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Abstract
This paper reports about a large-scale longitudinal field experiment investigating the
effects of online mathematics mini-games on second- and third-graders’ multiplicative
reasoning abilities. The study included students in regular primary education (n = 719)
and special primary education (n = 81). There were three experimental conditions:
playing multiplicative mini-games at school, at home, and at home with debriefing at
school. In the control condition mini-games on other mathematical topics were played
at school. For regular primary education, results showed that the mini-games were
most effective in the home-school condition, where they promoted both multiplicative
skills and insight (significant ds ranging from 0.22 to 0.29). In the school condition, an
effect was only found for insight in Grade 2 (d = 0.35); in the home condition there
were no effects. In special primary education, a significant effect was found for the
school condition in improving multiplicative fact knowledge (d = 0.39).
Key words: mathematics computer games, multiplicative reasoning, primary
education, special primary education

Introduction
Computer games are more and more becoming part of primary school
mathematics education (e.g., Alexopoulou et al., 2006). The most important
benefits of games are their motivational characteristics (e.g., Garris, Ahlers and
Driskell, 2002), and their possibility to provide immediate feedback (e.g.,
Prensky, 2001). Also for students in special education, mathematics computer
games are promising educational tools (e.g., Brown et al., 2011). Yet, although
meta-analyses did show that in general the use of ICT in mathematics education
positively affects learning outcomes (Li and Ma, 2010; Slavin and Lake, 2008),
there is still insufficient evidence for the effectiveness of computer games in
particular (Bai et al., 2012). The present paper aims to provide such evidence for
the domain of multiplicative reasoning (multiplication and division), for both
regular and special primary education.
In learning multiplicative reasoning, it is important to develop ready knowledge
of number facts (the multiplication tables), and skills in calculating multiplication
and division operations. In addition, students need to develop insight in, or
understanding of, multiplicative number relations (e.g., Anghileri, 2006; Nunes et
al., 2012). They should, for example, have insight into the factors of numbers and
the properties of multiplication, like the commutative property (e.g., 3 × 7 = 7 × 3)
and the distributive property (e.g., 6 × 7 = 5 × 7 + 1 × 7). These three aspects of
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multiplicative reasoning ability – number fact knowledge, operation skills, and
insight – parallel the three types of knowledge often distinguished in mathematics
education: declarative knowledge, procedural knowledge, and conceptual
knowledge (see, e.g., Miller and Hudson, 2007).
Though most of the computer games and other educational software currently
used in mathematics education focus on number fact knowledge and operation
skills (e.g., Mullis et al., 2012), computer games can also be employed for
developing mathematical insight (e.g., Klawe, 1998). The instructional power of
games that are focused on insight development is often related to the educational
theory of experiential learning (see, e.g., Kebritchi, Hirumi and Bai, 2010). In
such games, students can learn new concepts and rules by exploring and
experimenting with different mathematical strategies and discovering which
strategies are convenient. With experiential learning games, class discussion –
also called debriefing – is important to promote reflection on and generalisation
of what is learned (e.g., Garris et al., 2002; Klawe, 1998).
Educational games can be played in different settings. Playing in a formal
setting at school has the advantage that all instructional aspects of the games can
be exploited by discussing them in a lesson. However, playing in an informal
setting at home has advantages as well. Besides the benefit of extra learning
time (e.g., Honey and Hilton, 2011), playing at home may lead to increased
learner control, which is often mentioned as an important motivating factor of
educational computer games (e.g., Malone and Lepper, 1987). A possible
approach that combines the advantages of playing at school and those of playing
at home, is playing the games at home with a debriefing at school (see Kolovou,
Van den Heuvel-Panhuizen and Köller, 2013).
Research question
Does an intervention with multiplicative mini-games – either played at school,
played at home, or played at home and debriefed at school – affect regular and
special primary education students’ learning outcomes in multiplicative
reasoning; i.e. knowledge, skills, and insight?
Method
Study set-up
To answer our research question we set up a large-scale cluster-randomised
longitudinal experiment (see also Bakker, Van den Heuvel-Panhuizen and
Robitzsch, 2015a, 2015b). The experiment included three experimental conditions
with multiplicative mini-games – playing the games at school integrated in a
lesson, playing the games at home without attention at school, and playing the
games at home with a debriefing at school – and one control condition in which
the students played at school mini-games on other mathematics topics. In the
conditions where the games were played at home, the games were presented as a
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work. This was donne to mainttain the
free-chhoice activvity, not ass compulsoory homew
motivaating aspecct of playin
ng the gam
mes.

