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Abstract

Many students lose interest in mathematics as they progress through school. Therefore,
the purpose of this project was to examine ways to encourage interest in mathematics by

investigating two instructional interventions among middle school students.

This article-based dissertation is comprised of three articles and an extended summary.
The extended summary includes a review of the theoretical field of interest in education,
theoretical framing, method and research design, a summary of results, and a general
discussion. The theoretical framing was based on the model of interest development by
Hidi and Renninger, which focuses on how situated experiences of interest during
learning (situational interest) can promote long-term motivational disposition (individual
interest) for specific content. Environmental features can encourage situational interest;
however, those with an individual interest in mathematics are more likely to be interested
in learning math. Therefore, the overarching aim of this research was to identify ways to

encourage situational interest among students who are not disposed to interest in math.

The theoretical framing was based on the instructional interventions used to promote
interest, context personalization and example choice, which involve different ways to
connect concepts students need to learn with knowledge they are already familiar with or
interested in. Methodologically, a quantitative approach to the research field was adopted,
including an experimental random-control group design, to examine the effect of the

interventions.

Article I is a quantitative analysis of the relation between individual and situational interest for
different grade levels and genders. The findings showed that although girls reported less
individual interest than boys, they experienced the same level of situational interest when
learning mathematics. For the grade levels, there were similarities between reports of individual
and situational interest. These findings suggest that age-related declines in individual interest can

also be observed in specific learning situations, unlike gender differences.



Article II is an experimental study of three types of instructional interventions on situational
interest: context personalization based on students’ out-of-school interests, example choice, and a
“one-size-fits-all” approach that provides all students with an example. The findings showed that
context personalization and example choice had positive effects on situational interest,
particularly among those with low individual interest and perceived competence in mathematics,
as well as on effort. The “one-size-fits-all” approach did not have any effect on interest or effort.

Neither intervention affected students’ problem-solving skills during the experiment.

Article III is an experimental study of three instructional interventions: context personalization
based on students’ preferences, example choice with selected topics, and a “one-size-fits-all”
approach that provides all students with an example that other students find interesting. Example
choice had a small effect on triggered situational interest, whereas context personalization did not

positively influence situational interest.

Based on the findings from the three articles, the main contribution of this project is the
introduction of a new theoretical distinction for the context personalization literature related to
the differences between interest and preference-based approaches used to encourage students’
interest. It also contributes to increasing knowledge regarding the more newly developed
interventions of example choice. Furthermore, the findings demonstrate that not all observed
differences in individual interest correspond to differences in situational interest, which can

influence the ways schools and teachers approach changes in individual interest.
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1. Introduction

Learning in school should be interesting for students. In the book Interest and Effort
in Education, John Dewey (1913) claimed that it is only through interest that schools
can ensure that students learn and develop a desire to continue schooling after the
obligatory education. Without interest, Dewey argued, schools can ensure students’
presence; however, they cannot ensure they are attentive and willing to learn the
content taught in the classroom. Therefore, a critical task for teachers is to help
students discover interest in the learning content; however, as Dewey (1899/1956)
described in The School and Society, efforts to encourage interest in schools are often
misdirected due to a continuing gap between the learning content and students’ lives

outside of school:

When the child gets into the schoolroom he has to put out of his mind a
large part of the ideas, interests, and activities that predominate in his
home and neighborhood. So the school, being unable to utilize this
everyday experience, sets painfully to work, on another tack and by a
variety of means, to arouse in the child an interest in school studies
(Dewey, 1899/1956, p. 77).

The important task for teachers resides in “making things interesting” (Dewey, 1913,
p. 23), which involves linking content students believe is neutral or even tedious to
topics that are significant to them to bridge the gap between school content and the
students’ lives. Dewey’s concept of making things interesting is not about finding
ways to persuade students to follow directions, which is often the case in classrooms.
The aim is to provide students with environments that will encourage them to form a
personal relationship between themselves and the learning content. In doing so,

interest, effort, and learning will follow (Dewey, 1913).

