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a b s t r a c t

In the present study, we aimed to playfully improve arithmetic fluency skills with a tablet game training.
Participants were 103 grade 1 children from regular primary schools. The tablet game was tested with a
pretest-posttest control group design, and consisted of a racing game environment in which the player
competed against a virtual opponent by rapidly solving addition and subtraction problems up to 20.
During the 5-week intervention, one group (n ¼ 52) practiced with the game while another group
(n ¼ 51) continued regular education without the game. Before, directly after, and three months after the
intervention, we applied an arithmetic test to measure simple addition and subtraction skills in both
symbolic (Arabic; 4) and non-symbolic (dots; ::) number notations. The intervention group increased
significantly more on dot-subtraction efficiency than the control group, an effect which was prominent
directly after the intervention. Since i) dot-subtraction is considered to rely more on calculation than the
other arithmetic types that we measured and ii) the dot problem-answer representations were not
practiced during the intervention, our results suggest that the tablet game promoted arithmetic fluency
by benefitting calculation efficiency rather than retrieval efficiency or the switch from calculation to
retrieval.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Fluency of basic arithmetic skills is important for advanced
mathematical achievement (e.g., Geary, 2011; Patton, Cronin,
Bassett, & Koppel, 1997) and valuable in daily life. Towards the
end of grade 1, children are expected to become fluent in the
addition and subtraction of simple sums. Such efficiency is gained
through practice (e.g., Imbo & Vandierendonck, 2008), but practice
can become tedious (Hatfield, 1991). New technologies provide
novel opportunities for engaging children (Flewitt, Messer, &
Kucirkova, 2014). An arithmetic tablet game may thus fit well
into regular education. Yet, despite the call for evidence-based
material, there is a lack of studies that assess the educational
effectiveness of tablet games that are designed to increase arith-
metic efficiency in grade 1 children. Therefore, this study examined
the effects of a tablet game intervention on arithmetic efficiency in
grade 1. We assessed four types of arithmetic, namely Arabic-
addition, Arabic-subtraction, dot-addition and dot-subtraction.
Ven).
Since these are thought to rely on different solution methods,
namely ‘calculation’ and ‘retrieval from factual memory’, to a
different degree, differential outcomes may provide clues as to
where effects of a fluency intervention could be attributed.
1.1. Arithmetic efficiency and solution methods

The answer to a simple arithmetic problem can be calculated via
(mental) manipulation of quantities. But once repeated practice has
resulted in the memorization of a problem-answer association, the
answer can be directly retrieved from factual memory without the
need for calculation (Ashcraft, 1982; Dehaene, Piazza, Pinel, &
Cohen, 2003). Hence, arithmetic fluency can be promoted by i) a
change from calculation to retrieval, because it is more efficient to
retrieve an answer than to calculate it (Siegler, 1987), ii) an increase
in calculation speed or iii) an increase in retrieval speed.

Whether one uses calculation or retrieval may be influenced by
the arithmetic operation that is performed (addition, subtraction),
and by the notation of numbers (non-symbolic, symbolic). In gen-
eral, additions are learned before subtractions, and they may be
practiced more regularly. As mentioned before, practice leads to
stronger problem-answer representations (e.g., Ashcraft, 1982;
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Dehaene et al., 2003; Imbo & Vandierendonck, 2008). Hence,
simple additions have more stable memory representations,
increasing the likelihood of retrieval as a preferred solution
method. Indeed, several studies report a higher use of retrieval for
additions than for subtractions (e.g., Campbell & Xue, 2001; Henry
& Brown, 2008). The notation of numbers can also influence the
way arithmetic problems are solved (Campbell & Alberts, 2009;
Campbell & Fugelsang, 2001). Early arithmetic is performed on
non-symbolic quantities, such as dots ( ), and this direct pre-
sentation of quantity could encourage the use of quantity calcula-
tions (e.g., visually grouping) (cf. Rasmussen & Bisanz, 2005).
Before the start of primary school, children learn that non-symbolic
quantities can be efficiently represented with symbols, such as
Arabic numbers (4, 2), and this symbolic notation could be
important for the memorization of problem-answer combinations
and the direct retrieval of these arithmetic facts (Cantlon, 2012).
Hence, a non-symbolic dot-notation is more likely to recruit
calculation e and less likely to recruit retrieval from memory̶ than
a symbolic Arabic-notation. This effect of notation was recently
supported by two imaging studies (children: Peters, Polspoel, Op de
Beeck, & De Smedt, 2016; adults: van der Ven, Takashima, Segers,
Fern�andez, & Verhoeven, 2016). In sum, an answer to a simple
arithmetic problem can be calculated or retrieved from memory,
and the solution method used depends on the arithmetic operation
(more retrieval for addition than for subtraction) and the number
notation (more retrieval for Arabic than for dots).

