent a
continuum (i.e, 0, 0.5, or 1), rather than the
dichotomous variables (i.e, 0 or 1) used in Model 1.
Within this fuzzy set, explanatory and motivational
feedback was given a stronger weighting (1),
compared to motivational feedback only (0.5)
and no feedback (0; see Table 10).

Consistent with Model ], results showed
explanatory and motivational feedback
combined with programmatic dynamic levelling

Can Maths Apps Add Value to Young Children’s Learning?

were necessary conditions for highly effective
maths apps. The same pattern of results was
also observed for programmatic static levelling.
This suggests there were no differential effects
between the different types of programmatic
levelling for enhancing children’s learning
outcomes within app-based mathematics
instruction.

Discussion

The current content analysis identified that to
date, practice-based maths apps are the most
common type of app to be evaluated (n = 14).
The included apps primarily targeted basic skills
in understanding number representations and
relationships (n = 21) with number representation
with Arabic digits, verbal, and/or written number
word recognition as the most common (n = 19).
Most included apps incorporated some form of
feedback (n = 21) and levelling (n = 21). Results
from the QCA demonstrated that variations in
how feedback and levelling was implemented
with the app design was associated with
differences in the within-subject effect sizes of
children’s progress following the maths app
intervention.

Specifically, the QCA showed that the
combination of explanatory and motivational
feedback, together with programmatic levelling
(either dynamic or static) were necessary

app design features for enhancing children’s
learning outcomes with app-based maths
instruction. These results are consistent with other
experimental research that showed children
made significantly fewer errors and completed
app-based maths learning tasks quicker and




with increased accuracy with explanatory
feedback and programmatic levelling (Callaghan
& Reich, 2021).

Although the eight studies included in the QCA
can be considered to have good levels of rigour
using an experimental design (RCT or QED) with
a relatively heterogenous sample of typically
developing children, some caution should be
taken with these results due to the possibility of
inflated effect sizes, like the issues highlighted

in Part 1. Although Hedge's g corrections were
applied as appropriate to sample sizes less

than 50, only two studies had overall final
sample sizes over 250 children (Berkowitz et all,
2015; Outhwaite et al, 2018). In this QCA, both
studies were not classified as a highly effective
intervention set (within-subject effect size greater
than 1), relative to the other included studies.
Likewise, of the three studies that were identified
as a highly effective intervention set (Grimes

et al, 2020; Kosko & Ferdig, 2016; Wu, 2020), two
used a researcher developed assessment of
mathematical abilities as the primary outcome
measure. Within this QCA, these issues cannot
be statistically controlled for, and so instead
should be considered as potential caveats when
interpreting the study results. Nevertheless, these
results can be used to inform the development
of clear hypotheses in future research on how
educational maths apps work to support learning
with young children.

Application to the Top 25 Most
Popular Commercial Educational
Maths Apps

The coding framework developed for the content
analysis (Part 2) was also applied to the Top 25
most popular commercial educational maths
apps from the iOS Apple App and Google Play
Stores (see Appendix 5). The term “maths” was
used to search the Apple App and Google Play
stores on 1lth and 12th August 2021 and results
were sorted by popularity. The Top 25 most
popular commercial educational maths apps for
5-year-old children present in both app stores
were collected. The search strategy excluded app
bundles from the count; only singular apps were
counted as part of the Top 25.

Of these 25 maths apps identified, 18 included
some form of mathematical content, and one
app has been empirically evaluated (onebillion
Maths 4-6; see Appendix 1). Six apps did not
include any mathematical content (see Appendix
6). Most of the 18 commercial educational maths
apps were also practice based (n =17) and
targeted number (n =16) and counting skills (n =
16), mostly in isolation (n =17). Most apps included
motivational feedback (n = 14) and participatory,
free-form levelling opportunities within their
design (n =17), as well as social interaction,
typically through the form of an in-app character
(n =18). However, very few gave task instructions
(n=4).

Overall, these results demonstrate that many

of the commercial educational apps for young
children that are categorised as ‘maths’, are not
necessarily reflective of best practices in app
content and design.
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Most apps did not comprehensively capture

all areas of mathematical development,

nor did they adequately include features of
personalisation, such as explanatory feedback
and programmatic personalisation, which

this research has shown maximises children’s
outcomes in app-based learning. This
demonstrates the limited options for identifying
high-quality maths apps currently available for
parents and teachers and highlights the need
to improve the meaningful categorisation of
educational apps on the app stores to facilitate
parent and teacher choice.

Overall Conclusions

Overall, the current study has conducted

a comprehensive systematic review and
synthesised the wide range of current evidence
on educational maths apps for young children in
the first three years of compulsory school (Part
1). The inclusion of quantitative, qualitative, and
mixed methods studies has enabled a diverse
set of questions to be addressed focused on
‘what works’, including do educational maths
apps work, how do they work, under what
circumstances to do they work, and for whom do
they work for best? While the current evidence
base demonstrates promising findings for
supporting children’s outcomes, there is a clear
need for more high-quality, rigorous evaluation
studies that are guided by the current findings
and gaps highlighted in this review.

