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ABSTRACT ARTICLE HISTORY
This study investigates how individual differences in 7- to 9-year- Received 2 May 2017
olds’ curiosity relate to the inquiry-learning process and outcomes Accepted 31 March 2018
in environments differing in structure. The focus on curiosity as
individual differences variable was motivated by the importance
of curiosity in sgigr?ce educatior?, apd uncertainty l?eing central‘ to elementary/primary school;
both the definition of curiosity and the inquiry-learning learning outcomes; curiosity;
environment. Curiosity was assessed with the Underwater individual differences;
Exploration game (Jirout, J., & Klahr, D. (2012). Children’s scientific intelligence; science
curiosity: In search of an operational definition of an elusive education

concept. Developmental Review, 32, 125-160. doi:10.1016/

j.dr.2012.04.002), and inquiry-based learning with the newly

developed Scientific Discovery task, which focuses on the

principle of designing informative experiments. Structure of the

inquiry-learning environment was manipulated by explaining this

principle or not. As intelligence relates to learning and possibly

curiosity, it was taken into account. Results showed that children’s

curiosity was positively related to their knowledge acquisition, but

not to their quality of exploration. For low intelligent children,

environment structure positively affected their quality of

exploration, but not their knowledge acquisition. There was no

interaction between curiosity and environment structure. These

results support the existence of two distinct inquiry-based

learning processes — the designing of experiments, on the one

hand, and the reflection on performed experiments, on the other

- and link children’s curiosity to the latter process.

KEYWORDS
Inquiry-based learning;

1. Introduction
1.1. Individual differences and inquiry-based learning

Over the last decades, inquiry-based learning, also called discovery learning, has become a
popular approach in science education policy and practice (De Jong, 2006; National
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Research Council, 2001; Osborne & Dillon, 2008). Even though the term ‘inquiry-based
learning’ has been used to describe a wide range of interventions and consensus on a
single definition is lacking, there is general agreement on the inductive, constructivist
nature of the approach (Alfieri, Brooks, Aldrich, & Tenenbaum, 2011; Furtak, Seidel,
Iverson, & Briggs, 2012; Klahr, Zimmerman, & Jirout, 2011; Zimmerman, 2007). In the
approach, the child constructs its own knowledge by performing investigations in an
information-rich environment (Alfieri et al., 2011; De Jong, 2006; Kirschner, Sweller, &
Clark, 2006), often receiving some type of adult assistance in structuring this environment
(Alfieri et al., 2011; Furtak et al., 2012).

A defining characteristic of inquiry-based learning is that it generates a high amount of
uncertainty. This uncertainty is caused by the use of a complex environment in combi-
nation with the learner being given the freedom to determine her own strategy in inves-
tigating this environment. The environment generally mimics a real-world situation and
offers not one but multiple variables to explore. The child is not given a fixed recipe to
follow, but generally determines herself the type, number, and sequence of experiments.
As a result of this uncertainty, individual differences between children, such as in their
personality, prior knowledge, and motivation, are expected to result in a large variation
in behaviour. That is, children will experiment and learn differently. Therefore, it is of
crucial importance to further investigate individual differences in inquiry-based learning
(De Jong, 2006).

A body of work on aptitude-treatment interactions has looked at how individual differ-
ences are related to children’s inquiry-based learning in environments with different
degrees of structure (for reviews, see Clark, 1989; Cronbach & Snow, 1977 as cited in
Kirschner et al., 2006; Kyllonen & Lajoie, 2003; Snow & Lohman, 1984). These studies
examined individual differences in terms of learners’ personality (e.g. Leith, 1974 as
cited in Eysenck, 1996; Leutner, 1993; Rowell & Renner, 1975; Shadbolt, 1978; Trown &
Leith, 1975), prior knowledge and intelligence (e.g. Gijlers & De Jong, 2005; Snow &
Lohman, 1984; Tuovinen & Sweller, 1999), and motivation (e.g. Hakkarainen, Lipponen,
Jarveld, & Niemivirta, 1999; Veermans & Jérveld, 2004). In line with uncertainty being at
the core of inquiry-based learning, a large part of these studies has been directed at inves-
tigating whether reducing uncertainty by providing structure to the environment selec-
tively benefits students. In these studies, more unstructured, inductive approaches were
compared with more structured, deductive approaches. Unstructured approaches for
example included children participating in free inquiry-based learning with a low
degree of teacher guidance, while structured approaches included children participating
in inquiry-based learning with a high degree of teacher guidance, such as direct instruction
or worked examples (Sweller & Cooper, 1985). Main findings are that introvert learners,
high anxious learners, low intelligent learners, and learners with less prior knowledge tend
to profit more from structured approaches, while extravert learners, low anxious learners,
high intelligent learners, and learners with more prior knowledge tend to profit more from
unstructured approaches (e.g. Leith, 1974 as cited in Eysenck, 1996; Rowell & Renner,
1975; Shadbolt, 1978; Snow & Lohman, 1984; Trown & Leith, 1975; Tuovinen &
Sweller, 1999), although some studies also found opposite results (e.g. Leutner, 1993).
Further work has looked at individual differences in terms of aptitude complexes, that
is, combinations of learner characteristics that predict efficient learning (for an overview,
see Ackerman, 2003).



