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Abstract
The present study describes the effects of a 2-year inquiry-focused school improvement intervention on pupils’ attitudes 
towards epistemic curiosity, their implicit beliefs about the malleability of their ability, their effort beliefs, and their goal 
orientation motivations were investigated. Six Dutch primary school teams participated in the study. Quantitative data were 
collected from the 4th, 5th and 6th grade pupils and examined based on a longitudinal pretest–posttest control group design. 
A Structural Equation Modeling approach was first used to examine the relationships among pupils’ attitude, belief, and 
motivation scores. In line with attitude and motivation theory, pupils’ attitudes towards epistemic curiosity and their implicit 
ability beliefs positively related to their effort beliefs and goal orientation motivations. In addition, the intervention affected 
positive changes in pupils’ attitude, belief and motivation scores over time. Findings may inform the further development of 
school development projects aimed at stimulating pupils’ inquiry in primary education, namely by fostering pupils’ attitudes 
towards epistemic curiosity and their implicit ability beliefs.

Keywords Curiosity · Implicit beliefs about intelligence · Effort beliefs · Achievement goal orientation motivation · Inquiry 
learning

Introduction

Policy documents on twenty-first century learning increas-
ingly promote primary school curricula aimed at engaging 
pupils in inquiry (Lucas et al. 2013; OECD 2015). Inquiry 
has been associated with a wide range of complex learning 
behavior, such as voicing inquisitive ideas and questions, 
creatively linking subject matter from different knowledge 
domains, and seeking alternative answers or solutions to 
questions or problems (e.g., Engel 2015; Heywood et al. 
2012; Osborne 2014). When pupils learn by inquiry, it is 

believed that they develop a more meaningful and integrated 
understanding of school subject matter than by forms of rote 
learning (Pellegrino and Hilton 2012).

Despite the educational value of inquiry-based learn-
ing, scientific descriptions of school-wide interventions 
aimed at fostering pupils’ inquiry thinking are still scarce 
and their effects are often not studied on the level of 
the pupil (Syer et al. 2012). Therefore, a 2-year school 
improvement program was developed in which primary 
school teams were trained to adopt inquiry-focused peda-
gogy. To stimulate pupils’ inquiry, teachers learned how to 
stimulate pupils’ (a) attitudes towards epistemic curiosity 
(i.e., perceived value of inquisitive thinking), (b) implicit 
ability beliefs (i.e., perceived malleability of their abil-
ity), (c) positive effort beliefs (i.e., perceived causality 
of their effort on achievement), and (d) achievement goal 
orientations (i.e., perceived goals for achieving in school), 
and to adapt their daily practices accordingly. Previous 
research suggests that these variables are particularly 
salient precursors to pupils’ inquiry and can be fostered 
through school interventions (an overview of this research 
will be provided later on in this Introduction). Results 
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from a recent experimental study showed that the 2-year 
school improvement program indeed increased teachers’ 
inquiry-focused pedagogy (Post and Walma van der Molen 
in press). The question remains, however, whether teach-
ers’ improved inquiry teaching behavior is associated with 
concurrent improvements in their pupils’ attitudinal and 
motivational beliefs that relate to inquiry.

The present paper aims to answer the above question 
by describing two separate, but theoretically linked, analy-
ses. First, we examined the presumed structural relations 
among pupils’ attitudes, beliefs and goal orientations. 
Based on attitude and motivation theory, we propose that 
attitudes towards epistemic curiosity (Post and Walma van 
der Molen 2018b) and implicit ability beliefs (Dweck 2000) 
may positively relate to effort beliefs and achievement goal 
orientation motivations (e.g., Ajzen 2001; Ajzen and Fish-
bein 1980; Blackwell et al. 2007; Eagly and Chaiken 1993; 
Grossnickle 2016; Tempelaar et al. 2015; Van Aalderen-
Smeets and Walma van der Molen 2018). These hypoth-
esized relations have particular educational importance, as 
research increasingly emphasizes approaches to stimulating 
pupils’ motivations to inquire by positively developing their 
attitudes towards curiosity and their implicit ability beliefs 
(e.g., Claxton and Carr 2004; Engel 2015; Post and Walma 
van der Molen 2018b). However, as far as we know, these 
hypothesized relationships have not been tested before in the 
context of an inquiry-focused school intervention. Specify-
ing these hypothesized causal relations into testable mod-
els, as done in this paper, is thus important for two reasons. 
First, it may provide empirical evidence for these proposed 
relations. And second, if attitude towards epistemic curi-
osity and implicit ability beliefs indeed positively relate to 
effort and motivation, the stimulation of positive attitudes 
towards epistemic curiosity and implicit ability beliefs may 
be a valuable supplement to other forms of inquiry-focused 
pedagogy.

Second, in the present study, we investigated the effects 
of the school intervention program on pupils’ attitudes 
towards curiosity, implicit ability beliefs, effort beliefs, and 
achievement goal orientation motivations. This was done 
by comparing the changes in pupils’ attitude, belief, and 
motivation scores during the school intervention program 
to pupils whose teachers had not (yet) participated in the 
program. Findings provide insight into the malleability of 
pupils’ attitudes, beliefs, and motivations by teachers in a 
real-life school context and, thereby, into the efficacy of a 
school-wide implementation of inquiry-focused pedagogy in 
primary schools. This insight may inform the further devel-
opment of such pedagogy for primary education.

Before providing the theoretical foundations of the 
present study, we first provide a summary of the school 
improvement program and its effects on teachers’ inquiry 
teaching behavior.

Summary of the school improvement program 
and its effects on teachers’ inquiry teaching

At each participating school, whole primary school teams 
(comprising all teachers and their school leaders) received 
the same training course. Although different operationaliza-
tions exist of inquiry-based teaching, the course adhered to 
the prevailing notion that pupils’ inquiry should be guided 
rather than directed by teachers (see Walan et al. 2016). 
Thus, participants learned to encourage pupils’ own inquiry-
oriented ideas, questions, and interests to emerge from their 
study of school subject matter and to achieve their usual les-
son content objectives largely in response to pupils’ emerg-
ing ideas, questions, and interests (see also Claxton 2007). 
To accomplish this, the course comprised two consecutive 
parts.

First, teachers completed the 6-months attitude-focused 
training course by Van Aalderen-Smeets and Walma van 
der Molen (2015), which aimed at making them aware of 
their own attitudes towards inquiry and inquiry teaching, and 
to adopt more positive attitudes when necessary. This was 
deemed important, because teachers’ perceptions about such 
matters are known to guide their classroom practices (e.g., 
Osborne et al. 2003; Van Aalderen-Smeets and Walma van 
der Molen 2015). Second, teachers completed a 3-months 
course, aimed at fostering the skills to develop pupils’ atti-
tudes towards epistemic curiosity, implicit ability beliefs, 
positive effort beliefs, and goal orientations as part of daily 
lesson objectives. In parallel, teachers learned to incorpo-
rate more concrete opportunities for pupils’ inquiry during 
their regular lesson activities, such as by stimulating pupils 
to formulate inquisitive questions about the school subject 
matter at hand, to make productive connections between dif-
ferent subject domains, and to test their ideas through design 
experiments. Teachers also learned to assess the above les-
son objectives by formative pupil feedback.

Post and Walma van der Molen (in press) indicated that 
the training course significantly improved teachers’ inquiry 
teaching behavior among an intervention group compared 
to a control group. Immediately after course completion, 
the teachers had increased their inquiry teaching frequency 
to an almost daily basis. Also, teachers showed significant 
improvements in stimulating their pupils’ attitudes, beliefs 
and motivations and integrated more opportunities for pupils 
to study school subject matter through inquiry. Furthermore, 
results showed that the teachers sustained their improved 
practices to 1 year after course completion (the end of the 
research project). Please see Table 1 for a structured over-
view of some of the lesson interventions that were imple-
mented by the teachers in the intervention group during the 
program. For a detailed description of the contents of the 
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course and the study, please see Post and Walma van der 
Molen (in press).

Present study

As shown by Post and Walma van der Molen (in press), the 
school improvement program succeeded in helping teach-
ers create stimulating classroom cultures and practices for 
pupils’ inquiry learning. In the present study, we examined 
the extent to which the program affected positive changes in 
pupils’ (a) attitudes towards epistemic curiosity, (b) implicit 
ability beliefs, (c) positive effort beliefs and (d) achievement 

goal orientation motivations. In the following subsections, 
each of these variables are described in more detail.

Attitude towards epistemic curiosity

Epistemic curiosity is the desire for new intellectual infor-
mation and is known for driving complex exploratory behav-
ior (Piotrowski et al. 2014). However, no well-established 
guidelines or instruments yet exist to promote or assess 
pupils’ epistemic curiosity in school settings (for a review, 
see Grossnickle 2016). Post and Walma van der Molen 
(2018b) were first to propose that, on the basis of attitude 
theory, pupils’ epistemic curiosity can only flourish in class-
rooms where pupils perceive the epistemic value, pleasure, 

Table 1  Overview of example lesson interventions by the teachers among the intervention group during the program

Component Example lesson interventions

Attitudes towards epistemic curiosity Role modeling for pupils the use of curiosity as a strategy for exploring novel subject matter, such as by 
asking follow-up questions or wondering about alternative ideas

Inspiring pupils with personal quotes from influential engineers or researchers in the news that underscore 
the value of curiosity-driven people to society (e.g., Elon Musk)

Before pupils start to collaborate on a research project, explicitly asking everyone to welcome and 
encourage each other’s curiosity-based ideas and questions about the subject matter at hand

After pupils have finished a project, asking them to recall any curiosity-related behavior by their peers 
that they found inspiring and would like to learn from

Rewarding pupils for their inquisitive follow-up questions for investigating lesson content, such as by 
rewarding them with stickers or displaying their questions on the classroom wall

Implicit beliefs about the malleabil-
ity of their ability

Praising pupils’ effort, rather than their ability, when they have completed a difficult learning task
Inspiring pupils to imagine their potential learning ability if they stick with giving it their best effort in 

school, especially at times when they have failed a test
Cultivating in pupils a shared notion that making ’mistakes’ during learning is an essential and fun part 

of it, such as by showcasing pupils’ most ’promising mistakes’ during lesson activities or by displaying 
these in the classroom (e.g., failed product designs)

Teaching pupils about the plasticity of the human brain and its potential growth through effortful learn-
ing, such as by use of online videos about brain development

When pupils say that they ‘are simply not good at doing maths’, helping them to rephrase such percep-
tions more incrementally, with statements such as ‘I am not yet good at maths’

Positive effort beliefs Role modeling for pupils the joy and usefulness of putting effort into researching subject matter, such as 
by joining in on pupils’ research assignments

Asking pupils to describe their past learning efforts, for example, after they have finished an assignment, 
in order to discuss resulting learning outcomes

Convincing pupils about the causal relation between effort and performance by referring to other kinds of 
their personal experiences with ‘effort’, such as in sports

Discussing with pupils their perceptions of the value of putting extra effort into learning and asking them 
to illustrate their answers with personal examples

Teaching pupils about the range of effortful actions that may foster their learning performance, such as 
asking questions or seeking explanations

Achievement goal orientations Encouraging pupils to set learning goals in line with their own personal interests and including these 
goals on their performance cards

Helping pupils not to shy away from difficult learning tasks, but to find a sense of pride in committing to 
mastering such tasks

Setting up friendly competitions that challenge pupils to increase their learning performance, such as who 
can generate the most inquisitive questions about a particular school subject matter in a limited amount 
of time

Setting aside time in the weekly lesson roster for pupils to explore their own learning interests, either 
alone or together with peers

Inspiring pupils to pick their own academic role models (e.g., engineers, family, celebrities) and to formu-
late personal goals to become that good themselves
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appreciation, and opportunity of being curiously-minded 
learners. Together, such cognitive, affective, normative and 
control perceptions may determine motivations to perform 
or not perform associated behavior (Ajzen and Fishbein 
1980; Eagly and Chaiken 1993). Although attitudes are rela-
tively stable psychological constructs, they can be improved 
through interventions, such as by explicit reflection and dis-
cussion activities (Vogel and Wänke 2016).

