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Abstract

Times Tables Rock Stars has become a popular digital intervention used in schools
across the world. Through a mobile phone and tablet app schools can set homework and
competitions in their school to encourage children to practice their times tables both during
and outside of school. The app uses colourful characters and gamified incentives, such as
the opportunity to earn coins, to engage pupils and keep them motivated in their times
tables practice. In England Times Tables Rock Stars is marketed to primary schools in the
context of the now statutory multiplication tables check (MTC) for pupils at the end of year
four. Schools who sign up are able to access specific support in relation to the MTC,
including a game within the app which mirrors the format of the MTC test. However, as yet
there have not been any formal research studies exploring the effectiveness of Times Tables
Rock Stars. Therefore, the following critique explores other research into similar digital
interventions to start to address the question of whether Times Tables Rock Stars could be a

useful intervention for increasing pupils’ multiplication tables fluency.



Times Tables Rock Stars: An Academic Critique

In 2018 a multiplication tables check (MTC) for pupils at the end of year four was introduced
(Standards and Testing Agency, 2022), becoming a statutory requirement in 2021. The purpose of
the assessmentis to enable teachers to check which pupils may need help with reaching the goal of
knowing all multiplications up to 12, “off by heart” by the end of Key Stage Two (Gibb & Department
for Education, 2018). This goal is linked to the principle of the maths mastery pedagogy, which, with
links to cognitive load theory (Sweller, 1988), suggests that learning basic number facts, such as
multiplication tables, by rote, frees up working memory, enabling focus on more complex problem
solving (NCETM, 2017).

The MTC assessment is delivered online with pupils given six seconds to enter their answer
(Standards and Testing Agency, 2022). This may mean teachers are keen to find ways to familiarise
pupils with a digital format before the MTC takes place. In addition the experience of sudden school
closures due to COVID-19 (Hume et al., 2023) has led school leaders to look to increase technology
use in schools to support a more strategic approach to any future needs for remote learning (Floyd
et al., 2023). The digital multiplication tables fluency intervention (DMFI), Times Tables Rock Stars
(TTRS; Reddy, 2010) may therefore appeal to school staff as it uses technology to support pupils to
increase their multiplication table fluency.

What is Times Tables Rock Stars?

The Times Tables Rock Stars website reports that over 17,000 schools are signed up
worldwide (Maths Circle Ltd., 2024) making it perhaps one of the most popular digital interventions
used in schools. Created in 2010 by Bruno Reddy (Ward, 2015), TTRS has developed from an
impromptu classroom game into a digital app available on multiple devices worldwide (Maths Circle
Ltd., 2024). TTRS costs between £105.85 and £178.85 per year for a school subscription (Maths
Circle Ltd., 2024) and includes access to pupil progress data. Schools are encouraged to celebrate

success, for which printable materials are provided alongside unlimited access to the DMFI.
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TTRS is designed for pupils aged six and over as a whole class or targeted intervention for
those identified as needing specific support with multiplication tables. Once signed up pupils select a
‘Rock Name’ and design their avatar, which can then be further accessorised as ‘coins’ are earnt
through game play. There are eight games in TTRS, three in multiplayer mode and five in single
player mode. In multiplayer mode pupils compete anonymously against all TTRS users worldwide or
within their school. Each multiplayer game follows the same format with one minute to answer as
many multiplication questions as possible correctly. Single player mode includes multiple games
with varying levels of adaptability to pupils’ current level of fluency. Many games also include an
element of progress tracking available to pupils, enabling them to view their progress over time.
TTRS also includes specific support for school staff around the MTC (Maths Circle Ltd., 2024), with
the game ‘Sound Check’ designed to mimic the MTC.

Pupils complete TTRS independently, but school staff can set homework and competitions
called ‘battles’ where pupils in teams compete to produce the average highest number of correct
answers per team member. Pupils can view their current progress against peers by looking at class
and school wide ranking tables, with only pseudonyms visible to pupils.

Theoretical Underpinnings

Although information about TTRS states that it is “pedagogically sound” (Maths Circle Ltd.,
2024), there is no explicitly stated theoretical basis to justify its design. However, from a
psychological perspective, explicit links to the MTC and focus on increased speed of recall could link
to the theoretical area of fluency. Furthermore, gamified incentives in the design of the TTRS app
and encouragementforschools to celebrate success, suggest the influence of psychological theories
related to motivation.

Fluency

The concept of fluency can be traced back to Haring and Eaton’s (1978) instructional

hierarchy. This theory of learning suggests that learners must pass through a series of four

sequential steps in order to learn a new skill. In this model fluency is the second step after initial
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‘acquisition’ and is needed for learners to reach a level of proficiency that enables them to
generalise and adapt skills they have learnt to novel situations (Haring & Eaton, 1978). Fluency
measurement depends on the context of the individual skill (Haring & Eaton, 1978). When it comes
to multiplication tables, fluency is often synonymous with automatic recall, or ‘automaticity’ (Carr &
Alexeev, 2011; Hasselbring et al., 1987; Woodward, 2006). Early arithmetic fluency has been found
to correlate to higher mathematics attainment later on (Carr & Alexeev, 2011). One explanation for
this is that automaticity of basic number facts enables the learner more cognitive capacity to focus
on higher mathematical concepts (Hasselbring et al., 1987). The goal of most TTRS games is to
increase the speed at which answers are given and under fluency in the pupil’s stats section of the
app it states “Under 3s/q is considered to be automatic recall.”(Reddy, 2010). This links to
Hasselbring and colleagues (1987) conceptualisation of automatic recall as giving correct answers in
one or two seconds.

