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It was investigated whether children would experience less math anxiety and feel more competent when
they, independent of ability level, experienced high success rates in math. Comparable success rates were
achieved by adapting problem difficulty to individuals' ability levels with a computer-adaptive program. A
total of 207 children (grades 3-6) were distributed over a control and three experimental conditions in
which they used the program for six weeks. Experimental conditions differed in pre-set success rate. Math
anxiety, perceived math competence, and math performance were assessed before and after the practice
period. Math anxiety scores improved equally in all conditions. Improvement on perceived math competence
was modest. Math performance, however, only improved in the experimental conditions. Moreover, the
higher the pre-set success rate, the more problems were attempted, and the larger the improvement in math
performance, suggesting that success in math leads to more practice and thus to higher math performance.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Despite digital resources, math skills remain undeniably impor-
tant in everyday life (e.g., Ashcraft & Krause, 2007). In elementary
school, there is ample attention for teaching those skills. However,
the development of math skills may be threatened by math anxiety
(e.g., Hembree, 1990) and feelings of incompetence (Harter, 1982).

Math anxiety has been associated with negative feelings surround-
ing math and adverse outcomes on both math performance and the
confidence to learn math (Bekdemir, 2010; Chinn, 2009; Chiu &
Henry, 1990; Hembree, 1990; Ho et al,, 2000; Ma, 1999; Rubinsten &
Tannock, 2010). It may be the case that math anxiety causes low
math performance because math anxiety and worrisome thoughts
tax working memory to such an extent that working memory cannot
be optimally used when performing math-related tasks (Ashcraft &
Krause, 2007; Krinzinger, Kaufmann, & Willmes, 2009). Math anxiety
may also cause low performance because people with high math anx-
iety tend to avoid math-related tasks (Chinn, 2009; Hembree, 1990)
and finish these tasks quickly but inaccurately to end the stressful
situation as soon as possible (Ashcraft & Faust, 1994). However, Ma
and Xu (2004) found evidence that supports the opposite direction,
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that low math performance causes later math anxiety. As results of
most studies support both directions (Hembree, 1990; Newstead,
1998), a reciprocal model of math anxiety and math performance
seems most plausible (see also Van der Maas et al., 2006).

Perceived competence is closely related to test anxiety (Bandalos,
Yates, & Thorndike-Christ, 1995; Lee, 2009). Studies show a reciprocal
relation between perceived competence and academic performance
(Guay, Marsh, & Boivin, 2003; Marsh & Martin, 2011; Valentine,
DuBois, & Cooper, 2004). However, children perceive their compe-
tence in different domains, such as sports and academic skills, differ-
ently (Harter, 1982; Marsh & Martin, 2011; Valentine et al., 2004).
Hence, a specific scale that is focused on the math domain is desired.

In the present study, we aim to disentangle the influence of suc-
cess in math, independent of actual math ability, on math anxiety
and perceived math competence. Relatively high success rates in
math are ensured for all children by adapting the difficulty level of
problems to children's individual ability levels. Practicing at the indi-
vidual ability level is possible in computer-adaptive programs. The
specific computer-adaptive program that was used is Math Garden
(Klinkenberg, Straatemeier, & van der Maas, 2011), which applies a
new type of Computer Adaptive Testing (CAT). In both original CAT
and Math Garden, the individual ability level is estimated dynamically,
that is, while an individual solves problems. Selection of problems
depends on the estimation of an individual's ability level and on a
preset level of expected success rate.

Math Garden differs from original CAT in the height of the preset
level of expected success rate. In original CAT, an expected success


http://dx.doi.org/10.1016/j.lindif.2012.12.014
mailto:b.r.j.jansen@uva.nl
mailto:M.Straatemeier@uva.nl
mailto:S.H.G.vanderVen@uva.nl
mailto:S.Klinkenberg@uva.nl
mailto:H.L.J.vanderMaas@uva.nl
http://dx.doi.org/10.1016/j.lindif.2012.12.014
http://www.sciencedirect.com/science/journal/10416080

B.RJ. Jansen et al. / Learning and Individual Differences 24 (2013) 190-197 191

rate of 50% is used for the selection of problems, as problems in this
range are maximally informative in estimating individuals' abilities.
Math Garden allows for higher expected success rates (60% and above)
because response time is used as an additional source of information
on individuals' ability levels. We hypothesized that when children
experience that they can solve the majority of math problems, their
math anxiety may lower and perceived math competence may increase.
Given the reciprocal relation between emotional experience of math
and math performance, improvement of math performance is expected
as well. Moreover, three levels of success rate are used (60%, 75%,
and 90%) and effects of this manipulation on math anxiety, perceived
math competence, and math performance are investigated. Other
aspects of Math Garden might be beneficial as well. These features:
game character of the program, reward of speed, colorful environment,
and immediate feedback, however, were not manipulated.

An additional advantage of solving math problems on a computer
is the reduction of the number of public embarrassing math-related
experiences in the classroom. Negative experiences with math appear
to contribute to math anxiety (Rubinsten & Tannock, 2010), especially
when these are public (Bekdemir, 2010; Newstead, 1998).