1.2. Serious tablet games in the field of mathematics

In order to train arithmetic fluency, whether it is by shifting the
solution method from calculation to retrieval because of memo-
rized problem-answer representations, or by becoming more effi-
cient in calculation or retrieval itself, repetition is important (Imbo
& Vandierendonck, 2008). Unfortunately, repetition can become
tedious (Hatfield, 1991) while student engagement is important for
learning (Singh, Granville, & Dika, 2002). In this regard, new
technologies, such as tablet games, could be helpful.

Well designed digital games can be educationally valuable (Clark,
Tanner-Smith, & Killingsworth, 2015; Sitzmann, 2011; Vogel et al.,
2006; Wouters, van Nimwegen, van Oostendorp, & van der Spek,
2013). As an advantage to pen-and-paper practicing they provide the
opportunity for direct feedback, such that students do not build on
incorrect information (Kiili, 2005), but can strengthen intended re-
lations, such as between an arithmetic problem and its accurate
outcome (Ashcraft, 1982). Furthermore, digital games are reported to
bemore engaging than traditional education (e.g., Fabian, Topping,&
Barron, 2015; but, see also; Wouters et al., 2013). And, even though
results are mixed (Kroesbergen& Van Luit, 2003; Young et al., 2012),
positive effects have been reported for interventions with maths
games on (the more traditional) computers (e.g., Fuchs et al., 2006;
Wilson, Revkin, Cohen, Cohen, & Dehaene, 2006).

As an advantage to traditional computers, tablet computers are
mobile which allows for anytime-anywhere learning. Also, their
touch screens are easier to use and foster more intuitive in-
teractions (Cooper, 2005). Moreover, young children consider tab-
lets to be highly motivating (Flewitt et al., 2014), and in technology-
based societies e where tablets gain popularity in both homes and
schools e children are familiarized with these mobile computers
when they are very young (Neumann & Neumann, 2014). Hence, a
tablet game could be an excellent candidate for engaging young
children into practicing their arithmetic skills.

Many tablet games are available in the field of mathematics, but
few have been tested on their effectiveness. A first meta-analysis,
on studies using mobile devices for increasing mathematics in
elementary school (Fabian et al., 2015), reveals overall positive
achievement gains with a moderate effect size, and an increase in
the number of studies that use tablets. However, thus far, inter-
vention studies with mobile devices concentrated on numeracy
skills in preschoolers (e.g., Schacter & Jo, 2016; Schacter et al.,
2016), or on higher order skills in the upper grades (e.g., Carr,
2012; Miller & Robertson, 2010, 2011). Albeit arithmetic fluency is
important, none of the current studies has focused on tablet
gaming effects on simple-arithmetic fluency
(addition þ subtraction) in early graders.

A few investigations suggest that a well-designed tablet game
could benefit the fluency of simple-arithmetic skills in early
graders. Concerning arithmetic fluency, positive results were re-
ported for playing with mobile digital games on general arithmetic
efficiency in grade 4/5 (Main & O'Rourke, 2011), and on multipli-
cation efficiency in grade 3 (Kiger, Herro, & Prunty, 2012). Con-
cerning studies with a younger population, general maths gains
have been reported by playing games on GameBoy-like devices
(Rosas et al., 2003; Shin, Sutherland, Norris,& Soloway, 2012), and a
more recent study (Pitchford, 2015) suggested that tablet games
can be incorporated into non-Western educational systems to
enhance early mathematical skills. However, these latter studies
did not specifically target simple-arithmetic fluency. Overall, tablet
games may well be suited for encouraging children to repeatedly
solve arithmetic problems, but there is a lack of tested tablet games
that focus on promoting arithmetic fluency in early graders.

1.3. The present study

To promote arithmetic fluency in a playful andmotivating setting,
we developed a tablet game. In this game, children practiced addi-
tion and subtraction problems in Arabic numbers up to 20. The game
was designed specifically to promote arithmetic efficiencyewhich is
a combination of speed and accuracy̶ and to engage the student. A
player practiced arithmetic in a racing game environment by
competing against a virtual opponent. The opponent's speed was
adjusted to the player's own ability, such that the player raced
against, and thereby improved, his or her own arithmetic efficiency.
Accuracy was assured by providing the player with direct feedback
and the opportunity to solve the problem again if an answer was
incorrect. To encourage motivation, fun visuals and rewards were
incorporated in challenging races attuned to the child's proficiency
level. In addition, there was a variety of game types.