Fluency can be increased through practice, repetition and over learning (Haring & Eaton,
1978). Researchinto increasing multiplication fluency has found that repeated timed practice, often
referredto as ‘drill and practice’ is an effective method (Coddinget al., 2011; Woodward, 2006). This
again links to the design of TTRS games, the majority of which are completed under a set time limit,
with pupils being encouraged to complete multiple games repeatedly in each session. Furthermore,
additional research into digital maths games has found that they are most effective at increasing
fluency when immediate feedback is given (Hawkins et al., 2017, Moyer-Packenham et al., 2019),
which is another key feature of TTRS.
Motivation

Motivation is the process by which individuals initially and continuously take part in
activities, often linked to wider goals (Schunk & DiBenedetto, 2020). Although the key mechanism
through which fluency is achieved is repetition, this may not be interesting enough to engage
learners at the level necessary for the required outcome. Therefore, Haring and Eaton (1978)

suggest that reinforcement may be needed to provide “the necessary motivation to continue
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practising” (Haring & Eaton, 1978, p. 28). This is in line with Bandura’s (1986) social cognitive theory
view of motivation and learning, which suggests that internal motivation is only possible with initial
external support. Bandura (1986, p. 240) states “without the aid of positive incentives during early
phases of skill acquisition, potentialities are likely to remain undeveloped.” Meaningthatthose at an
early stage of developing fluency will need external support to motivate them to put in the practice
necessary to reach the required level of fluency to fully embed the skill. Digital games have been
found to increase motivation in comparison to traditional teaching methods (Fadda et al., 2022),
with in game immediate rewards being an important part of this (Hawkins et al., 2017). As well as
encouraging school staff to celebrate success, coins received for correct answers which can be used
to ‘buy’ digital accessories for pupil’s avatars could also be viewed as a TTRS design feature linked to
increasing motivation to practice multiplication tables.

Although encouraging external motivators at the initial stage, Bandura’s (1986) social
cognitive theory’s view of motivation largely focuses on ways in which an individual is internally
motivated. A key aspect of this is self-efficacy, which is the idea that an individual must believe they
are able to achieve a goal through their own actions in order to be motivated to complete the steps
required to meet that goal (Bandura, 1986). Research has shown that self-efficacy is a key mediator
in the positive link between motivation and longer term outcomes when it comes to mathematical
attainment (Gottfried etal., 2013; Skaalvik etal., 2015). TTRS may encourage increased sense of self-
efficacy through the ability of pupils to look back at their achievements over time, which is a key
feature of the ‘stats’ section of the TTRS app.

Impact and Effectiveness of Times Tables Rock Stars

There have not yet been any research studies exploring the impact of TTRS as an
intervention forincreasing multiplication tables fluency. The apparent popularity of the intervention
may therefore be linked to school staff being more likely to choose interventions through peer
recommendation than research evidence and word of mouth has led to the large take up (Pegram et

al., 2022). However, despite the powerful impact of peer recommendation, it is important for
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educators to have access to a research evidence base when choosing interventions. Previous
literature reviews and meta-analysis have found digital interventions to be a successful method of
increasing mathematical fluency in general (Codding et al., 2011; Cozad & Riccomini, 2016) but to
date there have been no reviews focusing specifically on multiplication fluency. Therefore, a
literature review was conducted to answer the question: ‘Are digital games effective in increasing
multiplication fact fluency in school aged children and young people?’ Details of the search strategy,
specific inclusion criteria and search terms used can be found in Appendix A. A total of 48 papers
were initially found, with 42 papers removed after screening, leaving a total of six papers included in
the following literature review. Allincluded papers were quality assessed using an adapted version
of the Downs and Black (1998) checklist (Appendix B) and a data extraction table was created
(Appendix C) to enable synthesis in the evaluation.
Overview of Included Studies

Alongside the search of academic journals, a grey literature search was conducted to allow
for a broader picture of the evidence (Paez, 2017). Therefore, two of the six included papers are
doctoral theses (Agee, 2019; Smith, 2010). Overall, included studies span a time frame of ten years,
with the oldest study published in 2010 (Smith, 2010) and the most recent in 2023 (Kromminga &
Codding, 2023). All studies took place in school environments, although most took place in only one
or two schools meaning results may not generalise to other settings. Participants were pupils aged
between seven and fourteen years with overall numbers ranging from 29 to 166. Only one study is
from the UK (Jay et al., 2019), with the rest taking place in the USA (Agee, 2019; Berrett & Carter,
2018; Denham, 2013; Kromminga & Codding, 2023; Smith, 2010). Smith (2010) used a screening
multiplication assessment to select eligible participants, with the inclusion criteria of all pupils
scoring fewer than 80 correct answers in two minutes, which overlaps with Hasselbring and
colleagues (1987) definition of automatic recall, which would equate to between 60 and 120 correct

answers in two minutes..
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There are several different terms used to identify pupils in need of additional support in
relation to disability or learning needs. In the United States of America where most of the included
studies in this critique took place, the term ‘registered disability’ is often used. However, as this
critique is related to the national curriculum in England, the term special educational needs (SEN)
will be used to refer to these pupils. Denham (2013) and Jay and colleagues (2019) explicitly
excluded pupils with SEN in their studies. Berrett and Carter (2018) noted that 14% of students
attending the school at which their study took place, had SEN, but did not specify the number in
relation to their participants. The remaining three studies (Agee, 2019; Denham, 2013; Kromminga &
Codding, 2023) specify that between 12% and 17% of their participants had known special
educational needs.

