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a b s t r a c t
Use and beneﬁts of the possibility to choose a success rate are studied in a math-practice application that is used
by a considerable percentage of Dutch primary school children. Study 1 uses data that were collected with the
application, using children's practice data (N = 40,329; grades 1–6). Children differed in their preference for a
high, medium, or low success rate. Preferences were associated with gender, age, and ability, matching expectations that follow from the literature. Study 2 is an experimental study with 192 children from grades 3–6, using a
pretest, training phase, and posttest. The possibility to choose a success rate was manipulated. Unexpectedly,
beneﬁcial effects for math practice, improvement of math skills, and self-belief concerning math were absent. Results suggest an appreciation of the possibility to choose, although beneﬁcial effects of choosing were not observed for motivation to practice, skill improvement, and self-belief concerning math.
© 2016 Published by Elsevier Inc.

1. Introduction
Practice with math is, next to adequate instruction, essential for children to develop their math skills. Children themselves often bear the responsibility to practice regularly, but motivation to practice may fall
short because practice can be boring when the difﬁculty level of problems is too low or frustrating when the level is too high.
In research on math anxiety, motivation to practice is considered to
be one of the mechanisms explaining the negative relation between
math anxiety and math performance (Ashcraft, Krause, & Hopko,
2007), which has been demonstrated repeatedly (e.g., Hembree, 1990;
Ma, 1999). Math anxiety concerns behavioral, affective, physical, and
cognitive complaints when solving math problems or anticipating
doing math (Ashcraft & Kirk, 2001). The behavioral component is assumed to involve the avoidance of math (Ashcraft & Krause, 2007;
Hembree, 1990). A negative spiral may occur when a child develops a
negative attitude regarding math after failing at difﬁcult math problems
and refrains from doing math in the future, missing essential math practice (Ashcraft et al., 2007). Although the majority of children will not develop an aversion as strong as math anxiety, failing at math problems
may still demotivate the practice of math.
The present investigation is motivated by the question whether
principles of computer-adaptive and self-adaptive testing, in which difﬁculty of problems is adapted to the child's ability, can be helpful in
⁎ Corresponding author at: Department of Developmental Psychology, University of
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promoting the motivation to practice math. More speciﬁcally, when difﬁculty of problems is adapted to the child's ability, success in math can
be manipulated and adapted to both the cognitive possibilities and
emotional needs of the individual child.
We examine this question by conducting two studies with Math
Garden. Math Garden is a web-based application for monitoring and
practicing math skills, based on computer-adaptive testing and developed by the University of Amsterdam (Klinkenberg, Straatemeier, &
van der Maas, 2011). A considerable percentage of schools in the Netherlands (5%; over 120,000 users) employ Math Garden in their daily
school programs and allow pupils to practice their math skills with
the application. The resulting data about practice, skill, and particular
choices by the children are central in Study 1. These data have high ecological relevance because they reﬂect the preferences and skills of a signiﬁcant part of the Dutch school population, while they are practicing in
their natural school setting. It follows that there is only limited control
over the conditions under which participants use the system and that
the use of Math Garden in schools makes it difﬁcult to perform experimental research. However, an experimental set-up is possible in an isolated sample (of limited size), such as in Study 2. In Study 2, the
question whether the possibility to choose a success rate positively affects practice and skills is investigated. Together, Studies 1 and 2 provide
insight into the possible beneﬁcial effects of principles of computeradaptive and self-adaptive testing on math practice and development
of math skills.
Adapting the difﬁculty level of problems to the individual's ability
may beneﬁt children's motivation to practice. Adaptivity is a key feature
of computer adaptive testing (CAT; Eggen & Verschoor, 2006; Van der
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Linden & Glas, 2000; Weiss, 1982; Wainer et al., 2000). Correctly answered problems are followed by more difﬁcult ones and incorrectly answered problems are followed by easier ones. Usually, problem
difﬁculties are determined beforehand in a separate sample. Aims of
testing of course differ from those of practice. Testing should be efﬁcient
and administration of each problem should yield as much information
about a student's ability as possible. In most CATs this is accomplished
by selecting problems with difﬁculties that match a student's current estimated ability (Birnbaum, 1968; Eggen & Verschoor, 2006), that is
problems with a probability of success of 0.5. This way the length of
the test is minimized. For practice purposes, length of the test should
be weighed against motivation and pleasure of students. Obtaining
only 50% correct may be a challenge for few but a frustration for
many. Although based on CAT principles, Math Garden uses much
higher success rates, of on average 75%. Jansen et al. (2013) applied an
experimental design in Math Garden by assigning children (8–
13 years) to conditions in which they practiced at a ﬁxed success rate.
They observed that practice increased with increasing success rate,
and that improvement of skills again increased with increasing practice.
Hence, high success rates seem beneﬁcial for math practice.
Math Garden also uses principles of Self-Adaptive Testing (SAT;
Rocklin & O'Donnell, 1987), which allow participants to select a success
rate. SAT was designed because it was doubted that success rates of 50%
were “motivationally optimal for all examinees” (Rocklin & O'Donnell,
1987, p315; see also Ortner & Caspers, 2010). In SAT, an individual selects a success rate and SAT thus accommodates possible individual differences in preferred success rates. A problem of SAT is that
predetermined success rates are used for all individuals, regardless of
an individual's ability. However, what's difﬁcult for some may be easy
for others.
Restricted Self-Adaptive Testing (RSAT; Wise, Kingsbury, & Houser,
1993) solves this issue because an initial estimate of the individual's
ability is used for the composition of individual problem sets for each
success rate. Difﬁculty of problems may differ across individuals but
do result in similar success rates for a selected success rate. Hence,
RSAT not only allows a student to select a success rate, but also secures
that problems presented result in a comparable success rate for other
individuals who may differ in ability but select the same success rate.
Roos, Wise, and Finney (1998) compared RSAT to SAT and CAT and
found that measurement precision was comparable to that in CAT.
Math Garden allows students to select problem difﬁculty levels in a
way that is comparable to that in RSAT although technical implementation differs importantly (Klinkenberg et al., 2011). Success rates in Math
Garden are low, medium, and high (aimed success rates of 60%, 75%, and
90%, respectively).
The ﬁrst aim of Study 1 is to explore children's use of the possibility
to select a preferred success rate in Math Garden. It is expected that children will differ in their selections because individual differences in preferred success rates are likely in learning settings (e.g., Meyer, Turner, &
Spencer, 1997). Moreover, selections of success rates may be importantly related to individual differences in the tolerance for the negative feedback that often comes with making mistakes. The second aim of Study 1
is therefore to relate preferences for success rates to a set of background
variables that have demonstrated relations to individual differences in
the tolerance for negative feedback: gender, ability, and age. Concerning
gender, it is observed that females are more sensitive to punishment
(Cross, Copping, & Campbell, 2011; Moeller & Robinson, 2010), pay
more attention to negative stimuli (Li, Yuan, & Lin, 2008; Schirmer,
Zysset, Kotz, & von Cramon, 2004; Yuan et al., 2009), and tend to
avoid negative feedback to a higher extent (Weller, Levin, & Bechara,
2009), compared to males. It has been suggested that females are
more concerned with pleasing adults, which might make them more
anxious for encountering failures (Pomerantz, Altermatt, & Saxon,
2002). Individual differences in tolerance for negative feedback have
been associated with ability as well. Hontangas, Ponsoda, Olea, and
Wise (2000) detected a failure-tolerant strategy: Students using this