The current study has also focused more in-
depth on how educational maths apps work to
support learning through a content analysis on
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the mathematical content and design features
included within the identified maths apps (Part
2). This has identified feedback and levelling as
key mechanisms for supporting young children
in an app-based learning context, as well as
also highlighting important directions for future
research to build on this evidence base.

Considering the current evidence, it can be
concluded that educational maths apps can, in
some cases, support the mathematical learning
outcomes of typically developing children, when
effectively implemented in a classroom setting.
When deciding if and which educational maths
apps to use with children, teachers, parents, and
policy makers should recognise that technology
alone will not equal success.

To achieve the best outcomes, parents and
teachers should consider: 1) whether children
can access the chosen maths app based

on their individual skills, particularly relating

to their language and existing mathematical
attainment. 2) How the chosen maths apps

can be meaningfully integrated into a well-
rounded maths curriculum and implemented
with appropriate support systems for a sustained
period. 3) Whether the chosen apps contain
explanatory feedback, whereby the app

explains why the answer is right or wrong and
programmatic levelling, whereby the learning
content is scaffolded and personalised to the
individual child. Furthermore, policy makers
should also consider how the apps can be
accessed, selected, and used by schools and
families at home if they choose. In the UK, poverty
is rising fastest among families of young children
(Department for Work and Pensions, 2019).

Addressing digital exclusion is a key consideration
in ensuring equitable access to digital learning
opportunities for young children and online
guidance for parents, particularly in the context
of the home learning environment. These
recommendations will help guide the translation
of these current research findings into practice
and ensure that maths apps can add value to
young children’s learning.




Additional Resources

All resources and data for this project can

be found on the Open Science Framework
project page (https://osf.io/pzkmh/?view_
only=04aaebc9456143119e420fcff01e7306/).
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Appendix 1: Descriptive summaries of
the 50 included studies in the systematic
review (Part1)

Ahmad et al. (2014) observed five 9-year-old children with
Down syndrome using MathDS in Malaysia (app available in
English and Malay). The observations were conducted as part
of initial user acceptance testing in the development of the
app. After the observed session, four children demonstrated
improvements in recalling and writing numbers one to five.
One child displayed no interest and was disengaged with the

app.

Berggren and Hedler (2014) conducted a qualitative
exploration with 30 4-5-year-old children in Sweden to
examine their enjoyment of using the CamQuest app. The
authors found that children enjoyed using the app which
allowed practice in collaboration, communication, and
problem solving.

Berkowitz et al. (2015) conducted a pupil-level RCT evaluating
Bedtime Math compared to the reading app, Bedtime
Learning Together in the USA. Importantly, the design and
implementation of the apps were consistent in both groups;
only the educational content was changed. 278 6-7-year-old
children and their caregivers used the apps, on average, once
a week for 22 weeks. Results showed stronger learning gains in
mathematics for the maths app (Cohen’s d = .82), compared
to the reading app. The maths app intervention was also
found to be particularly beneficial for children of parents with
high maths anxiety.

Broda et al. (2019) conducted a single case design study

with 18 4-5-year-old children in the USA to examine subitising
speed and accuracy following the use of Fingu for one month.
In app data were used and highlighted that over the course of
the intervention, children became faster and more accurate
on tasks. Girls were reported to be more accurate in the
subitising tasks of the app than boys.

Bullock et al. (2017) assessed the feasibility of three maths
apps (/ntro to Math; Montessori Pink Tower; Montessori
Numbers for Kids Base-10 Blocks) with 19 4-year-old children
in the USA. Children also completed a one-to-one clinical
interview, but in contrast to the other studies evaluating these

apps (Moyer-Packenham et al, 2016; Watts et al, 2016), results
showed most children did not make any significant progress
in seriation and counting skills.

Cary et al. (2020) compared different dosage of KinderTEK to
standard practice, with 114 5-6-year-old children in the USA.
Overall, results showed children who used the maths app
made significant improvements in mathematics (Cohen's d
=.88) compared to a business-as-usual control group. When
comparing dosage, children in the Early Start group, who used
the maths app for three times a week across the school year
(three terms), made stronger learning gains compared to the
Late Start group, who also used the maths app for three times
a week, but for only two school terms.

Cornu et al. (2019) found the maths app MaGrid, significantly
improved 5-6-year-old children’s visuo-spatial skills in
Luxembourg (Cohen's d = .71 [averaged across the two sub-
tests]), targeted by the maths app intervention, relative to
controls (n =125). However, the training effects did not transfer
to broader mathematical skills.

Ginsburg et al. (2019) presented a qualitative case study

of one 4-year-old child in the USA. The child used the
MathemAntics app on one occasion (24 minutes) with the
interviewer (second author). The authors reported that the
child enjoyed using the app, particularly the visual and audio
features.