Although no studies met the quality definition of a randomised controlled trial (RCT;
Connolly et al., 2018), four of the studies did include a control comparison group. Berrett and Carter
(2018) implemented a multiple baseline design with all groups baseline period including playing a
literacy digital game. In all other studies where a control group was used it was unclear what
‘business as usual’ meant for these pupils and for Agee (2019) the control group used had a
significantly higher level of fluency at baseline than one intervention group, making the comparison
less robust. Two studies also included a peertutoring intervention comparison group (Kromminga &
Codding, 2023; Smith, 2010) and two included comparisons with altered delivery of the same
intervention (Agee, 2019; Denham, 2013).

Two studies used DMFIs with digital flash-cards (Kromminga & Codding, 2023; Smith, 2010)
and the others used DMFIs incorporating interactive games including some form of token reward for
correct answers (Agee, 2019; Berrett & Carter, 2018; Denham, 2013; Jay et al., 2019). Most
interventions were implemented for short periods daily and continued for two to seven weeks, to
follow a school term, or in line with the resources available to the research team. However, Denham
(2013) completed their intervention over only two days with 30 minutes game play on each,

meaning the results may not fully represent the potential impact of the intervention.
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Measures used in all studies included a paper and pencil multiplication fact fluency
assessment, with most recording results in terms of number of correct answers in one or two
minutes. Two studies also used measures to gather pupil views on the intervention (Denham, 2013;
Kromminga & Codding, 2023) and Agee (2019) included a measure of pupil’s mathematical self-
efficacy.

Results of Included Studies

All studies reported improvements in rates of multiplication fluency from pre - to post-test,
however there were varying degrees of significance between the improvements of control and
intervention groups. Results for the two studies using digital flash card interventions were limited.
Kromminga and Codding (2023) found no significant difference between groups, with the exception
of a significantly higher level of progress in the digital only intervention group than the group who
received a mixture of digital and peer tutoring interventions. However, this may be an anomaly in
the group rather than an impact of the intervention as there was no significant difference between
the group that received only peer intervention and either the digital only or combined group.
Furthermore, the group sizes in this study mean that the statistical analysis was likely to be under
powered, meaning the analysis cannot be fully relied upon. An interesting descriptive statistic
finding in this study however was that the digital only intervention made more progress in the
digitally delivered fluency measure than either of the comparison groups, which may point to some
rehearsalbenefit of mode of assessment. However, again the relatively small group size and lack of
statistical significance testing means this finding must be viewed with caution.

When it came to the more interactive DMFIs Jay and colleagues (2019) found a significant
difference between improvements in arithmeticfluency between controland intervention groups at
the mid-point of their crossoverdesign, and again from mid- to post-test. However, their participant
group did not include pupils with learning difficulties and the school from which the sample was
taken was described as having ‘average’ attainment levels in mathematics. Therefore, these results

may not compare to pupils who are in most need of support to increase their multiplication fluency.
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Furthermore, the intervention enabled pupils to select between number bond and multiplication
guestions, with results showing a correlation between time spent on multiplication questions and
higherincreasesin multiplication fluency. Although this links to the need for high levels of repetition
to achieve fluency (Haring & Eaton, 1978), it is not clear if the pupils who completed the most
multiplication questions were also those with the highest level of self-efficacy at the start. This may
have impacted upon pupils’ motivation to complete more multiplication tasks (Bandura, 1986)
rather than the game itself having a specificimpact upon this. This is of particular note when viewed
in the context of results from Berrett and Carter (2018), who found a correlation between prior
ability level and gains made through the intervention, with those with the lowest level of
mathematical attainment making the lowest level of gains. However, this study also recorded a
strong effect size for the interaction between baseline and intervention periods for all groups,
indicating the intervention resulted in improvements in multiplication fluency when compared to no
intervention. In addition Agee (2019) also found a significant increase in mathematical self-efficacy
from pre- to post-testfor participants in the intervention group, meaning that it may be possible for
DMFIs to increase all learners self-efficacy and therefore increase their motivation.
Conclusions and Limitations of Literature Review

While all studies included in this literature review did find some improvements in
multiplication fluency from pre- to post-intervention, the majority also found improvements in
comparison and control groups. Furthermore, the quality of studies in general was low with no RCTs
and many including low participant numbers meaning statistical analysis may be unreliable.
Furthermore, Berrett and Carter (2018) was the only study to take into account missing data by
replacing with average scores from other measures. In all other studies participants with missing
data were excluded, meaning results may not translate to real world impact as they do not take into
account pupils who may have difficulty accessing all aspects of the intervention. This matters

because interventions may be used by schools to target pupils who are falling behind expected
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levels of progress, including those with SEN and so it is important that research takes the
accessibility of interventions to all pupils into account.

There were flaws in the included studies, but they all pointed towards the same positive
impact of DMFI on multiplication fluency. In addition, the fact that there were more significant
results for interventions taking the form of interactive games highlights the potential positive role
incorporating motivational elements into DMFI may have on their effectiveness.