In the present study, we examined the effects of an intervention
with this tablet game on arithmetic efficiency. The interventionwas
introduced to children at the end of grade 1 in the Dutch regular
education system (6e7 years old). According to Dutch standards,
these children are supposed to be able to correctly solve all addi-
tions and subtractions up to 20, and they are at the stage of prac-
ticing to become fluent. One group played with the tablet game for
5 weeks at school, whereas another group continued regular edu-
cation without the game. Before the intervention (pre) and directly
after (post1), we tested their symbolic and non-symbolic addition
and subtraction proficiency. These skills were retested at the
beginning of grade 2 (post2) to examine longer-term effects.

We expected that playing with the tablet game would increase
arithmetic efficiency. Since we used different operations (addition,
subtraction) and notations (Arabic, dots) in the assessment, the
pattern of results would indicate as to whether an increase in ef-
ficiency was mainly caused by i) a switch from calculation to
retrieval, ii) accelerated calculation, or iii) accelerated retrieval. If
the intervention promotes the memorization of sums and therefore
a switch from calculation to retrieval (or accelerated retrieval), then
the largest effects should be observed in the Arabic notations,
because children practice Arabic addition and subtraction in the
tablet game, and therefore these problem-answer associations are



1 Two children received one version twice, but their test scores did not show
outlying results.
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the most likely to be established and strengthened. If, playing with
the tablet game mainly increases calculation speed, the greatest
results should be observed for dot-subtraction, because the an-
swers to these problems are most likely to be calculated. If alter-
natively, playing with the tablet game mainly improves retrieval
speed, then benefits should primarily be observed for Arabic-
addition, because these sums are the most likely to rely on verbal
retrieval. Since children practiced Arabic-arithmetic fluency in the
tablet game, we expected gains in arithmetic fluency, especially for
Arabic arithmetic.

2. Material and methods

This study was part of a larger investigation. Below we only
describe the information relevant for the present study.

2.1. Participants

In total, 103 children participated in the present study. The
experimental group which received the tablet game intervention
consisted of 52 children (25 females, M (SD) age ¼ 6.93 (0.36)
years), and the control group of 51 children (18 females, M (SD)
age ¼ 7.22 (0.39) years). Classes (N ¼ 4) were pseudo-randomly
assigned to either the experimental or control group, such that
each group contained an equal number of children. All children
were in grade 1 at the test points before (pre) and directly after the
intervention (post1), and in grade 2 during the third measurement
(post2). Parents gave informed consent, which was active or pas-
sive, depending on the school's regular practice.

2.2. Procedure

Fig. 1 shows the experimental design. First, all children received
the pre-intervention measurements including the assessment of
arithmetic skills. Next, the experimental group received the tablet
game intervention, and the control group continued regular edu-
cation. The intervention effects were tested at two time points,
once immediately after the intervention period (post1) and again
13 weeks after the post1-test (post2).

Both children and teachers were instructed on how to use the
tablet game. They were instructed to play the game for 15 min per
session, four sessions aweek, for fiveweeks within the allocated six
weeks (one week was a vacation week), resulting in a total of 20
sessions. These gaming sessions were additional to rather than
instead of the regular mathematics lessons.

2.3. Materials

2.3.1. The tablet game
2.3.1.1. Goals. The tablet applicationwas designed to be a fun game
to practice arithmetic skills (see Fig. 2 for screenshots). A child saw
a particular arithmetic problem, and the goal was to correctly solve
the problem as fast as possible. The game set-up was designed to
encourage the child to improve his or her arithmetic skills in several
ways.

First, arithmetic speed was promoted by the incorporation of a
racing element. At the beginning of each race, two vehicles
appeared on the left lower part of the screen, one in orange and
another in grey. The child was the driver of the orange vehicle, and
had to battle against the grey vehicle to get to the right upper
corner first. Points could be collected along this trajectory. The
faster the correct answer was given, the more virtual meters the
orange vehicle gained in comparison to the grey vehicle. Unbe-
knownst to the child, the grey vehicle proceeded at the average
speed of a child's prior arithmetic skills, as measured within a
specific level. Therefore children were challenged to race against
their own arithmetic speed.