strategy selected a problem of the same difﬁculty level after an error.
Remarkably, these students had higher ability levels than students
using other strategies. The ﬁnding suggests that good students prefer
a challenge and therefore select more difﬁcult items that is, lower success rates. The other way around, students who are able to cope with
failures may be more likely to perform at a higher level. However,
Revuelta (2004), who detected the failure-tolerant strategy as well,
found no clear relation between this strategy and ability. The relation
between ability and preferred success rate can be studied well with
Math Garden data because they result from RSAT: If high ability students select a high success rate (relatively easy items), they are likely
to be presented with items of overall average difﬁculty. Also, lower ability students selecting a low success rate (relatively hard items) might be
presented with the same problems of overall average difﬁculty. Hence,
the relation between ability and preferred success rate can be studied,
independent of the difﬁculty of the items. Individual differences in tolerance for negative feedback have been related to age as well. Learning
studies show that children up to about twelve years perform more inaccurately after negative feedback than after positive feedback (Van
Duijvenvoorde, Zanolie, Rombouts, Raijmakers, & Crone, 2008). Perhaps, children's preference for positive feedback over negative feedback
decreases with age, accompanied by a decreasing preference for high
success rates. In sum, individual differences in tolerance for negative
feedback are numerous in the literature and are to be expected in the
preference for success rates in Math Garden.
Study 2 is focused on possible beneﬁcial effects of self-selecting practice problems based on likely success rates on the motivation to practice
and the development of skills. It has been demonstrated that tests using
SAT principles reduced the inﬂuence of test anxiety on test performance, compared to CAT (Hontangas, Olea, Ponsoda, Revuelta, & Wise,
2004; Pitkin & Vispoel, 2001; Rocklin & O'Donnell, 1987; Vispoel &
Coffman, 1994) although not consistently (Johnson, Roos, Wise, &
Plake, 1991; Ponsoda, Wise, Olea, & Revuelta, 1997; Shermis,
Mzumara, & Bublitz, 2001; Vispoel, Rocklin, & Wang, 1994). Also, it is
shown that ability estimates are higher in SAT than in CAT (e.g.,
Vispoel et al., 1994). Studies showing beneﬁcial effects of RSAT are
less numerous (but see Roos et al., 1998). The beneﬁcial effects of SAT
on test anxiety and ability may originate from a higher focus on the
task, which may be effectuated through the selection process in SAT.
RSAT may also be beneﬁcial because it is in line with the need for autonomy, one of the central concepts of self-determination theory (Ryan &
Deci, 2000; for an overview of their work: Niemiec & Ryan, 2009).
Selecting a difﬁculty level in RSAT implies choice, which increases autonomy (Katz & Assor, 2007). Changing a success rate directly inﬂuences the required effort in the task (Reeve, Nix, & Hamm, 2003), and
is therefore highly relevant to students' interests and goals. These ﬁndings all suggest that implementing RSAT in a math practice application,
with choice as a result, may be beneﬁcial for children's motivation to
practice and for their math skills. The aim of Study 2 is to test, in an in
vivo experimental design, whether the option to select a success rate
increases the motivation to practice math and improves math
performance.
Summarized, in Study 1, the use of self-selecting the success rate is
explored by analyzing a large data set that was collected with Math Garden. Regular conditions of Math Garden are used, in which all children
have the opportunity to select a success rate. Next, it is investigated
whether individual differences in preferred success rate relate to gender, age, and ability. We expect that boys tend to select a lower level
of success rate than girls and that preferred success rate decreases
with ability and age. Results of Study 1 are a precondition for Study 2;
an experimental design is used to investigate the impact of selfselecting the success rate on practicing math and math performance.
The default condition that entails choice of success rate is contrasted
with conditions with ﬁxed success rates with easy, medium, or hard
problems. We expect that children in the choice condition practice
more and improve their abilities more than children in the ﬁxed
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conditions. This design also offers the opportunity to replicate the ﬁnding of Jansen et al. (2013), i.e., that practice increases with increasing
success rate. For this aim, we compare the three ﬁxed conditions and expect that success rate is positively associated with math practice, which
is again positively associated with improvement in math performance.
Also in Study 2, we explore whether success rate increases self-beliefs concerning math. Self-belief relates to self-concept (assessment of
one's ability in math; e.g., Marsh & Martin, 2011) and self-efﬁcacy (the
degree that one is conﬁdent of his or her ability to accomplish a math
task well; Usher & Pajares, 2008, 2009). Self-beliefs concerning math
are reciprocally related to math performance (e.g., Erturan & Jansen,
2015; Marsh & Martin, 2011; Pajares, 1996; Usher & Pajares, 2006;
Williams & Williams, 2010). Experiencing success in math may positively affect self-beliefs concerning math.
2. Study 1
2.1. Material and methods
2.1.1. Participants
In principle, participants were all children in grades 1–6 who had a
subscription for Math Garden. Schools and families can subscribe to
Math Garden. Upon subscribing, schools and families were asked for
permission to use their data for scientiﬁc publications. Schools take on
the responsibility to inform the parents of their pupils about use of
data and voluntary participation. Data from children whose parents
did not give permission were excluded from the dataset.
For inclusion in the current dataset, it was required that children had
ﬁnished N 45 problems in the addition game of Math Garden between
September 2012 and September 2013. The addition game was selected
because the game was presented to children of all grades. The current
Math Garden data set contained data of 40,329 participants (Grade 1:
N = 3031 participants, M age = 6.70 years, SD = 0.72; Grade 2: N =
7360, M age = 7.46 years, SD = 0.63; Grade 3: N = 7729, M age =
8.51, SD = 0.61; Grade 4: N = 7447, M age = 9.47 years, SD = 0.61;
Grade 5: N = 6964, M age = 10.49 years, SD = 0.62; Grade 6: N =
7798, M age = 11.61, SD = 0.64). Percentage of females ranged from
45% to 50% in the different grades. The ﬁrst 15 items were omitted
since children still had to get acquainted with the task, resulting in a
minimum number of 30 completed problems available for analysis.
The average number of solved problems in the addition game was 202
(SD = 229, range = 30–9500).
2.1.2. Math Garden
2.1.2.1. Interface. The central page in Math Garden was the individual's
personal garden (left panel of Fig. 1), containing ﬂower beds connected
to math games. At the central page, a participant could select a success
rate and select a game to practice. When entering Math Garden for
the ﬁrst time, the default success rate was Medium, represented by a
smiley with two drops of sweat. Children could change the success
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rate to High by clicking the smiley with one sweat drop, which made
the problems easier, or to Low by clicking the smiley with three sweat
drops, which made the problems more difﬁcult (see Fig. 1). The selected
success rate applied to all problems in a game. The preset aimed success
rates of the high, medium, and low success rate were 90%, 75%, and 60%,
respectively. Children returned to the central page after ﬁnishing a session of the game or premature abortion of a session. At the central page,
the smiley of the last selected success rate was still highlighted. The success rate could be re-adjusted before starting a new session of a game.
In the addition game, a problem consisted of a bare addition problem
(see right panel of Fig. 1 for an example). Problems varied from easy
(e.g., 1 + 1) to hard (e.g., 36.40 + 86.09). Children answered by choosing one from six response options presented on the right of the problem.
A session of a game consisted of ﬁfteen problems presented sequentially. Participants had 20 s to solve each problem, represented by 20 coins
at the bottom of the screen. A coin disappeared with each expiring second. After giving the correct answer, participants were rewarded a virtual coin for every second that was left. Participants lost this number
of coins from their collection if they responded incorrectly. Coins were
worth ½ point in the level with high success rate, 1 point in the level
with medium success rate, and 2 points in the level with low success
rate. Varying the value of the coins is done to create similar rewards in
coins between the success rate levels. Premature abortion of a game
was possible but not rewarded, whereas a fully completed session was
rewarded with 25 extra coins. Coins were used to buy virtual trophies
(e.g., medals, pennants), to be placed in a personal trophy cabinet.
2.1.2.2. Implementation of restricted self-adaptive testing in Math Garden.
In Math Garden, restricted adaptive selection of math problems was implemented by scoring both problem difﬁculties and children's abilities
on the same scale. The higher the score, the more difﬁcult a problem
or the higher the child's ability. When the child's ability was very low
and the problem's difﬁculty was very high, the problem would be too
difﬁcult for the child. When the child's ability and the problem difﬁculty
were close together, probability of solving the problem correctly would
be around 50%. The higher the difference between child's ability and
problem difﬁculty, the higher the probability of solving the problem
correctly, in limited time. The exact probability was estimated using
Item Response Theory (IRT).
At the very start of Math Garden, problem difﬁculties were unknown
and were given initial values, based on problem size. Children's abilities
were unknown as well and initial values were based on age only. Both
difﬁculties and abilities were adjusted after children started solving
problems. Problem difﬁculty increased when a problem was solved incorrectly and/or for which solving time was long, and decreased when
a problem was solved correctly and even more when it was solved
fast. Also, children's abilities were adjusted based on their success and
solving times. Adjustment was based on the Elo (1978) rating system,
designed for chess competitions. Klinkenberg et al. (2011) and Maris
and Van der Maas (2012) provide technical details. Adjustment of difﬁculties and abilities was an ongoing process. Although estimates of

