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ABSTRACT ARTICLE HISTORY
In this paper, we investigate the learning experiences, beliefs and Received 1 March 2022
motivations of students in classes where the mathematics teach- KEYWORDS

ers have received support for using inquiry-based learning activi- Inquiry-based learning;
ties. Data were collected from 248 students in the age-range 11-16 beliefs; motivation
using electronic questionnaires. Our results show that key features

of inquiry-based mathematics were only moderately reflected in

these students’ beliefs about the subject, their dispositions towards

mathematics were less positive across the transition from primary to

secondary school, and with respect to motivation this decline was

stronger for girls than for boys. Furthermore, medium to strong cor-

relations between belief- and motivation subdomains were found,

for instance, students who view mathematics as a creative subject

and/or have a growth mindset of mathematics also tend to find this

subject enjoyable and perceive it as useful. Finally, our results indi-

cate that inquiry-based teaching has a potential for fostering positive

dispositions towards mathematics, as students who often experience

inquiry-related activities in class also tend to see mathematics as a

creative and interesting subject that will be useful for them in the

future.

1. Introduction

For the last couple of decades, serious concerns have been raised about students’ participa-
tion in - and interest for learning - science, mathematics and technology (see e.g. OECD,
2008). As summarized in Henriksen (2015), many young people opt away from science
and mathematics during their secondary education, and Engeln et al. (2013) argue that a
lack of proficiency and interest among students in mathematics and science subjects may
hinder young people becoming active and productive members of society — especially in a
rapidly changing world. Furthermore, a population proficient in science, technology and
mathematics has been seen as necessary for economic growth and prosperity (Engeln et al.,
2013). More recently, Inquiry Based Learning (IBL) has been proposed and received a lot
of political and economic support - especially in Europe — as an approach to teaching
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and learning that could improve students’ interest in, motivation for, and learning of both
mathematics and science (Artigue & Blomhej, 2013; Rocard et al., 2007).

IBL can be loosely defined as a way of teaching where students work in ways similar to
how mathematicians and scientists work (Artigue & Blomhej, 2013). More specifically,
this means that students are provided opportunities to pose questions, explore situa-
tions, and develop their own approaches towards solutions. The term inquiry itself refers
back to the work of John Dewey (1933), who developed an entire pedagogical theory
on the assumption that motivated investigations of our surroundings and related reflec-
tions, condensed as reflective inquiry, is the driving force for the development of all types
of human knowledge. Although IBL, and other student-centered approaches to teaching
such as problem-based learning and discovery learning, have been criticized for ignor-
ing human cognitive structures (Kirschner et al., 2006), recent meta-studies have shown
that IBL has the potential to improve students learning of and motivation for mathemat-
ics, as well as change students’ beliefs about mathematics as a subject (Alfieri et al., 2011;
Bruder & Prescott, 2013; Lazonder & Harmsen, 2016). There is, however, a need for further
research on the success of IBL in relation to the support mathematics teachers receive for
using IBL.

The context of the present study is a large four-year professional development project
called SUM, which set out to explore how teachers could be supported to integrate IBL
in their day-to-day mathematics teaching. For three consecutive school years, teachers
and researchers formed working groups which met 3-4 times a year. These groups can
be viewed as co-learning partnerships, in which participants collaborated on design-
ing, implementing and evaluating inquiry-based activities that were integrated in the
teachers’ own practice (see (Haavold & Blomhgj, 2019), (Roksvold & Haavold, 2021) or
(Blomhej, Haavold, & Pedersen, 2022) for a further description of the project or examples
of activities). The SUM-project thus provides an opportunity for investigating the learning
experiences, beliefs, and motivations of students in classes where the mathematics teachers
have received this particular form of support for using IBL.

In this paper, our aim is examining to what extent these students’ beliefs about mathe-
matics as a subject reflect key features of IBL, and how beliefs and motivation variables
relate to characteristics of the teaching they have received. Furthermore, we are inter-
ested in how background variables such as gender and age affect these students’ beliefs
and motivation.