998 e T.J.P. VAN SCHIJNDEL ET AL.

The aptitude-treatment interaction studies have in common that they predominantly
concern children of 10 years and older or adults (all above-mentioned studies), and com-
puter-supported learning environments (Gijlers & De Jong, 2005; Hakkarainen et al.,
1999; Leutner, 1993; Tuovinen & Sweller, 1999; Veermans & Jarveld, 2004). In addition,
these studies often use outcome-based measures as opposed to process-based measures
of inquiry-based learning, such as learners’ knowledge gains, delayed knowledge, and
transfer of knowledge (Leutner, 1993; Rowell & Renner, 1975; Trown & Leith, 1975; Tuo-
vinen & Sweller, 1999). The focus of these studies is in contrast with the noticed impor-
tance of hands-on experiences and skill learning in science education practices, and this
especially being the case for the younger age group (Allen, 2004; Gelman & Brenneman,
2004; Kuhn, 2007; Osborne & Dillon, 2008; Stohr-Hunt, 1996). Even though there is a
body of research addressing young children’s hands-on inquiry-based learning (e.g. Bona-
witz, Van Schijndel, Friel, & Schulz, 2012; Chen & Klahr, 1999; Crowley et al., 2001; Klahr
& Nigam, 2004; Peterson & French, 2008; Samarapungavan, Patrick, & Mantzicopoulos,
2011; Schauble, 1996; Van Schijndel, Franse, & and Raijmakers, 2010; Van Schijndel,
Visser, van Bers, & Raijmakers, 2015), to our knowledge, few of these studies have inves-
tigated aptitude-treatment interactions (Arnone, Grabowski, & Rynd, 1994). Therefore,
the present study addresses how individual differences are related to younger children’s
hands-on inquiry-based learning in environments with different degrees of structure.
To assess inquiry-learning performance, we will not only apply outcome-based measures
(children’s knowledge acquisition) but also measures capturing the inquiry-learning
process (quantity and quality of children’s exploration).

1.2. Curiosity and inquiry-based learning

In science education practice and policy, curiosity is considered an important factor in
children’s inquiry-based learning (Glogger-Frey, Fleischer, Griiny, Kappich, & Renkl,
2015; Jirout & Klahr, 2012; Klahr et al., 2011; Svinicki, 1998; Van Uum, Verhoeff, &
Peeters, 2017). Curiosity is considered to drive learning as studies show a positive relation
between curiosity and emotion control, deliberation (Lauriola et al., 2015), effective learn-
ing strategies (Muis et al., 2015), and learning outcomes (Trevors, Muis, Pekrun, Sinatra, &
Muijselaar, 2017).

Recent scientific work provides a theoretical account for the relation between inquiry-
based learning and curiosity by showing that uncertainty is not only a defining character-
istic of the inquiry-learning environment but that children’s preference for uncertainty is
also central to the definition of curiosity (Jirout & Klahr, 2012). Based on an extensive lit-
erature review (e.g. Berlyne, 1960; Litman & Jimerson, 2004; Loewenstein, 1994), Jirout
and Klahr (2012, p.150) defined children’s curiosity as: ‘“The threshold of desired uncer-
tainty in the environment which leads to exploratory behavior’. The foundation for the
work of Jirout and Klahr was the information gap theory of Loewenstein (1994). This
theory states that one is motivated to solve a problem when one feels deprived of knowl-
edge or, in other words, experiences an information gap. Litman (2005) uses the term
Deprivation-type curiosity when referring to this motivational state.

Given the insights on uncertainty being at the core of both the inquiry-learning
environment and the definition of curiosity, it seems logical to focus on investigating
curiosity as an individual differences variable in inquiry-based learning. Although a
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single study in science education did show that an inventing activity (which is in line with
an inquiry-based learning environment) can increase children’s curiosity (Glogger-Frey
et al,, 2015), the question remains whether inquiry-based learning benefits children of all
initial levels of curiosity. Arnone et al. (1994) did investigate this question in the field of
art education. The researchers let first and second graders interact with a computer-
based learner environment featuring art videos and compared more (e.g. advisement
to stop and think) with less structured conditions in children who were classified into
different levels of curiosity. They found high curious children to learn more arts facts
and concepts from inquiry-based learning than low curious children, but they did not
find effects of condition nor an interaction between curiosity and condition (aptitude-
treatment interaction). The researchers explained these findings by the fact that the
learning environment was very different from normal classroom routine, which might
have reduced differences between conditions. However, to the best of our knowledge,
as yet no studies have investigated the relation between children’s curiosity and
inquiry-based learning in the field of science education. This is the focus of the
present study.

1.3. The present study

The present study investigates how individual differences in 7- to 9-year-olds’ curiosity are
related to the inquiry-learning process and outcomes, in environments with different
degrees of structure. Importantly, intelligence may also be a predictor of success in
inquiry-based learning as problem-solving skills and intelligence are related, though not
perfectly (Veenman & Spaans, 2005). Also, there may be a relation between curiosity
and intelligence as the literature is inconclusive on this subject: some studies demonstrate
a positive relation (e.g. Alberti & Witryol, 1994), while others show an absence of such a
relation (e.g. Jirout & Klahr, 2012). In the present study, children’s intelligence is therefore
taken into account in examining the relation between individual differences in curiosity
and inquiry-learning performance.