Fig. 1. Example of Math Garden. Left screen shows the central page. Right panel shows an example of an addition problem.
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problem difﬁculties had converged to stable levels, estimates of
children's abilities were constantly updated.
Selection of a subsequent problem for an individual child was based
on the difference between the child's estimated ability and the problem
difﬁculties and on the selected success rate. If the child selected the high
success rate, the difference between ability and difﬁculty was required
to be larger than when the child selected the medium success rate,
and this difference was again required to be larger than when the
child selected the low success rate.
2.1.2.3. Data. Data in Study 1 comprised the selected success rate for
each attempted problem, except for the ﬁrst 15 items since children
had to get acquainted with the task. Schools or families provided background information on grade and gender upon subscribing. Estimated
ability in Math Garden's addition game was used as an indicator of addition performance. Finally, switches between success rates were
inspected to check whether children were aware of the possibility to select a success rate.
2.1.3. Procedure
Participants received a login and password with which they logged
onto the website of Math Garden. Participants could play at school
when the school permitted so or required to and participants could
play at home. Upon logging in, participants arrived at their personal garden. Math Garden was self-explanatory. Online help was available, but
the majority of the students learned to understand the procedure of
choosing a game, selecting a success rate and the principles around
feedback by themselves. Success rates were not communicated explicitly, but the value of coins, halved for the high success rate and doubled
for the low success rate, were clearly visible.
2.2. Results
2.2.1. Manipulation checks
Preset success rates are only reached if the adaptive algorithm
operates optimally. Actual success rates were 79%, 72%, and 62% for
levels high, medium, and low, respectively. Success rates of the high
and medium success rates were lower than the aimed rates of 90%
and 75%, and the success rate of the low level was higher than the
aimed rate of 60%. However, the success rates clearly differed from
each other, χ2 (2, N = 8.2 × 106) = 2.1 × 105, p b 0.001.
2.2.2. Categorization of preferences for success rates
Since number of attempted problems differed between children,
proportions of selecting each success rate were computed per child.
Table 1 shows the average proportions of the selections of the high, medium, and low success rate, by grade. A general pattern of decreased
preference for the high success rate and increased preference for the
low success rate with increasing age emerged.
The proportions of playing at the high, medium and low level of success rate were subjected to iterative cluster analysis. In iterative cluster
analysis, multivariate data are used to categorize participants into a limited number of clusters. Individuals with similar preferences for success
rates were clustered and separated from individuals in other clusters