Griffith et al. (2019) evaluated a selection of 18 educationall
apps, of which seven targeted early mathematical skills
(Bugs and Numbers; Counting Caterpillar; Grover's Number
Special; Moose Math; Motion Math: Hungry Guppy; Park Math;
Tally Tots), compared to 18 entertainment apps with no
mathematical content using a pupil-level RCT design in the
USA with 22 4-5-year-old children. Results showed children
who used the maths apps for three months made significantly
greater improvements in mathematical skills (Cohen’s d =
.87), compared to the active control group. However, as the
results are not disaggregated per app, it was not possible to
identify the specific benefits of each app evaluated.

Grimes et al. (2020) compared the maths app Native
Numbers to supplementary one-to-one and small peer
group maths (and other subjects) instruction in the USA with
46 5-6-year-old children. Results showed children made

significant gains in number sense skills following use of the

maths app intervention (Cohen’s d = 110), compared to the
active control group. However, no significant improvements
were reported for mathematical language skills.

Hasanah et al. (2017) evaluated the Monsakun app through
a single case design study with 39 children aged 6-7 years in
Japan. The study aimed to examine in-app behaviour through
log data, including the average number of steps made by
children and the number of errors made. Results highlighted
that Monsakun was beneficial for learning arithmetic word
problems of one-step addition and subtraction. The authors
found that despite some children taking more steps in some
in-app tasks and posing incorrect arithmetic word problems,
the answers were mostly meaningful, and many children
answered correctly.

Hassler Hallstedt et al. (2018) conducted a pupil-level RCT
with four treatment and control groups to examine the
impact of Chasing Planets with 281 8-9-year-old children
underachieving in maths in Sweden. Children were randomly
assigned to: a) use Chasing Planets only, b) use Chasing
Planets and an app-based working memory game, c) use
an adapted version of Chasing Planets focused on reading
skills (active control), or d) standard practice (business-as-
usual control). Results showed children in both groups using
the maths app intervention for 19-20 weeks had significantly
greater gains in basic arithmetic skills (Cohen’s d = 119),
compared to the two control groups. However, no arithmetic
transfer or problem-solving effects were observed across any
of the four groups.

Hieftje et al. (2017) found 5-6-year-old children in the USA
who used the maths app Knowledge Battle made significant
improvements in maths performance, but only gains in

the numeration sub-test were significantly greater than
children using an app-based attention/time control game,
with no maths content. No difference was observed in other
mathematical skills, including measurement, numerical
operations, and problem solving.

Hung et al. (2015) implemented a QED with 43 7-8-year-old
children in Taiwan to examine the app Motion Math: Hungry
Fish. The intervention group played levels 7-14 in Motion Math:
Hungry Fish, whilst the control group played levels 1-6. The
authors reported positive results in favour of the maths app
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intervention for learning outcomes and flow experience,
compared to the active control group. However, there were no
differences in the intrinsic motivation across the intervention
and control group.

Judd and Klingberg (2021) conducted a pupil-level RCT to
evaluate different versions of the Vektor app with 6-8-year-
olds in Sweden (n = 17,648). Results showed that training
mathematical reasoning and visuo-spatial working memory
had the most impact, compared to other components of
visual spatial skills.

Kalmpourtzis (2014) evaluated the feasibility of LadyBug Box
using structured observations with 17 4-5-year-old children
in Greece. Results showed children were able to effectively
use the maths app independently and collaboratively, and
demonstrated improvements in spatial thinking, navigation,
and mental representation skills.

Kosko and Ferdig (2016) conducted a RCT with 50 children
aged 4-5 years in the USA to evaluate the impact of Zorbit’s
Math Adventure for Preschool on maths attainment. The
intervention was home-based, with parents asked to ensure
children in the intervention group played with the app on a
weekly basis. Positive results in favour of the intervention on
maths attainment compared to standard mathematical
practice in the home (control group) were reported.

Kromminga and Codding (2020) used an adapted
alternating treatment design (within-subject) to evaluate
Quizlet Plus in the USA. Teacher reports were used to identify
four 7-8-year-old children in need of additional support

in mathematics. Children were then also screened by

the research team to identify strengths and weaknesses

in addition and subtraction skills. This supplementary
assessment tool was used to target the intervention to the
children’s individual learning needs. Results showed children
made significant gains in maths skills with both the app- and
paper-based versions of intervention.

Lee and Choi (2020) found 6-10-year-old children in Tanzania
made significant improvements in number identification,
quantity discrimination, addition, subtraction, and missing
number skills (Cohen’s d = .60 [overoged across the five
sub-tests]) after using Kitkit School (n = 61). The strongest
gains were seen in number identification skills, and analysis of
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children’s gameplay data showed tasks relating to these skills,
including recognising numbers with objects, number writing,
and counting objects, were the most frequently played.
However, the gains in number identification and missing
number skills were not statistically significant from that of the
business-as-usual control group.

Litster et al. (2019) conducted one-to-one clinical

interviews with 65 5-8-year-old children in the USA to

explore engagement with the app Montessori Number
Base-10 Blocks. The authors recorded the interviews and
qualitatively analysed the video data. Results indicated mixed
engagement behaviour when observing young children using
the app.