Children’s Deprivation-type curiosity was measured with the Underwater Exploration
Game (Jirout & Klahr, 2012). In contrast to curiosity instruments for adults where partici-
pants are usually asked to report knowledge deprivation (Litman, 2005; Loewenstein,
1994), knowledge deprivation is manipulated directly with this instrument. In the task,
children are confronted with various levels of uncertainty after exploration. At the most
certain level, children know exactly which information will follow after exploration, so
there is no information gap. At the most uncertain level, information is minimal after
exploration and there is a large information gap. The instrument assesses children’s pre-
ference for uncertainty, that is, for small or large information gaps. The Underwater
Exploration Game has shown to be a reliable instrument for assessing individual differ-
ences in children’s curiosity. Correlations with convergent and divergent measures were
in the expected direction, supporting the validity of the measure (Jirout & Klahr, 2012).

Children’s inquiry-based learning in the field of science education was measured with the
Scientific Discovery task, which was developed within the context of the present study to
allow for the inclusion of a relatively young age group, and to capture both inquiry-learning
outcomes and process. In line with many inquiry-learning tasks in the field of science edu-
cation (e.g. Dean & Kuhn, 2007; Klahr & Nigam, 2004), the task centres on the skill of
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designing unconfounded, informative experiments, that is experiments from which valid
causal conclusions can be drawn. This skill is also called the Control of Variables Strategy,
and it is at the core of children’s scientific reasoning (Chen & Klahr, 1999; Klahr & Nigam,
2004). The set-up of the Scientific Discovery task consists of a balance scale on which trans-
parent balls containing coloured blocks can be weighed (see Figure 1). The child is given a
set of balls, each of which contains three coloured blocks (red and/or green and/or blue), and
is asked to figure out which colour block is the lightest and which colour block is the hea-
viest. To make the task suitable for a relatively young age group, the skill of designing infor-
mative experiments is stripped down to its basics in the task (see Method section), and a
memory tool is provided to help children memorise the outcomes of consecutive exper-
iments. To distinguish between inquiry-learning outcomes and process, outcomes are
assessed by a post-test measuring children’s knowledge of the relative weights of the balls,
while the process is assessed by the quality and quantity of children’s exploration. Two ver-
sions of the Scientific Discovery task were used, differing in the structure of the inquiry-
learning environment. In the high structure condition (HSC), children were explained the
principle of performing informative experiments by the use of examples, while in the low
structure condition (LSC) they were not. To allow for uninterfered measurement of the
quantity of children’s exploration, the explanation took place before the start of the explora-
tion phase.

Exploration phase Posttest

Example:
informative
experiment
=> blue is heavier
than green
"Which one is heavier,
this one or this one?"
5 =
Example:
SES SN SO =858 uninformative [ ] [ ]
experiment

== i i
EES SES SES =88 no simple conclusion

"Which color block is the lightest and which color
block is the heaviest?"

Figure 1. Scientific Discovery task.

Note: The photos were taken by VVBfoto during a day that the university was open to the public. The Scientific Discovery
task that was used in this study is similar to the one that is shown on the photos, but the circumstances under which the
task were administered are different: in the study, the task was administered individually outside the classroom in a quiet
area of the child’s school, so no other children or adults were present. A colour version of this figure is available in the
electronic version of the paper.
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We hypothesise children’s curiosity to be positively related to the quantity of their
exploration during inquiry-based learning, because curiosity is associated with a drive
or motivation to explore (Bijvoet-van den Berg & Hoicka, 2014; Endsley, Hutcherson,
Garner, & Martin, 1979; Jirout & Klahr, 2012). As a result of the hypothesised pro-
longed exploration, children’s curiosity is also expected to be positively related to
their knowledge acquisition. As the structure manipulation in the Scientific Discovery
task involves an explanation of the principle of designing informative experiments, we
expect the quality of children’s exploration and, as a result of that, their knowledge
acquisition, to be higher in the HSC than in the LSC. We expect that reducing uncer-
tainty by providing structure will selectively benefit students. The structure will take
away some of the uncertainty of the inquiry-learning environment, and therefore we
expect low curious children to profit more from the provided structure than high
curious children. We will investigate these hypotheses taking into account children’s
intelligence.

2. Method
2.1. Participants

The final sample consisted of 139 children (77 girls and 62 boys): 77 from grade 2 (M =
95.35 months, SD =4.90) and 62 from grade 3 (M = 105.76 months, SD = 5.83) who were
recruited from four primary schools in Amsterdam, Netherlands. Thirty-nine other chil-
dren were recruited, but excluded from the analyses due to experimental error (N = 16) or
non-attendance of school at test days leading to one or more tasks not being administered
(N=23).

2.2. Procedure

All children were administered the Scientific Discovery task (inquiry-based learning),
Raven’s (1965) Coloured Progressive Matrices (RCPM; intelligence), and the Under-
water Exploration game (Jirout & Klahr, 2012; curiosity). Children were randomly
assigned to the HSC or the LSC of the Scientific Discovery task, stratified by grade
and sex.