Summarized, we investigated whether practicing math with a
computer-adaptive program had beneficial effects on math anxiety,
perceived math competence, and math performance. Beneficial effects
were expected because the program offered high success rates, because
problems were adapted to the individual level, and because errors were
made in private. In addition, we hypothesized that increasing success
rate was associated with decreasing math anxiety, increasing perceived
math competence, and increasing math performance.

Primary school children were randomly assigned to four conditions.
In the control condition, children practiced math as usual. In the three
experimental conditions, children practiced math with the computer-
adaptive program for six weeks. Mean targeted success rates in the
experimental conditions were set at 60%, 75%, and 90%. Math anxiety,
perceived competence, and math performance were assessed before
and after the practice period. In all analyses, we investigated the relation
with grade because it is found that math anxiety increases with age
(Hembree, 1990) and because absolute math performance increases
with age (Krinzinger et al., 2009; Van der Ven, Kroesbergen, Boom, &
Leseman, 2012). We also investigated the relation with gender. Results
concerning gender differences in math anxiety vary across studies.
Gender differences (with females having a higher level of math anxiety)
were found in a Taiwanese sample of sixth-graders (Ho et al,, 2000),
but only small gender differences were found in a UK sample of 11—
17-year-olds (Chinn, 2009) and no gender differences were found in
Chinese and American sixth-graders (Ho et al.,, 2000), an American sam-
ple of sixth- and seventh-graders (Chiu & Henry, 1990), an American
sample of seventh-graders (Ma & Xu, 2004) and a meta-analysis
(Ma, 1999). Possibly, gender differences in math anxiety differ between
cultures and between age groups. Gender differences in math perfor-
mance are debated. A large-scale study of 15-year-olds shows that the
male advantage in math is small but consistent across domains (Liu &
Wilson, 2009) although the gender gap seems to narrow in recent
decades (e.g., Bonnot & Croizet, 2007).

2. Method
2.1. Participants

A total of 252 children participated, ranging in age from 8 to
13 years. A number of children were not present at the posttest
because it took place shortly before the summer holidays and the
children left earlier because of holidays. Other children were absent
due to illness. Altogether, 39 children were absent from one of the
measurements. Data from six children in experimental conditions were
excluded because they had attempted fewer than seven problems in

the computer-adaptive program. The final sample consisted of 207
children.

Participants came from two primary schools in The Netherlands.
In the largest school (N=192), 62% of the students were at risk of
falling behind in their education'; in the smallest school (N = 60), the
percentage of students at risk was 31% (Source: Ministry of Education,
Culture, and Science, The Netherlands). Parents of both schools were
informed and could refuse participation of their child. However, none
of the parents refused. The Ethics Committee of the Psychology Depart-
ment approved of the procedures.

We placed children randomly into one of four conditions, stratified
on the basis of age, gender, and pretest scores: a control condition and
three experimental conditions, “Difficult” (60% correct), “Medium”
(75% correct), and “Easy” (90% correct). Children from various condi-
tions were in one classroom. Table 1 shows number of participants,
average age, gender distribution, and grade distribution by condition.
An ANOVA indicated that conditions did not differ in age, F (3, 206) =
0.20, p=.893, or gender, x? (3) = 1.96, p=.582.

2.2. Design and procedure

The study started in the spring of 2011. The two schools started
two weeks apart. Before the start, teachers received an informative
letter, which stated that participating children would practice in Math
Garden for 3 to 5 times per week and that a session would take about
10 to 15 min.

Participants completed a pretest and a posttest. In the pretest, per-
ceived competence, math anxiety, and math performance were sequen-
tially assessed. All tests were paper-and-pencil and administration was
group-wise. Administration lasted about 1 h. Children in all conditions
followed the regular math curriculum. Children in the experimental
conditions used Math Garden as well.

The pretest took place just before a holiday leave. After this leave,
a trained graduate student explained Math Garden to the children
in the experimental conditions and their teachers. She distributed
log-ins and passwords to the children and provided the teachers
with lists to track their pupils' playing frequency. The practice period
lasted six weeks. In this period, the student regularly visited the
schools. Integration of Math Garden in the curriculum differed between
teachers, and regulations regarding the curriculum were absent. Math
Garden tracked playing frequency automatically and teachers received
an update of their pupils' playing frequency twice. Weekly practice
was recommended but was not registered with sufficient frequency to
check whether this was accomplished.

Because of holidays, the posttest was not conducted immediately
after the practice period but a few weeks later. It included the exact
same measurements of perceived competence, math anxiety and math
performance. On average, there were 11.1 weeks (SD=10.36 week) be-
tween pre- and post assessments. Finally, participants were debriefed
and told that success rates had varied. Participants in the control condi-
tion received their log-ins and passwords in this final session.