Currently, over a hundred years later, “making things interesting” remains a relevant
notion, described as one of the most pressing challenges for modern schools (Hidi &
Harackiewicz, 2000). In this vein, The Norwegian Ministry of Education and

Research stated that “measures must be taken to increase students’ engagement and



interest in learning during middle school” (KD, 2009, p. 25)>. This statement is
based on the tendency for students to gradually lose interest in school as they
progress through obligatory education (Topland & Skaalvik, 2010), which is related
to student dropout, lack of motivation, and underachievement (see also KD, 2011);
however, there is a constraint involved in making things interesting that is inherent in
its embedded concept of interest. According to Dewey (1913), interest is “the
accompaniment of the identification, through action, of the self with some object or
idea...” (p.14). His description highlights interest as a result of acting upon the
environment with particular content that has personal significance to the individual.
This depiction continues to influence modern conceptualizations of interest (e.g. Hidi
& Renninger, 2006; Schiefele, 2009). Consequently, one cannot increase general
interest in school because “interest is always content specific” (Hidi & Renninger,
2006, p. 112), which in an educational setting relates to specific subjects or topics
(Ainley, Hidi, & Berndorff, 2002). Therefore, to make something interesting in

school, the “something” must be a specific type of academic content’.

This backdrop leads to the overarching topic of this dissertation, which is identifying
ways to make math interesting for middle school students. Mathematics is one of the
subjects most prone to interest decline along with science (Harackiewicz, Smith, &
Priniski, 2016; Krapp & Prenzel, 2011). The tendency for interest in mathematics to
decline appears to be stable across time and educational systems (e.g. Frenzel,
Pekrun, Dicke, & Goetz, 2012; Jacobs, Lanza, Osgood, Eccles, & Wigfield, 2002;
Kaarstein & Nilsen, 2015; Watt, 2004). Although there is a marked gap in
mathematics, in which boys typically report more interest in math than girls, the
majority of students follow the same decline with age (Frenzel, Goetz, Pekrun, &
Watt, 2010). Therefore, the topic of making mathematics interesting, particularly

during the middle school years, is a continuing and significant issue.

! This is ungdomsskole in the Norwegian school system and the final level of the compulsory education.

2 Kunnskapsdepartementet (KD)

3 Ainley (1998) claimed that there is a general interest in learning, but this is a less explored concept in interest research.
Nevertheless, this is not synonymous with a general interest in school but is seen as a general attitude toward seeking and
expanding one’s knowledge.



1.1 Making math interesting

Although Dewey has influenced modern conceptualizations of interest, the phrase
“making things interesting” can benefit from being positioned within modern
terminology. In contemporary theories, the term interest refers to two distinct
experiences: a lasting affective and cognitive disposition to re-engage in specific
content and an immediate experience of being captivated in a particular moment
(Hidi & Renninger, 2006; Renninger & Hidi, 2015; Schiefele, 2009; Silvia, 2006).
The concepts of individual interest, which is related to cognitive re-engagement, and
situational interest, which is related to being captivated, capture these experiences
(Hidi & Renninger, 2006; Krapp, 2002; Mitchell, 1993; Renninger & Hidi, 2015;
Schiefele, 1991, 2009). In others words, individual and situational interest mark the
difference between “having interest” in specific content and “being interested” at a

particular moment.

Individual and situational interest are interrelated. As Dewey proposed, individual
interest represents a side of “the self” that can influence how a person experiences a
particular situation, which can support the elicitation of situational interest (Schiefele,
2009). For example, students interested in mathematics might be expected to
experience situational interest during a lesson on probability calculus because it
appeals to their disposition toward this domain. Situational interest, on the other
hand, which is a product of students’ responses to the environment, can support the
maintenance or development of individual interest in the content at hand (Renninger
& Hidi, 2015). Consequently, students with less individual interest in mathematics
are less likely to experience situational interest during a math lesson, which in turn
can impede the development of individual interest for some students. Therefore, in
contemporary terms, the primary challenge of “making things interesting” is
increasing situational interest among students who are not disposed to this

experience.