The tests were administered in three fixed-order sessions. In the first session, children
performed the Scientific Discovery task. This session was individual, took place outside the
classroom in a quiet area of the child’s school, and lasted 15 minutes. In the second
session, children performed the RCPM, as well as a number of other measures that are
beyond the scope of this paper. This session took place in the child’s classroom and
lasted 45 minutes, of which the first 10 were for the RCPM. In the third session, children
performed the Underwater Exploration game. This session took place in a small group
(each child using its own computer) outside the classroom in a quiet area of the child’s
school, and lasted 15 minutes. The sessions were performed within a timeframe of one
and a half month. As the tasks were substantially different from each other and were admi-
nistered in separate sessions, we did not expect the fixed order of task administration to
affect the results.
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2.3. Materials

2.3.1. Scientific discovery task

The set-up of the task consists of a balance scale on which transparent balls containing
coloured blocks can be weighed (see Figure 1). The core of the task consists of the child
being given a set of balls, each of which contains three coloured blocks (red and/or
green and/or blue), and being asked to figure out which colour block is the lightest and
which colour block is the heaviest. Contrary to the large majority of tasks assessing the
skill of designing informative experiments (e.g. Dean & Kuhn, 2007; Klahr & Nigam,
2004), the Scientific Discovery task only has one type of variable (colour), with three
levels (red, blue, and green).

All children were first given an introduction to the task, after which they participated in
an exploration- and post-test phase. Children in the HSC were additionally exposed to
the structure manipulation which took place between the introduction phase and the
exploration phase.

2.3.1.1. Introduction phase. The test leader explained the working of the balance scale. To
this end, she used a set of three balls containing single white or brown blocks (relative
weights white 2:1 brown). She hung a ball with a white block on one side of the scale
and a ball with a brown block on the other side, and explained that the side with the
ball containing the white block going down implied that the white block was heavier
than the brown block. She demonstrated the workings of a simple memory tool. This
tool consisted of a strip of paper with a ‘heavy’ symbol on one side and a ‘Tlight’ symbol
on the other side, and white and brown squares of paper. Putting the white square at
the ‘heavy’ side and the brown square at the ‘light’ side of the strip could be of help in
remembering the results of the experiment. Next, she hung a ball containing a white
block on each side of the scale and explained that the scale being in balance implied
that the white blocks had the same weight. She emphasised that blocks of the same
colour always had the same weight.

2.3.1.2. Exploration phase. The child was given a set of eight balls, each of which contained
three coloured blocks (red and/or green and/or blue, relative weights 1:2:3; see Figure 1).
The test leader explained that the blocks were stuck in the balls and could not come out,
and asked the child to figure out which colour block was the lightest and which colour
block was the heaviest. Children also received a memory tool similar to the one demon-
strated during the introduction phase. Recording of time started after the test leader gave a
start sign (‘You can start now!’), and the exploration phase was ended after the child had
played 4 minutes or when the child indicated that she was done exploring before that time.
If she did so after having performed less than three experiments, she was encouraged to
keep playing a bit longer. During this phase, the test leader noted the number of
seconds the child played and the number of experiments she performed (quantity of
exploration measures). After task administration, experiments were classified as being
either unconfounded, informative or confounded, uninformative experiments. Exper-
iments in which two balls were compared that were identical except for one colour
change, such as red-blue-green versus red-blue-blue, were classified as informative. All
other experiments, such as red-blue-blue versus red-red-green, were classified as
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uninformative (see Figure 1). Next, we calculated per child the number of performed
unique informative experiments (0-3, comparing red-green, red-blue, or green-blue;
quality of exploration measure).

The number of performed unique informative experiments, however, did not equal the
units of information the child generated. Therefore, to check our choice for using this vari-
able as a quality of exploration measure (see Results section), we calculated per child the
number of generated units of information. A unit of information was defined as infor-
mation on the rank order of two blocks. Depending on the order in which the child per-
formed the experiments, a child could generate all three units of information (green > red,
blue > red, blue > green) by either performing two or three unique informative exper-
iments. For example, when a child first performed the experiment green—green-green
versus green-red-red, she generated the information that green blocks are heavier than
red blocks. When she subsequently performed the experiment red-blue-blue versus
red-blue-green, she not only generated the information that blue blocks are heavier
than green blocks but could also infer that blue blocks are heavier than red blocks.
However, when, for example, a child chose to start with performing the informative exper-
iment green-red-red versus red-blue-green, she would need three experiments to gener-
ate all necessary information to determine the rank order of the coloured blocks. Please
note that generated information on a rank order does not equal knowledge on a rank
order: a child might have generated information during play, but this does not mean
that she knows the information. In other words, the number of generated units of infor-
mation is considered a process measure (quality of exploration), while the knowledge on
the rank orders of the blocks is considered an outcome measure (knowledge acquisition;
see next paragraph).

2.3.1.3. Post-test phase. The test leader asked the child for the rank order of each possible
pair of coloured blocks (red-green, red-blue, green-blue). Each time she asked: “Which
block is heavier, this one or this one?(knowledge acquisition measure; see Figure 1). A
second set of questions was administered, concerning the relative weights of combinations
of two balls. As these questions did not directly assess the child’s knowledge on the weight
of the blocks, the answers were not included in the analyses.