Fig.
F 1: Timee schedule of the stud
dy

The m
mini-gamess – short,, focused games th
hat are eaasy to leaarn (e.g., Jonker,
Wijerss and Vann Galen, 2009) – were play
yed in fo
our game periods, two in
Grade 2 and twoo in Gradee 3, as is shhown in Fig.
F 1 (for special edducation only
o
the
Grade 2 part of the
t study was
w perfoormed). In each gam
me period, 8 differen
nt minigames were offeered. Befo
ore each gaame perio
od, the teacchers weree given a manual
m
in whicch for each game it was descrribed how
w it had to be treatedd in class.
A prettest of muultiplicativ
ve reasonning abilitty was ad
dministereed at the end of
Grade 1. Posttessts on each
h of the thhree aspectts of multiiplicative reasoning
g ability
– know
wledge, skkills, and insight
i
–w
were adm
ministered at the endd of Gradee 2 (for
the speecial educcation stud
dents, to reeduce testt duration,, the skillss and insig
ght test
were ccombined into a sk
kills/insighht test), an
nd at the end of G
Grade 3 (o
only for
regularr educatioon). A descriptionn of the tests emp
ployed, aas well ass more
inform
mation on the
t interveentions, caan be foun
nd in Bakk
ker et al. (22015a, 2015b).
Particiipants
The stu
tudy was conducted
d in the N
Netherland
ds and inccluded schhools for regular
primarry educatiion as weell as schhools for special primary
p
edducation. In the
Netherrlands, speecial prim
mary educcation is meant
m
for students with substantial
learninng difficullties, mild mental reetardation,, or mild to moderatte behavio
oural or
develoopmental problems.
p
We reecruited 66
6 regularr primaryy schools and 19 special pprimary schools.
s
Througgh a mattching pro
ocedure oon a num
mber of scchool chaaracteristiccs, and
random
m assignm
ment, the schools were eveenly distrributed ovver the reesearch
conditiions. Forr various reasons, such ass teacher changess, organissational
problem
ms, and prroblems with
w comp uters, som
me schoolss dropped out in thee course
of the rresearch project.
p
Moreover,
M
oonly thosee schools in
i which m
more than half of
the gam
mes weree treated were
w
incluuded in the
t analyssis. Unfort
rtunately, for the
speciall education schools, due to laarge drop--out and lo
ow interveention fid
delity in
the hoome and home-sch
hool conddition, we
w could only incllude the school
conditiion and thhe control condition in the anaalysis. Our final sam
mple consiisted of
35 reguular primaary schoolls (n = 7199 students; 112 in th
he school ccondition,, 202 in
the hom
me condittion, 78 in
n the homee-school condition,
c
327 in thee control group),
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hools (n = 81 studen
nts; 40 in the
t schooll condition
n, 41 in
and 5 sspecial priimary sch
the conntrol groupp).
The mini-gamess
The m
mini-gamess offered in the exxperimental conditiions were mostly adapted
a
versionns of muultiplicativee mini-gaames seleected from
m the Dut
utch matheematics
games website Rekenweb.
R
. Descriptiions of alll mini-gam
mes can bee found in Bakker
et al. (22015b). As
A an exam
mple, one of the mini-games is shown in Fig. 2. In this
game tthe studennt makes rectangula
r
ar groups of smiley
ys and thenn determines the
numbeer of sm
mileys in the grouup. The game offfers pracctice in solving
multiplication problems
p
(either aas memorised mu
ultiplicatioon facts or, for
exampple, by reepeated addition). Furtherm
more, the game stiimulates gaining
g
insightt into the relations between
b
m
multiplication probllems; for example, 3 rows
of 5 is the same as 5 rowss of 3 (com
mmutativee property
y), and if 5 rows of 3 is 15,
then 6 rows is 3 more, resulting in 118 (distrib
butive prop
perty).