Table 1
Proportion of attempted problems at each success rate by grade in Study 1.
Proportion of problems (standard deviations between parentheses)
Grade

High success rate

Medium success rate

Low success rate

1
2
3
4
5
6

0.45 (0.50)
0.49 (0.50)
0.45 (0.50)
0.37 (0.48)
0.28 (0.45)
0.20 (0.40)

0.37 (0.48)
0.31 (0.46)
0.30 (0.46)
0.31 (0.46)
0.31 (0.47)
0.32 (0.47)

0.18 (0.38)
0.20 (0.40)
0.25 (0.43)
0.32 (0.47)
0.41 (0.49)
0.48 (0.50)

with dissimilar preferences for success rates. The goal of this analysis
was to classify each subject to a cluster representing the overall preference for the success rates. The exploratory data reduction approach of
cluster analysis suits the purpose since it allows for ﬁnding clusters
representing each success rate, but also clusters representing combinations of success rates (e.g., 50% high and 50% medium). It reveals more
information than the average success rate because the same average
(e.g., 75%) can be achieved with different strategies (e.g., switching between low and high success rate, but also consistently playing on medium). Cluster analysis may also be more informative than the dominant
success rate when a child plays as much at one level as at the other.
Solutions with 2 to 10 clusters were estimated and compared by
inspecting the total within cluster sum of squares, which was set out
against the number of clusters in a line graph. In general, the total within
cluster sum of squares lowers with increasing number of clusters. A
sharp bend in the line graph indicates the appropriate number of clusters. Three clusters turned out to be a good balance between parsimony
and precision of description. Table 2 shows, for each cluster, the average
proportion of attempted problems at each success rate, the number of
participants, and the average number of switches. Sizes of the clusters
were comparable. The choices in each cluster concentrated mainly
around one success rate and the clusters were therefore referred to as
“High success rate”, “Medium success rate”, and “Low success rate”.
Switching was present in all clusters. The three-cluster solution evidenced individual differences in preference for a success rate. Switches
showed that children used the possibility to customize the success rate
in the current low-stakes math practice situation.
2.2.3. Association of preferred success rates with age, gender, and ability
Ability in math refers to performance in comparison to peers because math skills in school are related to age (Krinzinger, Kaufmann, &
Willmes, 2009; Van der Ven, Kroesbergen, Boom, & Leseman, 2012).
Centering by age group shows relative performance and is a method
to control for this age effect. Here, we used z-scores for centering,
resulting in an average standard score of 0 in all grades.
A multinomial regression analysis was performed with number of
switches, gender, centered ability estimates, and grade as independent
variables and cluster as the dependent variable. Only a main effect
was estimated for number of switches but interactions were allowed
between gender, ability, and grade. We used the so-called backwards
method for model selection, using BIC as a ﬁt measure. In multinomial
logistic regression, standardized b signals the change in probability of
being in a given category compared to being in a reference category, associated with a change of one standard deviation in the independent
variable. Here, the cluster with Medium as the preferred success rate
is the reference category.
The selected model contained a main effect of switches (High success rate compared to Medium: b = 0.10, p b 0.001, and Low success
rate compared to Medium: b = 0.07, p b 0.001), evidencing that a higher
number of switches was associated with a higher probability of being in
clusters with a preference for a high or low success rate, as compared to
the cluster with a preference for the medium success rate. This effect
matched the fact that the medium level is the default level in Math Garden. The selected model also contained signiﬁcant main effects of gender, ability, and grade but all were qualiﬁed by two-way interactions

Table 2
Three-cluster solution of selections of success rates in Study 1.
Cluster

p(high)
p(medium)
p(low)
N (%)
Mean #Switches

High success rate

Medium success rate

Low success rate

0.71
0.16
0.13
12,865 (32%)
5.26

0.09
0.81
0.10
14,603 (36%)
2.99

0.10
0.14
0.76
12,861 (32%)
4.29
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between ability and gender (High success rate compared to Medium:
b = 0.01, ns, and Low success rate compared to Medium: b = −0.05,
p b 0.001), ability and grade (High success rate compared to Medium:
b = − 0.05, p b 0.001, and Low success rate compared to Medium:
b = 0.01, p = 0.001), and grade and gender (High success rate compared to Medium: b = 0.03, ns, and Low success rate compared to Medium: b = −0.09, p b 0.001). The interaction effects are illustrated in
Fig. 2. For ease of display, only probabilities for clusters with a preference for the high or low success rate, for grades 1, 3, and 5 were
displayed in Fig. 2. Probabilities of the clusters sum to one, and the probability of being in the cluster with a preference for the medium success
rate is the complement of the summed probabilities of the clusters with
a preference for a high and low success rate. Grade is a continuous variable in this analysis so the results of grades 2, 4, and 6 follow the pattern
of the nearest grades displayed.
The interaction between ability and gender is shown in the upper
left panel of Fig. 2, which shows that the positive relation between ability and the probability of being in cluster “Low success rate” was stronger for males than for females. The interaction between ability and
grade is demonstrated in the upper right panel of Fig. 2 and indicated
that the main effect of ability was stronger in higher grades. That is,
the probability of being in the cluster with a preference for a high success rate decreased and the probability of being in the cluster with a
preference for a low success rate increased with increasing ability, but
these relations were stronger in higher than in lower grades. The interaction between grade and gender is demonstrated in the lower panel of
Fig. 2, which shows that the difference between boys and girls, in the
probability of being in the cluster with a preference for a low success
rate, was larger in higher grades.
Summarized, the results of Study 1 matched the expectations: children differed in their preference for a likely success rate and these individual differences related to gender, grade, and ability. Children with
higher ability showed a preference for the low success rate. This negative relation was stronger for boys than for girls and strongest in the
highest grades. The difference between boys' and girls' preference for
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the low success rate, with boys preferring the low success rate more
than girls, was larger in the higher grades. The gender difference
matches the ﬁndings in studies on feedback learning that girls are
more sensitive than boys to negative feedback (e.g., Cross et al., 2011;
Moeller & Robinson, 2010). The present ﬁnding that high ability is related to higher tolerance for negative feedback matches the ﬁndings by
Hontangas et al. (2000) but not those of Revuelta (2004). Finally, the
negative association between age and success rate is consistent with
ﬁndings from feedback learning studies (Van Duijvenvoorde et al.,
2008).
3. Study 2
Study 1 led to the conclusion that children from primary school used
the option to choose a likely success rate when practicing math with
Math Garden. Also, individual differences in preferred success rate
matched hypotheses on the relation with gender, grade, and ability,
which were derived from the literature on tolerance for negative feedback. Study 2 is set up to investigate 1) whether choice of success rate
is beneﬁcial for math practice and math performance; 2) whether success rate is positively related to math practice and math performance
(an attempt to replicate ﬁndings of Jansen et al., 2013); 3) whether success rate is positively associated with improvements of self-belief. Study
2 uses a pretest-posttest design with an experimental period in between in which children practiced math in Math Garden. Different conditions were applied in which children either had the option to choose a
success rate themselves or practiced at a ﬁxed success rate. Math skills
and self-belief were assessed at pretest and posttest. Number of
attempted problems and time spent in Math Garden were logged and
used as indicators of math practice. It was expected that 1) children in
the choice condition practiced more and improved more in math performance; 2) math practice increased with increasing success rate and
that math practice and improvement in math performance were positively related; 3) improvement in self-belief measures increased with
increasing success rate.