2.3.1.4. Structure manipulation (HSC only). The test leader explained the principle of
performing unconfounded, informative experiments. To this end, she used a set of four
balls, each of which contained three coloured blocks (pink and/or purple and/or yellow,
relative weights 1:2:3). She first gave the example of an informative experiment
(purple-purple-purple versus purple-pink—pink), and explained the general rules for
recognising informative experiments:

You always compare two colors at the time; You then pick two balls; You check whether there
are blocks of the same color in the two balls; If so, these blocks don’t count anymore; You
then check whether the blocks that are left are of one color in one ball and of another
color in the other ball; If so, you can put the balls on the scale and know which color
block is the heaviest.

Next, the test leader discussed two additional examples, one of an uninformative exper-
iment (purple—purple-purple versus yellow-yellow-pink) and one of an informative
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experiment (yellow-pink-yellow versus yellow-pink-purple). Finally, she repeated the
general rules for recognising informative experiments (see above) (Figure 1).

2.3.2. Raven’s Coloured Progressive Matrices

To assess children’s intelligence, we used Raven’s (1965) Coloured Progressive Matrices.
The RCPM consisted of 36 items, divided over three sets of 12 (A, AB, and B). The test
is nonverbal in nature: for each item, the child was confronted with an incomplete
picture and asked to select, from six options, the missing element that completes the
picture. The test was printed in black and white and administered via paper and pencil.
Children were given a maximum of 10 minutes to perform the test (Hamel & Schmitt-
mann, 2006). Raw scores were standardised by grade, using Z-scores.

2.3.3. Underwater exploration game

To assess children’s curiosity, we translated Jirout and Klahr’s (2012) Underwater Explora-
tion game. The game was administered on a computer and consisted of 18 items. The child
was told that she would see many different kinds of fish by looking out of the windows of a
submarine. For each item, she was shown information at the sides of the screen about what
might be outside each of two windows and was asked to open one of the windows. The
information was varied to manipulate the level of uncertainty of the item: a minimal infor-
mation gap was represented by one fish (the child knew the type of fish she would see when
opening the window; see Figure 2(A)), a medium information gap was represented by two
to six fish (the child knew she would see one of the presented types of fish when opening the
window; see Figure 2(B)), and a maximum information gap was represented by a question
mark (the child had no information on what type of fish she would see when opening the
window; see Figure 2(A)). The task was adaptive: it presented children with combinations
of information gaps based on their choice of exploration at the previous three items (Jirout
& Klahr, 2012). The child’s level of curiosity was calculated by taking the sum over items of
the number of fish outside the chosen windows. This total uncertainty score was shown to
have the greatest variability and precision by Jirout and Klahr.

3. Results
3.1. General analyses

Prior to analysing the research questions, we examined whether the independent variables,
curiosity and structure of the inquiry-learning environment, were related to children’s sex,
grade, and school. Significant relations would be a reason to include sex, grade, or school
variables in the main analyses.

For the analyses involving curiosity, we used non-parametric tests as the total uncer-
tainty score was not distributed normally. Mann-Whitney tests showed that the total
uncertainty score on the Underwater Exploration game did not differ for girls and boys,
U=2329.00, z=—.25, p=.81 (mean rank girls = 69.25, mean rank boys =70.94), or for
children from grade 2 and grade 3, U=2281.00, z= —.45, p =.65 (mean rank grade 2 =
68.62, mean rank grade 3 = 71.71). A Kruskal-Wallis test showed that the total uncertainty
score did not differ for the four schools, H(3) = 7.20, p =.07 (mean rank school 1 = 62.87,
school 2 =62.57, school 3 = 82.36, school 4 = 65.18).
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(A) Examples of minimum (left) and maximum
(right) information gaps

(B) Examples of medium information gaps
(left and right)

Figure 2. Underwater Exploration game (Jirout & Klahr, 2012).

Next, we checked whether the HSC and LSC of the Scientific Discovery task differed
in terms of sex and grade distributions, and curiosity levels. Sixty-seven children were
assigned to the HSC and 72 children to the LSC (see Procedure section). Chi-square
tests showed that the conditions did not differ in proportions girls and boys, x*(1)
=.09, p=.76 (HSC: 38 girls and 29 boys, LSC: 39 girls and 33 boys), in proportions
children from different grades, Xz(l) =.09, p=.76 (HSC: 38 children grade 2 and 29
children grade 3, LSC: 39 children grade 2 and 33 children grade 3), or in proportions
children from different schools, X2(3) =.26, p=.97, (HSC: 10 children school 1, 24 chil-
dren school 2, 23 children school 3, 10 children school 4; LSC: 9 children school 1, 25
children school 2, 26 children school 3, 12 children school 4). A Mann-Whitney test
showed that the conditions did not differ in average total uncertainty score on the
Underwater Exploration game, U=2356.00, z=-.24, p=.81 (mean rank HSC=
70.84, mean rank LSC =69.22).

To conclude, the above analyses show that curiosity and structure of the inquiry-
learning environment were unrelated to children’s sex, grade, and school, and we
therefore did not include these variables in our main analyses (see next section). Sup-
porting this choice was the fact that inquiry-learning performance did not differ for
children from different sexes, grades, and schools. As the inquiry-learning
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Table 1. Mean ranks for performance on the Scientific Discovery task (quantity and quality of
exploration, knowledge acquisition) by sex, grade, and school.