2.3. Materials

2.3.1. Math anxiety

The Math Anxiety Scale for Children (MASC; Chiu & Henry, 1990)
was translated into Dutch. The original MASC consists of 22 items,
each describing a situation that concerns math (e.g., “Being given a
math quiz that you were not told about”). Participants indicated their
degree of anxiety in the given situation on a four-point-scale. In the
translation (the MASC-NL), one situation was removed because it was
uncommon for the Dutch school system (“Using the tables in the back

! Risk of falling behind is determined by combining the educational level of the
child's parents and the average income of the residents in the child's home district
(Source: Ministry of Education, Culture, and Science, The Netherlands).
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Table 1
Characteristics of participants by condition.
Condition
Difficult Medium Easy Control Total
N 51 52 48 56 207
Mean age in years 10.8 (1.3) 10.7 (1.3) 109 (1.3) 10.8(1.3) 10.8(1.3)
% males 61% 54% 48% 50% 53%
N in grade 3 15 15 10 12 52
N in grade 4 11 11 11 14 47
N in grade 5 12 15 16 16 59
N in grade 6 13 11 11 14 49

Note. Standard deviations are between parentheses.

of a math book”). To compensate, two situations were added (“You
need to discover the math problem in a story”; “You don't understand
a math problem”). In total, the MASC-NL consisted of 23 items. Scores,
therefore, ranged from 23 to 92, with a higher score indicating a higher
level of math anxiety. Cronbach's alpha was .93 for the MASC-NL pretest
scores. Pearson's correlation coefficient between the MASC-NL and math
performance (for instrument: see Section 2.3.3) was r=—.22, p=.002
on the pretest. Pearson's correlation coefficient between pre assessment
and post assessment of the MASC-NL was r=.89, p<.001, for partici-
pants in the control condition. This correlation may be conceived as an
indication of test-retest reliability.

2.3.2. Perceived math competence

Scales “Cognitive Competence”, “Social Competence”, and “General
Self-worth” from the Perceived Competence Scale for Children (Harter,
1982) were administered. The Dutch translation (Veerman, Straathof,
Treffers, Van den Bergh, & Ten Brink, 1997) was used and extended
with the scale “Math Competence”. Each scale consisted of six pairs of
statements. An example of a pair of statements was “Some children
are good at math” and “Other children have a bit more trouble with
math”. Participants selected the statement that applied most to them.
Next, participants indicated whether the statement was “completely
true” for them or was “somewhat true” for them. Hence, responses
were scored on a four-point scale, with higher scores indicating higher
perceived competence. Cronbach's alpha was .86 for Math Competence
pretest scores. Pearson's correlation coefficient between perceived math
competence and math performance (for instrument: see Section 2.3.3)
was =44, p<.001 on the pretest.

2.3.3. Math performance

TempoTest Automatiseren (TTA; De Vos, 2010) was used to assess
the degree of memorization of math facts. Contents of the TTA are
somewhat similar to those of Math Garden as both consist of mere
sums. However, the TTA is an independent instrument, often used
in primary school to monitor children's math performance (grades
3-6). One might argue that insight into math problems is more im-
portant than memorization (like learning basic math facts). However,
memorization is essential to solve insight problems. Norms for TTA
are available for grades 3-6 and differentiation between children
should still be possible in the oldest age group. The test consisted of
four parts: addition, subtraction, multiplication, and division. Each
part consisted of 50 problems and participants were allowed to work
on each part for exactly 2 min. The number of problems solved correctly
was obtained for each part and for the total number of problems.

2.3.4. Computer-adaptive program

Math Garden (Klinkenberg et al., 2011) is a web based computer-
adaptive application for practicing mathematical skills. Central in
Math Garden is the child's personal garden (Fig. 1A), containing six
flower-beds that correspond to games for addition, subtraction,
multiplication, division, fractions, and a Number game (i.e., a version
of the “24 game”). Availability of games depended on each individual's
ability level. In the Number game, numbers and operation signs need to

be combined to obtain a certain target number (e.g., numbers 4, 5,and 1
and signs “x” and “—" needed to be combined to obtain 15 as follows:
(4—1)x5).

A single game consisted of fifteen problems presented sequentially
(see Fig. 1B for an example of a problem). The screen showed a problem,
a response area (six response options in the addition and subtraction
games and a “fill-in-the-blank” with a number pad in the other games),
a question mark that could be clicked in case a participant did not
know the answer, a money bag, a row of coins, and a green bar indicating
the number of items left to answer. The time limit for problems was set
to 20 s. After a correct answer children were rewarded a virtual coin for
every second that was still left, but they lost this number of coins from
their collection if the answer was incorrect. Rewards for correct responses
and punishment for quick guesses should encourage fast responses when
one is certain and discourage guessing when one is uncertain. Maris and
Van der Maas (2012) provide the mathematical basis and statistical
response model for this scoring rule. The correct answer was shown
after every problem. Coins could be exchanged for virtual prizes.

After playing a game, children automatically returned to their
garden. If the child did well, plants in the corresponding flower-bed
had grown. Children could play both during school time and at home
because Math Garden is web-based.