Mattoon et al. (2015) found 4-5-year-old children (n = 24)

in the USA using five maths apps (Motion Math: Hungry Fish;
DinoKids-Math Lite; Math Express; onebillion Maths 3-5; Park
Math) made significant improvements in maths performance
(Cohen's d =1.09), but these gains were not statistically
significant compared to children in the active control group
using traditional manipulatives, such as plastic bears, Unifix
cubes, and dice.

Miller (2018) included a traditional play-based learning
active control group in their study of 13 4-5-year-old children
in Canada. Results showed after the 2-week intervention,
children who used a selection of 15 math apps (Addition; Basic
Skills;, Candy Count; Colouring Book; Count-up-to-ten, Endless
123; Intro to Math, Junior Math; Kindergarten; Lola’s Math;
Math Game; Math School; Preschool all-in-one; Preschool
and Kindergarten Learning Games; Splash Math Pre-school
and Kindergarten) had marginally higher, but not statistically
significant gains in number, counting, and measurement
skills (Cohen’s d = .05), compared to the active control group.
However, while some guidance on which apps to use was
given to the treatment group, the frequency and duration of
use for each app were not clear and the results per app were
not disaggregated. Miller (2018) also conducted interviews
with teachers and observations of children’s interactions

with the 15 maths apps. Qualitative analyses identified that
children often collaborated with each other and preferred
constructive apps (i.e, virtual manipulatives) over practice-
based apps with appropriate levels of difficulty and
sequencing of mathematical content. Children often became

disengaged with the apps when the content became too
difficult for their attainment level or attention span.

Moyer-Packenham et al. (2016) conducted feasibility
evaluations of 11 maths apps (100s Board: Fingu; Friends of Ten,
Intro to Math; Montessori Numbers for Kids Base-10 Blocks;
Montessori Number for Kids Place Value Cards; Montessori
Numbers for Kids Skip Counting Beads; Montessori Pink Tower;
Motion Math: Hungry Guppy, Motion Math: Zoom; Teaching
Number Lines) with 65 5-8-year-old children in the USA.
Children completed a one-to-one clinical interview and
comparisons of pre- and post-test performances showed
their efficiency in quantity and skip counting, and accurate
performance in subitising and skip counting significantly
improved over time.

Nunes et al. (2019) conducted a large-scale, pupil-level RCT
efficacy trial of the onebillion Maths 3-5 and Maths 4-6 apps
with children identified as underachieving in mathematics by
their teachers across 114 schools in England. In a final sample
of 1,089 5-6-year-old children, results indicated low achieving
children using the maths app intervention for 12 weeks
showed significantly greater improvements, compared to a
business-as-usual control group of children also identified as
underachieving in mathematics.

Outhwaite et al. (2017) assessed the feasibility of the
onebillion Maths 3-5, Maths 4-6, Count to 10, and Count

to 20 apps with 4-5-year-old children in England with four
studies. Study 1 (n = 26) showed children made significant
learning gains in curriculum knowledge (Cohen’s d = 1.01),
which generalised to conceptual maths skills (Cohen’s d =
.31) after using the apps for six weeks. The observed learning
gains were sustained for curriculum knowledge six months
later. Study 2 (n =18) and Study 3 (n = 27) replicated these
immediate learning gains with different samples of children
over a longer 13-week intervention duration. Study 4 (n = 27)
examined whether the maths app intervention was beneficial
for low-achieving children (n = 12) compared to the business-
as-usual control group (n = 15; relatively high-achieving age-
matched controls from the same class). Results highlighted

a positive effect in favour of the maths app intervention

after eight weeks compared to the business-as-usual

control group. More specifically, the intervention group made
significantly greater improvements in maths curriculum



knowledge than the control group.

Outhwaite et al. (2018) conducted a pupil-level RCT to
evaluate onebillion Maths 3-5 and Maths 4-6 with 389
4-5-year-old children in England. Results showed following
the 12-week intervention, children made significantly greater
improvements in basic and higher-order mathematical skills
when using the maths apps instead of a daily small-group
maths activity (time-equivalent treatment, Cohen’s d = .65)
or in addition to standard practice (treatment, Cohen’s d

= 78), compared to standard practice only (business-as-
usual control). When disentangling the effects of the maths
app intervention as a form of quality instruction (time-
equivalent treatment) from additional time spent learning
maths (treatment), no significant differences were observed,
suggesting the apps could be implemented as part of a well-
balanced curriculum and not take away from other important
subjects.

Outhwaite et al. (2019) conducted a mixed methods IPE

to understand how contextual factors within the learning
environment influenced learning outcomes reported in
Outhwaite et al. (2018). Observations of the maths app
intervention sessions and interviews with the participating
teachers identified four implementation themes: teacher
support, teacher supervision, intended implementation,

and established routine. A regression analysis showed 41%
of the variance in children’s learning outcomes were best
explained by the established routine theme, which included
implementing the intervention at a consistent time each day,
having a member of staff responsible for the intervention
implementation, having well-organised equipment, and
having dedicated space within the classroom and a seating
plan for the maths app intervention.