2. Theoretical foundations and related literature
2.1. Beliefs about mathematics

Students’ beliefs about mathematics and how these may influence learning has attracted
a great deal of attention in mathematics education research (Leder & Forgasz, 2002).
Although the term has not been used uniformly throughout the research literature, cer-
tain features seem to be recurrent. For example, both Philipp (2007) and Skott (2015)
consider beliefs as subjective knowledge that is felt to be true, and as value-laden mental
constructs characterized by a certain degree of commitment. According to Skott (2015),
beliefs are also commonly considered relatively stable. However, in a critical analysis of the
relevant research literature, Liljedahl et al. (2012) conclude that stability is not a defining
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characteristic of beliefs. Instead, they summarize, change is a natural development of
beliefs in the face of experiences (p. 35). Finally, beliefs are also organized in complex
and quasi-logically connected clusters (Philipp, 2007), and beliefs about mathematics have
commonly been grouped according to beliefs about the nature of mathematics, beliefs
about mathematics learning, and beliefs about mathematics teaching (Beswick, 2012;
Ernest, 1989).

In our study, we are interested in beliefs about mathematics that relates to key features of
inquiry-based mathematics teaching. IBL is premised on an epistemological belief of math-
ematics as creative human endeavour, primarily focusing on the investigative processes of
mathematics (Ernest, 1989), and this epistemological position is reflected in a pedagogy
where students are provided with opportunities to both explore and explain mathematics.
Furthermore, as teaching mathematics is envisioned as facilitating students’ active knowl-
edge construction through exploratory and open-ended processes (Artigue & Blomhgj,
2013), a key premise is that all students have the capacity for learning and becoming pro-
ficient in mathematics. With respect to the nature of mathematics, we therefore focus on
views of mathematics as a subject that is creative, humanistic and related to the world we
live in, and call this belief dimension Mathematics is a creative subject. Turning to beliefs
about mathematics teaching, the subdomain we are interested in concerns views that math-
ematics instruction should provide students with opportunities to explore and try out their
own ideas, and we call this Mathematics instruction should be inquiry-based. Finally, when it
comes to beliefs about mathematics learning we are interested in beliefs reflecting a growth
mindset (Dweck, 1999), that mathematical ability is not fixed but may be cultivated. We
call this final belief subdomain Mathematical ability is not innate.

2.2. Motivation

Motivation has long been the focus of mathematics education research, and to a large
extent, this research has focused on students’ beliefs, values and goals as primary influ-
encers of motivation (Eccles & Wigfield, 2002). In this respect, beliefs are not limited to
the beliefs about mathematics as a subject described in the previous section, but include
beliefs about one’s own mathematical ability or the usefulness of mathematics.

The importance of competence beliefs have been demonstrated by numerous empiri-
cal studies showing that students with high competence beliefs and self-efficacy perform
better and are more motivated for learning (see e.g. Hacket & Betz, 1989; Pajares & Miller,
1994; and also Eccles & Wigfield, 2002). But although competence beliefs are important for
motivation, feeling confident that you will perform well at an activity may not be a suffi-
cient reason for actually participating in said activity. Another broad group of motivational
theories are those focusing on the reasons individuals have for engaging in tasks or activi-
ties (Eccles & Wigfield, 2002), a prominent example being the concept of intrinsic/extrinsic
motivation in self-determination theory (Ryan & Deci, 2000). Self-determination theory
defines intrinsic motivation as ‘the doing of an activity for its inherent satisfactions rather
than for some separable consequence’ (Ryan & Deci, 2000, p. 56). Intrinsic motivation
can arise when an individual finds a task or an activity inherently interesting, and may be
seen as contrasting with extrinsically motivated activities, which are performed for instru-
mental reasons — for instance rewards or other desirable consequences of engaging in the
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activity. Intrinsic motivation has been shown to relate to better task persistence, greater
engagement, and higher performance (Rigby et al., 1992; Ryan & Deci, 2000).

A somewhat different perspective is offered by the expectancy-value theory of
achievement-related choices (Eccles, 2005). Here, a student’s motivation for engaging in
an activity is thought to depend on two sets of beliefs: (1) the student’s expectations for
success, which relates to their competence beliefs as well as their estimation of the diffi-
culty of the activity, and (2) how students value the activity. The latter includes an intrinsic
value related to the enjoyment a student may experience when engaging in an activity
or the subjective interest the individual has in the activity, and a utility value relating to
how engagement may be useful to the student, for instance with respect to their future
career prospects (Eccles & Wigfield, 2002). As in the case of competence beliefs, empirical
research has convincingly demonstrated that both experiencing enjoyment and perceiving
mathematics as useful positively influence student’s performance (see e.g. Weidinger et al.,
2020).

In this study, we will conceptualize students’ motivation for mathematics through the
constructs of perceived competence, intrinsic value, and utility for future life.