Quantity of
Quantity of exploration:
exploration: seconds experiments Quality of exploration Knowledge acquisition

Girls (N=77) 70.10 70.38 69.71 66.71
Boys (N=62) 69.87 69.52 70.36 74.08
Grade 2 (N=77) 71.88 72.21 71.51 67.97
Grade 3 (N=62) 67.67 67.25 68.12 72.52
School 1 (N=19) 62.13 71.76 71.53 64.00
School 2 (N =49) 75.77 66.01 70.67 70.26
School 3 (N=49) 61.45 65.57 68.22 76.29
School 4 (N=22) 83.00 87.23 71.14 60.61

Note: See Method section for descriptions of the performance measures on the Scientific Discovery task (quantity and
quality of exploration, knowledge acquisition).

performance variables were not distributed normally, we used non-parametric tests.
Mann-Whitney tests showed that performance on the Scientific Discovery task did
not differ for girls and boys: quantity of exploration in terms of number of played
seconds, U=2379.00, z=-.03, p=.97; quantity of exploration in terms of number
of performed experiments, U=2357.50, z=—.13, p=.90; quality of exploration, U
=.2364.50, z=—.11, p=.92; learning, U=2134.00, z=—-1.21, p=.23 (see Table 1 for
the mean ranks). Mann-Whitney tests showed that performance on the Scientific Dis-
covery task did not differ for children from grade 2 and 3: quantity of exploration in
terms of number of played seconds, U=2242.50, z=—.62, p =.53; quantity of explora-
tion in terms of number of performed experiments, U=2216.50, z=-.75, p=.45;
quality of exploration, U=2270.50, z=—-.55, p=.58; learning, U=2230.50, z=—-.75,
p=.46 (see Table 1 for the mean ranks). Kruskal-Wallis tests showed that perform-
ance on the Scientific Discovery task did not differ between the four schools: quantity
of exploration in terms of number of played seconds, H(3) = 6.45, p =.09; quantity of
exploration in terms of number of performed experiments, H(3) = 5.54, p =.14; quality
of exploration, H(3) =.19, p=.98; learning, H(3) =3.57, p=.31 (see Table 1 for the
mean ranks).

3.2. Curiosity and inquiry-based learning

To investigate how individual differences in curiosity were related to children’s
inquiry-learning performance (process and outcomes) in environments with different
degrees of structure, we conducted four multiple regression analyses while bootstrap-
ping the confidence intervals of the regression coefficients (because of a non-normality
of residuals; Field, Miles, & Field, 2012, p. 954): a set of multiple regression analyses
with the two quantity of exploration measures (number of played seconds and number
of performed experiments in Exploration phase of Scientific Discovery task) as depen-
dent variables, a multiple regression analysis with the quality of exploration measure
(number of performed unique informative experiments in Exploration phase of Scien-
tific Discovery task) as a dependent variable, and a multiple regression analysis with
the knowledge acquisition measure (number of correctly answered questions in
Post-test phase of Scientific Discovery task) as a dependent variable. In all analyses,
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we included structure of the inquiry-learning environment (HSC and LSC Scientific
Discovery task) as an independent variable, and curiosity (centred total uncertainty
score Underwater Exploration game) and intelligence (centered standardised per
grade RCPM score) as covariates (see Method section). All main effects and two-
way interactions were included in the models, as these covered the scope of our
hypotheses.

3.2.1. Quantity of exploration

A regression model with the quantity of children’s exploration in terms of the number of
played seconds as dependent variable showed that the predictors explained a significant
proportion of the variance, F(6,132) = 2.37, p =.033, R* = .097. First, the structure of the
inquiry-learning environment was related to the quantity of children’s exploration
during inquiry-based learning, standardised f8=—.20, p=.022; children in the HSC
played longer during the Exploration phase than children in the LSC (HSC: M =193.87,
SD =48.32, LSC: M =173.32, SD =56.41). Second, children’s curiosity was related to
their quantity of exploration, standardised f$=—.24, p=.038: the number of played
seconds in the Exploration phase decreased with curiosity. A second regression model
showed that the variance in the number of performed experiments was not explained
significantly by the predictors in the regression model, F(5,133) = 1.87, p =.10.

3.2.2. Quality of exploration

A regression model with the number of performed unique informative experiments as
dependent variable showed that the predictors explained a significant proportion of the
variance, F(6,132) =2.42, p=.030, R*=.099. An interaction effect of structure of the
inquiry-learning environment and intelligence on children’s quality of exploration
during inquiry-based learning was found, 8= —.40, p=.002: to illustrate the effect, it
appears that among low intelligent children (median split), children in the HSC performed
more unique informative experiments in the Exploration phase than children in the LSC,
mean difference = —.44, bootstrapped p =.025, while among high intelligent children
structure of the inquiry-learning environment had no effect on the performance of
these type of experiments, mean difference =.04 (see Figure 3).