Post and Walma van der Molen (2018b) proposed five 
components of pupils’ attitudes towards epistemic curiosity 
that, on the basis of the Theory of Planned Behavior (TPB) 
by Ajzen (2001), may precede pupils’ epistemic curiosity 
in school settings, namely: (1) pupils’ perception of the 
learning value and pleasure of being epistemically curious 
(Personal Inclination); (2) pupils’ perception of the value of 
epistemically curious people to society (Societal Relevance); 
(3) pupils’ perception of their classmates’ negative judg-
ments about them being curious (Fear of Classmates’ Nega-
tive Judgment); (4) pupils’ negative opinions about other 
people’s epistemic curiosity (Negative Opinion); and lastly 
(5), pupils’ perception of their capability to be epistemically 
curious (Self-Efficacy). For detailed descriptions of these 
attitude components, including corresponding measurement 
scales, please see Post and Walma van der Molen (2018b).

Implicit ability beliefs

Another psychological factor that has been suggested to 
impact pupils’ inquiry is pupils’ implicit beliefs about the 
malleability of their ‘intelligence’. Dweck (2000) claims that 
pupils may hold different intelligence, or ability, beliefs. 
Two opposing beliefs are distinguished, namely the belief 
that ability is a fixed internal characteristic (Entity Beliefs) 
and the belief that ability is malleable and can be largely 
improved through practice and experience (Incremental 
Beliefs). According to Dweck, and others, these implicit 
beliefs determine a wide range of achievement-related 
motivations, such as how pupils approach learning, how 
they respond to challenges, and how they cope with set-
backs (e.g., Burnette et al. 2013; Mangels et al. 2006). Pupils 
endorsing an entity belief likely attribute their failure to a 
lack of innate ability and are thereby prone to disengage 
from difficult learning tasks or avoid such tasks altogether. 
Pupils endorsing an incremental belief likely attribute their 
failure to a lack of practice and are more prone to embrace 
challenges to grow their competency (Dweck 2000). Studies 
show that incremental beliefs can be fostered through lesson 
interventions, such as by teaching pupils about brain plastic-
ity or by praising their learning effort rather than their ability 
(e.g., Blackwell et al. 2007; Paunesku et al. 2015).

Positive effort beliefs

Effort beliefs refer to the perceived contingency between 
one’s learning outcomes and one’s invested efforts (Dweck 
and Leggett 1988). It is well-established in the learning-
sciences that effort beliefs play a key role in academic suc-
cess, including in inquiry-based learning (Claxton and Carr 
2004), as they mediate the link between motivation and 
performance (Elliot 1999; Goodman et al. 2011). Pupils’ 
positive effort beliefs toward a learning task must precede 
their exertion of effort, because the commitment to the task 
implies the belief that the exerted effort will likely lead to 
positive outcomes. Thus, research has repeatedly recom-
mended interventions aimed at teaching pupils about the 
value of effortful, inquiry-focused thinking as a strategy for 
attaining improved learning outcomes (e.g., Claxton 2007).

Achievement goal orientation

Achievement goal orientation represents pupils’ purpose 
for enacting achievement-related behavior (Ames 1992). 
Despite discussions about the nature and constellation of 
achievement goals (e.g., Senko et al. 2011), research by 
Elliot and Church (1997) indicates that achievement goals 
can be understood best by a multiple goals perspective 
framework, namely: (1) mastery goal orientations, which 
represent motives to learn for the sake of learning and self-
improvement; (2) performance-approach goal orientations, 
which represent motives to demonstrate competency rela-
tive to others; and (3) performance-avoidance goal orien-
tations, which represent motivates to avoid the display of 
incompetence to others. By this trichotomous model, mas-
tery and performance-approach goals have been associated 
with a host of positive cognitive, motivational, affective, 
and behavioral outcomes relevant to inquiry-based learn-
ing, such as self-regulated learning (Pintrich 2003), whereas 
performance-avoidance goals are associated with no positive 
outcomes (Fadlelmula 2010).

Hypotheses

We assessed the above-described variables among the 
pupils of the participating schools (intervention and 
control) before (T1), immediately after (T2), and 1 year 
after (T3) the school improvement program. As described 
before, this allowed us to first examine the positive rela-
tion of pupils’ attitudes towards curiosity and their implicit 
ability beliefs on their effort beliefs and goal orientation 
motivations, based on the T1 data. Second, we examined 
both the short-term and long-term changes in pupils’ atti-
tude, belief, and motivation scores over time as a result 
of the school intervention. This longitudinal investigation 
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was believed important, because research suggests that 
attitude and motivation changes generally require long-
term interventions (e.g., Blackwell et al. 2007; Vogel and 
Wänke 2016). Since the teachers in the intervention group 
were still in training during the first year of the program 
(T1 to T2) and since Post and Walma van der Molen (in 
press) found that the teachers in the intervention group 
extended their inquiry teaching practice from T2 to T3, 
we generally expected to observe the greatest changes in 
pupils’ scores by the end of the program (T3).

Hypothesized relationships among pupils’ attitudes, 
beliefs and motivations

Two theoretical pathways were examined by means of two 
separate, multivariate structural models, namely the influ-
ence of: (1) attitudes towards epistemic curiosity on effort 
beliefs and on achievement goal orientation (i.e., on the 
basis of the TPB by Ajzen 2001); and (2) implicit ability 
beliefs on effort beliefs and on achievement goal orientation 
(i.e., on the basis of the motivation framework described by 
Blackwell et al. 2007). Please note that, with the separation 
of these models, we do not imply that attitude towards epis-
temic curiosity and implicit ability beliefs are necessarily 
unrelated. Rather, we decided to test two models, because 
these could be empirically tested more easily, would pro-
duce more straightforward interpretations and could lead 
to more practical recommendations for school intervention 
programs.1

Model 1: The influence of attitudes towards epistemic 
curiosity on positive effort beliefs and goal orientation 
motivations

On the basis of the Theory of Planned Behavior by Ajzen 
(2001), we hypothesized that pupils’ attitudes towards epis-
temic curiosity would directly predict positive effort beliefs 
and goal orientation motivations (e.g., Fishbein and Ajzen 
1974; Grossnickle 2016). Litman (2008) suggested that 
epistemic curiosity might be positively related to mastery 
goal orientation, because epistemic curiosity represents 
the intrinsic desire for intellectual information and thereby 

evokes a natural focus on mastery goals. However, because 
the components of pupils’ attitudes towards epistemic curi-
osity stem from different underlying cognitive, affective, 
normative, and control dimensions of the TPB, we expected 
that each component would relate differently to effort beliefs 
and goal orientations.

On the basis of the above literatures, we hypothesized 
that the Personal Inclination component would positively 
predict Mastery Goal Orientation and Positive Effort Beliefs, 
because pupils who perceive the personal value of being 
curiously-minded would likely seek opportunities for pursu-
ing their own learning interests. We expected the Personal 
Inclination to be unrelated or negatively predict with Per-
formance-Approach Goal Orientation, because pupils who 
perceive the personal value of curiosity are likely to be less 
focused on achieving in reference to other people.

We expected the Societal Relevance component to be 
unrelated or to positively predict Mastery Goal Orientation, 
because the component refers to pupils’ perceived value of 
other curiously-minded people to society and not necessarily 
of their own. Thus, we expected this component to positively 
predict Performance-Approach Goal Orientation and Posi-
tive Effort Beliefs, as these may reflect motives to perform 
relative to oneself and to others.

We hypothesized the Negative Opinion and Fear of 
Classmates’ Negative Judgement components to be unre-
lated or negatively related to Mastery Goal Orientation and 
Performance-Approach Goal Orientation, since pupils with 
such negative normative perceptions about curiosity-driven 
thinking likely avoid circumstances that may reveal their 
inquisitiveness to others. In addition, we expected the Nega-
tive Opinion component to be either unrelated or negatively 
related to Positive Effort Beliefs, because these opinions do 
not directly relate to pupils’ own efforts for learning. In the 
case of the Fear of Classmates’ Negative Judgment compo-
nent, however, we expected a negative relation with Positive 
Effort Beliefs, because pupils who hold this fear are likely to 
avoid showing effortful, curiosity-oriented behavior to their 
peers. Thus, we expected both attitude components to posi-
tively relate to Performance-Avoidance Goal Orientation.

Lastly, we expected the Personal Inclination, Societal 
Relevance, and Self-Efficacy components to be negatively 
related to Performance-Avoidance Goal Orientation, because 
pupils with such positive perceptions intentionally seek 
opportunities for being inquisitive.

Given the general influence of attitude on effort and moti-
vation, we expected to find the above-described relationships 
among pupils’ attitudes, effort beliefs and goal orientation 
scores already at the onset (T1) of the program (Hypothesis 
1).

1 Please note that the relations among attitudes, beliefs and motiva-
tions (and behavior) may be reciprocal as well (Vogel and Wänke 
2016), since pupils’ confirmatory experiences with inquiry may in 
turn positively influence attitude and motivation change (e.g., Post 
and Walma van der Molen 2018a; Keong and Hirst 2010). For exam-
ple, pupils’ experience that one’s epistemic curiosity behavior indeed 
brings about positive learning outcomes may lead them to develop 
a more positive attitude towards epistemic curiosity. However, we 
ignored these complexities for theoretical and methodological rea-
sons.
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Model 2: The influence of implicit ability beliefs on positive 
effort beliefs and goal orientation motivations

We used the motivation framework described by Blackwell 
et al. (2007) to hypothesize the relationship among implicit 
ability beliefs and effort beliefs and goal orientations. Such 
a direct relationship has been hypothesized by others as well, 
such as Dinger et al. (2013).2 Hong et al. (1999) showed that 
pupils who endorse incremental beliefs, are more likely to 
attribute their learning outcomes to their efforts than pupils 
who endorse entity beliefs. This link is not surprising, since 
pupils who endorse incremental beliefs believe in the mal-
leability of their ability through effortful practice (Dweck 
2000). Burnette et al. (2013) indicated that pupils holding 
incremental ability beliefs also seem predominantly focused 
on mastery goals, because they view challenging learning 
tasks as opportunities to further grow their abilities. Con-
versely, they focus less on performance-approach and per-
formance-avoidance goals. Pupils who endorse entity beliefs 
focused more on performance-approach and performance-
avoidance goals, because they view their abilities as innately 
fixed and thus seek tasks to demonstrate their ability or avoid 
tasks for risk of failure (Burnette et al. 2013).

Given the general influence of implicit ability beliefs 
on effort and motivation, we hypothesized that at T1, the 
Incremental Beliefs component positively related to Mastery 
Goal Orientation and Positive Effort Beliefs, and negatively 
related to Performance-Avoidance Orientation components. 
We expected the Incremental Beliefs component to be either 
unrelated or positive related to Performance-Approach Goal 
Orientation, because pupils with incremental ability beliefs 
might still feel driven to demonstrate their achievements to 
others. Conversely, we expected the Entity Beliefs compo-
nent to relate positively to Performance-Avoidance Goal 
Orientation, Performance-Approach Goal Orientation, and 
Positive Effort Beliefs, but negatively to Mastery Goal Ori-
entation. Hypothesis 2 comprises the above-described rela-
tionships among the variables of Model 2.

Hypothesized effects of the school intervention 
program on pupil growth

Grade level mean score differences on the pretest

According to Jones et al. (2003), high-stake testing and 
efforts to ‘teach to these tests’ become increasingly 

prominent as pupils transition towards the upper grades of 
primary school. This typical school practice is believed to 
offer pupils little encouragement for inquiry and may, con-
sequently, lead them to develop negative attitudes, beliefs, 
and motivations towards inquiry over time (Engel 2015; Post 
and Walma van der Molen 2018a, b).

We thus expected all upper-grade pupils to have rela-
tively less positive mean pretest scores on the dependent 
variables Personal Inclination, Societal Relevance, Self-
Efficacy, Incremental Belief, Positive Effort Beliefs, and 
Master Goal Orientation and relatively more negative mean 
pretest scores on the dependent variables Negative Opinion, 
Fear of Classmates’ Negative Judgment, Entity Belief, and 
Performance-Avoidance Goal Orientation at T1, compared 
to the scores of the lower-grade pupils on these variables at 
T1 (Hypothesis 3).