2.3. Beliefs and motivation in relation to age, gender and teaching characteristics

Previous research has shown that students’ mathematical self-confidence and enjoyment of
mathematics decline across grade levels (Christensen & Knezek, 2020; Kaarstein & Nilsen,
2016), and similar trends are found for student’s views about the usefulness of mathe-
matics (Forgasz et al., 2015). Furthermore, numerous studies have demonstrated gender
differences regarding beliefs and attitudes about mathematics. Generally, boys report more
positive attitudes towards learning mathematics (Else-Quest et al., 2010), while girls report
lower self-confidence (Perez-Felkner et al., 2012). With respect to utility value, some stud-
ies indicate that boys are more likely to agree with statements describing mathematics as
important (Perez-Felkner et al., 2012). However, the picture is less clear when it comes
to attribution of success. For example, Leder (1992) found that boys emphasized ability
while girls tended to emphasize effort, indicating that girls to a larger extent have a growth
mindset with respect to mathematics ability. On the other hand, Perez-Felkner et al. (2012)
found that boys tended to score higher on a measure of the belief that most people can learn
to master mathematics, i.e. that boys to a larger degree indicated that mathematical ability
is not innate.

With respect to teaching, the picture is somewhat mixed. Inquiry-based approaches
have indeed been shown to potentially influence students’ beliefs about mathematics in
a positive way (e.g. Boaler, 1998). For example, Gijsbers et al. (2020) recently found
that guided inquiry-based teaching strategies and tasks in authentic realistic contexts can
improve secondary students’ beliefs about the relevance of mathematics to real-life sit-
uations, while Fielding-Wells et al. (2017) highlighted how inquiry-based learning may
increase student motivation for mathematics. Furthermore, in a retrospective analysis
Moyer et al. (2018) found that high-school seniors who had followed a reform-oriented
curriculum in lower secondary school exhibited a more relational vision of mathemat-
ics than students who had followed a traditional curriculum. However, Moyer et al. also
found that an instrumental view of mathematics still was the most prevalent, and that there
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were no differences between the groups in terms of their emotional dispositions toward
mathematics or perceived competence (Moyer et al., 2018).

2.4. Research questions and hypotheses

Our focus in this paper is on investigating the beliefs and motivations of students in
classes where the mathematics teachers have been supported in integrating inquiry-based
activities in their mathematics teaching. The short literature review above gives us some
indications of what to expect, but less is known about the belief domains we are interested
in and how they relate to motivation variables and teaching approaches. Specifically, we
will address the following research questions:

(1) What characterizes these students’ motivation for mathematics and beliefs about
mathematics as a subject, and to what extent do these dispositions differ across gender
and school level?

(2) How do motivational variables and student beliefs about mathematics relate to each
other, and to what extent do these relationships differ across gender and school level?

(3) How do these students’ motivation for mathematics and beliefs about mathematics
as a subject relate to characteristics of the teaching they have received, and does this
differ across gender and school level?

3. Method

As already noted, the developmental activities in the SUM-project lasted for three consec-
utive school years. Some of the participating teachers did not join until the beginning of
the second year, therefore, data for our study were collected in the final semester (spring
2020) of this project, thus ensuring that all the participating students had experienced some
inquiry-based teaching in their mathematics classes. Electronic questionnaire responses
were collected from 248 primary school (grades 5-7) and secondary school (grades 8-10)
students, attending 3 different schools participating in the SUM-project. The students were
in the age-range from 11 to 16, 49% were male, and 32% of them came from the primary
school level. The collection and handling of data in this project was assessed by the Nor-
wegian Centre for Research Data (NSD), project number 54660, and written informed
consent was secured from all participants (for children under 15, informed consent is given
by the parents).

The questionnaires contained items measuring students’ motivation and beliefs in
mathematics along the aforementioned belief domains (Mathematics as a creative subject,
Mathematics instruction should be inquiry based, Mathematics is not an innate ability)
and motivation constructs (Intrinsic value, Perceived competence, Utility for future life).
In addition, the questionnaires included background questions (age, gender, school, etc.)
and questions about the teaching they have received.

3.1. Belief and motivation scales

All belief and motivation items were answered along a 5-point Likert scale (1: completely
disagree, 5: completely agree). In a previous validation study using a pilot dataset collected
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Table 1. Constructs with sample items. Shorthand names are given in parentheses.