The significance of Dewey’s theory of interest is not only that learning should be

interesting but also that it could be interesting for all students. Contemporary



approaches emphasize a similar principle. Hidi and Renninger (2006) claimed that
“the potential for interest resides in the person but the content and environment define
the direction of interest and contribute to its development” (p. 112). Therefore, to
encourage situational interest in mathematics, measures should be taken to organize
the learning environment and content for this purpose. The potential causes for the
decline in academic interest may be a point of reference for such measures; however,
they are numerous and complex. For example, Krapp (2002) viewed interest
development as a selection process. During childhood, individuals have a broad
curiosity and a desire to learn about their surroundings; however, as individuals age,
they develop a more selected scope due to their developing perspectives of a “self”
with certain preferences, identities, and abilities. Others have explained the decline as
a mismatch between the curriculum in school and students’ interests (cf. Schiefele,
2009). The growing awareness of a “self” as a social being along with emerging
vocational interests during adolescence may cause students to overlook some subject
areas (Wigfield et al., 2015), which is also a central theoretical explanation for the
gender gap in mathematics interest (Eccles, 2009). Some scholars have also
suggested that students develop a strong social interest during adolescence that can
overshadow academic interests (Hidi, 2000). Changes in school practices as students
age may influence the decline of interest, moving from more project-based methods
to lectures and demonstrations as students progress through grade levels (cf.

Renninger & Hidi, 2015).

Most of the presented explanations for the decline of academic interest share similar
characteristics because they involve an opposing development of out-of-school
interests or identity. Identity in learning and development refers to a student’s self-
representation as a person who pursues certain content and activities that uphold this
representation (Harter, 2003, 2006). Therefore, due to the increasing awareness of
out-of-school interests and identity during the adolescent years, bridging the gap
between schools and students seems an appropriate approach to making math
interesting. Others involved in the field of education have also reached this
conclusion. For example, a committee appointed by KD to evaluate mathematics

education proposed the amendment of subject content to the needs of pupils with a



specific focus on highlighting the relevance of content to their everyday lives and
vocational paths to prompt motivation (Botten-Verboven et al., 2010); however, ways

to amend subject content to the needs of students and to what end are still unclear.

1.2 The scope and aims of the dissertation

The overarching topic of this dissertation is the task of making math interesting for
middle school students. Contemporary approaches to interest emphasize the influence
of the environment and content in encouraging situational interest, especially when
individual interest is lacking (e.g. Hidi & Renninger, 2006; Schiefele, 2009).
Therefore, the focus of this project was one of the most common materials used for
learning in school, namely texts (Schraw, Flowerday, & Lehman, 2001). Whether
computers, textbooks, homework, group activities, or self-studying are used, learning
in school often relies on texts. Texts are an environmental feature that students most
often interact with and are therefore an appropriate medium to make content
interesting. This project examines instructions as an effective approach to text
learning, referring to the written presentation of mathematical principles and

problems similar to the presentation of subject content in textbooks.

Thus, this dissertation examines the overarching topic through the following research
question: Can instruction “make math interesting” for middle school students? The
aim of this dissertation was to examine two specific instructional interventions: a
popular strategy in mathematical research called context personalization (e.g. Anand
& Ross, 1987; Walkington, 2013) and a more newly developed technique called
example choice (Reber, Hetland, Chen, Norman, & Kobbeltvedt, 2009). The
fundamental idea behind context personalization and example choice is to use
students’ experiences and interests from their everyday lives when learning new
content, which according to Dewey (1913) is the core of cultivating interest in school.

Due to the overarching topic of making math interesting based on texts, the scope of



this dissertation includes the instructional interventions of context personalization and

example choice.

Context personalization refers to instructional interventions that use students’ out-of-
school interests or preferences to customize a text without altering the learning
content (Walkington & Bernacki, 2014). There are several approaches to context
personalization that differ in the degree of customization (see Walkington &
Bernacki, 2014); however, this dissertation focuses on the “fill-in-the-blanks”
approach. Fill-in-the-blanks is a type of personalization that involves limited
customization, such as a single word or phrase of a text, which has led to an
assessment of this intervention as practical for educational purposes (Walkington &
Bernacki, 2014). The individual learner (i.e. individual personalization: Bernacki &
Walkington, 2014; Ku, Harter, Liu, Thompson, & Cheng, 2007; Lépez & Sullivan,
1992) or a specific group of students (i.e. group personalization: Ku & Sullivan,
2000, 2002) can be the basis for the customization of the texts. Example choice
combines the customized texts with the opportunity for choices in learning. When
using example choice, students are given a choice between different topics of
instruction before engaging, which all lead to the same formal principle for learning
(Reber et al., 2009). Students can select the topic they find most interesting and learn

new content in a context that is appreciated by and perhaps also relevant to them.