Longitudinal effects of the school intervention program 
on pupil growth

Post and Walma van der Molen (in press) indicated that, 
after the school improvement program (T2), teachers stimu-
lated pupils’ attitudes towards epistemic curiosity, implicit 
ability beliefs, positive effort beliefs and achievement goal 
orientation. Thus, we expected to observe increases in 
pupils’ mean scores in the intervention group on their Per-
sonal Inclination, Societal Relevance, Self-Efficacy, Incre-
mental Belief, Positive Effort Beliefs, and Master Goal Ori-
entation mean scores from T1 to T2 and decreases in their 
Negative Opinion, Fear of Classmates’ Negative Judgment, 
Entity Belief, and Performance-Avoidance Goal Orientation 
mean scores from T1 to T2 (across all grade level groups), 
while we did not expect such changes in the control group 
(Hypothesis 4a).

Furthermore, it was believed that the pupils with the 
most negative mean T1 scores on our dependent variables 
would show the greatest score improvement over time as a 
result of the school improvement program, because all of 
their teachers stimulated positive attitudes, beliefs, and goal 
orientations to an equal degree (see Post & Walma van der 
Molen, in press). Thus, we expected to observe increased 
homogeneity among pupils’ attitude, belief and goal orien-
tation mean scores throughout the program. This implied 
that, given Hypothesis 3, we expected significantly greater 
improvement in the mean scores of the upper-grade pupils 
on all dependent variables from T1 to T2 compared to the 
mean scores of the lower-grade pupils on these variables 
(Hypothesis 4b).

During the second phase, from T2 to T3, we expected 
pupils’ means scores of the intervention group on all 
dependent variables to further improve (Hypothesis 5a). 
In line with Hypothesis 4b, we also expected significantly 
greater improvement in the mean scores of the upper-grade 

2 It should be noted that the association of implicit ability beliefs 
with motivation is complex and has been described using different 
mediators (e.g., Tempelaar et  al. 2015; Van Aalderen-Smeets and 
Walma van der Molen 2018, 2018). As discussed before, we ignored 
these complexities for theoretical and methodological reasons.
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pupils on all dependent variables from T2 to T3, compared 
to the mean scores of the lower-grade pupils on these vari-
ables during this time (Hypothesis 5b).

Method

Design and sample

Six Dutch primary schools volunteered to participate in the 
study. From these schools, all 4th, 5th and 6th grade pupils 
(K8, i.e. age 9–12) participated as respondents. Our main 
reason for focusing on this particular age group was that our 
survey instruments proved too difficult for younger pupils to 
comprehend.

A quasi-experimental pretest–posttest control group 
design with a second posttest was used to assess the effects 
of the school intervention program on these pupils. The six 
participating schools were assigned to either one of two 
groups: (1) the intervention group, for schools that partici-
pated in the program; and (2) the control group, for schools 
that did not participate in the program. Please note that 
the teachers in the control group participated in the same 
school intervention program at a later time during the pro-
ject (school year 2015–2016). However, the examination of 
the effects of this delayed intervention on pupils’ attitudes, 
beliefs, and motivations fell outside the scope of the current 
study.3

During the first research phase (school year 2014–2015), 
we assessed the effects of the intervention by means of a 
pretest–posttest control group design (T1 vs. T2), where 
the changes in pupils’ scores in the intervention group 
were compared to the changes in pupils’ scores in the con-
trol group. During this first phase, the intervention group 
consisted of 255 pupils (55.3% female): 69 fourth graders, 
87 fifth graders, and 99 sixth graders. At T2 (at the end 
of the same school year), the intervention group remained 
unchanged. At T1, the control group consisted of 275 pupils 
(47.3% female): 89 fourth graders, 90 fifth graders, and 96 
sixth graders. At T2, the control group changed to 273 pupils 
(47.6% female).

In the second research phase (school year 2015–2016), 
we examined longitudinal changes in pupils’ scores among 
the intervention group by means of a one-group longitudinal 

comparison of results over T1, T2, and T3. For this compari-
son, we only examined changes in the scores of the cohort of 
pupils that had remained in the study at all three measure-
ment times (n = 155; 60.6% female). Pupils in Grade 6 that 
had participated at T1 and T2 (n = 99) were thus not included 
in this longitudinal investigation, because they had already 
moved to secondary education at the time of T3. In addition, 
at T3, a new cohort of grade 4 pupils (n = 102) took part in 
our data collection, as they transitioned from grade 3 at T1 
and T2. In total, no pupils dropped out during the program. 
One single pupil remained in grade 5 throughout T1, T2 and 
T3. In total, at T3, the intervention group comprised a total 
of 257 pupils (62.6% female): 102 fourth graders, 69 fifth 
graders, and 86 sixth graders.

In addition to the intervention and control schools, we 
recruited three additional primary schools to serve as a base-
line reference group (naive control group) for pupils’ scores 
at T1. Research shows that teachers’ interests in inquiry 
teaching may be positively related to their inquiry teach-
ing behavior, and thereby, pupils’ experiences with inquiry 
learning in school (Lumpe et al. 2012). Although all six 
schools that volunteered to participate in our study claimed 
to have little prior experience with inquiry-based teaching 
at the onset of the study, we wanted to test this assumption. 
The naive reference group of schools was recruited from the 
same area as the six participating schools and comprised 248 
pupils (46.0% female): 72 fourth graders, 80 fifth graders, 
and 96 sixth graders.

Measures

We used a survey instrument that comprised four different 
questionnaires, namely pupils’ attitudes towards epistemic 
curiosity (Post and Walma van der Molen 2018b), implicit 
ability beliefs (De Castella and Byrne 2015), effort beliefs 
(Blackwell et al. 2007), and goal orientation motivation 
(Elliot and McGregor 2001). In total, the survey instrument 
consisted of 41 item statements that were consistently meas-
ured by means of a four-point Likert-type response option 
scale. Response options ranged from (1) ‘fully disagree’, 
(2)’somewhat disagree’, (3) ‘somewhat agree’, to (4) ‘fully 
agree’ (for a rationale for using a four-point response scale, 
please see Kulas and Stachowski 2009). On the basis of rec-
ommendations by Schwarz (2008), we made changes to the 
wording of several item statements of most questionnaires to 
improve their comprehensibility for our respondent group. 
We also randomized the sequencing of the items of each 
questionnaire.

Attitude towards epistemic curiosity

Attitudes towards epistemic curiosity was assessed by 
means of the Attitudes Towards Epistemic Curiosity scale 

3 Post and Walma van der Molen (in press) indicate that the (same) 
delayed intervention for the control group was incidentally hindered 
by several school factors (e.g., teachers felt discontent with one of the 
teacher trainers, new lesson methods were introduced in a school dur-
ing the program that demanded too much attention of the teachers). 
As a result, the teachers in the control group generally showed limited 
improvements in their inquiry teaching practices during the interven-
tion.
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taken from the Children’s Images and Attitudes of Curios-
ity (CIAC) questionnaire by Post and Walma van der Molen 
(2018b). The scale consisted of 17 items in total; 4 items 
for the Personal Inclination subscale (e.g., ‘It is very impor-
tant to me to come up with interesting questions at school, 
because then I learn more about the things around me’), 
3 items for the Societal Relevance subscale (e.g., ‘I think 
people who ask good questions have a big impact on soci-
ety’), 3 items for the Negative Opinion subscale (e.g., ‘I 
feel classmates are being stubborn when they always want 
to know all about everything in class’), 3 items for the Fear 
of Classmates’ Negative Judgment subscale (e.g., ‘I find it 
scary to show that I’d like to know more about a topic in 
class’), and 4 items for the Self-Efficacy subscale (e.g., ‘I 
am really good at coming up with new questions about all 
sorts of topics in lessons at school’).

Implicit ability beliefs

Our implicit ability beliefs scale was based on the question-
naire by De Castella and Byrne (2015), which comprised 4 
items for the Incremental Beliefs subscale (e.g., ‘I believe 
that I can always somewhat improve my ability to think’) 
and 4 items for the Entity Beliefs subscale (e.g., ‘I believe 
that my ability to think is set and nothing can change it’). 
De Castella and Byrne (2015) revised the items of the origi-
nal implicit intelligence beliefs scale by Dweck (2000) to 
measure respondents’ beliefs about the malleability of their 
own intelligence, instead of the malleability of intelligence 
in general. In addition, we replaced the term ‘intelligence’ 
with the term ‘ability’ in the item statements of the revised 
implicit intelligence scale by De Castella and Byrne (2015). 
The term ‘intelligence’ by Dweck (2000) has been critiqued 
for being too ambiguous and too complex (Aalderen-Smeets 
et al. 2018). We agree that these issues could result into 
varying interpretations by the primary school pupils in our 
sample when rating their ability beliefs (e.g., Does the term 
‘intelligence’ also imply ‘factual knowledge’?). To prevent 
these potential psychometric issues, in the current study, we 
thus used the word ‘ability’ instead.

Effort beliefs

The Positive Effort Beliefs scale used in the present study 
was taken from the Effort Belief questionnaire by Blackwell 
(2007) (see also Blackwell et al. 2007). The scale comprised 
a total of 4 items (e.g., ‘I work harder on assignments that I 
find difficult, because that makes me learn the most’).

Achievement goal orientation

Lastly, the AGQ questionnaire from Elliot and McGregor 
(2001) was used to measure Goal Orientation Motivations, 

which distinguishes 5 items for the Mastery Goal Orien-
tation subscale (e.g., ‘I really like to learn something new 
about a school subject, because I find that to be interesting 
for myself’), 5 items for the Performance-Approach Goal 
Orientation subscale (e.g., ‘It is important for me to do better 
than other classmates’), and 5 items for the Performance-
Avoidance Goal Orientation subscale (e.g., ‘I prefer to work 
on easier assignments, so I cannot get anything wrong’).

Data quality assessment

We took several steps to examine the psychometric qual-
ity of each of the four questionnaires in preparation of our 
main analyses by means of Mplus version 7.4 (Muthén and 
Muthén (1998–2015). We first conducted Exploratory Fac-
tor Analysis (EFA) to examine the unrestricted latent factor 
structure (a maximum number of 10 factors was pre-set). 
We conducted iterative EFAs separately for each question-
naire on the basis of the pretest data (T1) to first establish 
acceptable item-factor structures, as all four questionnaires 
represented theoretically distinct psychological constructs. 
Although all four questionnaires were pre-validated, we had 
rephrased several item statements, and thus wanted to verify 
whether our revised items would still correspond to their 
respective latent factors. Because we expected the subscales 
of each questionnaire to correlate, we conducted EFA using 
the robust weighted least squares estimator (WLSMV) and 
Geomin oblique rotation to determine the best rotated solu-
tion (Reise et al. 2000). We retained factors on the basis 
of eigenvalues of 1.00 or greater. Items were omitted from 
consecutive EFAs if they showed a factor loading lower than 
0.40 or cross loadings less than a 0.15 difference from an 
item’s greatest factor loading (Worthington and Whittaker 
2006).

As expected, EFA results indicated that most items loaded 
on their expected factors. The eigenvalues of the factors were 
greater than 1.00. With concern to the Achievement Goal 
Orientation questionnaire, EFA results revealed a two-factor 
solution, indicating that the five items belonging to the Mas-
tery Goal Orientation subscale and the five items of the Per-
formance-Avoidance Goal Orientation subscale all loaded 
on their respective factors. All five items belonging to the 
Performance-Approach Goal Orientation subscale, however, 
showed poor loadings and cross-loadings. We thus removed 
these items from our data set. No other items were removed 
from any of the four questionnaires.