In the set-up of the Scientific Discovery task, performing unique informative exper-
iments did not equal generating the necessary information to determine the rank order
of the three coloured blocks, and therefore we repeated the analysis of variance with the
number of generated units of information as an outcome variable (see Method section).
This analysis rendered a similar interaction effect of structure of the inquiry-learning
environment and intelligence on children’s quality of exploration, F(6,132) =2.32, p
=.037, R?=.095, B =—.41, p=.005, in addition to an interaction between intelligence
and curiosity, f = —.15, p=.04,

3.2.3. Knowledge acquisition

Before performing the regression analysis, we checked whether children in all conditions
performed above chance level on the post-test (1.5). This was the case: HSC M =2.37,
p =.001, and LSC M =2.53, p=.001. A regression model with the number of correctly
answered questions as a dependent variable including all main and two-way interactions
explained a significant amount of variance, F(6,132) = 3.48, p = 003, R? = .14. However, the
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Figure 3. Quality of exploration: Average number of performed unique informative experiments by the
structure of the inquiry-learning environment and intelligence.

Note: Error bars represent standard errors. Low (N = 74) and high (N = 65) intelligence groups were created by a median
split. NB the median split was performed only for graphical clarity, in the analyses intelligence was included as a covariate.

unique contribution of individual factors was not significant. A regression model with
only main effects included also explained a significant amount of variance, F(3,135) =
6.60, p <.001, R* =.13. Both children’s curiosity, 8 = .24, p =.002, and their intelligence,
B =.20, p=.003, were found to be related to their knowledge acquisition from inquiry-
based learning: the number of correctly answered questions in the Post-test phase
increased with curiosity and with intelligence.

The correlations between curiosity and quantity of exploration and between curiosity
and knowledge acquisition gave rise to a further investigation of the relations between
the three variables. We conducted a mediation analysis with curiosity as the indepen-
dent variable, quantity of exploration (number of played seconds in Exploration phase)
as the mediating variable, and knowledge acquisition as the dependent variable. The
total and direct effects were determined by performing a hierarchical regression analysis
(Jansen et al.,, 2013), and the indirect effect was determined by using the method of
Preacher and Hayes (2004). In step 1 of a hierarchical regression analysis, we per-
formed an analysis estimating the total effect of curiosity on knowledge acquisition.
The results of step 1 were compared to the results of step 2, in which we performed
a second analysis estimating the direct effect of curiosity on knowledge acquisition,
after controlling for quantity of exploration. The explained variance of the regression
model in step 1 was significant, R*=.07, F(3, 137) = 10.54, p =.001. The inclusion of
quantity of exploration as a predictor in step 2 explained a significant additional pro-
portion of variance, AR*=.08, AF(1, 136)=12.09, p=.001. The bootstrap test of
Preacher and Hayes (2004) indicated that the indirect effect, similar to the difference
between the total and the direct effect of curiosity, was estimated at .0017, and dif-
fered significantly from zero (bootstrapped 95% confidence interval ranged from
.0002 to .044).
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Table 2. Results of hierarchical regression analyses estimating total and direct effects of curiosity on
knowledge acquisition.

B SEB B
Step 1: Model total effect of curiosity
Curiosity .008 .002 267%%
Step 2: Model direct effect of curiosity
Curiosity .006 .002 .209*
Quantity of exploration (number of played seconds) —.003 .001 —.282%*

*p < .05; **p <.01.

Table 2 shows that the estimated beta parameter for curiosity was significant in the total
effect model, and smaller but also significant in the direct effect model, signalling a positive
relation between curiosity and knowledge acquisition. The significant parameter associ-
ated with the path from the independent variable to the mediating variable (estimated
with a regression analysis with quantity of exploration as a dependent variable and curi-
osity as a predictor) signalled a negative relation between curiosity and quantity of
exploration, B = —.516, SE B =.206, $ = —.209, p = .014. The significant parameter associ-
ated with the path from the mediating variable to the dependent variable (estimated with a
regression analysis with knowledge acquisition as a dependent variable and quantity of
exploration as a predictor) signalled a negative relation between quantity of exploration
and knowledge acquisition, B=—-.004, SE B=.001, f=—-.325, p<.001. Hence, these
results suggest partial mediation of the relation between curiosity and knowledge acqui-
sition by quantity of exploration: curiosity was associated with a lower quantity of play,
which was associated with more learning.

4. Discussion

The present study investigated how individual differences in 7- to 9-year-olds’ curiosity
are related to the inquiry-learning process and outcomes, in environments with different
degrees of structure. Below we will first discuss the results concerning individual differ-
ences in children’s curiosity, followed by the results concerning the effects of the manipu-
lation of the structure of the inquiry-learning environment. Last, we will discuss the results
concerning the interaction between curiosity and structure of the environment. Note that
the effects we found were robust, but effect sizes were small.