Second, to ensure accuracy, a correct answer was positively
reinforced, whereas an incorrect answer would result in gaining
less meters relative to the competing vehicle. A child could select
the correct answer on the screenwith a finger, and swipe it onto the
centre of the screen (answer area ¼ the white box containing the
problem). A correct answer was accompanied by stars shooting out
and a positive sound. An incorrect answer resulted in a red cloud
and a more negative sound. If the answer was incorrect, the child
could try again until the correct answer was selected, but after each
incorrect answer, the answer options were not selectable for 5 s
which had a negative influence on the race.

Third, a child's motivation to play the game was promoted by
several factors, such as the racing element, fun colours and visuals,
a touch screen (swiping), and further by earning points and altitude
meters to get to another scenery and vehicle. The overarching goal
was to get to the highest altitude possible via several vehicles (from
sea in a submarine, to land in a monster truck, to air in an air
balloon, to outer world in a rocket, to outer space in a space ship). A
certain amount of points was needed to receive a novel vehicle on a
novel background in a higher altitude setting. After each racing
game, a progress screen (see Fig. 2) showed the amount of points,
and thus altitude gained, and gave the option for the child to stop or
continue with the game. To keep the game fresh, for each child, the
game started where the child had left off in the previous session
(after the last finished racing game).

2.3.1.2. Stimuli and levels. The stimuli consisted of 231 addition and
231 subtraction problems up to 20. All numbers were full integers,
from 0 to 20 in Arabic notation. In total, there were 35 levels in the
game, which were combinations of game type (see Fig. 2) and
problem type.

Within each level, four to five racing games were played. Each
racing game consisted of 12 problems which had to be answered
correctly. The actual amount of racing games played within a level
depended on an algorithm that calculated to what degree the in-
crease in speed levelled off between racing games.

2.3.2. Arithmetic skills
Arithmetical skills were measured with an arithmetic test at

three occasions. The test consisted of four pages with 54 problems
each. A child had 1 min per page to solve as many problems as
possible. Page 1 contained Arabic-addition, page 2 Arabic-subtrac-
tion, page 3 dot-addition, and page 4 dot-subtraction problems. The
Arabic problems were sums up to 20, with open answers (e.g.,

). The dot problems were sums up to 9, with two answer
options because of foreseen difficulties with writing of the answer
(e.g., ; the incorrect option was always one or two in-
tegers above or below the correct option, with the correct answer
option equally distributed over the right and the left side). For
Arabic-arithmetic, the efficiency scores represent the number of
correctly answered problems within 1 min. For dot-arithmetic
(measured by a two alternative forced choice task), the efficiency
scores were calculated as the number correct per minute minus the
number incorrect per minute, thereby accounting for guessing.

There were three versions of the test. These contained identical
problems, but in a different order. Each versionwas assigned to one
of the three test-points, and the version/test-point combinations
were counter-balanced across participants within a group.1 Because
a child would not be able to finish all problems within a page, for



Fig. 1. Experimental design. Participants were in either the experimental group or in the control group. Arithmetic skills were measured before, directly after, and 13 weeks after
the intervention.

Fig. 2. Screenshots of the tablet game. A child had to select the correct answer (e.g.,
14 in the upper left screenshot) and swipe it into the middle part of the screen. The
faster the answer, the more altitude was gained as compared to the grey vehicle that
the child raced against. The grey vehicle travelled at the mean speed based on the
speed of previous racing games of the child within a particular level. Coins were
collected along the way. The orange circle in the upper right indicated the progress
within a racing game (e.g., the second out of 12 problems for the upper left screen-
shot). Note: ‘Welke is goed?’ is Dutch for ‘Which one is correct?’. The levels consisted
of a combination of game type and problem type. There were five game types: A) a
problem appeared on the screen and the correct outcome had to be selected out of five
options; B) an outcome appeared on the screen and the correct problem had to be
selected out of two options; C) same as A, but now the problem disappeared to pro-
mote mental calculation; D) three problems with answers appeared on the screen, and
the incorrect combination had to be selected; E) three problems appeared on the
screen, and the problem that had an outcome different from the other two had to be
selected. There were seven problem types: 1) addition problems up to 10; 2) subtrac-
tion problems from 10 downwards; 3) addition problems crossing 10; 4) subtraction
problems crossing 10; 5) addition problems above 10; 6) subtraction problems above
10; 7) all addition and subtraction problems. After each racing game (12 correctly
answered problems), the progress screen appeared. It showed the points/altitude
gained, a peek at the next vehicle that the child would acquire when enough points/
meters would be gained, and the possibility to continue (‘verder’) or discontinue
(‘stop’) with the game.
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each version the problems were pseudo-randomly divided over the
pages to balance difficulty level over measurement points: For both
Arabic-addition and Arabic-subtraction, problems up to 10, with 10
crossing, and above 10, were equally distributed across the page.
For dot-addition and subtraction (all < 10), three difficulty levels
were created on face value and equally distributed over the page.
Furthermore, the addition problems were balanced onwhether the
first addend was larger or smaller than the second addend.
2.3.3. Tablet game motivation
To measure whether children enjoyed playing with the tablet