Selection of problems was regulated by an adaptive algorithm
(Klinkenberg et al., 2011) and depended on the estimated skills of
the participant, estimated problem difficulties and experimental con-
dition. Problems that a participant could solve correctly with a pre-set
average percentage correct of 60%, 75%, and 90% were selected for
conditions Difficult, Medium, and Easy, respectively. Since the ability
estimate of the participant was updated after every problem, these
percentages could be maintained throughout the study, regardless
of the level and/or the progress of the child. These preset percentages
are only reached if the adaptive algorithm operates optimally. The
observed percentages correct are reported in the Results section.

3. Results

To indicate effect size, Cohen's d was reported in case of t-tests. In
the case of an ANOVA, concerning a comparison of means of more
than two groups, r was used because Cohen's d can only be applied
for comparing means of two groups (Rosenthal, Rosnow, & Rubin,
2000).

3.1. Manipulation checks

Table 2 shows average success rate and number of problems
attempted by condition. Success rates were 66%, 72%, and 81% for
conditions Difficult, Medium, and Easy, respectively. Levene's test was
performed to test homogeneity of variances of success rates across con-
ditions and was not significant, F (2, 148) = 2.84, p =.062. One-sample
t-tests, comparing the average success rates to the aimed success rates,
showed that success rate in condition Difficult was significantly higher
than 60%, t (50) =5.05, p<.001, d=.70. Success rates in conditions
Easy and Medium were significantly lower than the aimed rates, Easy:
t (47)=—9.44, p<.001, d=1.37; Medium: t (51)=—3.37, p=.001,
d=47. Nevertheless, an ANOVA on success rates, with experimental
condition as factor, revealed that, as intended, experimental conditions
differed significantly in average success rate, F (2, 150) = 60.06, p<.001,
r=.67. In this analysis, experimental condition was treated as an
ordinal variable, increasing with increasing success rate (Difficult=1,
Medium =2, and Easy = 3). A linear trend was significant, F (1, 150) =
119.31, p<.001, r=.67, indicating that increase of success rate was
associated with a higher percentage correct.

The number of attempted problems reflects the total frequency of
practice in the classroom and outside school hours. Levene's test was
performed to test homogeneity of variances of number of problems
attempted across conditions and was not significant, F (2, 148) =1.08,
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Fig. 1. Screen shots of Math Garden. 1A: Personal garden. 1B: Subtraction problem.

Table 2
Average success rate, number of problems attempted, and scores on measurements of
math anxiety, perceived math competence, and math performance, by condition.

Condition
Difficult Medium Easy Control
Success rate
66% (8%) 72% (6%) 81% (7%) -
Number of problems attempted
423.8 (334.2) 548.1 (375.2) 645.7 (390.2) -
Math anxiety
Pre 39.0 (10.5) 425 (14.0) 38.2 (12.0) 40.0 (13.4)
Post 37.1 (10.6) 37.1 (10.1) 34.8 (10.3) 38.0 (13.2)
Perceived math competence
Pre 17.8 (4.3) 16.9 (4.9) 17.0 (4.6) 17.5 (4.8)
Post 18.1 (4.2) 17.8 (4.0) 17.6 (4.5) 17.5 (4.3)
Math performance: total
Pre 136.0 (32.8) 1314 (37.9) 137.7 (36.6) 143.6 (36.5)
Post 142.2 (33.7) 1404 (39.5) 149.3 (35.6) 144.6 (37.6)
Math performance: addition-subtraction scores
Pre 68.4 (14.1) 68.0 (15.5) 67.7 (16.4) 719 (13.4)
Post 71.3 (15.8) 71.8 (16.3) 73.9 (15.9) 73.5 (15.4)

Note. Standard deviations are between parentheses.

p=.343. Aregression analysis with number of problems attempted as
dependent variable and condition as independent variable (experimental
conditions only; Difficult =1, Medium = 2, and Easy = 3) was performed
to investigate whether condition was associated with number of prob-
lems attempted. Condition was a significant predictor, F (1, 150) =9.13,
p=.003, r=.24; B=111.08, indicating that the higher the success rate,
the more problems were attempted. The number of problems attempted
did not differ between boys and girls, t (150) = —1.11, p=.27,d=.18.
Table 2 also shows average scores on measurements of math
anxiety, perceived math competence, and math performance, for
both pretest and posttest, by condition. First, we compared scores
of the four conditions on pretest measurements. Levene's test was
significant for pretest math anxiety scores, F (3, 203) =2.90, p = .046,
indicating that variances were heterogeneous. Therefore, scores were
compared by means of the Kruskal-Wallis test. The Kruskal-Wallis
test was not significant, H (3) =2.92, p=.405, indicating that condi-
tions did not differ in pretest math anxiety scores. Levene's test was
not significant for pretest scores of perceived math competence and
math performance, F (3, 203) =0.67, p=.574 for perceived math com-
petence; F (3, 203)=0.62, p=.601 for math performance. One-way
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ANOVAs with condition as factor and measurements of perceived
math competence and math performance as dependent variables,
respectively, showed that conditions also did not differ significantly
on these pretest measurements (all p's>.370). In subsequent analyses,
we focused on difference scores: the difference between scores on the
pretest and the posttest. Fig. 2 displays average difference scores by
condition for math anxiety, perceived math competence, and math
performance. A negative difference corresponded to reduced math
anxiety whereas a positive difference corresponded to improvement
for perceived math competence. With respect to math performance,
we focused on the sums of addition and subtraction scores (theoretical
range: 0-100) because multiplication and division scores appeared to
suffer from a ceiling effect. The ceiling effect for multiplication and
division scores seemed to occur in grades 4-6, at both pretest and
posttest. Correlations between addition, subtraction, multiplication,
and division scores were, however, high: on both pretest and posttest,
rwas between .62 and .87, all p's<.001. A positive difference indicated
improvement.