Previous research has shown that attitude, mindset and 
motivation can be regarded as generally distinct but closely 
related psychological constructs (e.g., Tempelaar et al. 2015; 
Van Aalderen-Smeets et al. 2018; Vogel and Wänke 2016). 
However, because the CIAC questionnaire instrument was 
relatively new, we used extensive quantitative methods to 
determine the discriminant power of the CIAC compared to 
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our measures of pupils’ implicit ability beliefs, effort beliefs 
and their achievement goal motivations. On the basis of the 
resulting latent factor structures derived from EFA, we 
therefore conducted Confirmatory Factor Analysis (CFA) 
with WLSMV including all factors of all four question-
naires. This allowed us to examine the discriminant power 
of each individual factor relative to every other factor across 
all four questionnaires, while retaining each factor’s theoreti-
cal underpinning.

To determine model fit, we examined multiple good-
ness-of-fit indices. We used the absolute model fit estimate 
Weighted Root Mean Square Residual (WRMR), instead 
of the conventional χ2/df fit index, because WRMR is less 
sensitive to large respondent groups (Prudon 2015). WRMR 
should be around 1.0 to indicate acceptable model fit. In 
addition, we used the Comparative Fit Index (CFI), (3) the 
Tucker-Lewis Index (TLI), and (4) the RMSEA (Floyd and 
Widaman 1995) to examine whether the factor structures 
of our questionnaires fitted the data. An acceptable fit is 
indicated by CFI and TLI values between 0.90 and 0.95 
(good fits > 0.95), and RMSEA values below 0.08 (Mueller 
and Hancock 2008). CFA confirmed that all the factorial 
structures derived from EFA fitted the data, as indicated by 
good model fit indicates. The item loadings on their related 
factors ranged between 0.54 to 0.85. Please see Appendix 

Tables 5, 6, 7 and 8 for the complete item statements of the 
survey instrument.

In addition, we followed the guidelines by Carter (2016) 
to assess the discriminant power of the four questionnaires. 
To this end, we established the convergent power of each 
individual factor of a questionnaire and its discriminative 
power relative to all other factors of the four questionnaires. 
We calculated Average Variance Extracted (AVE), Aver-
age Shared Variance (ASV), and Maximum Shared Vari-
ance (MSV) of each individual factor (subscale) based on 
the coefficients resulting from CFA. The convergent power 
of a factor is considered satisfactory when AVE is equal to 
or greater than 0.50 and the composite reliability (CR) of 
the factor is greater than 0.70. Both measures indicate the 
amount of shared variance among the items that define the 
factor. Discriminative power is satisfactory when AVE is 
greater than the Average Shared Variance (ASV) between 
this factor and all other factors and is greater than the MSV. 
When results proved acceptable, we computed mean sum-
scores for each factor by averaging respondents’ scores on 
the final set of items that defined the factor. As shown in 
Table 2, results indicated that the convergent and discrimi-
native power of each factor relative to all factors of the four 
questionnaires was generally acceptable. We note a particu-
larly strong relation between the Personal Inclination factor 

Table 2  Factor correlations, CR, AVE, MSV, and ASV for the subscales as obtained by confirmatory factor analysis on the basis of the T1 pre-
test data (n = 530)

*Factor correlation is statistically significant at p < 0.05

Attitudes towards epistemic curiosity Implicit ability 
beliefs

Effort beliefs Goal orienta-
tion motiva-
tions

PI SR NO FJ SE IB EB PE MA PA

Attitudes towards epistemic curiosity
Personal inclination (PI)
Societal relevance (SR) 0.75*

Negative opinion (NO) – 0.38* – 0.33*

Fear of classmates’ negative judgment (FJ) – 0.03 0.14* 0.56*

Self-efficacy (SE) 0.83* 0.59* – 0.33* – 0.07
Implicit intelligence beliefs
Incremental beliefs (IB) 0.54* 0.49* – 0.29* – 0.09 0.43*

Entity beliefs (EB) – 0.23* – 0.24* 0.40* 0.23* – 0.09 – 0.71*

Effort beliefs
Positive effort beliefs (PE) 0.71* 0.55* – 0.32* – 0.19* 0.61* 0.57* – 0.28*

Goal orientation motivations
Mastery goal orientation (MA) 0.72* 0.51* – 0.49* – 0.24* 0.61* 0.57* 0.25* 0.80*

Performance-avoidance goal orientation (PA) – 0.40* – 0.39* 0.53* 0.35* – 0.28* – 0.25* – 0.38* – 0.53* – 0.55*

Composite reliability (CR) 0.80 0.78 0.73 0.79 0.83 0.85 0.87 0.82 0.88 0.87
Average variance extracted (AVE) 0.63 0.67 0.60 0.68 0.67 0.66 0.69 0.67 0.73 0.70
Maximum shared variance (MSV) 0.69 0.57 0.31 0.31 0.69 0.50 0.50 0.64 0.64 0.30
Average shared variance (ASV) 0.32 0.23 0.17 0.07 0.24 0.22 0.12 0.29 0.31 0.17
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and the Mastery Goal Orientation factor. As previously 
described, however, such statistical overlap was expected, 
given the inherent psychological interrelatedness of attitude, 
mindsets and motivation. It should be noted that the above 
thresholds for model fit and construct validity are simply 
guidelines and not strict rules (Carter 2016; Prudon 2015).

Lastly, we also conducted the above CFA computations 
and examinations separately on our T2 data of both groups 
and T3 data on the remaining cohort of pupils among the 
intervention group. As described, one could expect changes 
in the relationships among our dependent variables as a 
result of pupils’ attitude, belief, and motivation develop-
ment. We thus tested whether the pre-defined latent factor 
structures found in the pretest data (T1) remained consist-
ent across the 2 years of the program (T2 and T3), in order 
to allow reliable comparative examinations of pupils’ mean 
scale scores over time. Results showed that all of our pre-
defined factor structures at T1 remained consistent at T2 and 
T3, as indicated by acceptable model fit indices. Please see 
Table 3 for the model fit indices of the different scales at all 
three measurement times.

Procedure

A paper-and-pencil version of the complete survey instru-
ment (i.e., four questionnaires) was administered by a 
research assistant to all the pupils at T1 (October 2014), T2 
(June, 2015), and T3 (June, 2016), in their own classrooms 

during normal school hours. First, the assistant introduced 
the data collection procedure to the whole class. The pupils 
were given the time needed to complete the questionnaire 
(about 20 min). If a child did not understand a particular 
item, the assistant provided feedback individually. The 
principal author of this study explained the objectives, time 
requirements, and nature of the data collection procedure to 
the school management, teachers, and parents several weeks 
prior the start of the data collection. Informed consent was 
obtained from the parents of all the pupils who participated 
in the study in accordance with the ethical guidelines of our 
university.

Data analyses

Investigating the relations among attitude, beliefs 
and motivation

We used a Structural Equation Modeling (SEM) approach 
in Mplus to investigate the hypothesized structural relations 
among attitudes, beliefs, and motivations, as specified before 
in Hypotheses 1 and 2. We thus tested two structural models 
using SEM analysis, that describe these hypothesized rela-
tionships among our variables (i.e., latent factors). There-
fore, we first tested both hypothesized models on the basis of 
the T1 pretest data of the intervention group and the control 
group (n = 530).

Investigating pupils’ attitude, belief and motivation 
development over time

The effects of the intervention on pupils’ development were 
mostly analyzed by means of two-way,GLM repeated meas-
ures MANOVA’s with Bonferroni correction using SPSS 
version 24. In doing so, pupils’ attitude, belief and moti-
vation scores were used as the dependent, within-group 
variables, while condition and grade level were used as the 
between-group variables.4 To gain insight into the effects of 
the intervention on each separate subscale, we performed 
post-hoc univariate analyses within each experimental group 
separately (intervention and control group) using paired 
t-tests.

Table 3  Model fits of the different scales as obtained by confirmatory 
factor analyses at T1, T2 and T3

T1 (intervention and control group): n = 530, T2 (intervention and 
control group): n = 528, T3 (remaining cohort of the intervention 
group): n = 155

WRMR CFI TLI RMSEA

Attitudes towards epistemic curios-
ity

T1 1.0 0.97 0.96 0.05
T2 1.1 0.96 0.95 0.05
T3 0.93 0.96 0.95 0.07
Implicit intelligence beliefs
T1 0.78 0.99 0.98 0.06
T2 1.0 0.97 0.96 0.08
T3 0.99 0.94 0.92 0.14
Positive effort beliefs
T1 0.52 0.99 0.98 0.10
T2 0.20 1.0 1.0 0.00
T3 0.45 0.99 0.97 0.16
Goal orientation motivations
T1 0.97 0.98 0.98 0.07
T2 1.0 0.98 0.98 0.08
T3 0.75 0.99 0.98 0.08

4 Please note that, among all three intervention schools, all individual 
teachers showed largely similar (increases in their) inquiry teaching 
behavior scores during the program (Post and Walma van der Molen 
in press). Partly because of this result, we disregarded the assessment 
of school-specific and classroom-specific effects at the pupil level.
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Preliminary data checks

Preliminary data checks revealed that the percentage of 
missing data in our total sample was acceptable (2.24%). In 
addition, one-way MANOVA test results indicated statisti-
cally significant differences between the mean pretest scores 
of the intervention group and the control group on several 
of our dependent variables at T1, Λ = 0.98, F(5, 488) = 2.20, 
p = 0.05, η2 = 0.02. However, these mean score differences 
were marginal. Also, results indicated small, but statistically 
significant differences between the mean pretest scores of 
one or both of the experimental groups and the baseline ref-
erence group on most of our variables (p < 0.05). Overall, 
the pupils in the experimental groups held somewhat more 
positive attitude, belief and motivation scores at the onset 
of the study compared to the reference group. Please see 
Table 4 for the mean pretest scores of the intervention group, 
the control group, and the baseline reference group on each 
subscale.

Results

Relationships among pupils’ attitudes, beliefs 
and motivations

We first tested our hypothesized relationships among pupils’ 
attitudes, beliefs, and motivation scores by Model 1 and 2 
on the basis of the T1 pretest data of the intervention group 
and the control group (n = 530).

Model 1: The influence of attitudes towards epistemic 
curiosity on positive effort beliefs and goal orientation 
motivations

At T1, the observed statistical relationships of the Attitude 
towards Epistemic Curiosity factors on the Positive Effort 
Beliefs (R2 = 0.54, p < 0.01), Mastery Goal Orientation 
(R2 = 0.58, p < 0.01), and Performance-Avoidance Goal 
Orientation factors (R2 = 0.37, p < 0.01) largely confirmed 
our predictions as specified in Model 1 (Hypothesis 1, 
largely supported), WRMR = 1.18, CFI = 0.96, TLI = 0.95, 
RMSEA = 0.05. Please see Fig. 1a for the regression path-
way coefficients among the variables of Model 1. Notably, in 
contrast to our predictions, no statistically significant regres-
sion pathway coefficient was found of the Societal Relevance 
factor on the Positive Effort Beliefs factor nor did we find 
any statistically significant regression pathway coefficients 
of the Self-Efficacy factor on the Positive Effort Beliefs, 
Mastery Goal Orientation, and Performance-Avoidance Goal 
Orientation factors.

Model 2: The influence of implicit ability beliefs on positive 
effort beliefs and goal orientation motivations

The observed statistical relationships between the Implicit 
Ability Beliefs factors and the Positive Effort Beliefs 
(R2 = 0.35, p < 0.01), the Mastery Goal Orientation 
(R2 = 0.38, p < 0.01) and the Performance-Avoidance Goal 
Orientation factors (R2 = 0.14, p < 0.01) also largely con-
firmed our predictions as specified in Model 2 (Hypothesis 
2, largely supported), WRMR = 1.26, CFI = 0.95, TLI = 0.95, 
RMSEA = 0.06. Please see Fig. 1b for the regression path-
way coefficients among the variables of Model 2.

Effects of the school intervention program on pupil 
growth

Next, we examined the general effects of the school inter-
vention program on pupils’ attitudes, beliefs, and motiva-
tions separately for the first research phase (T1 vs. T2) and 
the second research phase (T1 vs. T2 vs. T3). Because of 
space limitations of this paper, we present our post-hoc t-test 
results in abbreviated form in table format and only describe 
statistically significant test results. Please see Table 4 for 
all our repeated measures test results, including the mean 
pretest and posttest scores of the intervention group and the 
control group on each subscale per measurement time (T1, 
T2, and T3). Please see Fig. 2 for a graphical representa-
tion of (the changes in) pupils’ mean scores over time on all 
of our dependent variables for the intervention and control 
group.