The goal of this project was to investigate whether context personalization and
example choice can encourage situational interest during mathematics learning
among middle school students, a goal that is hypothesized to counteract the tendency
of individual interest in math to decline with age and to differ between boys and girls.

Three related articles constituted the basis of this dissertation.

The first article investigated whether encouraging situational interest can be used to
mitigate the decline in math interest and the gap between boys and girls, which is
essential to the aim of this dissertation. The study involved an analysis of individual
and situational interest among 366 middle school students during mathematics

learning. The overarching question was: Do the well-documented trends in individual



interest in mathematics for gender and grade level correspond to differences in
situational interest? Quantitative data was used to examine whether differences in
individual interest before learning could also be observed for situational interest
during learning. The purpose of this study was to investigate whether increasing
situational interest, which was the aim of the context personalization and example
choice, could be related to the tendency for individual interest to decline with age and

to differ between boys and girls.

In the second and third articles, the main topics were context personalization,
example choice, and situational interest. The two experimental studies examined
different approaches to context personalization and example choice during a learning
activity in mathematics involving instructions, collectively including 1571 middle
school students. The main research question was: (1) Can context personalization and
example choice encourage situational interest among middle school students during
mathematics learning? Furthermore, to evaluate whether these interventions could
apply to learning, the secondary research question was: How do the instructional
interventions affect learning and learning behavior? Both articles consisted of

quantitative data from randomized experimental studies.

1.3 Structure

In addition to this introductory chapter, this extended summary includes four other
chapters. Chapter 2 provides a review of the theoretical and conceptual framework
used in this dissertation, drawing primarily on the perspective of Hidi and Renninger,
in which interest is a multidimensional phenomenon that can be encouraged to arise
and develop; however, other relevant theoretical approaches are also reviewed and
linked to the framing of this dissertation. Interest and its development can occur in
any area in the life-space of an individual, whether formal or informal (Krapp, 2002;
Renninger & Hidi, 2015); however, the focus of this dissertation is interest

development in an educational context regarding subject content.



Chapter 3 presents a review of the study intervention approaches, context
personalization and example choice, and previous empirical findings. Based on the
theoretical and empirical framework, this chapter concludes with the research

hypotheses of the three articles.

Chapter 4 describes the methodology of the studies, which emphasizes the need for
an experimental design and online assessment to examine the effects of the
instructional interventions on situational interest. This chapter presents details
regarding the design, participants, procedure, and instruments in addition to treatment

fidelity, validity, and ethical concerns.

Chapter 5 summarizes the three articles of this dissertation and provides additional
analyses that are not included in the articles but are significant to the overarching
topic, followed by an overall summary and discussion of the results. This chapter
highlights the main findings as well as the theoretical and practical implications of

the studies.
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2. Theoretical framework

This chapter presents and discusses the theoretical concepts and framing of this
dissertation, which centers on the phenomenon of interest in education. One of the
key theoretical standpoints in this project is Hidi and Renninger’s (2006) four-phased
model of interest development, which emphasizes the relationships between
individual and situational interest and between the student and the environment to

encourage and develop interest.

As Renninger and Hidi (2011) pointed out, the contemporary field of interest is still
in the state that Allport (1946) referred to when he wrote: “One of our greatest
defects is our lack of a consistent and adequate theory of interest” (p.341). Therefore,
this chapter discusses related theoretical frameworks from the perspective of Hidi and
Renninger for a more general viewpoint of interest. These frameworks include
interest as a basic emotion (Silvia, 2008), the person-object theory of interest (Krapp,
2002; Schiefele, 2009), interest value (Eccles et al., 1983), and intrinsic motivation
(Ryan & Deci, 2000a). I review those theoretical perspectives that are relevant to the
interventions we explored. Hidi and Renninger’s model explains how the relationship
between the student and the environment can elicit situational interest; however, to
explain in detail how the different aspects of the study interventions may influence
interest, such as choice and relevance, other theories can supplement the focal

theoretical framework.