Implications for Practice and Recommendations for Future Research

The literature review did not highlight any firm evidence to support the effectiveness of
TTRS. However, overall DMFIs were found to increase multiplication fluency particularly when
involving gamification and when played consistently overseveralweeks. Therefore, when educators
make choices around multiplication fluency interventions, or when Educational Psychologists (EPs)
are advising onthem, the most important things to consider are the specific motivational features of
the intervention and time needed to support pupils to access the intervention on a regular basis.
However, caution should be taken when using such interventions in a targeted way as the current
limited evidence focuses predominantly on using such interventions at the whole class level. Results
that do include learners with a higher level of need indicate that DMFIs have less impact for this
group than they do for those with existing higher levels of mathematical attainment (Berrett &
Carter, 2018). This will have particular relevance to those working in specialist settings as although
TTRS contains accessibility features, the fact that DMFIs appear to have less impact for pupils with
SEN may mean educators and EPs would be better placed to explore in-person interventions instead.
Future research would benefit from exploring the potential impact of DMFIs and specifically TTRS on
pupils with SEN and how these interventions may be adapted to suite all learners.

In relation to the specific context of some school leaders potentially choosing TTRS to
support pupils to prepare for the MTC, there was again limited evidence from the reviewed studies
to support DMFIs over traditional teaching methods. However, the finding from Kromminga and

Codding (2023) that the digital intervention only group made more progress in the digitally
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administered multiplication fluency measure, might cautiously be takento indicate some benefit for
pupils having the opportunity to practice the method of assessment delivery. Future studies are
neededto fully explore the impact of rehearsal effects on test performance in the context of digitally
delivered interventions in comparison with more traditional methods.

Although research evidence is important in enabling educators to make well informed
decisions when choosing interventions (Connolly et al., 2018; Pegram et al., 2022), it can never
replace the need for monitoring pupil progress in order to assess if the intervention is right for
individual settings. In this way TTRS may prove to be most beneficial due to its in-built data
collection which will enable schoolstaff to see for themselves if it works for their school. This feature
could also be utilised by future researchers to gather data on the broader effectiveness of TTRS as an

overall intervention as well as for specific pupil groups.
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Systematic Search Strategy

After an initial scoping search using Google Scholar, Web of Science, Educational Resources

Information Center (ERIC), and APA Psych Info returned no results for the term “Times Tables Rock

Stars”, additional scoping searches were conducted for the terms ‘gamification’, ‘digital app’,

‘multiplication fluency’, ‘times tables’, and ‘digital intervention’. Due to there being no existing

studies looking into the impact of Times Tables Rockstars the PICO (Higgins et al., 2023) framework

was adopted to create a specific question for the systematic literature review, as recommended by

the Cochrane Handbook for Systematic Reviews of Interventions (Higgins et al., 2023). Table Al

shows the key terms determined through the PICO framework which resulted in the following

specific question: ‘Are digital games effective in increasing multiplication fact fluency in school aged

children and young people?’

Table A1

PICO (Higgins et al., 2023) Systematic Review Question Formulation and Related Search Terms

PICO Term What This Means for TTRS Search Terms with Boolean
Operators
Population School aged pupils, primary or (pupil OR student OR children OR

Intervention

Comparison(s)

Outcome

secondary school aged, over 6 years
old

Game for practicing times tables
using technology/website/app

N/A or could be traditional teaching
methods

Automatic recall of multiplication
facts. Increased multiplication
fluency.

adolescents OR youth OR child OR
teenager)AND

(gamification OR gaming OR digital
OR app OR online OR "computer
assisted" OR "computer aided")AND

(“times tables” OR
multiplication)AND(fluency OR
fluent OR recall OR acquisition)
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A search was then conducted using search terms identified from synonyms of key terms in

the specific question (Table A1) using Boolean operators OR and AND. The databases APA Psychlinfo,

ERIC, and Web of Science, were identified as most relevant for education interventions, and

therefore used in the search with results restricted to the time period 1°t January 2008 to 1°*

September 2023 to match the inclusion and exclusion criteria (Table A2). An additional search to

look for grey literature in order to limit publication bias and widen the evidence base for the

systematic review (Paez, 2017) was conducted using the same time period restrictions and the

addition of abstract only criteria using the ProQuest Dissertation and Theses Database. A hand

search of included papersreference lists was also conducted to ensure no additional relevant studies

were missed, however no additional papers were included from this search.

Table A2
Systematic Literature Review Inclusion Criteria

Inclusion Criteria

Exclusion Criteria

Study written in English

Participants must be school aged and at least
six years old

Study must be published within the past 15
years

Must have a measure that includes assessment
of multiplication fact fluency

Must assess a digital intervention focused on
building multiplication fact fluency

Must be an empirical paper or study

Must have some element of quantitative
analysis

Must have more than 25 participants

Julia Thomson and Sarah Wright

Study written in language other than English

Participants under six or over 18 years of age

Study older than 15 years

Does not include multiplication fact fluency
measure

Does not assess a digital multiplication fluency

building intervention

Not an empirical paper or study, e.g.
conference proceedings or review article

No quantitative analysis

Fewer than 25 participants
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A total of 48 studies were found through the initial database searches, of which 10 were
duplicates and therefore removed before screening. Figure A1 shows the PRISMA (Page et al., 2021)
flow diagram indicating the process by which papers were screened and eventually included in the
systematic review. Initial screening involved looking through titles and abstracts to identify all
papers that met the exclusion criteria.