Results of the first phase of the program

Attitude towards  epistemic curiosity MANOVA results, 
using Wilks’ statistic, indicated significant differences in 
pupils’ mean pretest scores between the 4th, 5th and 6th 
grade level groups across the intervention group and the con-
trol group (n = 530), Λ = 0.93, F(10, 1448) = 5.31, p < 0.01, 
η2 = 0.04. Post-hoc univariate analyses indicated that these 
differences only existed for the Personal Inclination (F(2, 
280) = 11.19, p < 0.01, η2 = 0.03), Societal Relevance (F(2, 
288) = 15.35, p < 0.01, η2 = 0.04), and Self-Efficacy (F(2, 
282) = 14.61, p < 0.01, η2 = 0.04) components. As can be 
seen in Table 4, these mean pretest scores were significantly 
higher for the pupils in the lower grades compared to the 
pupils in the higher grades. These results thus largely sup-
ported Hypothesis 3.

Results of a repeated measures MANOVA only indi-
cated a significant but small higher-order interaction effect 
between time, condition and grade level on the five attitude 
components, Λ = 0.90, F(10, 904) = 4.80, p < 0.01, η2 = 0.05 
(Hypothesis 4a partially rejected). As shown in Table 4, the 
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Table 4  Mean scores and standard deviations per group on each subscale at T1, T2 and T3 and the interaction effects with condition and grade 
level for each subscale

Intervention group Control group Reference

T1 T2 T3 T1 T2 T1

M SD M SD M SD M SD M SD M SD

Attitude towards epistemic curiosity
Personal inclination
 Grade 4 3.02 0.65 2.82 0.56 – – 2.72 0.64 3.05a 0.64 2.70 0.65
 Grade 5 2.70 0.64 3.06a 0.57 2.97 0.56 2.78 0.68 2.70 0.58 2.63 0.49
 Grade 6 2.49 0.69 2.78a 0.53 3.05c 0.58 2.69 0.65 2.80 0.60 2.46 0.56
 Total 2.71 0.69 2.88a 0.56 3.02c 0.57 2.73 0.65 2.85a 0.62 2.58 0.56

Societal relevance
 Grade 4 2.95 0.60 2.81 0.69 – – 2.89 0.67 2.72 0.74 2.65 0.61
 Grade 5 2.73 0.59 2.78 0.58 2.85 0.54 2.80 0.72 2.69 0.64 2.72 0.52
 Grade 6 2.42 0.72 2.65a 0.56 2.87 0.57 2.66 0.61 2.70 0.65 2.50 0.61
 Total 2.66 0.68 2.74 0.61 2.86 0.55 2.78 0.67 2.70 0.68 2.62 0.59

Negative opinion
 Grade 4 2.01 0.74 2.13 0.71 – – 2.00 0.64 2.00 0.77 1.87 0.73
 Grade 5 1.92 0.67 1.62a 0.51 1.76bc 0.59 1.75 0.69 1.92 0.68 1.87 0.58
 Grade 6 2.00 0.74 1.82a 0.63 1.62c 0.66 1.93 0.65 1.84 0.67 1.90 0.66
 Total 1.97 0.72 1.84a 0.65 1.68bc 0.63 1.90 0.68 1.92 0.71 1.88 0.65

Fear of classmates’ negative judgment
 Grade 4 1.92 0.95 2.08 0.65 – – 1.85 0.71 1.93 0.79 1.70 0.60
 Grade 5 1.94 0.74 1.64a 0.58 1.60bc 0.57 1.68 0.62 1.88a 0.66 1.92 0.59
 Grade 6 1.90 0.70 1.92 0.69 1.52c 0.67 1.76 0.66 1.83 0.60 1.77 0.65
 Total 1.92 0.77 1.87 0.67 1.56bc 0.63 1.76 0.66 1.88a 0.69 1.80 0.62

Self-efficacy
 Grade 4 2.82 0.62 2.58a 0.58 – – 2.46 0.69 2.72a 0.71 2.50 0.68
 Grade 5 2.47 0.63 2.79a 0.57 2.69 0.61 2.60 0.65 2.42 0.62 2.24 0.52
 Grade 6 2.34 0.64 2.53 0.53 2.81c 0.73 2.39 0.68 2.56 0.63 2.11 0.49
 Total 2.51 0.66 2.63 0.57 2.76 0.67 2.48 0.67 2.57 0.66 2.27 0.58

Implicit ability beliefs
 Incremental beliefs
 Grade 4 3.03 0.68 3.10 0.52 – – 3.14 0.53 3.19 0.56 3.02 0.46
 Grade 5 2.98 0.50 3.23a 0.49 3.11 0.50 3.08 0.46 3.01 0.51 3.13 0.36
 Grade 6 2.82 0.65 3.06a 0.50 3.18c 0.49 2.90 0.61 2.96 0.57 3.04 0.42
 Total 2.93 0.62 3.13a 0.50 3.15c 0.50 3.03 0.54 3.05 0.55 3.06 0.42

Entity beliefs
 Grade 4 2.20 0.65 1.98a 0.65 – – 2.11 0.62 2.00 0.55 2.10 0.55
 Grade 5 2.18 0.61 2.03 0.56 1.98c 0.59 1.92 0.56 2.03 0.56 2.00 0.50
 Grade 6 2.15 0.72 2.03 0.66 1.87bc 0.57 2.00 0.62 2.13 0.68 1.88 0.50
 Total 2.18 0.66 2.01a 0.62 1.92c 0.58 2.01 0.61 2.06 0.60 1.98 0.52

Effort beliefs
Positive effort beliefs
 Grade 4 3.14 0.60 2.99 0.64 – – 3.08 0.69 3.17 0.54 3.11 0.53
 Grade 5 2.84 0.50 3.16a 0.54 3.07 0.57 3.03 0.54 2.96 0.56 3.00 0.42
 Grade 6 2.81 0.58 3.01a 0.53 3.03bc 0.52 2.80 0.62 2.86 0.60 2.82 0.40
 Total 2.91 0.57 3.06a 0.57 3.05 0.54 2.96 0.63 2.99 0.58 2.96 0.46

Achievement goal orientations
Mastery goal orientation
 Grade 4 3.28 0.55 3.13 0.53 – – 3.19 0.53 3.27 0.54 3.13 0.62
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Table 4  (continued)

Intervention group Control group Reference

T1 T2 T3 T1 T2 T1

M SD M SD M SD M SD M SD M SD

 Grade 5 2.92 0.52 3.39a 0.48 3.16 0.55 3.15 0.57 2.99 0.54 3.01 0.41
 Grade 6 2.82 0.63 3.12a 0.47 3.18bc 0.53 2.93 0.62 2.94 0.58 2.98 0.44
 Total 2.98 0.60 3.27a 0.54 3.17 0.54 3.08 0.59 3.06 0.57 3.03 0.49

Performance-avoidance goal orientation
 Grade 4 1.98 0.70 2.21 0.68 – – 1.92 0.64 1.99 0.68 1.98 0.74
 Grade 5 2.38 0.74 1.71a 0.58 1.95b 0.64 1.89 0.55 2.07 0.62 1.98 0.53
 Grade 6 2.25 0.66 1.99a 0.67 1.86c 0.65 2.00 0.61 1.96 0.64 2.13 0.55
 Total 2.22 0.71 1.96a 0.67 1.90c 0.64 1.94 0.60 2.00 0.65 2.04 0.61

T1 vs T2 T2 vs T3 T1 vs T3

Time × Con-
dition

Time × Condi-
tion × Grade

Time Time × Grade Time Time × 
Grade

p η2 p η2 p η2 p η2 p η2 p η2

Attitude towards epistemic curiosity
Personal inclination 0.85 0.01 0.01 0.05 0.19 0.01 0.27 0.01 0.02 0.04 0.01 0.06
 Grade 4
 Grade 5
 Grade 6
 Total

Societal relevance 0.27 0.01 0.92 0.01 0.37 0.01 0.38 0.01 0.97 0.01 0.03 0.03
 Grade 4
 Grade 5
 Grade 6
 Total

Negative opinion 0.06 0.01 0.01 0.02 0.01 0.04 0.02 0.04 0.01 0.08 0.96 0.01
 Grade 4
 Grade 5
 Grade 6
 Total

Fear of classmates’ negative judgment 0.07 0.01 .01 0.02 0.01 0.10 0.03 0.03 0.01 0.10 0.66 0.01
 Grade 4
 Grade 5
 Grade 6
 Total

Self-efficacy 0.94 0.01 0.01 0.04 0.36 0.01 0.47 0.01 0.14 0.02 0.01 0.06
 Grade 4
 Grade 5
 Grade 6
 Total

Implicit ability beliefs
Incremental beliefs 0.03 0.01 0.27 0.01 0.83 0.01 0.61 0.01 0.02 0.04 0.23 0.01
 Grade 4
 Grade 5
 Grade 6
 Total

Entity beliefs 0.01 0.02 0.61 0.01 0.20 0.01 0.24 0.01 0.01 0.10 0.65 0.01
 Grade 4
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mean scores of the 5th and 6th grade pupils significantly 
increased on most of the attitude components from T1 to 
T2, while the mean scores of the lower-grade pupils on these 
components remained statistically unchanged. In line with 
our predictions (Hypothesis 4b), this result thus indicates 
that the program succeeded in improving the attitudes of 
particularly the higher-grade pupils in our sample.

After the intervention, at T2, MANOVA results still 
indicated significant and moderate mean score differences 
among the three grade level groups on most attitude compo-
nents, Λ = 0.83, F(10, 476) = 4.59, p < 0.01, η2 = 0.09. How-
ever, as can be seen in Table 4, these mean posttest scores 
did no longer show the same general decline from the lower 
to the higher grades, as observed at T1.

Implicit ability beliefs MANOVA results indicated that at 
T1, across both conditions, pupils’ Incremental Beliefs (F(2, 
160) = 7.30, p < 0.01, η2 = 0.03) mean scores were slightly, 
but significantly higher for the pupils in the lower grades 
compared to the pupils in the higher grades, Λ = 0.94, F(10, 

964) = 7.25, p < 0.01, η2 = 0.03 (see Table 4). However, this 
score pattern was not observed for the Entity Beliefs com-
ponent across both conditions, F(2, 160) = 1.10, p = 0.33, 
η2 = 0.01. These results thus partially support Hypothesis 3.

As shown in Table  4, repeated measures MANOVA 
results indicated that pupils’ Incremental Beliefs mean 
scores in the intervention group had slightly but significantly 
increased and their Entity Belief mean scores had slightly 
decreased from T1 to T2, while the mean scores of the con-
trol group on these components had remained statistically 
unchanged (p < 0.05), Λ = 0.98, F(2, 462) = 4.39, p = 0.01, 
η2 = 0.02 (Hypothesis 4a supported). No higher-order inter-
action effect was found between time, condition, grade level 
and the two implicit ability belief components, Λ = 0.99, F(4, 
924) = 0.77, p = 0.54, η2 = 0.00. This result thus rejected 
Hypothesis 4b in the case of pupils’ implicit ability beliefs.