Scale No of items Sample item o
Mathematics as a creative subject 3 Mathematics is first and foremost about 0.59
(Creative) understanding the world around us
Mathematics is not an innate ability 3 Everyone can become proficient in 0.77
(Adventitious) mathematics
Mathematics instruction should be 3 In mathematics class we should first and 0.58
inquiry-based (Inquiry) foremost experiment and try out our own
ideas
Intrinsic value 5 | enjoy doing mathematics 0.91
Perceived competence 4 I have good mathematical skills 0.94
Utility for future life (Future utility) 4 Mastering mathematics will help me get a job 0.77
later in life

with a partially overlapping sample of students in the fall of 2019, we established that these
items form robust measures of the belief- and motivation domains under consideration,
with acceptable internal reliability and discriminant validity (Pedersen & Haavold, 2022).
Table 1 shows an overview of these constructs with sample items, as well as values of Cron-
bach’s alpha calculated for the data in the present study. The alpha-values for the scales
Creative and Inquiry are here lower than optimal,! but of the same the magnitude as scales
used to measure beliefs about the nature of mathematics in other studies (see e.g. Wilkins
& Ma, 2003). We deem both of these scales satisfactory for our use, but recognize that care
should be taken when interpreting the results.

For each scale, student scores were calculated by computing the arithmetic mean of
the associated items that had valid, non-missing values. This ensures that the scale val-
ues lie in the same range as the original Likert scale. Negatively worded items have been
reversed, so that a high score indicates agreement with the described belief domains or
positive motivational dispositions.

3.2. Teaching characteristic scale

Twelve questionnaire items asked students about their perception of the teaching they had
received. Sample items include ‘In mathematics class, we work individually on tasks similar
to textbook examples’, ‘In mathematics class, we discuss different ways of solving prob-
lems’ and ‘In mathematics class, we work on inquiry tasks’. These items were answered
along a 5-point Likert scale (1: almost never, 5: almost always). An exploratory factor anal-
ysis using Principal Axis Factoring and oblique rotation was performed on these items,
in order to identify a possible factor structure. Three items were excluded to improve the
interpretability due to low communalities and/or high cross-loading. The factorability of
the 9 remaining items was deemed satisfactory (with a Kaiser-Meyer-Olkin measure of
0.81, as well as significant Bartlett’s Test of Sphericity), and two factors were extracted in
the analysis.

Seven items loaded onto factor 1 (eigenvalue = 3.2, 35.8% of variance), with factor load-
ings in the range 0.49-0.68. All these items describe mathematics classes where students
work on challenging problems and inquiry tasks, devising their own solution strategies and
discussing different ways of solving problems (possibly in groups or with the aid of concrete
materials). We therefore call this factor Inquiry-based mathematics activities (IMBA), as
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these are all activities present in inquiry-oriented classrooms. The internal reliability of the
IBMA scale was deemed good, with a Cronbach alpha of 0.80.

Only two items loaded onto factor 2 (eigenvalue = 1.4, 15.9% of variance), with fac-
tor loadings of 0.61 and 0.65. As both of these items describe teaching or activities that
heavily rely on the textbook, we call this factor Textbook-based activities (TBA). It should
be noted that the use of two-item scales is debated, as the reliability inevitably will be lower
than for longer scales. On the other hand, there is some empirical evidence that two-item
subscales of longer measures can adequately represent their parent scales (Jensen et al.,
2003), and a two-item scale will usually have a better content validity than a single item.
For the TBA-scale, we assessed internal reliability using the Spearman-Brown coefficient,
as this is recommended for two-item measures (Eisinga et al., 2013). The calculated value
of 0.58 is somewhat lower than optimal, but of the same magnitude as similar scales devel-
oped in other studies (see e.g. DeMonbrun et al., 2017). We therefore deem both scales
satisfactory for our use, as long as care is taken when interpreting the results.

For both teaching characteristic scales, student scores were calculated by computing
the arithmetic mean of the associated items that had valid, non-missing values. Again, this
ensures that the scale values lie in the same range as the original Likert scale. High scores
on the teaching characteristic scales thus indicate that this type of teaching is perceived to
be frequently used in class.