Figure Al

PRISMA (Page et al., 2021) Flow Diagram

H' Identification of studies via databases and registers ]
S :
- Records identified from*:
o APA Psychlnfo (n = 14) Records removed before
s ERIC (n=10) screening.
= Web of Science (n=17) > Duplicate records removed
c ProQuest Dissertation & (n=10)
5 Theses Search (n =7) Records marked as ineligible
= by automation tools (n = 0)
G
Records screened Records excluded**
— >
(n=38) (n=24)
Reports sought for retrieval a| Reports not retrieved
=) (n=14) (n=0)
=
«
o
] A4
Reports assessed for eligibility o] Reports excluded:
(n=14) "|  Does not use multiplication
fluency measure (n = 5)
Fewer than 25 participants
(n=3)
= A4
3 Studies included in review
5| | =9
o Reports of included studies
£l | n=9
| S

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the
total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by
automation tools.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: hitp:/Awww. prisma-statement.org/
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After the initial screening removed 24 papers, the remaining 14 were successfully retrieved
and the full paper examined in line with the inclusion criteria. This process resulted in eight
additional papers being removed, and the remaining six were then quality assessed using an
adapted version of the Downs and Black (1998) checklist (Korakakis et al., 2018), a summary of
which can be found in Appendix B. This quality assurance checklist was chosen as it focuses on
guantitative studies with the adapted version providing space for comments and an amended
scoring systemto allow a quick overview comparison of study quality. Finally, a data extraction table
was created (Appendix C) to support the synthesis of the evidence in answer to the specific

systematic review question.

Julia Thomson and Sarah Wright
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Appendix B

Quality Appraisal of Included Studies using Downs and Black (1998) Checklist Adapted by Korakakis et al., (2018)

“In the present version of the checklist we modified the scoring of item 27 that refers to the power of the study. Instead of rating according to an available range of study powers, we

rated whether the study or not performed power calculation. Accordingly the maximum score for item 27 was 1 (a power analysis was conducted) instead of 5 and thus the highest

possible score for the checklist was 28 (instead of 32). Downs and Black score ranges were given corresponding quality levels as previously reported (Hooper, Jutai, Strong, & Russell-
Minda, 2008): excellent (26-28); good (20-25); fair (15-19); and poor (<14).” (Korakakis et al., 2018)

Agee (2019) Berrett and Denham Jayetal. Krommingaand Smith (2010)
Carter (2018) (2013) (2019) Codding (2023)
1. Is the hypothesis/aim/objective of the study clearly Yes Yes Yes Yes Yes Yes
described?
2. Are the main outcomes to be measured clearly described in  Yes Yes Yes Yes Yes Yes
the Introduction or Methods section?
3. Are the characteristics of the patients included in the study Yes Yes Unknown Unknown Yes Yes
clearly described?
4. Are the interventions of interest clearly described? No Yes Yes Yes Yes Yes
5. Are the distributions of principal confounders in each group No Yes No Unknown Yes Yes
of subjects to be compared clearly described?
6. Are the main findings of the study clearly described? Yes Yes Yes Yes Yes Yes
7. Does the study provide estimates of the random variability Yes Yes Yes Yes Yes Yes
in the data for the main outcomes?
8. Have all important adverse events that may be a No Yes No No Yes Unknown
consequence of the intervention been reported?
9. Have the characteristics of patients lost to follow-up been  No Yes No No Yes Unknown
described?
10. Have actual probability values been reported ( e.g. 0.035 Yes Nonereported No Yes Yes No
rather than
<0.05) for the main outcomes except where the probability
value is less than 0.001?
11. Were the subjects asked to participate in the study Yes Unknown Unknown Unknown No Yes

representative of the entire population from which they were
recruited?
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Agee (2019) Berrett and Denham Jayetal. Krommingaand Smith (2010)
Carter (2018)  (2013) (2019) Codding (2023)

12. Were those subjects who were prepared to participate Unknown Unknown Unknown Unknown Unknown Yes
representative of the entire population from which they were
recruited?
13. Were the staff, places, and facilities where the patients Yes Yes Yes Yes Yes Yes
were treated, representative of the treatment the majority of
patients receive?
14. Was an attempt made to blind study subjects to the No No No No No No
intervention they have received?
15. Was an attempt made to blind those measuring the main  Unknown Unknown Unknown Unknown Unknown Unknown
outcomes of
the intervention?
16. If any of the results of the study were based on “data Yes Yes Unknown Yes Yes Yes
dredging”, was this made clear?
17. In trials and cohort studies, do the analyses adjust for Yes Yes Yes Yes Yes Yes
different lengths of follow-up of patients, or in case-control
studies, is the time period between the intervention and
outcome the same for cases and controls?
18. Were the statistical tests used to assess the main Yes Yes Unknown Yes Yes Yes
outcomes appropriate?
19. Was compliance with the intervention/s reliable? Yes Yes Unknown Yes Yes Yes
20. Were the main outcome measures used accurate (valid Yes Yes Unknown Yes Yes Yes
and reliable)?
21. Were the patients in different intervention groups (trials  Yes Yes Yes Yes Yes Yes
and cohort studies) or were the cases and controls (case-
control studies) recruited from the same population?
22. Were study subjectsin differentintervention groups (trials Yes Yes Yes Unknown Yes Yes
and cohort studies) or were the cases and controls (case-
control studies) recruited over the same period of time?
23. Were study subjects randomised to intervention groups? No Yes Yes Unknown Yes Yes
24. Was the randomised intervention assignment concealed No Unknown Unknown No Unknown No

from both patients and health care staff until recruitment was
complete and irrevocable?
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Agee (2019) Berrett and Denham Jayetal. Krommingaand Smith (2010)
Carter (2018)  (2013) (2019) Codding (2023)