application, after the first and the last session, they indicated how
much they liked this arithmetic game (five point Likert item,
accompanied with smileys and text: 1 (þsad smiley þ ‘no fun at
all’) ¼ I don't like it at all; 5 (þhappy smiley þ ‘very much fun’) ¼ I
like it very much).
2.3.4. Attitude towards mathematics
To measure attitude towards mathematics class in school, chil-

dren were asked how much they liked mathematics (five point
Likert item, accompanied with smileys and text: 1 (þsad
smiley þ ‘no fun at all’) ¼ I don't like it at all; 5 (þhappy
smiley þ ‘very much fun’) ¼ I like it very much) before each
arithmetic test. This question was embedded within three foil
questions (How much do you like school/reading/handicraft?).
3. Results

3.1. Tablet game: statistics and motivation

During the intervention, children played on average 14 sessions
with the tablet game (SD ¼ 2, range ¼ 6e17). At the end of the
intervention, level 20 was reached on average (SD ¼ 7,
range ¼ 6e35) and 84 racing games were played (SD ¼ 29,
range ¼ 25e146), with a mean of 4.3 (SD ¼ 0.2) racing games per
finished level. After both their first and their last session, children
rated the tablet game as very enjoyable (first session: M ¼ 4.9,
SD¼ 0.2; last session:M¼ 4.7, SD¼ 0.7; max¼ 5.0; means based on
one school, because of missing ‘after first play measurements’ for
the second school; ‘after last play measurements’ second school:
M ¼ 3.5, SD ¼ 1.5).



Table 1
Mean group descriptives (SD) and statistics.

Technical reading skills

Group Mathematics skills
(CITO)a

Non-verbal
reasoning skillsb

Working
attitudec

Visual working
memoryd

Verbal working
memorye

General motor
speedf

Word voicing
efficiency (CITO)g

Digit naming
efficiencyh

Experimental
(n ¼ 52)

3.10
(1.38)

28.20
(4.77)

6.76
(6.31)

8.38
(3.99)

10.77
(3.37)

680
(217)

2.44
(1.35)

0.81
(0.18)

Control
(n ¼ 51i)

2.28
(1.13)

27.35
(4.65)

8.06
(6.21)

9.12
(4.39)

9.92
(3.28)

656
(165)

2.70
(1.22)

0.89
(0.27)

U 852.00 1169.00 1481.00 1517.50 1165.00 1310.00 1471.50 1546.50
P .002 .299 .224 .204 .286 .916 .238 .145

Note. U and p values are based on Mann-Whitney tests; SD ¼ Standard Deviation; CITO tests (http://www.cito.nl) are standardized tests, used nationwide to assess the in-
dividual progress of students in Dutch schools. For all, except the CITO scores and digit naming efficiency, a higher score reflects higher skills.

a CITO-mathematics test, measured by the schools as part of the general curriculum: assigns children to one of five 20%-groups: 1 ¼ within the nationwide top 20%;
5 ¼ within the nationwide lowest 20%.

b Raven's Coloured Progressive Matrices (Van Bon, 1986): number correct.
c Eleven questions of the BRIEF (Huizinga & Smidts, 2012): mean of quantified answers.
d Mr. X, a subtest of the Automated Working Memory Assessment (AWMA; Dutch version; Alloway, 2007): raw memory score.
e Listening recall, a subtest of the Automated Working Memory Assessment (AWMA; Dutch version; Alloway, 2007): raw memory score.
f Motor reaction time task (Brankaer, Ghesqui�ere, & De Smedt, 2014): mean speed (ms); percentage correct ¼ 97%.
g CITO-DMT (Drie-Minuten-Toets (Three-Minutes-Test)), measured by the schools, as part of the general curriculum: assigns children to one of five 20%-groups: 1 ¼within

top 20%, nationwide; 5 ¼ within lowest 20%, nationwide.
h Digit card of a rapid automatized naming task (van den Bos & Lutje Spelberg, 2007): card reading speed (s) divided by number of correctly named digits.
i For mathematics skills (CITO), working attitude, and word voicing efficiency (CITO), n ¼ 50.
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3.2. Before the intervention