3.2. Math anxiety

First, grade and gender differences on pretest and posttest scores
were considered to decide whether these factors should be included
in the analysis of difference scores. For gender, Levene's test was
not significant for both pretest and posttest. However, for grade,
Levene's test was almost significant for pretest math anxiety scores,
F (3, 203) =2.55, p=.057, and significant for posttest math anxiety
scores, F (3, 203) =4.00, p=.009, indicating that variances of grades
were heterogenous. Hence, t-tests for independent samples were
used to compare boys and girls, whereas Kruskal-Wallis tests were
used to compare different grades.

T-tests for independent samples, with gender as independent
variable and pretest and posttest math anxiety scores as dependent
variables, respectively, were not significant, showing that girls and boys
did not differ on pretest and posttest math anxiety scores, t (205) =
—.96, p=.337 for pretest scores; t (205) = — 1.58, p=.116 for posttest
scores. Kruskal-Wallis tests with grade as independent variable and
pretest and posttest math anxiety scores as dependent variables, re-
spectively, were also not significant, indicating that grades did not differ
in pretest and posttest math anxiety scores either, H (3) =2.83,p=.419
for pretest scores; H (3) =0.80, p =.850 for posttest scores. Grade and
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Fig. 2. Difference scores on measurements of math anxiety, perceived math competence,
and addition and subtraction, by condition. Error bars show 95% confidence intervals.

gender were therefore not included in subsequent analyses on math
anxiety difference scores.

Fig. 2 shows that the average difference score of each condition
was at or below zero. Zero was not in the confidence interval for con-
ditions Medium, Easy, and Control. The upper boundary was at zero
for condition Difficult. Hence, reported math anxiety had reduced
significantly in all conditions. Levene's test, performed to test homo-
geneity of variances of math anxiety difference scores, of the four con-
ditions, was significant, F (3, 203) =4.90, p=.003. Hence, a Kruskal-
Wallis test was performed to investigate differences in math anxiety
difference scores between conditions. The Kruskal-Wallis test on
math anxiety difference scores, with condition as independent variable
(four levels: Difficult, Medium, Easy, and control), demonstrated that
the main effect of condition was not significant, H (3) =3.70, p=.296.
Summarized, participants in all conditions showed lower levels of
math anxiety on the posttest compared to the pretest, but this effect
was equal across conditions.

3.3. Perceived math competence

Levene's test was performed to test for homogeneity of variances of
perceived competence scores of boys and girls, and of different grades.
For gender, Levene's test was significant, both on the pretest, F (1, 205) =
9.03, p=.003, and on the posttest, F (1, 205) =4.97, p=.027. Also for
grade, Levene's test was significant on the pretest, F (3, 203) =4.06,
p=.008, and on the posttest, F (3, 203) =4.99, p=.002. Hence, Mann-
Whitney tests were performed to investigate gender differences and
Kruskal-Wallis tests to investigate grade differences on perceived com-
petence scores. Both on pretest and posttest, the Mann-Whitney test
was non-significant, U=4730, p=.168 for pretest; U=4843, p=.251
for posttest. In addition, the Kruskal-Wallis test was non-significant
for both pretest and posttest, H (3) =2.09, p=.553; H (3) =2.428,
p=.489. These results indicate that there were neither gender differ-
ences nor grade differences in pretest and posttest perceived competence
scores. Hence, grade and gender were not included in subsequent analy-
ses on perceived competence difference scores.

Fig. 2 shows that the average difference score of each condition
was only slightly higher than zero and that zero was in the confidence
interval for all conditions except condition Medium. Hence, the differ-
ence score for perceived math competence was only significantly
higher than zero for condition Medium. Levene's test was not signifi-
cant, demonstrating that variances of perceived competence differ-
ence scores were homogeneous for the four conditions. Differences
between conditions were investigated by a one-way ANOVA on the
perceived competence difference scores, with condition as indepen-
dent variable. The ANOVA indicated that the main effect of condition
was not significant, F (3, 206) =0.99, p=.398, r=.12. Summarized,
only participants in condition Medium improved from pretest to
posttest on perceived math competence and the improvement was
very modest.