In line with our hypotheses, children’s curiosity was found to be positively related to
their knowledge acquisition: high curious children learned more from inquiry-based
learning than low curious children. Importantly, even though children’s intelligence was
also positively related to their knowledge acquisition, curiosity had an added positive
effect on children’s learning. The relation between curiosity and knowledge acquisition
was in part explained by the quantity of children’s exploration. Against our hypotheses,
high curious children were found to play shorter, which was associated with more learn-
ing. Thus, being curious was not positively, but negatively associated with playtime, and it
was not associated with the number of performed (unique informative) experiments.
Nevertheless, in line with Arnone et al.’s (1994) results, being curious was associated
with more knowledge acquisition, and this effect could not be explained by intelligence.
Even though the shorter play time for the high curious group might suggest that these
results can be explained by this group being bored or uninterested in the inquiry-learning
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task, this is not the case as the number of performed informative experiments did not
differ between the high and low curious group and the high curious group learned
more than the low curious group. A possible explanation for these results is that high
curious children’s preference for uncertainty motivated them to close the information
gap (Jirout & Klahr, 2012; Piotrowski, Litman, & Valkenburg, 2014) by faster and
better reflection on the experiments they performed. The distinction between exploration
on the one hand and reflection and learning on the other hand has also been demonstrated
in previous work on the topic of inquiry-based learning (e.g. Dunbar & Klahr, 1989;
Schauble, 1990). This work showed differences between groups of participants in terms
of the formulation of hypotheses and drawing of conclusions from experiments, but not
in terms of the performance of experiments. For example, Dunbar and Klahr (1989) com-
pared 8- to 11-year-old’s performance to adults’ performance on a robot programming
task. They found children’s learning to be limited compared to that of adults, but both
groups performed similar experiments. Children, however, came up with less efficient
hypotheses than adults and misevaluated evidence by ignoring negative evidence and
only interpreting the results of their most recent experiment. We consider the hypothesis
that high curious children’s motivation to close the information gap is shown in the effi-
ciency of their reflection on experiments an interesting point of departure for future
research.

Next, we investigated the effects of the manipulation of the structure of the inquiry-
learning environment. In line with our hypothesis, we found the structure of the environ-
ment to positively affect the quality of children’s exploration, but this was only the case for
the low intelligent children. The structure of the environment also positively affected the
quantity of children’s exploration, but contrary to our expectations did not have an effect
on children’s knowledge acquisition. Thus, adding structure to the environment led all
children to play longer, without making more experiments. Adding structure to the
environment also led low intelligent children to perform more unique informative exper-
iments, but these changes did not result in more learning. Possibly, the rules for perform-
ing informative experiments that children were given in the high structure condition made
them think longer during exploration on the procedure for performing experiments. The
added structure might have made low intelligent children to understand the principle of
performing informative experiments on a procedural level, but not on a conceptual
level. That is, they learned to follow the rules or procedure for performing these types
of experiments, but might not have understood the results of the experiments on a con-
ceptual level.

Last, contrary to our expectations, individual differences in curiosity were not related to
the extent to which children profited from the structure of the environment during
inquiry-based learning. This result is in line with Arnone et al.’s (1994) results, but con-
trasts with the results from aptitude-treatment interaction studies showing that reducing
uncertainty selectively benefits introvert and high anxious learners and learners with less
prior knowledge (e.g. Cronbach & Snow, 1977 as cited in Kirschner et al., 2006; Leith, 1974
as cited in Eysenck, 1996; Rowell & Renner, 1975; Shadbolt, 1978; Trown & Leith, 1975;
Tuovinen & Sweller, 1999). The absence of an interaction effect between curiosity and
structure of the environment might in the present study be explained by curiosity
mainly being associated with the inquiry-learning outcomes (knowledge acquisition),
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while the structure manipulation affected the inquiry-learning process (quantity and
quality of exploration).

The Scientific Discovery task was developed within the context of this study to measure
children’s inquiry-based learning. The task focuses on the skill of designing informative
experiments. As several studies have demonstrated primary school-aged children’s diffi-
culty with the learning of this skill (e.g. Klahr & Nigam, 2004; Kuhn, Garcia-Mila,
Zohar, & Andersen, 1995) and the present study focused on a relatively young age
group (7- to 9-year-olds), the Scientific Discovery task was designed to present children
with a relatively simple environment for performing informative experiments. The task
therefore only has one type of variable (colour), with three levels (red, blue, and green).
In line with this aim, the study’s results showed that children in all conditions performed
above chance level and children from grade 2 and 3 did not differ in their performance on
the task. In addition, the task was designed to not only assess the inquiry-learning out-
comes but also the inquiry-learning process. Even though the task successfully distin-
guished between children’s knowledge acquisition and their exploration, a suggestion
for improvement of the task concerns the reliability of one of the quantity of exploration
measures: the number of played seconds. In the present version of the task, children were
asked to sit down if they were done exploring, but informal, unsystematic observations
during test administration showed that children’s motivation to stop exploring was not
solely dependent on their certainty about the relative weights of the blocks. Some children
explored shorter because they reasoned it was best to solve the task as fast as possible,
while other children explored longer because their shyness prevented them from indicat-
ing they were done.

To conclude, the results of the present study bear relevance for the practice of (informal)
science education. First, by investigating how curiosity relates to the inquiry-learning process
as well as how curiosity relates to inquiry-learning outcomes, the results shed light on the
manner in which curiosity impacts on inquiry-based learning. The results showing that curi-
osity is positively related to learning outcomes but not positively related to the learning
process, tentatively suggest the need for educators to provide structure to the low curious
group’s inquiry-learning environment by focusing on reflection on performed experiments.
However, future research is needed to replicate and further look into these results. Second,
the present study showed that the structure manipulation did not differ in effectiveness for
low and high curious children, but did so for low and high intelligent children. That is, the
added structure improved the quality of the inquiry-learning process for low, but not high,
intelligent children. The results therefore tentatively suggest the need for educators to adapt
the structure of the inquiry-learning environment to individual children.
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