Prior to the intervention, the two groups (see Table 1 for the
group descriptives and statistics) did not differ in terms of non-
verbal reasoning skills, working attitude, visual and verbal work-
ing memory, general motor speed, and technical reading skills,
suggesting that they came from the same population, although the
experimental group performed less well on the curriculum bound
mathematics test e a Dutch national test designed by the Centraal
Instituut voor Toetsontwikkeling (CITO)̶ than the control group.
Nonetheless, independent t-tests showed that the experimental
group and the control group scored similarly on our measures of
interest, namely their arithmetic efficiency scores prior to the
intervention (Arabic-addition: p ¼ .563; Arabic-subtraction:
p ¼ .581; dot-addition: p ¼ .532; dot-subtraction: p ¼ .132) and
their attitude towards mathematics (p ¼ .789).

3.3. Intervention effects

We miss data on 10 occasions: at post1, one child was ill, and at
post2, nine children either repeated grade 1 or moved to another
school. Therefore the following analyses are based on n¼ 48 for the
experimental group, and n ¼ 45 for the control group.

3.3.1. Arithmetic skills
The mean arithmetic test scores can be found in Table 2

(efficiency þ accuracy) and Fig. 3 (efficiency). On average, 90.7
percent (SD ¼ 6.0) of the arithmetic problems was answered
correctly within a condition. This indicates that children under-
stood the tasks at hand. Since accuracy was at ceiling level with
many 100% scores, accuracy was not further investigated and we
focused on efficiency.

To investigate the effect of the intervention on arithmetic
efficiency, we performed two mixed analyses of variance
(ANOVAs)̶ one for Arabic-arithmetic, and one for dot-arithmetic̶
with SumType (addition, subtraction) and Time (pre, post1,
post2) as within-participant factors, and Group (experimental,
control) as a between-participant factor. As the Arabic-arithmetic
test was open-answer, and the dot-arithmetic test consisted of
two alternative forced-choice questions, the two could not be
compared in one analysis. Because the Arabic efficiency
(residual) scores were not normally distributed (positive skew),
for these we applied the square-root transformation before data
analysis. Furthermore, we used the Greenhouse-Geisser correc-
tion if sphericity was violated.

For Arabic-arithmetic efficiency, there was neither a 3-way
interaction (p ¼ .525), nor any 2-way interactions (all p � .153;
Group � Time: p ¼ .365), nor a main effect of Group (p ¼ .161).
There was a main effect of Time (F(1.85,168.57) ¼ 49.99, p < .001,
hp
2 ¼ .355), with a significant increase in efficiency from the pre-to

post1-test (p < .001), levelling off after the post1-test (post1 versus
post2, p ¼ .193). Also, a main effect of SumType was present
(F(1,91) ¼ 122.21, p < .001, hp

2 ¼ .573), with a higher efficiency for
addition than for subtraction. Since no interaction effects between
Group and Timewere found, this suggests that the intervention did
not have a beneficial effect on Arabic-arithmetic efficiency.

For dot-arithmetic efficiency, there was a
Time � Group � SumType interaction (F(2,174) ¼ 4.34, p ¼ .014,
hp
2 ¼ .048). To interpret this interaction, we performed two separate

mixed ANOVAs: one for dot-addition and one for dot-subtraction.
For dot-addition, the Time � Group interaction was not significant
(p¼ .727), neither was themain effect of Group (p¼ .507), although
there was a main effect of Time (F(2,174) ¼ 41.85, p < .001,
hp
2 ¼ .325) revealing an efficiency increase from the pre-to post1-

test (p < .001; post1 versus post2, p ¼ .052). For dot-subtraction,
however, the Time � Group interaction was significant
(F(2,182) ¼ 8.08, p < .001, hp

2 ¼ .082). Two follow-up ANOVAs, the
first excluding the post2-test, the second excluding the pre-test,
showed that between pre and post1 the experimental group
increased more in arithmetic efficiency than the control group
(F(1,91) ¼ 17.60, p < .001, hp

2 ¼ .162), whereas an efficiency differ-
ence between post1 and post2 was similar for both groups
(p ¼ .221). In spite of the latter, independent t-tests showed that
only at the post1-test the experimental group scored significantly
better on dot-subtraction efficiency than the control group (post1:
t(91) ¼ 2.25, p ¼ .027, Cohen's d ¼ .473; post2: p ¼ .234). Above
results suggest that the tablet game intervention had a significant
positive effect on dot-subtraction efficiency, that was prominent
directly after the intervention.
3.3.1.1. Control analyses: mathematics skills (CITO). The general
mathematics skills, measured by schools with the CITO-test as part

http://www.cito.nl


Table 2
Mean efficiency scores (SD) and mean Accuracy scores (SD) on the arithmetic test.