Fig. 2: Example m
mini-game “Making groups”
g

Data aanalysis
The efffects of thhe interveentions weere investiigated sep
parately foor the stud
dents in
regularr primary education
n and speccial primaary education. For bboth samp
ples, we
employyed linearr regressio
on analysses for each of the aspects oof multiplicative
reasoning abilityy, with posttest scorre as the dependent
d
variable, and pretesst score
and coondition dummy
d
variables
v
as indepeendent vaariables. A
Additionallly, we
controllled for some stud
dent charaacteristics that weree found too differ between
b
conditiions. Sepaarate anallyses werre run forr the effeccts of thee interven
ntion in
Grade 2 (Grade 2 posttestt score ass dependen
nt variable) and thee interven
ntion in
Grade 2 and 3 toogether (G
Grade 3 poosttest sco
ore as dep
pendent vaariable). Missing
M
test sccores weree handled using muultiple daata imputaation (see Graham, 2009).
The cluustered daata structu
ure (studennts nested
d within scchools) w
was accoun
nted for
by empploying clluster-robu
ust standaard errors (see
(
Angrist and Pisschke, 200
09; this
could nnot be donne for the special edducation students
s
beecause of too few clusters,
c
i.e., onnly 5 schools). Becaause of ouur direction
nal hypoth
hesis (we hhypothesiised the
games to positivvely affect learning)) we used one-tailed
o
d significannce tests.
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Results
For the students in regular primary education (Tab. 1), the games were found to
be effective in enhancing skills and insight, but not knowledge. Specifically, in
the home-school condition the intervention had a significant positive effect on
both skills (d = 0.26 for the Grade 2-3 intervention) and insight (d = 0.29 for the
Grade 2 intervention; d = 0.22 for the Grade 2-3 intervention). In the school
condition the games only significantly affected insight, and only the Grade 2
intervention was effective (d = 0.35). No significant effects were found in the
home condition (p > .05). For the special education students (Tab. 2), it was
found that the games, played at school, were effective in enhancing
multiplicative fact knowledge (d = 0.39), but not in enhancing skills/insight.
Knowledge
Condition

βps

SE

Skills
βps

d

SE

Insight
βps

d

SE

D

Posttest Grade 2 (effect of Grade 2 intervention)
School

0.01

0.24

0.01

0.10

0.24

0.09

0.39*

0.22

0.35

Home

-0.16

0.23

-0.16

-0.04

0.20

-0.03

0.21†

0.15

0.19

Home-school

0.08

0.26

0.08

0.21

0.20

0.18

0.32*

0.19

0.29

Posttest Grade 3 (effect of Grade 2-3 intervention)
School

-0.19

0.23

-0.20

0.10

0.18

0.09

0.15

0.19

0.13

Home

-0.05

0.16

-0.05

0.03

0.14

0.03

-0.02

0.12

-0.02

Home-school

0.16

0.13

0.16

0.28*

0.16

0.26

0.24*

0.12

0.22

Note. The pretest score, gender, age, parental education, home language, and general
mathematics ability score were included as covariates. βps = partially standardised regression
coefficient of the condition dummy variable predicting posttest score.
†
p < .10. * p < .05. One-tailed.