Fig. 2. The upper panels show the relation between ability and probabilities of clusters with a preference for a high and low success rate, by gender (left panel) and by grade (right panel).
The lower panel shows the relation between grade and probabilities of clusters with a preference for a high and low probability, by gender. The cluster with a preference for the medium
success rate is the reference category and is left out for clarity.
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3.1. Materials and method
3.1.1. Participants
The initial sample consisted of 192 students from grades 3–6 of a primary school in the Netherlands. Parents received an information letter
and could indicate that their child was not allowed to participate in
the study. The departmental ethics committee approved of the procedures. There were 50 children from grade 3 (46% girls, M age =
8.42 years, SD = 0.35), 50 children from grade 4 (36% girls, M age =
9.50, SD = 0.42), 54 children from grade 5 (56% girls, M age = 10.56,
SD = 0.45), and 38 children from grade 6 (47% girls, M age =
11.66 years, SD = 0.55.
Children were assigned randomly, across classrooms, to four conditions (Choice, High success rate, Medium success rate, Low success
rate). There were 48 children in each condition but data from one female fourth-grader, who was assigned to the condition with low success
rate, were excluded from analyses because she did not practice at all in
Math Garden. Before implementing the intervention, conditions were
compared on gender and grade distribution, math skills and self-belief
scores. Conditions did not differ with regard to grade distribution, χ2
(9) = 0.31, p = 1.00, or gender distribution, χ2 (3) = 4.03, p = 0.259.
Also, conditions did not differ with regard to math skills scores and
self-belief scores, all p ≥ 0.275.
Three children (one from grade 4, one from grade 5, and one from
grade 6) were absent during the pretest, whereas 7 children (2 from
grade 3, 4 from grade 5, and 1 from grade 6) were absent during the
posttest. Three children did not ﬁll in the math skills test at either pretest or posttest due to waning motivation or planned leave (2 in grade
3, 1 in grade 4). Four children skipped one or more pages of questionnaires at either pretest or posttest (3 in grade 3, 1 in grade 5). If a
child missed one or more items of a measure, data of this child were
omitted from the analysis concerned.
3.1.2. Design
The study consisted successively of a pretest, an experimental period, and a posttest. A math test and self-belief measures were administered at both pretest and posttest. After the pretest, children were
assigned to either the Choice condition, in which success rate depended
on the success rate children selected themselves, or a ﬁxed condition, in
which success rate was aimed to equal 90%, 75%, and 60%, respectively.
On average, children's success rate in the choice condition was 76%
(SD = 0.07). Success rates in the ﬁxed conditions were on average
84% (SD = 0.04), 77% (SD = 0.05), and 71% (SD = 0.05), for the conditions with high, medium, and low success rate, respectively. Success
rates of the ﬁxed conditions differed signiﬁcantly from each other, all
p's b 0.001.
3.1.3. Material
3.1.3.1. Math Garden. All children always had access to the basic garden,
which had plants linked to the games for addition, subtraction, multiplication, division, fractions, and counting and a game concerning correct
sequence of operations. In the addition and subtraction games, a problem was presented with six response options. All other games used a
“ﬁll-in-the-blank” with a number pad. A bonus garden opened after a
child had played all games in the basic garden. This bonus garden is
part of the Math Garden application. It was designed to increase
children's interest in practicing math. The garden includes games that
are related to arithmetic, but children may ﬁnd these more fun than
the regular math games. Examples of games in the bonus garden are
reading the time and a memory game. Children only have access to
the bonus garden if they have practiced sufﬁciently in the basic garden.
Hence, children who practice more in the basic garden have earlier access to the bonus garden. Settings and content of the bonus garden
were equal for all conditions.