3.3. Data analysis

Measures of central tendency and variance were calculated for each of the belief- and
motivation constructs (see Table 2, further discussed in the results section). For some
of the variables (e.g. Future utility and Adventitious), we noticed a clear deviation from
the normal distribution. In the following, we therefore employ the non-parametric Mann-
Withney U-test to assess whether motivation for mathematics and beliefs about mathe-
matics as a subject differ across gender and school level. Possible relationships between the
motivational variables, student beliefs about mathematics and teaching characteristics are
investigated by calculating Spearman correlation coefficients. Finally, we test whether dif-
ferences in correlation coeflicients across gender and school level are statistically significant
by transforming the correlation coeflicients to z-scores using the Fischer Z-transformation

11 1+r
zZs = —1o 5
ST 3% \1 -

Table 2. Descriptive statistics.

N Median Mean St. dev. Skewness Kurtosis

Belief domains

Creative 247 333 3.26 0.789 —0.023 —0.307

Adventitious 247 4.67 4.23 0.830 —-1.311 1.786

Inquiry 248 333 3.38 0.732 —0.002 —0.181
Motivation constructs

Intrinsic value 248 3.40 3.32 0.897 —0.396 —0.180

Perceived competence 248 3.75 3.53 1.00 —0.575 —0.214

Future utility 248 4.25 4.22 0.797 —-1.191 1.590
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Table 3. Test statistics (Mann-Whitney U-test).

N primary N secondary U |Z| p
Creative 79 168 4402.5 4303 <.001
Adventitious 79 168 5626.5 1.968 .049
Inquiry 80 168 4420 4.399 <.001
Intrinsic value 80 168 5520 2.278 .023
Perceived competence 80 168 5047 3.181 .001
Future utility 80 168 4589 4.102 <.001

and approximating the variance by Var(zs) = 1.06/(n — 3) as suggested by Fieller et al.
(1957).

4. Presentation and discussion of results

In the following, results are presented and discussed for each of the three research questions
separately. Common themes will then be addressed in the concluding section.

4.1. RQ1:Student scores on belief and motivation measures

Addressing our first research question entails describing the students’ motivation for math-
ematics and beliefs about mathematics as a subject, and investigating the extent to which
these dispositions differ across gender and school level.

Table 2 shows descriptive statistics for each of the belief- and motivation measures.
Looking at the student group as a whole, we note that they to a large extent agree that
mathematical ability is not innate (Adventitious), and that mathematics will be useful for
them in the future. However, their median scores are only slightly above the neutral mid-
point of the scale (3) when it comes to the belief domains Creative and Inquiry. This implies
that the students to a lesser extent agree that mathematics is a creative subject where the
purpose is to solve interesting problems and understand the world around them, or that
mathematics instruction should be inquiry based. Thus, we find that some key features of
inquiry-based mathematics are only moderately reflected in these students’ beliefs about
the subject.

Many studies have documented a decline in students’ attitude towards mathematics over
the transition from primary to secondary school (Christensen & Knezek, 2020; Evans et al.,
2018; Tuohilampi et al., 2014). Figure 1 compares the central tendency (median) for the
belief- and motivation constructs by school level, and shows a decline for all 6 measures.
Mann-Whitney U tests (summarized in Table 3) show that on the 5% level, this decline is
statistically significant for all the belief- and motivation constructs, albeit only just so for the
Adventitious construct. In a previous study, Wilkins and Ma (2003) found that although
students developed less positive attitudes toward mathematics and its social importance
with increasing age, their notion of the nature of mathematics did not tend to change. Our
results modify this picture, as we find that the secondary school students to a significantly
lesser extent agree that mathematics is a subject which is creative, humanistic and related
to the world we live in.

Turning to gender, previous research has demonstrated differences regarding beliefs and
attitudes about mathematics, but few previous studies have considered the belief constructs
we are interested in. Looking at our student group as a whole, we found the perceived
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Figure 1. Median values of belief- and motivation constructs across school level.

competence scores of boys (Md = 3.75) to be higher than those of girls (Md = 3.50). A
Mann-Whitney U Test indicated that this difference was statistically significant, U(N}, =
121, Ng = 127) = 8878.00,z = 2.124,p = .034. No significant gender differences were
found for the other belief- and motivation constructs in Table 2. However, if we take school
level into account, the picture regarding the motivation constructs changes somewhat:

e For the primary school students, girls scored higher on Intrinsic value (Md = 3.80)
and Future utility (Mdpy = 5.00) than boys (Mdjg = 3.2 and Mdpy = 4.75, respec-
tively), and these differences were statistically significant with U(Ny, = 41, Ny = 39) =
561.50,z = 2.297,p = .022 for differences in Intrinsic value and U(N, = 41, Ng =
39) = 569.50,z = 2.361,p = .018 for Future utility. Furthermore, Perceived compe-
tence did not differ between girls and boys at the primary school level.

e For the secondary school students, there was a statistically significant difference
between the Perceived competence scores of boys and girls (Mdj, = 3.75, Md, =
3.25, U(Np = 80, N, = 88) = 4168.0,z = 2.066, p = 0.039), but there were no differ-
ences with respect to Intrinsic value and Future utility.