MANOVA results on the posttest data (T2) of the inter-
vention group indicated no significant differences between 
the mean scores of the 4th, 5th, and 6th grade pupils, 
Λ = 0.96, F(4, 494) = 2.26, p = 0.06, η2 = 0.02. These results 

Table 4  (continued)

T1 vs T2 T2 vs T3 T1 vs T3

Time × Con-
dition

Time × Condi-
tion × Grade

Time Time × Grade Time Time × 
Grade

p η2 p η2 p η2 p η2 p η2 p η2

 Grade 5
 Grade 6
 Total

Effort beliefs
Positive effort beliefs 0.31 0.00 0.00 0.02 0.53 0.00 0.07 0.02 0.51 0.00 0.06 0.03
 Grade 4
 Grade 5
 Grade 6
 Total

Achievement goal orientations
Mastery goal orientation 0.00 0.02 0.00 0.05 0.18 0.01 0.06 0.02 0.22 0.01 0.01 0.05
 Grade 4
 Grade 5
 Grade 6
 Total

Performance-avoidance goal orientation 0.00 0.02 0.00 0.04 0.45 0.00 0.00 0.06 0.00 0.08 0.01 0.05
 Grade 4
 Grade 5
 Grade 6
 Total

Mean scores could range between 1 (totally disagree) and 4 (totally agree)
a Significant difference (p < 0.05) between T1 and T2 analyzed with a paired t-test
b Significant difference (p < 0.05) between T2 and T3 analyzed for the applicable pupil cohort with a paired t-test (n = 155)
c Significant difference (p < 0.05) between T1 and T3 analyzed for the applicable pupil cohort with a paired t-test (n = 155)
p-values printed in bold indicate a significant (interaction) effect
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thus indicate that the school intervention program improved 
pupils’ implicit ability beliefs, from T1 to T2, across all 
three grade levels.

Positive effort beliefs ANOVA results indicated small sta-
tistically significant differences between the mean pretest 
scores of the 4th, 5th and 6th grade pupils across both con-
ditions, F(2, 484) = 10.66, p < 0.01, η2 = 0.04. As shown in 
Table 4, the mean pretest scores of the 5th and 6th grade 
pupils in both conditions were significantly lower than 
for the 4th grade pupils. Thus, once again, our mean pre-
test score difference analysis provided evidence to support 
Hypothesis 3.

Repeated measures ANOVA results revealed a statisti-
cally significant, but small interaction effect between time, 
condition, grade level, F(2, 463) = 3.76, p < 0.01, η2 = 0.02. 
Table 4 shows that pupils’ Positive Effort Beliefs mean 
scores of the 5th and the 6th graders in the intervention 
group had increased from T1 to T2, while the mean scores 
of the 4th, 5th, and 6th grade pupils in the control group 
had remained statistically unchanged. Thus, during the first 
research phase, the school intervention program succeeded 
in improving the positive effort beliefs of only the 5th and 
6th grade pupils. This result thus rejected Hypothesis 4a, but 
supported Hypothesis 4b.

After the intervention, at T2, a one-way ANOVA con-
ducted on the posttest data (T2) of the intervention group no 
longer indicated statistically significant differences between 
the mean scores among the three grade level groups, F(2, 
248) = 2.24, p = 0.11, η2 = 0.02.

Achievement goal orientation MANOVA results indicated 
slight but statistically significant differences between the 
mean pretest scores of the 4th, 5th, and 6th grade pupils 
across both conditions, Λ = 0.94, F(4, 936) = 7.99, p < 0.01, 
η2 = 0.03. Post-hoc univariate tests indicated that these dif-
ferences existed for both the Mastery Goal Orientation (F(2, 
469) = 15.12, p < 0.01, η2 = 0.06) and the Performance-
Avoidance Goal Orientation (F(2, 469) = 3.69, p = 0.03, 
η2 = 0.02) components. Overall, the goal orientation mean 
scores of the pupils in both groups were relatively increased 
for the lower-grade pupils compared to the higher-grade 
pupils, which thereby provided further support for Hypoth-
esis 3.

Repeated measures MANOVA results indicated a signifi-
cant, but small interaction effect between time and condition 
for the achievement goal orientation scale, Λ = 0.97, F(2, 
445) = 7.69, p < 0.01, η2 = 0.03. As shown in Table 4, pupils’ 
Mastery Goal Orientation mean score of the intervention 
group had significantly increased and their Performance-
Avoidance Goal Orientation mean score had significantly 
decreased from T1 to T2, while the mean scores of the con-
trol group on these components had remained statistically 

unchanged. Furthermore, the MANOVA results indicated a 
significant higher-order interaction effect between time, con-
dition and grade level, Λ = 0.93, F(4, 890) = 7.73, p < 0.01, 
η2 = 0.03. Table 4 shows that the school intervention group 
improved pupils’ goal orientation motivations during the 
first research phase, especially among the 5th and 6th grade 
pupils. This result thus provided support for Hypotheses 4a 
and 4b.

After the intervention, at T2, MANOVA results still indi-
cated statistically significant differences between the mean 
posttest scores of the 4th, 5th, and 6th grade pupils in the 
intervention group, Λ = 0.88, F(4, 430) = 7.02, p < 0.01, 
η2 = 0.06. However, as can be seen in Table 4, pupils’ mean 
scores did not show the same general decline in scores from 
the lower to the higher grades anymore, as observed at the 
time of the pretest.

Results of the second phase of the program

Lastly, we examined the degree to which the intervention 
group who had completed the survey at T1, T2, and T3 
(n = 155) further improved their attitude, belief, and moti-
vation scores to the end of the research project (T3). We 
examined pupil growth in two consecutive steps, namely 
first from T2 to T3 and second from T1 to T3.

Attitude towards  epistemic curiosity Repeated measures 
MANOVA, using grade level (note: a newly created cohort 
variable) as the between-subjects factor and time as a within-
subjects factor, indicated a large main effect of time across 
all five attitude components from T2 to T3, Λ = 0.89, F(5, 
141) = 3.39, p = 0.01, η2 = 0.11. Table 4 shows that pupils’ 
Negative Opinion and Fear of Classmates’ Negative Judg-
ment mean scores in the 5th grade of the intervention group 
had significantly decreased from T2 to T3. Thus, during the 
second phase, the school intervention program only suc-
ceeded in further improving pupils’ perceptions about the 
social classroom norms of curiosity-oriented learning. This 
result thus partially supported Hypothesis 5a.

Results revealed no higher-order interaction effect 
between time and grade level, Λ = 0.93, F(5, 141) = 2.02, 
p = 0.08, η2 = 0.07. Yet, as presented in Table 4, post-hoc 
univariate tests did indicate statistically significant dif-
ferences in pupils’ attitude development among the grade 
level groups from T2 to T3, as the 5th grade pupils at T2 
appeared to show greater decreases in their mean scores 
from T2 to T3, compared to the mean score differences of 
the 4th graders from T2 to T3, for the Negative Opinion 
and Fear of Classmates’ Negative Judgment components. 
MANOVA results indicated no significant mean score differ-
ences between the 5th and 6th grade level groups across the 
five attitude components at T3, Λ = 0.98, F(5, 145) = 0.67, 
p = 0.65, η2 = 0.02.
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In addition, repeated measures MANOVA results showed 
that, across all three grade level groups, the pupils in the 
intervention group indicated moderately increased attitude 
scores on the final posttest (T3) compared to their pretest 
scores (T1), Λ = 0.86, F(5, 133) = 4.21, p < 0.01, η2 = 0.14. 
However, as shown in Table 4, univariate tests showed that 
this effect only occurred in the case of the Personal Inclina-
tion, Negative Opinion, and Fear of Classmates’ Negative 
components.

The MANOVA results also indicated a modest, signifi-
cant interaction effect between time and grade level across 
all five attitude components from T1 to T3, Λ = 0.91, F(5, 
133) = 2.74, p = 0.02, η2 = 0.09. Table 4 shows that, in par-
ticular, the 5th grade pupils significantly increased in their 
Personal Inclination, Societal Relevance, and Self-Efficacy 
mean scores from T1 to T3, while the mean scores of the 4th 
grade pupils did not change. Altogether, these results thus 
indicate that, across the 2 years of the program, the program 
proved most beneficial for the higher-grade pupils in foster-
ing positive attitudes towards epistemic curiosity (partially 
supporting Hypothesis 5b).

Implicit ability beliefs Repeated measures MANOVA 
results indicated no significant main effect of time on the 
two implicit ability beliefs components during the second 
phase of the program (T2 vs. T3), Λ = 0.98, F(2, 148) = 1.24, 
p = 0.29, η2 = 0.02, neither did we find an interaction effect 
between time and grade level, Λ = 0.98, F(2, 148) = 1.43, 
p = 0.24, η2 = 0.02. At T3, no significant mean score dif-
ferences existed between the 5th and 6th grade pupils on 
either implicit ability belief component, as indicated by 
a MANOVA across both grade level groups, Λ = 0.99, 
F(2, 151) = 0.71, p = 0.49, η2 = 0.01. Thus, as opposed to 
Hypotheses 5a and 5b, the intervention group did not fur-
ther improve its implicit ability beliefs during the second 
phase of the program, but did sustain their improved beliefs 
from the first phase to the end of the second phase of the 
program (T3).

However, repeated measures MANOVA results did indi-
cate a modest significant main effect of time across the two 
implicit ability beliefs components from T1 to T3, Λ = 0.90, 
F(2, 136) = 7.55, p < 0.01, η2 = 0.10. Table 4 shows that, irre-
spective of grade level, pupils’ Incremental Beliefs mean 
scores had increased and their Entity Beliefs mean scores 
had decreased during this time. No higher-order interaction 
effect between time and grade level was found, Λ = 0.99, 

F(2, 136) = 0.75, p = 0.48, η2 = 0.01. These results thus indi-
cate that the intervention group significantly improved their 
implicit ability beliefs only during the first research phase.

Positive effort beliefs Repeated measures ANOVA results 
also revealed no significant main effect of time on pupils’ 
Positive Effort Belief scores from T2 to T3, Λ = 1.0, F(1, 
149) = 0.40, p = 0.53, η2 = 0.00. In addition, we did not find 
an interaction effect between time and grade level for this 
component, Λ = 0.98, F(1, 149) = 3.30, p = 0.07, η2 = 0.02. 
Thus, in contrast to Hypotheses 5a and 5b, no further 
improvement was observed in the case of pupils’ positive 
effort beliefs during the second research phase. At T3, 
ANOVA results indicated no significant mean score differ-
ences among the 5th and 6th grade pupils on the Positive 
Belief component, F(1, 153) = 0.26, p = 0.61, η2 < 0.01.

Similarly, as shown in Table  4, repeated measures 
ANOVA indicated no significant main effect of time, nor 
an interaction effect between time and grade level, from T1 
to T3 for the Positive Effort Beliefs component. Thus, the 
intervention group did not further improve their Positive 
Effort Beliefs during the second phase of the program, but 
on average, did sustain their improved scores from the first 
phase of the program.

Achievement goal orientation Lastly, repeated measures 
MANOVA results only indicated a significant interaction 
effect between time and grade level from T1 to T3, Λ = 0.94, 
F(2, 146) = 4.81, p = 0.01, η2 = 0.06. Table  4 shows that 
pupils’ Performance-Avoidance Goal Orientation mean 
scores in the 5th grade had significantly decreased from T2 
to T3, while the mean scores of the 6th grade pupils had 
remained statistically unchanged. In addition, however, 
pupils’ Mastery Goal Orientation mean scores in the 6th 
grade had significantly decreased from T2 to T3, while no 
significant change was observed for the 5th grade pupils on 
this component. Thus, in line with Hypotheses 5a and 5b, the 
school intervention program succeeded in further improv-
ing pupils’ goal orientation motivation during the second 
research phase, particularly in decreasing the 5th grade 
pupils’ focus on performance-avoidance goals. MANOVA 
results indicated no significant mean score differences 
among the two grade level groups at T3, F(2, 152) = 0.42, 
p = 0.66, η2 = 0.01.

Repeated measures MANOVA results indicated a modest 
significant main effect of time across both goal orientation 
components, Λ = 0.92, F(2, 132) = 5.70, p < 0.01, η2 = 0.08. 
However, as shown in Table 4, pupils only significantly 
decreased their Performance-Avoidance Goal Orientation 
mean scores from T1 to T3. Furthermore, Table 4 shows 
that the 6th grade pupils significantly increased their Mas-
tery Goal Orientation mean score and decreased their Per-
formance-Avoidance Goal Orientation mean score from T1 

Fig. 1  Structural mediation models of the influence of a Attitudes 
Towards Epistemic Curiosity and b Implicit Ability Beliefs on Posi-
tive Effort Beliefs and Achievement Goal Orientations on the T1 
pretest data (n = 530). Reported β’s are the standardized estimates. 
Circles present latent variables and rectangles represent meas-
ured variables. Dotted lines represent non-significant relationships. 
*p ≤ 0.05, **p ≤ 0.01

◂
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to T3. In line with our predictions (Hypotheses 4a and 5a), 
these results thus indicate that the school intervention pro-
gram improved pupils’ goal orientation motivations during 
the first and the second phase of the program.