3.4. Math performance

Levene's test was not significant for gender and for grade, for both
pretest and posttest scores. Univariate ANOVAs with grade as factor
and addition-subtraction-scores on pretest and posttest as indepen-
dent variables indicated that addition-subtraction-scores differed
significantly between grades, F (3, 206) =18.42, p<.001, r=.52 for
pretest scores; F (3, 206) =17.69, p<.001, r=.46 for posttest scores.
On the pretest, addition-subtraction scores were 58.35, 67.89, 73.83,
and 75.96 for grades 3-6, respectively. Posthoc tests indicated that on
the pretest, children in grade 3 scored lower than children in subse-
quent grades, and that children in grade 4 scored lower than children
in grade 6. On the posttest, addition-subtraction scores were 62.33,
69.30, 78.20, and 80.06 for grades 3-6, respectively. Posthoc tests
indicated that on the posttest, children in grade 3 scored lower than
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children in grades 5 and 6, and that children in grade 4 scored lower
than children in grades 5 and 6. Hence, the older is the child, the higher
is the score, which, however, leveled off in the highest two grades. An
independent samples t-test indicated that girls performed worse than
boys on the pretest, t (205) = —2.18, p=.030, d =.30, but not on the
posttest. The average score on the pretest was 71.19 for boys and
66.72 for girls. Therefore, we included both age and gender in subse-
quent analyses on addition-subtraction problems.

Fig. 2 shows that the average difference score of each experimental
condition was higher than zero and that zero was not in the confidence
interval. The average difference score for the control condition was
only slightly higher than zero and zero was in the confidence interval.
Hence, difference scores were significantly higher than zero for all
experimental conditions, but not for the control condition. An ANOVA
was performed to investigate differences between conditions on the
difference addition-subtraction scores. Independent variables in the
ANOVA were condition, gender, and grade. Levene's tests were not
significant, indicating that variances of addition-subtraction difference
scores were homogeneous across the four conditions, across boys and
girls, and across the four grades. The ANOVA showed that the main
effect of condition was significant, F (3, 207) =3.65, p=.018, r=.20.
A simple contrast, with the control condition as the reference category,
showed that participants in condition Easy improved more than partic-
ipants in the control condition, p=.001. Participants in experimental
conditions Medium and Difficult did not improve significantly more
than participants in the control condition. Posthoc analyses also
showed that improvement in condition Easy was significantly higher
than improvement in the control condition and that differences be-
tween other conditions were not significant. The main effect of gender
was significant as well, F (1, 207) =4.07, p=.045, r=.12, indicating
that girls improved more than boys did. Neither the main effect of
grade nor any interactions were significant.

3.5. Mediation effect of number of problems attempted

Success rate of condition was positively related to the number
of problems attempted (see Section 3.1). Possibly, the number of
problems attempted mediated the relationship between success rate
and degree of progress in math anxiety, perceived math competence,
and math performance. This hypothesis was tested by performing me-
diation analysis for each domain, using scripts for SPSS by Preacher and
Hayes (2008). That is, a hierarchical regression analysis was performed
for each domain. In step 1, a regression analysis was performed to esti-
mate the total effect of success rate for each domain. Success rate was
operationalized by experimental condition, which was again coded as
an ordinal variable, increasing with increasing success rate. The depen-
dent variable was the difference between scores on the pretest and
posttest on measurements of math anxiety, perceived math compe-
tence, or math performance (addition-subtraction-scores), respectively.
Gender (male=0; female=1) and grade were treated as covariates.
The results of step 1 were compared to the results of step 2, in which a
second regression analysis was performed to estimate the direct effect
of success rate on each domain, after controlling for the effect of number
of problems attempted. Table 3 summarizes the results of the hierar-
chical regression analysis, by domain.

The explained variance of the regression model in step 1, including
the total effect of success rate, was not significant for math anxiety,
R?>=.03, F (3, 147)=1.63, p=.185. The inclusion of number of
attempted problems as a predictor in step 2 did not explain a signifi-
cant additional proportion of variance, AR*>=.002, AF (1, 146) =0.25,
p=.620. Table 3 shows that the estimated beta parameter for success
rate was not significant in both models.

The explained variance of the regression model in step 1, includ-
ing the total effect of success rate, was not significant for perceived
math competence, R>=.01, F (3, 147) =0.59, p=.621. The inclusion
of number of attempted problems as a predictor in step 2 did not

Table 3
Results of regression analyses that estimate total and direct effects of success rate on
difference scores.