Taken together, this shows that the decline in motivation across the transition to sec-
ondary school was stronger for girls than for boys, and that the difference in perceived
competence did not appear until secondary school. No such gender differences were found
with respect to the decline in beliefs.

4.2. RQ2: Intercorrelation between belief and motivation constructs

Addressing our second research question entails investigating the relationship between the
belief domains and motivational variables, and to what extent these relationships differ
across gender and school level.
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Table 4. Belief and motivation intercorrelations.

Scale 1 2 3 4 5

1. Creative

2. Inquiry 0.30xx

3. Adventitious 0.29** 0.12

4. Intrinsic value 0.41** 0.10 0.43**

5. Future utility 0.48** 0.06 0.40** 0.47**

6. Perceived competence 0.20** 0.15% 0.29** 0.59** 0.31**

**Correlation is significant at the 0.01 level. *Correlation is significant at the 0.05 level.

Table 4 shows the bivariate Spearman (non-parametric) correlation coeflicient between
the each of three scales measuring students’ beliefs and the three scales measuring students’
motivations.> The strongest correlation is found between Intrinsic value and Perceived
competence, which is to be expected as strong cyclical relationships between mathematics
enjoyment and confidence have also been found in other studies (see e.g. Christensen &
Knezek, 2020). A separate analysis further revealed that this correlation between intrin-
sic value and perceived competence is stronger for girls than for boys (pog(125) = .68**,
Pb(119) = .51**), and using the Fischer Z-transformation we found that this difference
was statistically significant with p = .047 (two-sided). An optimistic interpretation of this
is that for both genders, activities that promote mathematical enjoyment will contribute to
increased confidence, which in turn will increase the enjoyment, and as this relationship is
stronger for girls, such activities have the potential to counter the development of gender
differences in motivation.

Furthermore, there are some moderately strong relations between belief- and moti-
vation constructs: the scales Creative and Adventitious are both positively related to
Intrinsic value and Future utility, indicating that students who view mathematics as a
creative subject and/or have a growth mindset of mathematics also tend to find this
subject enjoyable and perceive it as useful. The correlation coefficients do not say any-
thing about the directions of these relationships, however, other researchers have found
evidence supporting a hypothesis that ascribing to a growth mindset promotes valuing
(both intrinsic and utility) of mathematics (Degol et al., 2018). We therefore find these
correlational relationships promising, as they give further support to the notion that
efforts targeting mathematic-related beliefs also may have a positive influence on student
motivation.

Further investigations also revealed that some of the subscale intercorrelations signif-
icantly differs between primary-level and secondary-level students. For example, while
the median scores of both the Adventitious and Intrinsic value constructs were lower
for secondary school students (see Figure 1), the aforementioned relationship between
these constructs was significantly stronger for the secondary school students (0prim(78) =
247, psec(166) = .50**, pgig = .030). On the other hand, we find a stronger relationship
between Creative and Future utility for the primary school students than for the secondary
school students (oprim(78) = .60, psec(166) = .36™*, difference statistically significant
with p = .029). These differences show that it is not just the degree of motivation or agree-
ment with belief domains that may change with increasing age, but also the relationship
between the belief- and motivation domains.
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Table 5. Descriptive statistics for the
teaching-characteristic scales.

Scale Median 25-percentile 75-percentile
IBMA 3.14 274 342
TBA 4.00 3.50 4.50

Table 6. Subscale correlations with teaching characteristics.

Creative Adventitious Inquiry Intrinsic value Perceived competence Future utility
IBMA 0.45** 0.27** 0.023 0.29** 0.10 0.35**
TBA —0.001 0.012 —0.025 —0.017 0.14* 0.13*

**Correlation is significant at the 0.01 level. *Correlation is significant at the 0.05 level.

4.3. RQ3:Influence of teaching characteristics

Addressing our third research question entails investigating how these students’ motivation
for mathematics and beliefs about mathematics as a subject relate to characteristics of the
teaching they have received, and to what extent these relationships differ across gender and
school level.