The regular version of Math Garden, described in Study 1, matched
condition Choice in Study 2. See Material and methods section of
Study 1 for details on this condition. The Choice condition, in which children could select the success rate themselves, was contrasted with
three ﬁxed conditions in which success rate was ﬁxed to high, medium,
or low. As in Study 1, coins were worth 1/2, 1, or 2 points in the conditions with high, medium, and low success rate, respectively.
The application logged each attempted math problem, the success
rate, date and time of problem presentation, child's response, response
time, and accuracy, for each child. From these data, we constructed
the variable Time on task, which was equal to the number of problems
x average response time. Number of attempted problems and Time on
task were partitioned between the high, medium, and low success
rate for children who were allowed to choose a success rate.
3.1.3.2. Math skills. The Tempo Test Automatization (TTA; De Vos, 2010)
is used for an estimation of the degree to which addition, subtraction,
multiplication and division facts have been automated. TTA is suited
for children in grades 1–6 of primary education. The test consists of
four subtests, each consisting of 50 math problems. Participants have
exactly 2 min to complete as many math problems as they can, per subtest. The score is the number of correct answers, with a maximum of 50
for each domain and a maximum of 200 for the full test. A ceiling effect
occurred in the domains of multiplication and division in grades 7 and 8
on the pretest. Hence, we only used the scores for the domains addition
and subtraction. Addition and subtraction scores were converted into zscores by grade (see Study 1 for justiﬁcation of using z-scores). To study
representativeness of the sample, the grade averages of the total of addition and subtraction scores were converted into percentiles (De Vos).
Average scores fell into the 58th, 56th, 50th, and 50th percentile for
grades 5 to 8, respectively, showing that the present sample was
representative.
3.1.3.3. Self-belief. The sub-scale “Self-efﬁcacy” of the Global Motivation
Questionnaire (Prast & Van de Weijer-Bergsma, 2013) consists of
seven questions. Example questions are “Can you often solve all math
problems correctly?” and “Do you think you will understand all math
problems that you will be taught?”. Children answered the questions
on a four-point scale ranging from not true (1 point) to completely
true (4 points), making the total score range from 7 to 28. Internal consistency of this scale was α = 0.83 for the pretest in the present study.
The Sources of Middle School Mathematics Self -Efﬁcacy Scale
(SMSMSS; Usher & Pajares, 2009) consists of 24 statements and provides insight into the degree of self-efﬁcacy. It is suited for children between seven and twelve years. Statements can be divided into four
scales. Example statements are: “I make excellent grades on math
tests” (mastery experience), “Seeing kids do better than me at math,
pushes me to do better” (vicarious experience), “I have been praised
for my ability in math” (social persuasion) and “Doing math work
takes all of my energy” (physiological state). Children indicated how
much the statement was true for them on a 6-point scale, ranging
from 1 (not true at all) to 6 (completely true), with the total score ranging from 24 to 144 points. The scale was translated into Dutch for the
present study. A principal component analysis resulted in the extraction
of four factors with an eigenvalue higher than 1, which were Varimaxrotated. Together, the factors explained 58% of the variance. Statements
that referred to mastery experience all loaded on the same factor, just
like statements referring to social persuasion and statements referring
to physiological state. However, one statement (“I can imagine that I
can solve difﬁcult math problems correctly”), which should refer to indirect experience, also loaded high on the factor associated with mastery experience. Finally, all statements referring to indirect experience,
except the statement above, loaded on the same factor. Hence, the factor
structure highly resembled the solution of Usher and Pajares and the
factors were associated with mastery experience, vicarious experience,
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social persuasion, and physiological indexes. Internal consistency for
the scores collected at the pretest was α = 0.91.
The sub-scale “Academic self-concept math” of the Self Description
Questionnaire (SDQ I; Marsh, 1988; translated to Dutch by Simons &
Fisette, 2001) consists of six statements. Example statements are “I
look forward to math lessons”, “I learn arithmetic fast”. Children indicated the degree to which the statement applied to them on a six-point
scale, ranging from not true at all (1 point) to completely true (6 points),
with the total score ranging from 6 to 36 points. Internal consistency of
the scale was α = 0.88 for the pretest in the present study.
The Perceived math competence scale was an addition to the Dutch
translation of the Perceived competence scale by Harter (1982); Dutch
translation by Veerman, Straathof, Treffers, Van den Bergh, & Ten
Brink, 2000; introduction of Perceived math competence scale by
Jansen et al., 2013) and consists of six pairs of descriptions. Each description referred to a group of children. Children indicated the group
they felt they belonged to most and next indicated whether the description was very true (1 or 4 points, depending on the selected group) or a
little true (2 or 3 points, depending on the selected group). An example
of a pair of descriptions is “Some kids often forget math strategies/Other
children can easily memorize math strategies”. Scores ranged from 6 to
24 points on the Perceived math competence scale. Internal consistency
for the scale was α = 0.74 for the pretest in the present study.
3.1.4. Procedure
The pretest and posttest consisted of a group-wise administration of
the subscale Self-efﬁcacy, SMSMSS, subscale Academic Self-concept
math, Perceived math competence scale, and the TTA (math skills), in
this order. Administration of the questionnaires, including instructions,
took approximately 20–30 min. Administration of the TTA, including instructions, lasted about 10 min.
The experimental period started a week after the pretest. Children
received a login name and a password, providing them access to Math
Garden. Teachers received this information too, as well as a brief written
explanation of Math Garden. Although Math Garden is self-explanatory,
the experimenter, a trained master student, explained Math Garden to
the children in their classrooms. She told children that they were in different groups and that value of the coins differed between groups.
The experimental period lasted on average 7.5 weeks (SD = 0.28).
The period of 7.5 weeks is comparable to the duration of activity plans
in the Netherlands, in case learning lags behind and after which it is decided whether the activities were effective for the child. In the ﬁrst week
of the experimental period, parents received a letter through their children in which they were asked to encourage their children's practice
with Math Garden. The experimenter monitored frequency of practice
through the system. She sent a number of emails to the teachers, offering assistance with Math Garden and informing about the degree of
practice. In addition, she repeatedly visited the school to motivate the
students.
3.2. Results
3.2.1. Correlations between self-belief questionnaires, and with math
performance
Correlations between scores on the self-belief questionnaires and
standardized scores on the math test were conducted to obtain an indication of the validity of the self-belief questionnaires. Scores of the selfbelief questionnaires were standardized by grade because scores of children in grade 3 tended to be higher than those of children in grade 5
(and sometimes 6) for all self-belief measures, except SMSMSS. Correlations between the self-belief questionnaires and the math test ranged
from weak to moderate, the lowest being r = 0.32, p b 0.001 (posttest:
TTA and Academic self-concept math scale) and the highest being r =
0.48, p b 0.001 (posttest: TTA and subscale Self-efﬁcacy). Correlations
between the self-belief questionnaires ranged from r = 0.51, p b 0.001
(pretest: Academic self-concept math and Perceived math self-
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competence) to r = 0.77, p b 0.001 (posttest: Self-efﬁcacy and
SMSMSS), supporting the assumption that the various instruments
had a common component, probably self-belief.
3.2.2. Conditions compared on motivation to practice
Table 3 shows the Number of attempted problems and Time on Task
for the experimental period, split by basic and bonus Math Garden (see
Method), by condition. The distributions of both variables were positively skewed. The minimum of attempted problems was 37 in the
basic garden. Table 3 suggests that children in the condition with a
low success rate attempted less problems than children in the condition
with a medium success rate. However, the average RT for solving a
problem in the condition with low success rate was 8664 ms (averaged
over basic and bonus games), whereas solving a problem in the condition with a medium success rate took 7767 ms (condition High:
6301 ms; condition Choice: 7779 ms). Possibly, children in the condition with a low success rate spent a comparable time in the Math Garden but were only able to attempt a smaller amount of problems in
that time, compared to other conditions.
A Multivariate Analysis of Variance (MANOVA), with factor condition as independent variable (4 levels: Choice, High, Medium, Low)
and time on task and number of attempted problems as dependent variables showed a multivariate effect of condition, F(6, 374) = 14.34,
p b 0.001. Table 3 shows that both number of attempted problems and
time on task were highest in the condition with medium success rate.
The choice condition also showed a high number of attempted problems and time on task. Univariate tests however did not show any signiﬁcant differences in number of attempted problems and time on
task between conditions. Non-parametric analyses were performed as
well because assumptions for MANOVA did not always hold. Although
the p-value was at trend level for number of attempted problems, the
non-parametric analyses indicated that time on task and number of
attempted problems did not differ between conditions.1
3.2.3. Conditions compared on improvement in math skills and self-belief
Table 4 shows pretest and posttest scores on the math performance
test and all self-belief measures, by condition. Difference scores were
calculated for all measures. A MANOVA with condition as independent
variable and difference scores as dependent variables showed a signiﬁcant intercept, F(5, 155) = 15.28, p b 0.001, indicating that the difference scores differed from zero. Univariate tests showed that the
difference between pretest and posttest was indeed statistically signiﬁcant for math skills, Self-efﬁcacy score (GMQ), and Perceived math competence, but not for the SMSMSS, and the Self-concept math score (SDQ
I) meaning that children signiﬁcantly improved their math skills and
that the change in reported self-belief varied from no change to positive
change. The effect of condition was not signiﬁcant, F(15, 471) = 1.13,
p = 0.326.
3.2.4. Conclusion
The results suggested that math practice was highest in the condition with medium success rate and in the choice condition, but the result was not conﬁrmed with a non-parametric test. It is important to
consider the power of Study 2. Table 3 showed that differences between
conditions in math practice (i.e., number of attempted problems and
time on task) were small, whereas standard deviations of these measures were relatively large. The size of the present sample was appropriate for detecting a medium effect size but a small effect size may have
been more likely considering these standard deviations. Hence, the
1
Two Kruskal-Wallis tests were performed with condition (4 levels: Choice, High, Medium, Low) as independent variable and number of attempted problems and time on task
as dependent variable, respectively. Conditions did not differ in number of attempted
problems (although the p-value was at trend level), χ2(3) = 7.29, p = 0.063, and time
on task in Math Garden, χ2(3) = 3.60, p = 0.308.
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Table 3
Math practice in Math Garden by condition.
Measure