Number notation Arithmetic operation Group Pre Post1 Post2 Difference scorea: Post1-Pre

Efficiencyb Arabic Addition Experimental 8.6 (4.8) 11.8 (5.5) 11.8 (4.8) 3.3 (3.5)
Control 8.0 (4.7) 10.2 (3.7) 11.0 (4.5) 2.2 (4.1)

Subtraction Experimental 6.1 (3.7) 8.4 (4.9) 8.7 (4.4) 2.3 (3.6)
Control 5.8 (3.6) 7.1 (3.7) 7.3 (4.5) 1.3 (3.3)

Dots Addition Experimental 7.6 (3.4) 10.8 (3.2) 11.2 (4.2) 3.2 (4.6)
Control 7.0 (4.2) 9.6 (4.5) 11.0 (3.5) 2.9 (3.7)

Subtraction Experimental 6.1 (3.6) 8.1 (4.6) 8.4 (3.8) 2.0 (4.1)
Control 7.2 (3.5) 6.2 (3.5) 7.5 (3.3) �1.0 (2.8)

Accuracyc Arabic Addition Experimental 88.5 (17.7) 95.3 (9.5) 94.1 (8.7) 6.9 (18.5)
Control 87.5 (18.2) 89.5 (14.9) 92.3 (11.1) 2.0 (21.1)

Subtraction Experimental 78.5 (21.0) 83.2 (15.3) 85.6 (14.4) 4.6 (21.0)
Control 83.9 (21.0) 79.9 (22.2) 83.8 (20.3) �4.1 (22.8)

Dots Addition Experimental 96.0 (12.3) 96.3 (7.1) 97.0 (5.7) 0.3 (15.2)
Control 94.8 (16.8) 93.5 (13.6) 96.4 (6.0) 0.4 (13.7)

Subtraction Experimental 94.8 (13.0) 94.7 (10.9) 95.5 (9.7) �0.2 (15.1)
Control 94.5 (13.0) 88.3 (17.2) 92.1 (12.1) �6.2 (15.2)

Note. If a child had not made any sums in a certain category (4 occasions only), efficiency and accuracy were categorized as missing; SD ¼ Standard Deviation.
a Difference scores may not always match post1-pre because the difference was calculated for each participant before averaging.
b Efficiency scores represent the number of correct responses per minute for Arabic, and the number of correct responses minus the number of incorrect responses per

minute for dots.
c Accuracy scores represent the percentage correct (number of correct responses divided by the number of sums responded).

Fig. 3. Arithmetic efficiency scores (M þ SE), split on group and time.
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of the Dutch curriculum, correlated with all our arithmetic-pre-
measurements (Arabic-addition: Spearman's r ¼ -.21; p ¼ .048;
Arabic-subtraction: Spearman's r ¼ -.29; p ¼ .004; dot-addition:
Spearman's r ¼ -.30; p ¼ .005; dot-subtraction: Spearman's r ¼ -
.460; p < .001, all showing negative correlations, because lower
CITO-scores reflect higher maths skills), which validates our
arithmetic task. As the control group scored better on the CITO-
mathematics scores than the experimental group, we checked
whether this would have had an effect on our results. The CITO-
scores did not correlate with the arithmetic increase from pre to
post1 (all p ¼ .080; within the experimental group only: all
p ¼ .097). Moreover, including CITO-mathematics skill as a covar-
iate in the previous analyses did not change the conclusions.
3.3.2. Attitude towards mathematics
A mixed ANOVA on mathematics attitude, with Group (experi-

mental, control) as a between- and Time (pre, post1, post2) as a
within-participant variable, revealed no significant effect of Time
(p ¼ .100), Group (p ¼ .226), nor an interaction between Time and
Group (p ¼ .152; M pre (SD), M post1 (SD), M post2 (SD); experi-
mental: 3.60 (1.51), 2.92 (1.61), 3.38 (1.59); control: 3.69 (1.53), 3.62
(1.60), 3.53 (1.62); max ¼ 5).
4. Discussion

The goal of the present study was to investigate the effective-
ness of a tablet game on increasing arithmetic fluency in an
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engaging manner. We found that the intervention was engaging
and had a significant positive effect on dot-subtraction efficiency.
The latter suggests that playing with the game benefitted the
calculation operation, rather than retrieval speed or a switch from
calculation to retrieval due to memorization.