Discussion

Main findings and implications

Relationships among pupils’ attitudes, beliefs 
and motivations

The influence of attitude towards epistemic curiosity on pos‑
itive effort beliefs and  goal orientation motivations This 
study provided empirical support for the proposition that 
pupils’ attitudes towards epistemic curiosity predict their 
effort beliefs and achievement goal orientation motivation 
to learn by inquiry (Hypothesis 1, largely supported). Thus, 
in line with attitude and motivation theory (e.g., Ajzen 
2001; Eagly and Chaiken 1993), pupils’ attitudes towards 
epistemic curiosity may positively relate to pupils’ inquiry 
behavior in the classroom and should therefore be prior-
itized as a target variable in inquiry-focused school inter-
vention programs.

In this respect, we highlight the substantial association 
of pupils’ perceptions about the personal use of epistemic 
curiosity (i.e., Personal Inclination) with their efforts and 
motivations that relate to inquiry (β > 0.68). This finding is 

in line with attitude theory, which claims that perceptions 
about behavioral outcomes (as part of other types of atti-
tudinal perceptions described by the TPB) predominantly 
influence behavior (Ajzen 2001). This might imply that, 
among the five attitude components, the Personal Inclination 
component could function as a particularly salient precursor 
to pupils’ potential inquiry behavior and should therefore 
receive particular attention by teachers.

Contrary to our expectations, however, no statistically 
significant regression pathways were found of pupils’ self-
efficacy on their positive effort beliefs and goal orientation 
motivations. Results indicated relatively strong bivariate 
relations between some of the factors under investigation 
(e.g., personal inclination and mastery goal orientation). 
In effect, these relations may have masked the relations 
between other factors as part of our multivariate model tests, 
such as the hypothesized relations between pupils’ self-
efficacy, positive effort beliefs and goal orientation motiva-
tions. Alternatively, this result can be explained by pupils’ 
minimal experience and practice with curiosity-focused 
(inquiry) learning at the onset of the study. In fact, explora-
tive studies suggest that curiosity-driven learning in primary 
school is typically scarce (see Engel and Randall 2009; Post 
and Walma van der Molen 2018a). In line with Post and 
Walma van der Molen (2018b), we believe that the rela-
tionship between pupils’ self-efficacy and their effort beliefs 
and achievement goal orientations may likely become more 
apparent (i.e., statistically significant) as pupils gain (posi-
tive) experiences with inquiry over time. Unfortunately, our 

Fig. 2  Mean subscales scores before (T1), during (T2), and at the end 
(T3) of the school intervention program on each subscale: Personal 
Inclination (PI), Societal Relevance (SR), Negative Opinion (NO), 
Fear of Classmates’ Negative Judgment (FJ), Self-Efficacy (SE), 
Incremental Beliefs (IB), Entity Beliefs (EB), Positive Effort Beliefs 

(PE), Mastery Goal Orientation (MA), and Performance-Avoidance 
Goal Orientation (PA). The figure shows the scores of a the interven-
tion group (T1 and T2: n = 255; T3: n = 155) and b the control group 
(T1 and T2: n = 275). The connecting lines between the dots are only 
for presentation purposes and do not depict actual data
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current sample size of the pupils in the intervention group 
proved too small to investigate these changes by means of 
SEM. We thus recommend future studies to examine such 
possible intervention effects among a larger sample of pri-
mary school pupils.

The influence of  implicit ability beliefs on  positive effort 
beliefs and goal orientation motivations The current results 
also indicated that pupils’ implicit beliefs about the malle-
ability of their abilities may be positively related to their 
effort beliefs and achievement goal orientation motivation. 
Thus, in line with motivation theory (e.g., Blackwell et al. 
2007; Dweck 2000), pupils’ implicit ability beliefs should 
likely be made an explicit objective in teachers’ inquiry-
focused teaching as well (Hypothesis 2, supported). In par-
ticular, we highlight that pupils’ incremental ability beliefs 
seems strongly associated with pupils’ efforts and motiva-
tions that relate to inquiry, as the corresponding regression 
pathway coefficients were generally high throughout the 
program (β > 0.79).

We also note that pupils’ entity beliefs positively related 
to their positive effort beliefs and mastery goal orientation 
(but to a much lesser extent than their incremental ability 
beliefs). This result supports the propositions by Burnette 
et al. (2013) that pupils who hold entity beliefs may still 
exert effort to learn and focus on mastery goals. However, as 
others have stressed as well, the potential negative influence 
of entity beliefs on effort beliefs and goal orientation moti-
vations seems to occur mostly when pupils experience learn-
ing setbacks (e.g., failing for a test), which then likely leads 
them to disengage from and avoid learning due to their fixed 
ability beliefs (see also Van Aalderen-Smeets and Walma 
van der Molen 2018). For practical constraints of the study, 
we did not measure and include pupils’ setback experiences 
as a separate variable (i.e., moderator) in Model 2. Future 
studies should investigate this possible moderation effect.

Effects of the school intervention program on pupil growth

Results of the current study also indicated that the school 
intervention program positively influenced pupils’ attitudes 
towards epistemic curiosity, implicit ability beliefs, and 
goal orientation motivations. At the condition level, how-
ever, these improvements proved to be less widespread than 
hypothesized. Pupils’ implicit ability beliefs and goal ori-
entation motivations improved as a result of the program, 
while their attitudes and effort beliefs did not (Hypothesis 
4a, partially supported). At the individual grade level, the 
success of the intervention proved to be much more sig-
nificant and widespread. While the mean scores of the 4th 
grade pupils had remained statistically unchanged from T1 
to T2, we observed small to modest improvements in the 
mean scores of the 5th and 6th grade pupils on most of our 

dependent variables. This finding thus confirmed our pre-
diction that the higher-grade pupils would generally benefit 
most from the school intervention program compared to the 
lower-grade pupils (Hypothesis 4b, supported).

The above grade level effects were corroborated by sig-
nificant differences between the mean pretest scores of the 
4th, 5th and 6th grade pupils at the onset of the study (T1). 
In line with Hypothesis 3, the T1 data revealed that the atti-
tude, belief, and motivation mean scores of the higher-grade 
pupils were generally less positive (i.e., lower scores on the 
‘positive’ variables and higher scores on the ‘negative’ vari-
ables) compared to the lower-grade pupils. This result thus 
supports the postulations by others (e.g., Engel 2015; Post 
and Walma van der Molen 2018a, b) that overly prescriptive 
teaching practices in the upper grades of primary educa-
tion may negatively influence pupils’ attitudes, beliefs and 
motivations towards inquiry learning. We also note that, 
across the three grade level groups, pupils’ attitude, belief, 
and motivation mean scores at T1 were only modest at best 
(ranging between 2 and 3 on the 4-point response option 
scales). These moderate scores thus underscore the relevance 
of school interventions aimed at stimulating positive atti-
tudes, beliefs, and motivations towards inquiry in primary 
school pupils.

In sum, the above results imply that teachers’ improved 
inquiry teaching behavior as found by Post and Walma van 
der Molen (in press) may be associated with subsequent 
improvements in their pupils’ attitudes, beliefs and motiva-
tions during the first research phase, especially for the pupils 
in the 5th and 6th grades. Although we would have liked 
to see greater gains in pupils’ attitude, belief and motiva-
tion mean scores during this time, we emphasize that this 
pupil growth was realized by the teachers themselves within 
a real-world school context, which underscores the ecologi-
cal validity of the current findings. This means that, despite 
of the many uncontrolled school, teacher, and pupil factors 
that may have confused pupils’ attitude, belief and motiva-
tion development during the program, the program still suc-
ceeded in affecting significant pupil growth over time. We 
believe that this main result is promising for two reasons. 
First, it suggests that a 9-months teacher professionaliza-
tion course aimed at helping teachers foster pupils’ attitudes 
towards epistemic curiosity, effort beliefs, and goal orienta-
tion motivations, can affect significant pupil growth on these 
measures. Second, it suggests that such professionalization 
treatment seems particularly fruitful for the groups of pupils 
who seem to hold the least positive attitudes, beliefs and 
motivations towards inquiry, and thus require most attention. 
In sum, these findings may serve the further development of 
school-wide teaching practice reform initiatives in primary 
education that international education policies on twenty-
first century learning generally promotes (e.g., OECD 2015).
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During the second phase of the program, we found that 
the intervention group had sustained their improved mean 
scores from the first research phase (T2) to the end of the 
second phase (T3). This suggests that the school interven-
tion program affected durable changes in pupils’ attitudes, 
beliefs and motivations as well. In contrast to our predic-
tions, however, we found little further improvements in 
pupils’ attitudes, beliefs, and motivations during this time 
(Hypotheses 5a and 5b, partially supported). This result is 
surprising, as it seemed fair to assume that teachers’ ongoing 
stimulation of their pupils’ attitudes, beliefs, and motivations 
would be reflected by ongoing pupil growth on these meas-
ures over time. At first glance, perhaps, our results might 
indicate a ‘ceiling effect’ of pupils’ attitude, belief, and 
motivation scores. This would partially explain the stagnant 
mean scores of the  4th grade pupils of the intervention group 
throughout the program, which were generally as high as the 
mean T2 and T3 scores of the 5th and 6th grade pupils. In 
our view, however, this possible limit of pupils’ scores seems 
unlikely, since these scores hovered around the 2 (‘I some-
what disagree’) and 3 (‘I somewhat agree’) scale response 
points, and thus left room for further improvement.

Alternatively, we believe that the lack of continued pupil 
growth during the second phase could also be explained 
by shortcomings in their teachers’ inquiry teaching prac-
tices. As observed by Post and Walma van der Molen (in 
press), most teachers directly stimulated positive attitudes, 
beliefs and motivations in their pupils as part of daily prac-
tice (see Table 1). Yet, most teachers proved less successful 
in offering their pupils concrete opportunities for inquiry, 
such as by extending pupils’ creative ideas during class with 
design experiments or by stimulating pupils’ critical think-
ing through discussion. This shortcoming may have limited 
pupils in ‘testing’ their positive beliefs about inquiry against 
personal experiences with conducting inquiry (e.g., testing 
whether one’s epistemic curiosity behavior indeed brings 
about positive learning outcomes) and, subsequently, further 
strengthening their positive beliefs. We base this tentative 
explanation on attitude theory (e.g., Ajzen 2001; Eagly and 
Chaiken 1993) and motivation theories (e.g., Blackwell et al. 
2007; Dweck 2000) that propose that such confirmatory 
experiences moderate attitude and motivation change (see 
also Post and Walma van der Molen 2018a; Van Aalderen-
Smeets and Walma van der Molen 2018). This would imply 
that, while teachers can directly improve pupils’ attitudes, 
beliefs and motivations towards inquiry to a fair degree, such 
as by means of explicit reflection and discussion activities, 
this approach should be supplemented with opportunities for 
pupils to personally experience the value and use of inquiry, 
if we want to further improve their attitudes, beliefs, and 
motivations.

Limitations and future research

Our main findings are promising, but should also be con-
sidered in light of several methodological limitations. First, 
we are careful with generalizing our results, because results 
indicated strong interrelatedness among some subscales, in 
particular between the Personal Inclination subscale and the 
Mastery Goal Orientation subscale. As previously described 
in this paper, this result was expected, given the inherent 
psychological interrelatedness of attitude, mindset and 
motivation. However, we are well aware that this finding 
raises the issue of multicollinearity, as the statistical over-
lap among some scales may hamper one to discriminate 
between them and to reliably study their interrelatedness. 
Nevertheless, CFA results indicated sufficient discriminant 
power of most individual subscales of all four questionnaires 
relative to every other individual subscale across all four 
questionnaires. We underscore the value of investigating 
pupils’ attitudes towards epistemic curiosity, implicit abil-
ity beliefs, effort beliefs and achievement goal motivations 
as four separate psychological constructs for school practice. 
As described in this paper, this is important because research 
in the fields of science education, inquiry-based learning, 
and science literacy increasingly emphasizes approaches to 
stimulating pupils’ inquiry by positively developing pupils’ 
attitudes towards epistemic curiosity and their implicit abil-
ity beliefs. With this study, we believe that we contributed 
valuable insight to these fields.