Attempted problems
Time on task (hrs)
p(High success rate)
p(Medium success rate)
p(Low success rate)
Success rate

Condition

Basic
Bonus
Basic
Bonus
Basic + Bonus
Basic + Bonus
Basic + Bonus

Choice
(N = 48)a

High success rate
(N = 48)

Medium success rate
(N = 48)

Low success rate
(N = 47)

455 (526)
356 (561)
0.96 (1.0)
0.78 (1.2)
0.18 (0.22)
0.35 (0.31)
0.47 (0.34)
0.76 (0.07)

435 (219)
359 (287)
0.73 (0.4)
0.67 (0.6)
1 (0)
0 (0)
0 (0)
0.84 (0.04)

482 (310)
375 (398)
1.04 (0.7)
0.83 (0.9)
0 (0)
1 (0)
0 (0)
0.77 (0.04)

339 (172)
300 (281)
0.82 (0.4)
0.69 (0.7)
0 (0)
0 (0)
1 (0)
0.71 (0.05)

Note. Standard deviations between brackets.
a
Data from one child were omitted in calculating the proportions of selected difﬁculty levels because this child never changed the difﬁculty level.

ﬁnding that the type of condition did not inﬂuence the motivation to
practice math may just as well be attributed to a lack of power.
Considering the change in math skills, math skills of children who
were allowed to select the difﬁculty of math problems themselves did
not improve more than those of children who practiced with problems
on a ﬁxed difﬁculty level. Also, children in conditions with different
ﬁxed success rates improved comparably.
Results indicated that children as a group did not signiﬁcantly improve their self-belief, with no differences between conditions. Table 4
shows that differences between conditions in self-belief measures
were small, and that self-belief measures had large standard deviations.
Hence, a conclusion on the effect of condition on self-belief is undetermined. It remains unclear whether the manipulations of (the choice
of) success rate either did not affect self-belief or that the effect was
too small to be detected in a sample of the current size.
4. Discussion
Use and beneﬁt of an implementation of RSAT in a math practice application (Math Garden; Klinkenberg et al., 2011) were investigated.
Study 1 concerned children's use of RSAT, the sample being the primary
school children among the regular users of the application. RSAT
allowed the choice for a high, medium, and low success rate and the relation between choices and children's gender, age, and ability were investigated. Study 2 concerned possible beneﬁts for math practice,
math performance, and self-belief, which were studied in a separate
sample, recruited for the study. Study 2 used an in vivo experimental
design where children from grades 3–6 practiced with Math Garden, either in a choice condition, where they could indicate their preferred success rate, or in a ﬁxed-rate condition, where they played at a high
(aimed success rate of 90%), medium (75%), or low success rate (60%).
Study 1 demonstrated that primary school children proved to be
able to use the option of self-selecting the success rate. Results indicate

that boys tend to prefer the low success rate more than girls do and that
children with higher ability and in higher grades show higher preference for the low success rate than children with lower ability and children in lower grades. The observed gender difference is in accordance
with the ﬁnding that girls evaluate their academic competences lower
than boys do (Pomerantz et al., 2002). Pomerantz et al. (2002) suggest
that girls are more anxious about encountering failures. Choosing the
high success rate allows them to encounter less negative feedback.
The observed positive relation between ability and preferred success
rate is consistent with ﬁndings by Hontangas et al. (2000) and
Johnson et al. (1991) but contrary to Revuelta's (2004) ﬁndings. An important advantage of the application under study is that the success
rates are similar for all individuals, independent of ability. Success
rates in other studies are based on the group average, which makes it
difﬁcult to decide whether a negative relation between ability and preferred success rate reﬂects matching the difﬁculty level to the student's
ability or to a growing preference for relatively hard problems with increasing ability.
A shortcoming of Study 1 is that in Math Garden, the value of the
coins earned when solving a problem correctly varies between conditions: the value of the coins is highest in the condition with low success
rate and lowest in the condition with high success rate. Hence, it remains uncertain whether children select a success rate in order to manipulate the rate of success or to manipulate the value of the coins.
Also, although an advantage of using computer adaptive practice is
that it allows for using only three success rates, whereas studies on
SAT commonly use more (Rocklin & O'Donnell, 1987), the relationships
with gender, grade and ability might be sorted out more speciﬁcally
using more than three success rates. Another limitation of Study 1 is
the lack of control during data collection. Children play independently,
at school or at home. We cannot control for environmental inﬂuences
like noise in the direct environment, presence of family members or
other students. However, it is unclear how such biases could explain