It is likely that the intervention improved calculation efficiency
because, i) dot subtraction is thought to be executed through
calculation rather than retrieval, more so than the other measured
arithmetic types, and ii) the dot problem-answer representations
were not trained during the intervention. Contrary to our expec-
tation, we did not find an effect on Arabic-arithmetic fluency.
Possibly, the number of memorized Arabic problem-answer rep-
resentations was already at ceiling level, or alternatively the
intervention was too short to promote the memorization of these
representations.

Our findings suggest that an arithmetic fluency tablet inter-
vention can benefit calculation efficiency, probably by training
mathematical insight. The tablet game focused on speeded re-
sponses, but also the relationships between quantities were trained
(e.g., 9e5 ¼ 8e4 ¼ 4). This knowledge about part-part-whole re-
lations could have encouraged the use of transformation strategies
(LeFevre, Sadesky, & Bisanz, 1996) in which the child uses re-
grouping tricks for calculating the answer (e.g., 9e4 ¼ 8e4þ1) as
an efficient alternative to counting (e.g., Fischer, 1990; Hunting,
2003; Putnam, de Bettencourt & Leinhardt, 1990; see also,;
Baroody, Bajwa, & Eiland, 2009). Adults mainly use a combination
of calculation and retrieval (Campbell & Fugelsang, 2001; Imbo &
Vandierendonck, 2008), which may be most advantageous for
good mathematics: One cannot memorize all possible sums, and
calculation methods are crucial when retrieval fails.

It is important to note that the effect of the intervention dis-
appeared after the disuse of the tablet game. The influence of the
game on arithmetic skills could be larger and more persistent if the
intervention period is prolonged with additional playing sessions
(cf. for a review: Clark et al., 2015).

On a practical level, a tablet game can be a fun method for
improving calculation skills. In this regard, the current game can be
used as a useful addition to, not a substitution for, grade 1
arithmetic-education. Caution is warranted, however, since with
the current version of the game and the current time frame of the
intervention, playing did not significantly benefit the Arabic-
arithmetic skills over and above regular education, and beneficial
effects faded after disuse of the game. Although children's general
attitude towards mathematics did not change, children enjoyed
playing with the game. Therefore, one interesting venue is to
exploit the possibility of anytime-anywhere learning and test the
effects of long-term use of the tablet game at home. Also one has to
consider that results may differ per age-group. Possibly, effects are
larger, and significant for all arithmetic efficiency outcomes when
tested in children that have started learning arithmetic only
recently, such as preschoolers or children at the start of grade 1.
These children are even more likely to truly manipulate quantities
in order to solve sums and may therefore benefit more from un-
derstanding the relationships between sums. Conversely, in older
children, if quantity relations are well understood, the tablet game
may promote memorization or retrieval speed rather than accel-
erating calculation processes.

Two limitations of this study are that individuals were not
randomly assigned to the experimental or control group, and that
the control group followed regular education only. Even though our
pre-measurements did not suggest differences between the two
groups, the former limitation might have resulted in unknown
confounds that enhanced or decreased the effects of the tablet
game intervention. Because of the latter limitation it is possible that
the greater increase in arithmetic efficiency in the experimental
group was achieved by extra training rather than by practice in an
engaging environment per se. The present tablet application could
be improved in iterations, by consulting teachers and learning from
novel studies. Nonetheless, this study provides promising evidence
for the educational value of tablet-based arithmetic fluency
training in first graders.

In conclusion, playingwith the arithmetic fluency tablet game in
grade 1was engaging and appeared to benefit arithmetic fluency by
improving the calculation process, rather than by speeding up
retrieval or increasing the number of memorized answers causing a
calculation-to-retrieval switch. Accordingly, we have shown that a
tablet-based arithmetic-fluency-training could help children in
becoming more efficient in calculation processes in the early stage
of arithmetic education. Future studies should make clear whether
similar gamesmay also help children to enhancememorization and
retrieval fluency in more advanced stages of arithmetic
development.
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