In line with the above, we also note that the present study 
was conducted within a real-life school setting. Although 
this ensured the ecological validity of our findings, we sus-
pect that this may have introduced natural (unexplained) var-
iability within our data sample, which may have limited the 
statistical power of the study. We thus recommend further 
research into the discriminant validity of pupils’ attitudes 
towards epistemic curiosity, implicit ability beliefs, effort 
beliefs, and goal achievement motivation in more controlled 
(school) settings.

Second, our study design did not provide a true naive 
control group comparison. As mentioned in the Methods 
section, the control group participated in the same teacher 
training course during the second research phase as the inter-
vention group. This was done, because the control group was 
not willing to commit themselves to extensive teacher and 
pupil measurements without receiving the benefit of train-
ing. Therefore, we could not use the group for comparison 
during the second research phase, which limited the interpre-
tation of our longitudinal intervention effects. It also meant 
that the control group was largely self-selected and that the 
teachers anticipated to stimulate their pupils’ inquiry at a 
later time during the project, which might have produced 
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bias. This seems to be reflected by the fact that pupils’ 
attitudes, beliefs and motivation pretest scores (T1) were 
somewhat more positive compared to the pretest scores of 
the baseline reference group at this time. In our view, these 
indications suggest that future studies might observe greater 
intervention effects when involving a truly naïve group of 
primary school teams.

Third, we are aware that our observed changes in pupils’ 
attitudes, beliefs and motivations were limited to the 4th, 
5th, and 6th grades. Although all the teachers of the inter-
vention group had participated in the same training course, 
we focused our program evaluation on the higher-grade level 
groups for practical reasons. We believe that our main find-
ings would reflect similar changes in the attitudes, beliefs 
and motivations of the lower-grade pupils in our sample. 
However, this assumption needs to be tested. Therefore, 
we recommend that future studies adapt our current Likert-
type survey instrument to suit the lower-grade pupils, as we 
believe that our survey might proof too difficult for younger 
children to comprehend.

Fourth, to test our hypotheses, we conducted numer-
ous statistical tests on a single data set. This increased the 
risk of finding statistically significant intervention effects 
merely by chance (i.e., type 1 error) and limited the extent 
to which current results can be generalized to the general 
pupil population. In addition, the test–retest reliability of the 
measures used in the present study has yet to be determined. 
Notwithstanding these limitations, we believe that our 
observed intervention effects among the intervention group 
are reliable and can be accredited to the school improve-
ment program. We adjusted for multiple testing using Bon-
ferroni correction. Using this correction, we observed clear 
attitude, belief, and motivation growth among the pupils in 
the intervention group on most of our variables, while we 
observed no such growth among the pupils in the control 
group. To further validate our findings, however, we rec-
ommend future studies to examine the efficacy of similar 
inquiry-focused school improvement programs among pupils 
from other primary schools in other countries. Moreover, 
larger-scale studies would afford greater statistical power 
for advanced statistical testing, such as hierarchical linear 
modeling (Raudenbush and Bryk 2002), to investigate what 
factors at the individual teacher or school level may explain 
differences in pupils’ attitude, beliefs, and motivation growth 
over time (for promising Bayesian approaches to conduct 
such statistical tests with very small samples, please see 
Stegmueller 2013).

Fifth, we note that our current SEM test results are based 
on cross-sectional data and, as such, do not necessarily 
imply causation among our variables. Thus, while the cur-
rent study provided empirical evidence to support theories 

that pupils’ attitudes towards epistemic curiosity and implicit 
ability beliefs “predict” their effort beliefs and goal orien-
tation motivations, this assumed causality still needs to 
be tested. To that end, future research should examine the 
effects of school interventions directed at either improving 
pupils’ attitudes towards epistemic curiosity or their implicit 
ability beliefs on subsequent changes in pupils’ effort beliefs 
and goal orientation motivations, and if so, at what stages 
of the intervention. In our view, such insight into the causal 
mechanisms underlying pupils’ attitude, belief, and moti-
vation development may inform the further development 
of more refined school interventions aimed at stimulating 
pupils’ inquiry thinking. The results of the present study 
may provide a valuable starting point for conducting such 
advanced statistical testing by others in future studies.

Lastly, we are well aware that the absence of behavioral 
data in the present study can be seen as a limitation. To 
our knowledge, no validated measurement instruments yet 
exist to measure the wide range of complex overt and cov-
ert behaviors associated with inquiry (for details about this 
complexity, please see Sinatra et al. 2015). For example, 
pupils may engage in inquiry not only in terms of observable 
behavior in the classroom (e.g., verbalized question-asking 
or explanation-seeking), but as much so in terms of inquiry-
driven thought, such as when studying school subject mat-
ter (see also Claxton 2007; Engel 2006). In this study we 
focused on pupils’ attitudes, beliefs and motivations because 
these aspects are considered important indicators of pupils’ 
inquiry behavior and can be efficiently measured by means 
of self-report questionnaires. However, we do recommend 
future research into the concurrent validity of such scales, 
for example, by comparing pupils’ attitudes, beliefs, and 
motivation scores with observations of their inquiry behav-
ior in the classroom to see whether these different measures 
converge to similar conclusions. These comparisons should 
also include in-depth interviews with pupils to examine 
possible changes in their inquiry thought-processes. For 
example, research indicates that pupils’ curiosity-driven 
question-asking behavior may be moderated by metacogni-
tive abilities to identify one’s own knowledge gaps (e.g., 
Grossnickle 2016) and to reflect on one’s personal beliefs 
(e.g., Vogel and Wänke 2016) and by language abilities to 
formulate (complex) research questions (e.g., Humphries 
and Ness 2015). Future directions of research should thus 
include the development of such multi-method measures of 
pupils’ inquiry behavior. These measures will allow us to 
study the extent to which other relevant psychological con-
structs may moderate or mediate the influence of pupils’ atti-
tudes, mindsets and motivations on their inquiry behavior.

We have also considered examining whether significant 
changes observed in pupils’ attitude, beliefs, and motivation 
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scores were related to changes in their academic perfor-
mance, such as their scores on Dutch national knowledge 
tests. For example, the Cito exams (in Dutch: Cito-toets) 
comprise a total of 290 multiple-choice questions, which test 
pupils’ Dutch reading comprehension skills, mathematics, 
world orientation (i.e., geography, biology, and history) and 
study skills. One could hypothesize positive effects of the 
intervention on pupils’ world orientation and study skills, 
since inquiry-based pedagogy is believed to generally foster 
pupils’ strategies to study the interrelatedness of different 
subject domains (Syer et al. 2012). However, upon review of 
the standardized test items, we found that few items ‘tested’ 
the kind of inquiry skills and knowledge attainment pro-
moted in the present study. At most, items required pupils 
to interpret graphs or derive relevant information from a 
piece of text. In addition, we found that only few of the 
schools that participated in the present study administered 
the (same) Cito exams. These shortcomings thus prevented 
us from pursuing this direction of analysis.

Conclusion

The current study shows that pupils’ attitudes towards epis-
temic curiosity and their implicit ability beliefs are likely 
positively related to their efforts and motivations to be 
inquiry-minded learners. With this study, we thus provide 
novel insight into the psychological mechanism that may 
underlie pupils’ potential inquiry behavior in the classroom. 
This result is in line with a growing body of social psycho-
logical research that indicates that attitudinal beliefs (e.g., 
Ajzen 2001) and motivational beliefs (e.g., Pintrich 2003) 
determine pupils’ approaches to learning and the amount of 
effort they put into their learning (see also Muis et al. 2015; 
Pekrun 2006). The stimulation of positive attitudes towards 
epistemic curiosity and implicit ability beliefs may thus be 
a valuable supplement to typical forms of inquiry-focused 
pedagogy.

The above finding has value for practice as well, since 
our current results suggest that pupils’ pre-existing attitudes 
towards epistemic curiosity, implicit ability beliefs, effort 
beliefs, and achievement goal orientations in the upper 
grades of primary school are moderate at best and seem 
to worsen as pupils progress through primary school (see 
also Engel 2015; Post and Walma van der Molen 2018b). 
Thus, if we want to be successful in helping pupils mature 
into inquisitive, creative, and confident thinkers, such as 
promoted by twenty-first century education standards (e.g., 

OECD 2015), we advocate that teachers attend to fostering 
these aspects in their pupils as part of their practices.

To that end, the current study provides several practi-
cal suggestions. The current teacher enhancement course 
proved largely successful in helping teachers affect the 
above-described attitude, belief, and motivation change 
among their pupils. Please see Table 1 for concrete examples 
of the lesson interventions implemented by the teachers in 
this study that proved effective in this regard (for extended 
guidelines on stimulating pupils’ attitudes towards curios-
ity, please see Post and Walma van der Molen 2018a). At 
the same time, however, we underscore that teachers should 
combine an explicit focus on stimulating positive attitudes, 
beliefs, and motivations in pupils with concrete opportuni-
ties for pupils to conduct inquiry. According to Post and 
Walma van der Molen (in press), teachers’ mastery of such 
complex inquiry teaching skills is difficult and requires time, 
as teachers must also develop positive attitudes towards 
(teaching) inquiry and be supported in their practice reform 
by their school management. The results of the current study 
may provide a foundation to further investigate the details 
and efficacy of such integrated, long-term approaches to fos-
tering pupils’ inquiry in primary school.
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Table 5  Items for measuring attitude towards epistemic curiosity

Subscale Code Item

Personal inclination PI1
PI2
PI3
PI4

I really like to wonder about all the things I learn at school
It is very important to me to come up with interesting questions at school, because then I learn more about the 

things around me
It is very important to me to wonder about lots of things in class, because then I learn more about all sorts of dif-

ferent things
I really like to ask questions about all sorts of things in class

Societal relevance SR1
SR2
SR3

I think people who want to know a lot are very important to the economy of the Netherlands
I think people who ask good questions have a big impact on society
I think people who often come up with interesting questions are very important to society

Negative opinion NO1
NO2
NO3

I feel classmates are being stubborn when they always want to know all about everything in class
I find classmates to be annoying when they ask a lot of smart questions in class
I feel people who ask a lot of questions come across as dumb

Fear of classmates’ 
negative judgment

FJ1
FJ2
FJ3

I’m afraid that my classmates will think I’m a nerd if I ask a lot of smart questions in class
I’m afraid that my classmates will think it’s stupid if I want to know more about something we’re learning in class
I find it scary to show that I’d like to know more about a topic in class

Self-efficacy SE1
SE2
SE3
SE4

I am really good at coming up with smart questions in class
I am really good at coming up with new questions about all sorts of topics in lessons at school
I think I am really good at figuring out new things at school
I am really good at coming up with smart questions about all sorts of subjects at school

Table 6  Items for measuring implicit beliefs about the malleability of intelligence

Component Code Item

Incremental beliefs IB1
IB2
IB3
IB4
IB5

I believe that I can improve my ability to think
I believe that I can gradually improve my ability to think
I believe that I can improve my ability to think by working on increasingly more dif-

ficult assignments
I believe that I can improve my ability to think by giving it my best effort
I believe that I can always somewhat improve my ability to think

Entity beliefs EB1
EB2
EB3
EB4
EB5

I believe that I cannot change my ability to think, because that is how I was born
I believe that I will always stay just as good at thinking, because I cannot change that
I believe that I will always stay just as good at thinking, because that is set in my brain
I believe that my ability to think is set and nothing can change it
I believe that my ability to think is set in my brain, nothing can change it

Table 7  Items for measuring effort beliefs

Component Code Item

Positive effort beliefs PE1
PE2
PE3
PE4

I work harder on assignments that I find difficult, because that makes me learn the most
I do my best when working on difficult homework assignments, because that makes me learn the most
I give it my best effort when working on a harder assignment, because that helps me get it done better
I really like to pick assignments that are somewhat more difficult, because this makes me learn something new
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