B SEB P

Math anxiety

Step 1: Model including total effect of success rate
Success rate —0.934 0.873 —.087
Grade 1203 0631 155
Gender 1.095 1419  .063

Step 2: Model including direct effect of success rate
Success rate —0.827 0.901 -—.077
Grade 1.169 0637  .1517
Gender 1.147 1.427 .066
Number of problems attempted —0.001 0.002 —.042

Perceived math competence
Step 1: Model including total effect of success rate

Success rate 0.168 0.340 .041
Grade —0.169 0246 —.057
Gender 0.526 0.553 .079
Step 2: Model including direct effect of success rate
Success rate 0.070 0.350 .017
Grade —0.137 0247 —.046
Gender 0.478 0.553 .072
Number of problems attempted 0.001 0.001 .100

Math performance (addition-subtraction)
Step 1: Model including total effect of success rate

Success rate (path c in Fig. 3A) 1416 0.741 1547
Grade 0.134 0.536 .020
Gender 2.798 1.204 .187*

Step 2: Model including direct effect of success rate
Success rate (path ¢’ in Fig. 3B) 0.968 0.749 105
Grade 0.281 0.529 .042
Gender 2581 1.186 172%
Number of problems attempted (path b in Fig. 3B) 0.004 0.002 .204*

Note.
T p<.1.
* p<.05.

explain a significant additional proportion of variance, AR?>=.01,
AF (1, 146) =1.37, p=.244. Table 3 shows that the estimated beta
parameter for success rate was not significant in both models.

The explained variance of the regression model in step 1, including
the total effect of success rate, was significant for math performance,
R>=.07, F (3, 147)=3.39, p=.020. The inclusion of number of
attempted problems as a predictor in step 2 explained a significant ad-
ditional proportion of variance, AR? = .04, AF (1, 146) =6.29, p=.013.
Fig. 3 shows a schematic representation of both models, with the
model comprising the total effect in Fig. 3A (step 1), and the model
comprising the direct effect, controlling for number of problems
attempted in Fig. 3B (step 2). Table 3 shows that the estimated beta
parameter for success rate approached significance in the model in-
cluding the total effect of success rate (path c in Fig. 3A) but was not
significant when number of attempted problems was added as a pre-
dictor (path ¢’ in Fig. 3B). Instead, the significant parameter associated
with path a (see Fig. 3B; estimated with a regression analysis with the
number of problems attempted as dependent variable and success rate
as independent variable; see Section 3.1) signaled a positive relation
between success rate and number of problems attempted. The signifi-
cant parameter associated with path b indicated that an increase of
number of problems attempted was related to a small increase in
math performance.

The bootstrap test of Preacher and Hayes (2004) indicated that the
indirect effect, similar to the difference between the total effect and
the direct effect of success rate was estimated at — .45, and differed
significantly from zero (bootstrapped 95%-confidence interval ranged
from —1.50 to —.03). Hence, increasing success rate indirectly
increased math improvement, because children in easier conditions
attempted more problems in Math Garden than children in more
difficult conditions. Difference scores were equal across grades, but
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A
Path c; B = 1.416" Difference
Success rate score math
performance

Grade Gender
B Number of
problems
solved
Path a;
B=111.1**

Difference
score math
performance

Path ¢’; B=0.968

Success rate

B =2.581"

Grade Gender

Fig. 3. Illustration of linear models for the effect of success rate on addition-subtraction
difference scores. Fig. 3A shows the total effect whereas Fig. 3B shows the direct effect
of success rate on addition-subtraction difference scores, controlling for the number of
problems attempted in Math Garden. B: unstandardized coefficients; fp<.1; *p<.05;
*p<.01.

differed for boys and girls. Girls' math performance improved more
than that of boys.

3.6. Summary

Math anxiety scores lowered from pretest to posttest but the
decrease was equal for children in the experimental conditions and
children in the control condition. Generally, perceived math competence
scores did not change from pretest to posttest. Addition-subtraction
scores improved significantly from pretest to posttest for children in
the experimental conditions but remained equal for children in the
control condition. Improvements in math performance were most pro-
nounced for the condition with the highest success rate and were
higher for girls than for boys. Mediation analyses indicated that success
rate indirectly affected improvement in math performance, through
the number of problems attempted in Math Garden: the higher the
success rate, the more problems were attempted, and the higher the
improvement in math performance.

4. Discussion

In the present study, it was investigated whether practicing math
with a computer-adaptive program would decrease math anxiety and
increase perceived math competence because the program ensured
that all children achieved high success rates in math. This was ensured
because the computer-adaptive program (Math Garden; Klinkenberg
et al.,, 2011) adjusted problem difficulty to the individual ability level.
Given the reciprocal relationship between math anxiety and perceived
competence on the one hand and math performance on the other
hand (e.g., Hembree, 1990; Ma, 1999), we expected math performance

to improve as well. Additionally, this study investigated whether
level of success rate, manipulated in the computer-adaptive program,
affected math anxiety, perceived math competence, and math perfor-
mance. Children were in a control condition or in one of three experi-
mental conditions, in which they used Math Garden for six weeks.
Success rates in experimental conditions Difficult, Medium, and Easy
were aimed at 60%, 75%, and 90%, respectively.