Tab. 1: Effects of the interventions in regular primary education on knowledge, skills,
and insight in Grade 2 and 3 (as compared to the control group)
Knowledge
Condition

βps

SE

Skills/insight
d

βps

SE

d

School
-0.01 0.15 -0.02
0.19* 0.11
0.39
Note. The pretest score, age, and general mathematics ability score were included as
covariates. βps = partially standardised regression coefficient of the condition dummy variable
predicting posttest score.
* p < .05. One-tailed.

Tab. 2: Effects of the intervention in special primary education on knowledge and
skills/insight in Grade 2 (as compared to the control group)
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Conclusion and discussion
For regular primary education, our study shows that the most effective way of
integrating multiplicative mini-games in mathematics education is by offering
them to students to play at home, and debriefing them at school. When the minigames were offered in this way, they positively affected both students’ skills in
calculating multiplicative problems and their insight in multiplicative number
relations (significant ds ranging from 0.22 to 0.29). Also playing the games at
school, integrated in a lesson, was found to be effective, but only in promoting
insight in Grade 2 (d = 0.35). Playing the games at home without attention at
school did not affect students’ learning of multiplicative reasoning.
The finding that the games were most effective when played at home and
debriefed at school can be explained by this intervention having the combined
advantage of playing at home (extra time on task, more learner control) and
playing at school (debriefing). Playing at home without debriefing was not
effective, indicating the importance of debriefing sessions in learning from the
games. As proposed by, for example, Garris et al. (2002) and Klawe (1998), the
debriefing sessions may have led students to reflect on what they had learned in
the games, enabling them to generalise their learning beyond the game context.
However, in our study the debriefing sessions may also have served as an
encouragement for students to play the games at home. Indeed, in the homeschool condition, the games were played more often than in the home-condition.
For special primary education, we found that the mini-games, played at school,
were effective in promoting students’ multiplicative fact knowledge, but not
their multiplicative skills and insights. Yet, although there was no added value
of the mini-games for skills and insight, an intervention with mini-games can
still be seen as a “safe approach” to be employed as part of the multiplicative
reasoning programme in special education, as learning outcomes were not
different from those obtained in the control group.
The finding of an effect on knowledge but not skills/insight in special primary
education is in contrast with our findings for regular primary education, where
there were effects on skills and insight but not on knowledge. Possibly, for the
special primary education students, who often are considerably behind in their
learning, there was still much to improve in basic multiplicative fact knowledge.
Also, multiplicative fact knowledge may, for these students, have been easiest to
acquire from the game, because it requires least transfer (see, e.g., Shiah et al.,
1994): multiplicative facts occurred in most games in the same way (with the
× symbol) as in the textbooks and assessments. Students in regular primary
education may have had enough opportunities for automatizing the
multiplication tables in the regular mathematics curriculum, leaving room for
the acquisition of more advanced types of knowledge. For them, the games were
especially useful for acquiring insight, which may be related to the nature of the
mini-games used, allowing for free exploration and experimentation
(experiential learning).
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The finding that the home and home-school condition were not adequately
carried out by the special education teachers may indicate that having students
playing mathematics games at home by themselves is not in line with the current
practices of teachers in special primary education.
In conclusion, our study shows that both in regular and special primary
education, mini-games can effectively be used to promote students’ learning of
multiplicative reasoning. Yet, the two school types appear to differ in terms of
the aspects of multiplicative reasoning that are affected by the games, and in
terms of the way in which the games can best be offered to the students.
In the course of our research project, it appeared that a large-scale study situated
in school practice is hard to carry out. Because of teachers’ busy schedules it
was hard to find teachers willing to participate in a long-term study, and to
motivate teachers in subsequent grades to continue the study. However, we think
that conducting this research in real school settings to collect evidence for the
effectiveness of mathematics games in (special) primary education was worth
the effort. It provided us with knowledge of when mathematics mini-games are
useful. Moreover, as the interventions were delivered by the teachers
themselves, our results are directly applicable to the school practice.
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