25. Was there adequate adjustment for confounding in the No Yes Unknown No No No
analyses from which the main findings were drawn?
26. Were losses of patients to follow-up taken into account? No Yes Unknown No No Unknown
27. Did the study have sufficient power to detect a clinically No Unknown No Unknown No No
important effect where the probability value for a difference
being due to chance is less than 5%?
Sample sizes have been calculated to detect a difference of x%
and y%.
Total Score based on Korakakis et al., (2018) 15 21 10 13 20 19
Overall Rating based on Korakakis et al., (2018) Fair Good Poor Poor Good Fair
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Appendix C

Data Extraction Table

Study Design Participants Intervention Comparison/Control | Measures Results Limitations
Agee (2019) | Quantitative | 114 children aged | The online fact Two digital Researcher Mid test results showed that the 10 | Any pupil with missing data
— Doctoral quasi- 12-14 fromone fluency platform of intervention groups generated paper day intervention group had was excluded from the final
Thesis experimental | ‘traditional fairly Moby Max a web compared with no and pencil significantly higher scores than the | analysis.
rural’ middle based interactive treatment control. multiplication fact | control group, where at baseline There was a statistically
school in USA. learning platform. Measures from all fluency there had been no significant significant difference

Participants Practicing groups taken pre- assessment using | difference between groups. between the control group
described as 91% multiplication facts test, mid-test (after online random However, the 10 day group also and the intervention
Caucasian and from 0-12 the 10 day group worksheet had significantly higher scores than | extended group at pre-test
approximately multiplication completed generator. Score the 20 day group at mid-test and at | with the control group
17% with a tables. 2 intervention) and = number of this point both groups had had scoring significantly higher
recognised intervention groups, | post-test (after the correct answers exactly the same level of on multiplication fluency.
disability. one used Moby Max | 20 day group in 1min intervention. This may mean they were
for 10 days, the completed Adapted At post-test there was no not a representative sample
other for 20 days. intervention. Multiplication significant difference between and did not provide an

During intervention
time students spent
20 minutes every

‘regular school day’.

Attitude Survey to
measure
mathematical
self-efficacy.

groups — however due to there
being a significant difference post-
test this could mean that there was
a significant difference in level of
improvement for the extended
group.

No significant difference between
rate of improvement for ‘general
education’ and ‘special education’
students according to ANOVA — but
descriptive statistics showed
‘general education’ group made
more gains than ‘special education’
group, although standard deviation
was very high for ‘special education
group’.

There was a significant increase in
pupil’s mathematics self-efficacy

accurate control
comparison.

Intervention took place
during maths lesson time
rather than in supplement
to it.

Looked at scores at mid- and
post test rather than rate of
improvement in analysis
between groups.

ANOVA of participant
characteristic comparisons
underpowered due to low
numbers in certain groups.
Unclear what the control
group focused on in maths
lessons during the
intervention period.
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Study Design Participants Intervention Comparison/Control | Measures Results Limitations
from pre to post test after using
the digital intervention.
Berrett and Multiple 63 children aged Timez Attack, part of | Staggard baseline Paper and pencil Missing data was delt with by All participants from one
Carter baseline 8-9 fromacharter | the wider Imagine design, meaning all 30 question mean imputation: adding the mean | school, which was a charter
(2018) across school with Math Facts program. | groups had baseline assessment of average score during intervention school so may not represent
groups ‘typical’ levels of 3D world the pupil period, intervention multiplication fact | and baseline. 62% of students had wider population in area or

attainment for the
local areain
‘suburban western
USA’. Half
participants ‘near’
or ‘below’
expected maths
attainment levels
(n=32) the rest at
or above expected
levels (n=31).

navigates through,
answering
multiplication facts
to progress through
the game. Staggard
baseline design
meaning one group
had intervention for
7 %> weeks, one had
intervention for 6 %
weeks, and the third
had intervention for
5 % weeks. During
intervention phase
pupils played the
game for 20-30
minutes twice a
week in school, they
were instructed not
to play the game
outside of this time.

period, and post-test
period. During the
‘baseline’ period
participants played
on an English
language and literacy
computer game.

fluency created
by the
researchers using
an online
worksheet
generator — 22
different
worksheets
completed
throughout the
course of the
research, 2 per
week completed
immediately
before playing
game. All
comprised of
single digit (i.e. 1-
9) multiplication
table facts, with
pupils being given
1 minute to
answer as many
as possible. Score
= number of
correct answers
in 1 min.

some missing data, with the
maximum number of data points
missed being 5. (potentially due to
high level of data collection?)
Visual inspection of graphs showed
an interaction effect at transition
from baseline to intervention
phase. However, consistency in
baseline was not as expected, this
was explained as resulting from
assessment 6 and 8 containing a
higher number of 2x and 1x
multiplication fact questions,
meaning these were easier for all
participants to gain high scores in
whether they were in the
intervention or baseline control
phase.