Table 4
Pretest and posttest scores on math performance test and self-belief measures by condition.
Measure

Math test (TTA)
Self-efﬁcacy (GMQ)
Self-concept math (SDQ I)
SMSMSS
Perceived math competence

Condition

Pre
Post
Pre
Post
Pre
Post
Pre
Post
Pre
Post

Choice

High success rate

Medium success rate

Low success rate

64.7 (16.0)
67.0 (16.3)
21.5 (3.1)
22.5 (3.5)
26.7 (7.0)
26.1 (6.6)
105.4 (18.8)
103.2 (22.2)
17.4 (4.1)
18.1 (4.0)

63.7 (17.5)
67.3 (17.9)
22.7 (4.0)
22.9 (4.0)
26.6 (8.1)
26.9 (7.5)
108.1 (22.6)
106.5 (20.3)
16.9 (4.2)
18.0 (4.1)

64.8(16.8)
67.7 (16.7)
21.6 (3.2)
21.8 (3.4)
25.9 (7.1)
23.9 (7.6)
100.9 (20.4)
98.0 (19.5)
16.8 (4.5)
17.2 (4.8)

62.6 (14.5)
66.6 (14.3)
21.8 (4.1)
22.3 (4.1)
26.1 (7.5)
26.1 (7.6)
102.6 (22.9)
102.8 (22.0)
18.4 (3.8)
18.5 (4.6)

Note. Standard deviations between brackets. TTA = Tempotoets Automatization; score shows the total of correctly solved addition and subtraction problems, range 0–100. GMQ = Global
Motivation Questionnaire. SDQ I = Self-Description Questionnaire. SMSMSS = Sources of Middle School Mathematics Self -Efﬁcacy Scale.
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our effects. Given the robustness of the effects we conclude that the
noise related to the data acquisition method is apparently compensated
by the large amount of data and ecological validity of the data. Large
data sets in natural environments can only be obtained in situations
with limited control.
Study 2 followed up on the results of Study 1 and was directed to the
question whether RSAT is beneﬁcial for the motivation to practice math,
improvement of math skills and self-beliefs concerning math. Contrary
to expectations, children in all conditions showed a similar motivation
to practice math in Math Garden. The present sample size was sufﬁcient
to detect a medium effect size. However, the indicators of the motivation to practice, number of attempted problems and time on task,
showed high variance, making a small effect size more likely than a medium one. It remains unclear whether there was indeed no effect of
choosing a success rate or that the power of Study 2 was too low to reject the null hypothesis.
An effect of choice on the motivation to practice is expected given
the central role for autonomy in Self-determination theory (Ryan &
Deci, 2000). Choice for a success rate truly changes the content of the
task and relates to children's need for competence (Ryan & Deci,
2000). One may however argue that choice for a success rate does not
change the type of problems (see also Reeve et al., 2003). It does change
the difﬁculty of the problems but the problems are always math problems, no matter the choice. Also, the math application is applied in a
practice situation, which is a low-stakes situation. In high-stakes situations, emotions are stronger and the need to adjust the environment accordingly may be more urgent than in low-stakes situations (see also
Flowerday, Schraw, & Stevens, 2004). Next, practicing at the individual
ability level may already increase motivation and reduce the need to
adapt the success rate any further. Repeating Study 2 in a larger sample
may shed light on these issues.
Children improved their math skills but the degree of improvement
was independent of the possibility to choose a success rate and of the
level of success-rate. The similar improvement in math skills across conditions with ﬁxed, but various success rates was unexpected. Jansen et
al. (2013) also used three conditions with ﬁxed success rates and observed a positive relation between success rate, the motivation to practice, and improvement in math skills. The remaining condition in that
study was a control group of children who did not practice in Math Garden, whereas the present study included a group of children who were
allowed to choose the success rate. Another explanation for the absence
of differences between the conditions with ﬁxed success rates is that the
true success rates in these conditions differed less than expected. Perhaps differences in success rates were not large enough to sort any effect
on motivation to practice or on math skills.
Children did not improve their self-belief in Study 2, in none of the
conditions. Perhaps self-belief concepts are rather stable and changing
self-belief in a computer training of only 7.5 weeks is rather optimistic.
Although periods of this length are used to decide whether interventions are effective for treating learning problems, this period may be
too short to change self-beliefs and the period of intervention may be
extended in future research. Otherwise, the questionnaires applied
may not have been speciﬁc enough (Pajares, 1996). Given the large
standard deviations of the scores on the questionnaires, this part of
Study 2 has probably also suffered from low power.
The sample size of Study 2 was limited for the large number of conditions. Although two conditions (choice versus no choice) would have
been sufﬁcient to investigate whether choice would have a beneﬁcial effect, the success rate in the no choice condition was hard to deﬁne in advance. Choice may be beneﬁcial in comparison to practicing hard
problems but not in comparison to practicing easy problems, or the
other way around. The many conditions as well as the large variance
in some outcome measures lowered the probability of ﬁnding signiﬁcant effects.
A ﬁnal explanation for the absence of signiﬁcant results in Study 2
concerns the representativeness of the sample. Although scores on the

9

math skills test are comparable to those in the normal population (De
Vos, 2010) and relatively high self-belief scores are common for Dutch
children (Lee, 2009), the sample shows a relatively high preference for
the low success rate, higher than in the large and representative sample
of Study 1. Hence, the children in Study 2 may have been attracted to the
higher value of the coins in the low success rate or to the difﬁculty of the
problems. Group dynamics may have caused children to select the lowest success rate, which may however not always ﬁt their individual preferences. Perhaps children in Study 2 did not follow their individual
preference for a success rate.
Combined, the results of Studies 1 and 2 are important for the classroom and show the potential of computer-assisted learning. The results
of Study 1 are based on exceptionally large numbers of children
(N40,000), and a wide age range (grades 1–6) and indicate that implementation of RSAT in a math practice application seems to fulﬁll a desire
to adapt the balance between challenge and success to the individual
need. Every possibility to increase the attractiveness of practicing
math is a beneﬁt because math is essential in both education and everyday life, but is still not very much appreciated by (all) children (Dowker,
2005).
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