As already noted, all the participating students attended classes where the teachers
had received support for integrating inquiry-based activities in their mathematics lessons
through the SUM-project. This does, however, not mean that the majority of the teaching
was inquiry based. The students’ responses to the teaching-characteristic items are summa-
rized in Table 5, and briefly put this shows that the amount of class-time used for Inquiry-
based mathematics activities (henceforth referred to as IBMA) was moderate overall, with
some students experiencing these kinds of activities relatively often, and others reporting
that they were relatively seldom used. Furthermore, although the use of textbook-based
activities varied, students perceived them as more prevalent than inquiry-based activities.?

Given the aforementioned variations in the use of inquiry-based and textbook-
based activities, we have calculated bivariate Spearman correlation coefficients between
belief/motivation constructs and the teaching characteristic scales. The results are shown
in Table 6, and for these correlations, no significant differences were found across gender
or school level.

Here, we note that there is a moderate positive correlation between the belief scale Cre-
ative and the IBMA scale, while the scales Adventitious, Intrinsic value and Future utility
are all weakly but positively correlated with the IBMA scale. Although the correlations are
not strong, this gives some indication that students who often experience inquiry-based
mathematics activities to a larger extent see mathematics as a creative subject that will be
useful for them in the future, find mathematics interesting and enjoyable, and believe that
mathematical ability is the result of effort rather than something innate.

5. Concluding remarks

We have investigated the beliefs and motivations of students in classes where the math-
ematics teachers have received supported for integrating inquiry-based activities in their
mathematics teaching. Our results show that these students to a large extent believe that
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mathematics ability is the result of effort, but that their beliefs about mathematics as a
subject only moderately reflect other key features of IBL. Furthermore, we find that the
well-documented decline in motivation across the primary/secondary transition (see e.g.
Christensen & Knezek, 2020) also appear in our sample, along with a similar decline in
the belief domains. With respect to the motivation variables, we find that this decline is
strongest for the girls.

What, then, was the effect of the inquiry-based teaching? As we have conducted a cross-
sectional study, we are not in a position to estimate effects by analysing developments in
students’ dispositions towards mathematics. Rather, we have taken advantage of the fact
that there was a variation in the use of inquiry-based activities in class (as perceived by
the students), and conducted correlational analyses. These results indicate that students
who often experience inquiry-related activities in class also tend to see mathematics as a
creative and interesting subject that will be useful for them in the future.

Social-cognitive motivation theories posit that students” beliefs about themselves and
their school subjects influence both the nature and the extent of their engagement in
classroom activities (Patrick et al., 2017). One may then ask whether the correlations in
Table 6 rather indicate that teachers more frequently use inquiry-based activities in classes
where students tend to see mathematics as creative, useful and interesting. Our correla-
tional analyses cannot determine the directionality of the relationship between teachers’
use of inquiry-based activities and students’ dispositions towards mathematics. This may
indeed be a reciprocal relationship, where teachers of classes in which students tend to
see mathematics as creative, useful and interesting find it easier to integrate inquiry-based
activities, which in turn positively influence students’ dispositions towards mathemat-
ics. We therefore conclude that while our results support other researcher’s findings that
inquiry-based teaching has a potential for fostering positive dispositions towards mathe-
matics (see e.g. Boaler, 1998; Fielding-Wells et al., 2017; Riegle-Crumb et al., 2019), more
research is needed to shed light on the possible reciprocal relationship between teaching
characteristics and student’ attitudes.

Notes

1. Inthe questionnaire used for this study, we tentatively added 2 items to each of the scales Creative
and Inquiry in an attempt to obtain a higher reliability. As it turned out, the slightly longer scales
had lower Cronbach alphas, consequently, we have chosen to keep to the short scales that were
more thoroughly validated in (Pedersen & Haavold, 2022).

2. Pearson correlation coeflicients of comparable magnitudes were reported in the question-
naire validation study using a pilot dataset (Pedersen & Haavold, 2022), indicating that these
correlations are reasonably stable.

3. As the data were collected after the school reopening in the spring of 2020, one may wonder
to what extent students’ perception of the teaching had been affected by the Covid-restrictions.
The aforementioned pilot study conducted with a partially overlapping sample of students in
the fall of 2019 however showed similar values for the two teaching characteristic scales.
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