Outhwaite et al. (2020) compared the effects of
implementing onebillion Maths 3-5 and Maths 4-6, in
different languages with 61 5-6-year-old bilingual children
in Brazil. Children who used the maths apps for 10 weeks
made significantly greater gains in mathematics (first
language Cohen's d = 1.46; second language Cohen's d =
1.06), compared to the business-as-usual control group who
received standard practice (delivered in English). However,
children who used the maths apps in their first language
(Brazilian Portuguese) made greater progress through the
app (ie, more topics completed) than those who used the

apps in their second language (English).

Parks and Tortorelli (2020) compared the effects of nine
math apps (3—2—] Snack; Bubble Bath,; Chicken Coop;
Happy Camel; Mega Mall; Paint-A-Long; Pan Balance;
Peg’s Pizza Place; Race Car) to an active control group

with 298 5-6-year-old children in the USA, including five
other educational apps covering literacy, science, and
maths. Following the 7-8-month intervention period, results
showed no significant differences in maths gains between
the two groups. However, the effects of each app were not
disaggregated and only 7.8% of the treatment group met the
recommended time of playing apps for at least 30 minutes
per week.

Pecora (2015) conducted structured observations and pre-
and post-test mathematics assessments to evaluate GoMath!
with six 5-6-year-old children with special educational needs
(ADHD and communication impairments) in the USA. Children
used the app in addition to standard practice for six weeks
and showed significant improvements in mathematical

skills. However, the structured observations conducted by the
research-teacher indicated children were only focused for
28% of the overall instructional time. Children were frequently
distracted (36% of the time), unfocused (24% of the time), or
affected by schedule changes (12% of the time). As such, the
author highlighted the behaviour of children and classroom
environment may have affected app engagement and
emphasised challenges of implementing app-based math
instruction with children with special educational needs.

Pires et al. (2019) evaluated two different implementations

of the maths app BrUNO with 60 6-7-year-old children in
Uruguay, compared to a business-as-usual control group.
Following the 3-week intervention period, results showed
children who used the BrUNO app with a set of physical play
blocks of different sizes (similar to Cuisenaire rods) made the
strongest learning gains (Cohen's d = .40), compared to using
the same BrUNO app with virtual blocks (Cohen’s d = .35) and
standard mathematical practice. Recordings of the children’s
interactions with the maths app intervention showed

children used a greater number of physical blocks and more
efficient task completion strategies, compared to the virtual
manipulatives.

Pitchford (2015) also conducted a pupil-level RCT evaluating

onebillion Maths 3-5, Maths 4-6, Count to 10, and Count

to 20 (in Chichewa) with 283 children in the first three

years of primary school in Malawi. Due to the ability-based
educational system in Malawi the age of participating
children ranged from 6 to 13 years. Following the 8-week
intervention, children who used the maths app intervention
made significantly greater learning gains in curriculum
knowledge (Cohen's d = 1.80) and transferred to conceptual
maths skills (Cohen's d = .88), compared to children using
other apps with no educational content (active control) and
standard practice (business-as-usual control).

Pitchford et al. (2018) conducted structured video
observations of 32 7-T-year-old children with vision loss,

and emotional, behavioural, coommunication and learning
difficulties in Malawi using onebillion Maths 3-5 and Maths
4-6 (in Chichewa). The qualitative data was combined with
quantitative monitoring data automatically collected on
children’s progress rate through the app. Results showed
children with special educational needs and disabilities were
able to interact with the app-based math instruction, but
their average progress rate was twice as long relative to
their mainstream peers. The extent of children’s additional
needs also significantly predicted progress rate; children with
hearing and/or language difficulties made slower progress
compared to other special educational needs and disability
profiles.

Pitchford et al. (2019) implemented a QED with 256 5-1-year-
old children in Malawi to evaluate onebillion Maths 3-5 and
Maths 4-6 (in Chichewa). Across the 14-month intervention
period, the intervention group interacted with the apps for
a total of 540 minutes. The business-as-usual control group
received standard mathematics classroom instruction
delivered by teachers. Positive results in favour of the maths
app intervention were reported compared to standard
mathematical practice (control group). In addition, the
authors reported that the maths app intervention could
effectively support the mathematical development of girls
in contexts, such as Malawi, where gender differences in
standard practice may hinder their learning progress.

Ramani et al. (2019) also conducted a pupil-level RCT
evaluating The Great Race, with 148 5-6-year-old children in
the USA. Children who used the maths app for ten sessions
showed greater learning gains in numerical knowledge at
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the latent level (Cohen's d = 14), compared to children using
an app with the same layout as The Great Race, but with no
mathematical content (active control) or the working memory
app Recall them All (active control).

Schacter et al. (2016) used a pupil-level RCT design

to compare the impact of Math Shelf to the five most
downloaded and best reviewed maths apps of 2014 with 86
children aged 4-5 years old in the USA. Following the 6-week
intervention, children from low-income families who used the
Math Shelf app made significantly greater improvements in
their number sense knowledge (Cohen's d = .90), compared
to their peers in the active control group.