A post-hoc analysis which was not
an original study objective, looked
at the relationship between prior
ability level and gains made
through intervention. Found a
correlation between prior ability
level and gains made, with those
with higher prior ability level
making most gains. Although all
groups made gains throughout the
intervention, the group with ‘below
proficient’ levels of mathematical
ability before the intervention

internationally. Does not
specify if participant group
matched school
demographics as described.
Assessments were not
checked for uniformity
before the research began
meaning some inconsistency
in potential level of difficulty
occurred, impacting results.
Measures limited pupils to
30 questions in 1 min and
for some pupils this led to a
ceiling effect, meaning the
true impact on their
improvement was not
recorded.
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Study Design

Participants

Intervention

Comparison/Control

Measures

Results

Limitations

increased by 5 points, where as the
group with above proficient levels
at baseline increased by 11.1
points.

Non-overlap of all pairs (NAP)
effect size calculation showed a
strong treatment effect for all
groups, with the group who spent
the longest time in the intervention
phase having the highest effect
size.

Denham
(2013)

Pre/post
intervention
mode
comparison

29 children aged
8-10 from one
‘predominantly
African-American’
elementary school
in Southeast USA.
No learning
disabled or gifted
children included.

Lerpz: Escape from
Goldac game.
Designed specifically
for the research.
Pupils must solve
multiplication facts
in a set amount of
time to unlock ‘force
fields’. One version
of the game had
‘heads-up-display’
which gave pupils
strategies for solving
problems, the other
did not. Intervention
lasted for 2 days, 30
minutes game play
during each day, ina
‘computer lab’
(unclear if in school).

Compared two
versions of the same
digital game
intervention, one
with timed drills only
and one with
additional strategies
available to pupils.

Timed paper
based single-digit
multiplication fact
test: 100
questions, score =
how long it took
to answer all 100
questions
(unclear if
included way of
recording
incorrect
answers)
Conceptual
understanding of
multiplication
test: word
problems based
on existing
research. 21
guestions and
pupils also asked
to describe
multiplication in
their own words.

Combined scores for all
participants showed significant
decrease in time taken to answer
100 multiplication questions.
Between groups comparison found
no significant difference.

Post-hoc analysis for gender
difference found no significant
difference.

No significant difference was found
between groups for the post-test
conceptual understanding of
multiplication tests measure.
Participants reported enjoying the
game and feeling that it was
beneficial.

Pre-test scores indicate
quite average level of
fluency already with quite a
wide range judging by
standard deviation.

Unclear if tests measured
speed and accuracy or just
speed.

Small sample size means
ANOVA is likely to have been
under powered and would
not necessarily have picked
up medium or small effects.
Intervention only ran for
two days with total of 1
hour of game play, which
may not be long enough for
the impact of the
intervention to be seen.
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Study Design Participants Intervention Comparison/Control | Measures Results Limitations
Game play survey
— a questionnaire
on pupils
experiences/opini
ons of the game.
Jay etal. Intervention | 90 children aged RAIDING Game Control group with Westwood 1-min | At mid-test both control and Excluded participants who
(2019) control 7-8, from 4 classes | where pupils use lessons as usual basic facts test: intervention group improved their missed sessions from final
(pre/post in 2 UK schools touch-screen complete as many | scores on the arithmetic fluency analysis and did not explore
test) with overall controls to move single digit tests, but the intervention group potential reasons why these
crossover ‘average’ socio- around a ‘outer addition had significantly greater children were unable to take
design economic status space’ environment problemsin 1 improvements than the control part in all sessions (e.g. were

and maths
attainment.
Children not
eligible if they had
learning
difficulties.

earning credits to
move through game
by completing
multiplication or
number-bond
questions. Pupils can
choose which
activities to take
part in. Pupils played
the game for 20
minutes per day for
two weeks during
the intervention
period.

min, followed by
subtraction,
multiplication,
and division:
score = number of
correct answers
in 1 min

Data also
collected from
game play

group, with an effect size indicating
a high impact.

From mid to post test (when the
original control group became the
intervention group and the
intervention group became the
control) there was also a significant
difference between groups with
the intervention group having
significantly higher score
improvement than the control
group. However, the ‘control’
group did maintain their mid-test
scores, indicating a potential
lasting impact from the digital
intervention.

More ‘effort’ within the game play
corelated with higher
improvements in progress in
arithmetic fluency.

Playing more times tables tasks
improved times tables and division
fluency over playing ‘number-
bonds’ tasks.

Engagement with the game was
seen to be approximately the same

these the children with
highest level of need for
intervention?)