Math anxiety, “a person’s negative affective reaction to situations
involving numbers, math, and mathematics calculations” (Ashcraft
& Moore, 2009, p. 197), has been found to correlate with math perfor-
mance from as early as the second and third grades (Wu, Barth, Amin,
Malcarne, & Menon, 2012). Although empirical grounds for an expla-
nation of the onset of math anxiety are lacking (Ashcraft & Moore,
2009), many researchers agree that negative math experiences, like
failures, may play an important role (e.g., Ashcraft & Krause, 2007;
Ashcraft & Moore, 2009; Bekdemir, 2010; Rubinsten & Tannock,
2010). Hence, it was expected that leveling success rate, at a relatively
high level, would reduce math anxiety. However, math anxiety scores
improved equally for children in all conditions. This absence of effects
of practicing with Math Garden on math anxiety may relate to the
first assessment of the math anxiety questionnaire. Children seemed
quite tense during this pretest, possibly caused by the announcement
of the arrival of the experimenter, who was doing a research on math.
On the posttest, math anxiety scores dropped greatly, also for children
in the control condition. Questions referring to math tests contributed
importantly to this drop. Timing of the posttest, shortly before summer
holidays, may have played a role. Children may have realized that tests
were less likely at this time of the year.

Perceived competence is related to constructs like self-efficacy
and self-concept (Lee, 2009). In the present study, we asked children
to compare their math competence to that of their peers. Although it
is clear that evaluation of competence and achievement are related,
the causal ordering is still undetermined (Guay et al., 2003). In addi-
tion, it is debated whether evaluation of competence and test anxiety
are related or independent constructs (Bandalos et al,, 1995; Lee,
2009). In the present study, we noted a difference between perceived
math competence scores and math anxiety scores. Whereas math
anxiety scores improved from pretest to posttest, perceived math
competence scores only improved slightly from pretest to posttest,
and only for children in the condition with a medium success rate.
Results may have been modest because of the short period of practic-
ing math with Math Garden.

There was a small but significant improvement of math performance
for children who used Math Garden, but not for children following the
regular curriculum. Moreover, improvement was highest for children
in the condition with the highest success rate. The relation was mediated
by the number of problems attempted in the computer-adaptive
program. The higher the success rate, the more children played in
Math Garden, and the larger the improvement in math performance.
This result suggests that practicing math frequently at one's own ability
level improves math performance, and that the experience of success
stimulates this practice. Note, however, that even in the easy condition,
children still solved 19% of the problems incorrectly, so the problems
were not overly easy.

The finding that girls improved more than boys in math performance,
after practicing with the computer-adaptive program, was unanticipated.
Gender differences in improvement of math performance after training
are scarcely reported (but see Timmermans, van Lieshout, & Verhoeven,
2007). The present results suggest that girls benefited more from
tailor-made problem selection, high success rate, and making errors in
private. It should be noted that we focused on two specific domains of
math: addition and subtraction.

Males and females did not differ in levels of math anxiety and of
perceived math competence. It was suggested in the introduction
that gender differences in math anxiety might differ between cultures
and may become more explicit with increasing age (see Hembree,
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1990). A similar suggestion may hold for perceived math competence
as the constructs are closely related (Bandalos et al., 1995; Lee, 2009).
The absence of gender effects in math anxiety found in this study may
be related to the general low level of math anxiety in The Netherlands
(Lee, 2009).

Effects of practicing with Math Garden and manipulating success
rate were observed for math performance but absent for math anxiety
and perceived competence. The correlations between math anxiety
and perceived math competence on the one hand and math perfor-
mance on the other hand do support a relation between emotional
experience of math and math performance. Several authors note that
math anxiety may be developed because of negative math experiences
in the classroom and suggest that mathematics anxiety is a phenome-
non which begins at an early age (Ashcraft & Krause, 2007; Bekdemir,
2010; Newstead, 1998; Rubinsten & Tannock, 2010). Indeed, Newstead
(1998) found effects of classroom practice reforms on math anxiety
levels of nine- to eleven-year-olds. Hence, although math experiences
with the computer-adaptive program in the present study may have
been positive, the experiences may not outweigh (negative) math
experiences in the past. An alternative explanation for the absence of
effects concerning emotional experience of math is that this study was
performed in a normal and not a clinical population.

The beneficial effects of practicing math with Math Garden, compared
to a wait-list condition, might promote the use of computer-adaptive
programs in teaching math. More research regarding the requirements
of such a program is still desired. As instructions on the math curricu-
lum were not given in the present study, it may be the case that the
computer-adaptive practice was additional to the regular math lessons
and that the beneficial effects were due to increased practice of math.
Furthermore, any computer-adaptive program may work as they all
adapt problem difficulty to the individual's ability level and provide pri-
vacy when making mistakes. It is, however, likely that other conditions
are important as well. Math Garden includes many attractive features
(e.g., high success rate, emphasis on the automation of basic math
facts, immediate feedback, reward of both speed and accuracy, and
colorful game-like environment) for children. The findings in the present
study do support the hypothesis that high success rate is a crucial feature.
The relation between increasing success rate and improving math perfor-
mance, mediated by the number of problems attempted, demonstrates
the importance for children of being successful in math.
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