Schacter and Jo (2016) implemented a QED in the USA with
162 4-5-year-old children. The experiment evaluated the

app Math Shelf across a 15-week intervention period. The
intervention group interacted with the app for a total of 300
minutes across the intervention period, while a business-
as-usual control group continued to receive standard
mathematics classroom instruction delivered by teachers.
The study reported positive results in favour of the maths app
intervention compared to standard mathematical practice.
The authors concluded that children in the intervention group
learned approximately one year more mathematics than
children in the control group.

Schacter and Jo (2017) conducted a school-level RCT of 378
4-5-year-old children in the USA. Results showed children
who used the Math Shelf app for 22 weeks made significantly
greater improvements in mathematical skills (Cohen’s d

= .20), compared to their peers receiving research-based,
hands-on maths lessons covering the same mathematical
content.

Schaeffer et al. (2018) conducted a 2-year follow up of the
same cohort of participants in Berkowitz et al. (2015) using the
Bedtime Math app compared to the reading app, Bedtime
Learning Together. Results showed that although app usage
significantly decreased over time, the initial learning gains

on the same standardised mathematical outcome measure
were sustained.

Schenke et al. (2020) conducted a pupil-level RCT with three
treatment and control groups to evaluate MeasureUp! with
99 4-5-year-old children in the USA. Results showed following
the 3-week intervention, children made significantly greater
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improvements in mathematical skills with the MeasureUp!
app (Cohen’s d = .65) and in combination with SuperVision,

a companion app for parents (Cohen’s d = 53), compared

to an active control group using the literacy app SuperWHY!
However, there were no significant differences between the
two forms of app implementation. Importantly, children used
the maths app in school and although parents were involved
through the companion app, the authors concluded that
more consideration is needed for designing effective parental
supports.

spencer (2013) implemented a QED in Dubai, United Arab
Emirates, with 114 4-5-year-old children to evaluate Know
Number Lite on numeracy learning. The intervention group
interacted with the app for two 10-minute sessions a day, for
five consecutive days. The business-as-usual control group
continued to receive standard mathematics classroom
instruction delivered by teachers. The study found positive
results in favour of the maths app intervention compared

to standard mathematical practice. However, no significant
impact of the maths app intervention on children’s motivation
was found when compared to the control group.

Stacy et al. (2017) conducted qualitative observations,
interviews, and field notes within a community-based
participatory research approach to examine the feasibility
of the IXL maths app with young children in the USA.

Results showed children responded well to the maths app
intervention and minimal efforts were required from the
supervising adults, who reported a lack of expertise in maths
education, as well as their own maths anxieties and struggles.
The rich, qualitative data also identified barriers to the maths
app intervention focused on the costs of the technology,
reliable internet connections, and how to promote long-term
adherence and motivation.

Stubbé et al. (2016) implemented a QED with 703 children
aged 7-9 years in Sudan using E-learning Sudan. The
intervention group accessed the app for a period of

six months, with a total time on task of 90 hours (5,400
minutes). The control group continued to receive standard
mathematical practice taught by teachers. The authors
reported positive results in favour of the maths app
intervention compared to standard mathematical practice.

swicegood (2015) found no significant improvements in

mathematical skills with 40 children aged 6-7 years in the
USA using the Addimal Adventure and Splash Math 2nd
Grade apps in addition to standard practice for four months.
Observations showed children did not effectively engage
with the maths app intervention. Children frequently tapped
the screen until the correct answer was selected, which was
thought to be a consequence of the game not providing
feedback on incorrect answers. Interview data also showed
that although children reported more confidence using the
maths app intervention, there was a decrease in affective
engagement, which was suggested to underpin the lack of
observed improvement in mathematical learning outcomes.

Tucker et al. (2016) used qualitative methods to identify a
taxonomy capturing the complex and multidimensional
relationships between 7-8-year-old children’s access to app
affordances and how this supported or hindered their learning
outcomes with six maths apps (100s Board; Montessori
Numbers for Kids Base-10 Blocks; Montessori Numbers for Kids
Bead Skip Counting; Montessori Numbers for Kids Place Value;
Motion Math: Zoom; Teaching Number Lines).

Vanbecelaere et al. (2020) found the Number Sense Game,
significantly improved 6-7-year-old children’s targeted
number line estimation performance (Cohen's d = 158),

in comparison to controls in Belgium (n = 222). However,

no significant group differences were observed for digit
comparison skills, which were also targeted by the maths
app intervention. Training effects did not transfer to overall
mathematical competence at immediate or delayed post-
test, and no benefits were found for children’s maths anxiety.

Watts et al. (2016) conducted further micro-scoring analyses
of the I maths apps explored by Moyer-Packenham et al.
(2016). The sample of 65 5-8-year-old children in the USA was
the same as those participating in the studies by Litster et

al. (2019) and Moyer-Packenham et al. (2016). This study also
demonstrated that although not all areas of mathematics
assessed showed statistically significant increases in speed
and accuracy, most children demonstrated descriptive,
incremental shifts in their ability to subitise, understand
quantity, place value, and skip counting.