Pupil’s able to choose
whether to engage in
multiplication tables or
number-bonds, therefore
correlation with increased
time on multiplication over
number-bonds could be due
to pupils feeling less
confident in multiplication
avoiding these questions.
Unclear what ‘lessons as
usual’ were.
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Study Design Participants Intervention Comparison/Control | Measures Results Limitations
for those with lower and higher
pre-test scores. However, higher
pre-test scores correlated with
higher number of ‘rocks selected’
and higher number of correct
answers in game, indicating a
relationship between performance
in the game and pre-test
performance.
Kromminga Randomised | 72 children aged Mental Math Cards Two comparison 2 min paper and There was a strong correlation Group size means ANCOVA
and Codding | digital, 8-9 from 5 classes | Challenge app, drill groups.: pencil curriculum | between the ipad delivered and under powered, so could
(2023) traditional, across 2 public and practice digital 1. Reciprocal Peer based measure paper and pencil CMB indicating have missed significant
and control schools in flash cards. Tutoring (RPT): pupils | (CBM) they were very similar. results with small and
comparison suburban school Participants used matched in pairs by 2 min iPad There was a significant main effect | medium effect size.
pre/post test | districts in the app to practice scores on initial pre- | delivered CMB for treatment group in the iPad Students who missed
midwestern USA. multiplication tables | test with class split in | Both CMB = x3 CBM post-test, with further sessions due to being taken

Participants
described as
51.2% male,
81.94% white,
80.8% no eligible
for reduced meals,
93.2% native
English speakers,
87.8% not eligible
for special
education support.

from 0-12. 20-
minute sessions
over 4 days a week
for 5 weeks, in
regular maths lesson
time, with all study
groups being
presentin the same
classroom during
the intervention
time. 10 minutes of
the intervention
session was spent
playing the game.

half into highest
scorers and lowest
scorers and then
matched in
sequence: highest of
high scorers with
highest of low
scorers, and so on.
During intervention
pairs took turns
being the tutor and
tutee for 5 min each,
showing flash cards
to each other and
providing corrective
feedback and praise.
2. Combined digital
and peer tuition.
Three of four
sessions weekly on

pre-testand x3
post-test, with
median score
used in analysis.
Each CMB
contained 84
multiplication
facts to answer in
2 minutes.

Mathematics
fluency and
mathematics
calculation
subtests of the
Woodcock-
Johnson 4th ed.
Test of
achievement
Engagement was
monitored

analysis indicating the significant
difference was between the iPad
group and the combined group
only (in favour of the iPad group).
There were no other significant
differences found between groups
on any measure according to
ANCOVA:s.

Descriptive statistics showed all
groups made improvements in all
measures from pre-test to post-
test. Although no significance
analysis took place, the iPad group
made just over 2 points more
progress on the ipad delivered
CBM than the other two groups,
where as on the pencil and paper
CBM all groups improvement
scores were within 1.15 points of
each other. Meaning there may
have been some benefit to the iPad

out to ‘receive special
education services’ were
excluded from the analysis.
Measures of engagement
and off-task behaviour
through momentary
sampling may have not
reflected actual level of
engagement with activity as
pupils looking at each other
and cards may have
appeared to be ‘on-task’
when they could have been
working more slowly or
talked about other things
not apparent to the
researchers from the
observation. It may also be
that iPad group needed to
look away from the screen
more due to eye strain but
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Study Design Participants Intervention Comparison/Control | Measures Results Limitations
iPad, fourth session through group in terms of practicing the when they were ‘on-task’
peer tuition. momentary mode of assessment. However, they were working at a more
sampling small sample size, and the fact that | intense rate than the peer
observations. the combined group who also used | tutoring group, as there
Adapted Kid's iPads 3 days a week did not have were not significant
Intervention same gains means it may not differences between the
Profile to generalise. groups in terms of
measure pupils As a whole participants scores improvement in scores.
views on the were significantly higher on the
intervention post- | paper and pencil CMB than the
test. ipad CMB at both pre and post test.
Momentary sampling showed that
students in the peer condition had
significantly less off-task behaviour
and more engagement time than
those in the iPad condition.
The iPad condition had the highest
average rate of acceptability as
rated by pupils, however there was
no significant difference between
scores and all groups reported high
levels of acceptability.
Smith Pre/post 116 children aged | FASTT math Mastering Math 2 minute paper All groups made gains from pre-to | Small sample size for SEN
(2010) - test, control | 9-11 who ‘lacked software. Facts Peer Tutoring and pencil single- | post- test. However FASTT Math pupils means ANCOVA
Doctoral group automaticity with Programme begins Programme group digit resulted in significant gains under powered
Thesis experimental | one digit by one- with a test of and a control multiplication compared to control group,

design

digit multiplication
facts’ (as
measured by
scores of under 80
correct answers
during 2 minute
100 question
multiplication
facts test) from 10
classes across 6
elementary

students current
level of knowledge
presenting
multiplication facts
with 1.25 seconds
given for answers
(after first assessing
typing speed), then
during game play a
combination of
known and

‘teaching as usual’
group. Due to the
way the research was
designed,
participants were
allocated to a group
before parental
consent was
returned, resulting in
the control group
having significantly

facts test. Score =
number of correct
answers in 2
minutes.

meaning it is an effective method
for supporting pupils in need of
additional help to improve fluency
in their times tables.

Computer aided group had more
significant gains than peer tutoring
so there is potential for this to be a
more useful intervention for those
who are not at expected levels
than a peer support intervention —
however the difference could also
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Study

Design

Participants

Intervention

Comparison/Control

Measures

Results

Limitations

schools in
southwest Ohio,
USA. Participants
described as
93.1% white,
17.2% disabled,
40.5% entitled to
reduced meals.

unknown
multiplication facts
are given.
Intervention
completed for 10
minutes per day
over 6 weeks with
participants from all
groups presentin
regular classrooms
during intervention
time.

fewer participants
(n=28) than the
digital (n=42) or peer
(n=46) intervention
groups.

be due to intervention
fidelity/human error in this study.
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