Wu (2020) evaluated MathemAntics through a RCT with 56
children aged 4-5 years in the USA. The intervention group
interacted with the app for 15 minutes a day, three days a



week for four weeks (overall time on task was 180 minutes).
The business-as-usual control group continued to receive
standard mathematical practice in the classroom. Wu

(2020) reported positive results in favour of the maths app
intervention compared to the control group. The study also
included a focus on children identified as underachieving

in mathematics through sub-sample analyses. The maths
app intervention had a positive impact on the mathematical
learning of children identified as underachieving (Cohen's d =
2.11), when compared to their higher-attaining peers.

Zander et al. (2016) evaluated Rotate It! in comparison to

a paper version of the same spatial rotation task. Thirty-
seven children aged 8-11 years in Germany worked with
both conditions in different, counterbalanced orders. Results
showed an additive effect of the app-based instruction, in
which children demonstrated significant improvements in
task solving performance when first completing the paper-
based static version of the task, followed by the app-based,
dynamic version. Training effects were not observed in the
opposite form of implementation.

Zhang et al. (2020) found 8-9-year-old children in China
using the apps Motion Math and Slice Fractions, made
significant improvements in fraction skills (Cohen’s d = 2.31),
but these gains were not significantly different from the
business-as-usual control group, who received the same
duration of mathematical instruction (n = 65). However,
children in the intervention group demonstrated stronger
performance in the transfer test of magnitude comparison,
relative to controls.
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app
Researcher Positive
100 towards
developed
app
Researcher 200 Mixed
developed
Researcher e
5,400 towards
developed
app

Primary
Effect
Size*

.90

1.22

20

NR

.65

.53

NR

NR

Quality | Attrition

7

64

75

79

.82

.68

.54

.75

.68

9.2

14.0

28.6

12.7

66.8

20

288

NA

233



Appendix 2: Summary of 50 included studies in the systematic review (Part 1)

Study

Swicegood
(2015)

Tucker et al.
(2016)

Vanbecelaere
et al. (2020)

Watts et al.
(2016)

Wu (2020)

Zander et al.
(2016)

Zhan
(2020

et al.

*Within-subject effect sizes (Cohen’s d) on primary mathematical outcome. Hedge's g correction applied for study samples equal to or less than 50 (reported in parenthesis).

Country,

Setting
(Implementer)

USA, School
(Practitioner)

USA, School
(Researcher)

Belgium,
School
(Practitioner)

USA, School
(Researcher)

USA, School
(Researcher)

Germany,
School (NR)

Ching, School
(Practitioner)

Final
Sample
(n, age)

TD (40, 6-7
years)

TD (33, 7-8
years)

D (222, 6-7
years)

see Litster
et al. (2019)

TD/LA (58,
4-5 years)

TD (37, 8-1i
years)

TD (65, 8-9
years)

App(s)

Addimal
Adventure;
Splash Math
2nd Grade

6 apps

Number Sense
Game

11 apps

MathAntics

Rotate It!

Motion Math
and Slice
Fractions

Mixed
methods

Qualitative

RCT

Mixed
methods

RCT

QED

QED

Controls

No control

No control

BAU

No control

BAU

Active —
non-digital

BAU

Primary

Measure

Researcher
developed

NA -
engagement
only

Researcher
developed

Researcher
developed

Researcher
developed

Researcher
developed

Researcher
developed

Time

(minutes)

4,800

30-40

300

see
Litster et
al. (2019)

180

NR

120

Overall
results

Mixed

Positive
towards

app

Mixed

Positive
towards

app

Positive
towards

capp

Mixed

No
difference

Primary

Effect
Size*

NR

NA

1.58

NA

1.89

NR

231

g7

.70

v

72

68

.64

.64

Rate %

33.9

NA

N1

275

14.5

BAU= business-as-usual; IPE = implementation process evaluation; LA = low achievers; NA = not applicable; NR= not reported; QED = quasi-experimental design; RCT = randomised control
trial; SEND = special educational needs and disabilities; TD = typically developing.
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Appendix 3: Contributions of included studies (n =50) to themes identified in the gaps in the current evidence (Part 1)

Near and
far-transfer
benefits of
educational
maths apps

Study

Ahmad et al. (2014)
Berggren & Hedler (2014)

Berkowitz et al. (2015)

Broda et al. (2019)

Bullock et al. (2017)

Cary et al. (2020)

Cornu et al. (2019) v
Ginsburg (2019)

Griffith et al. (2019)

Grimes et al. (2020) v

Hasanah et al. (2017)

Hassler Hallstedt et al. v
(2018)
Hieftje et al. (2017) v

Hung et al. (2015)

Judd & Klingberg (2021)
Kalmpourtzis (2014)
Kosko & Ferdig (2016)

Krommminga & Codding
(2020)

Lee & Choi (2020) v

Litster et al. (2019)
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Study

Mattoon et al. (2015)

Miller (2018)

Moyer-Packenham
et al. (2016)

Nunes et al. (2019)
Outhwaite et al. (2017)
Outhwaite et al. (2018)
Outhwaite et al. (2019)
Outhwaite et al. (2020)
Parks & Tortorelli (2020)
Pecora (2015)

Pires et al. (2019)
Pitchford (2015)
Pitchford et al. (2018)
Pitchford et al. (2019)
Ramani et al. (2019)
Schacter & Jo (2016)
Schacter & Jo (2017)
Schacter et al. (2016)
Schaffer et al. (2018)

Schneke et al. (2020)

Near and
far-transfer
benefits of
educational
maths apps

Children
underachieving
in mathematics

<

Special
educational
needs and
disabilities

Role of

age and
language in
educational
maths apps

Usage and
immediate
and sustained
learning gains

v
v
v
v
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< < < < X

<
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Role of

educational age and . immediate methods maths
language in

. cultural -
needs and : and sustained | for data . appsin
S educational . . - comparisons
disabilities learning gains | collection the home

Near and i i
far-transfer | Children Usage and Innovative Educational

Special Cross-

Study benefits of underachieving
educational | in mathematics
maths apps maths apps

Spencer (2013)
Stacy et al. (2017)
Stubbé et al. (2016)
Swicegood (2015)

Tucker et al. (2016)

Vanbecelaere et al.
(2020) v v

Waitts et al. (2016)
Wu (2020) v
Zander et al. (2016)

Zhang et al. (2020) v
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Appendix 4: Data collection form for each included app (Part 2)

Associated studies
Type of app Practice-based, Game-based, Constructive, Productive, Parent-based [delete as appropriate]

Dichotomously Description points (Not present [0] or present [1])

Areas of maths covered ( code (0]
ithi Not present [0
Number representation and
relationships

Shape, patterns, and
measurement

Other (please state) (c.g, use fe/
cCs/ EEF documents as reference if needed

Dichotomously
code

(Not present [0]
or present [1])

Feedback What kind of feedback is provided (motivotionol, explanatory, or both)?
How is the feedback delivered within the app (audio, visual, or both)?
What kind of levelling is implemented within the app (programmatic static, programmatic dynamic, participatory
free form, or a combinotion)?

Social interaction What is the nature of the social interaction within the app?
For apps with an in-app character, what kind of interactions are included (see Table 4 and/or others not listed)?
For face to face/offline interactions, are supports provided for the adult to facilitate such interactions?

App design features Further details

Task instruction What opportunities are there for instructions to be repeated (i.e, how are they repeated)?
Meaningful learning

What is the nature of the learning activities provided (see Table 4 for examples and/or others not listed)?

and solving problems

Other potential mechanisms Also refer to the associated paper for any features the authors feel may be important (in line with intervention
of learning- within the app component analysis principles; Sutcliffe et al, 2015). For example, quizzes in onebillion apps argued to align with
(please state) principles of retrieval-based learning in associated papers.
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Appendix 5: Summary of the Most Popular Commercially Available Maths Apps for 5-year-olds.

T

Name of App

Kiddopia

ABC Mouse

Meet the Numberblocks!

Khan Academy Kids

Curious World: Learning Games
Learning Games for Preschool
Toddler Games for Kids App Junior
Hopster. Pre-school Games & TV
Sago Mini School (Kids 2-5)
BabyTV Video: Kids TV and Songs
Kids” Academy Educational Games for Kids 2 3
IntellectoKids Learning Games
Baby Games for 2-5 Year Olds
Toddler Games for Kids 2+ Year
TinyTap — Kids Learning Games
Kids Academy. Pre-K-3 Learning
Endless Numbers

Interactive Time Telling
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Practice-based

Practice-based

Constructive

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Practice-based

Free (in-app subscription)
Free (in-app subscription)
Free

Free

Free (in-app subscription)
Free (in-app payments)
Free (in-app payments)
Free

Free (in-app subscription)
Free

Free (in-app subscription)
Free (in-app subscription)
Free (in-app subscription)
Free (in-app payments)
Free (in-app subscription)
Free (in-app subscription)
Free

Free

Areas of Mathematics App Design Features

v

< < < < < < < « « «

DN N N N

< < X < < < < < « « « «

DN N N N

Shape,

"GRG Patterns &

<
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Measurement
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Interaction
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Appendix 6: Educational apps identified
as ‘maths’ on the search terms that did
not explicitly include any maths content.

The following six apps did not contain any
mathematical content:

« Toddler Games: 3,4,5 Year Olds

« Dinosaur Park: Games for Kids

+ Toddler Games for 3+ Year Old

+ Kids Fun Preschool Maths Games
« Dinosaur Airport: Airplane fly

« Games for 3, 4,5, 6,7 Year Olds
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apps.apple.com/gb/app/intellectokids-learning-
games/idl184237977

Khan Academy. Khan Academy Kids (Version 4.2)
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