Conceptually, interest and its development can occur in any area in the individual’s
life-space, whether formal or informal (Krapp, 2002; Renninger & Hidi, 2015);
however, the focus of this chapter is on interest in education related to specific

subject content.
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2.1 Hidi and Renninger’s concept of interest

According to Hidi and Renninger (2006), the term interest refers to both a
psychological state during engagement with content (situational interest) and to a
motivational disposition to re-engage with certain content over time (individual
interest). Renninger and Hidi (2015) posited that interest emerges in the connection
between the students and their environments in which the two concepts of interest

intertwine in a continuing development of academic interest:

When we talk about a student who has an individual interest in
mathematics and therefore is looking for ways in which he could solve
word problems, we conceptualize his/her interest as a predisposition.
When we consider this student’s behavior while working with an
interesting word problem, we refer to his/her psychological state of
interest that is generated both by the task and predisposition. However,
another student who does not have an interest in mathematics may also
find the word problem interesting, and thus experience the
psychological state of interest triggered by the situation (Hidi, 2006, p.
73).

...if the psychological state of interest is generated, or triggered
repeatedly, it may support the development of interest as a motivational
variable (Renninger & Hidi, 2015, p. 10).

As the quotes indicate, there is a continuing reciprocal relationship between
individual interest, the environment, and situational interest (see Figure 1).
Situational interest always arises as a response to the environment. Individual interest
is a sufficient but not necessary condition to elicit situational interest at a particular
moment (Hidi, 2006). On the other hand, experiencing situational interest can support
the development of individual interest over time, which in turn influences how the

students experience subsequent situations with similar content.

In addition to the shared characteristics with Dewey’s definition of interest, Hidi and
Renninger (2006) claimed that interest has neurological roots. The psychological
state of interest refers to a condition of heightened attention, positive affect, and
increased effort and persistence (Renninger & Hidi, 2015). This state stems from
innate cognitive mechanisms used to respond to the environment, which are

particularly related to the brain’s reward circuitry (see Ainley & Hidi, 2014; Hidi,
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2015 for detailed reviews). The neurological mechanism underlying interest is
beyond the scope of this dissertation; however, the implications of this perspective
are important. The potential for interest resides in all individuals as an innate ability
to respond to external stimuli (Renninger & Hidi, 2011). This perspective also
highlights that interest is initially without content, but it develops based on the
individual’s responses to his or her environment. Finally, this neurological
perspective emphasizes that interest can function as a reward for the individual when
the psychological state arises (Ainley & Hidi, 2014). This position underlines
Krapp’s (2002) assertion that “every area of a person’s knowledge can sooner or later

become the object of a situational or personal [individual] interest” (p. 387).
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Figure 1 Interest and the environment®

Using the four-phase model of interest development, Hidi and Renninger (2006)
described the transition from interest as a state to a disposition in four sequential
phases: triggered situational interest, maintained situational interest, emerging

individual interest, and well-developed individual interest (see embedded articles).

* Inspired by Krapp, Hidi, and Renninger (1992, p. 10)



13

2.1.1 Situational interest

Hidi and Renninger conceptualized situational interest as two responses to the
environment that may or may not occur as sequential phases: triggered and
maintained situational interest’ (see also Renninger & Hidi, 2015; Renninger & Su,

2012).

Triggered situational interest refers to the eliciting of the psychological state of
interest, often initiated by attracting the learner’s attention (Renninger & Hidi, 2015).
According to Hidi (2006), triggered situational interest parallels another theoretical
perspective in interest literature: interest as an emotion. Reeve (2005) defined
emotions as temporary expressive, feeling-arousing, and purposive phenomena that
aid people in adapting to immediate challenges and opportunities. According to Silvia
(2008), the purpose of interest is to attract people to new and unfamiliar objects in
their environment. Triggered situational interest and interest as an emotion share the
assumption that structural features of the environment that are novel, surprising, and
complex or incongruity in visual stimuli can prompt interest (Berlyne, 1970;
Renninger & Hidi, 2015; Silvia, 2006); however, they differ in that emotion theories
emphasize that interest arises due to the individual’s judgment of the environment,
whereas Hidi and Renninger referred to the events themselves as “triggers”
(Renninger & Hidi, 2015). Other scholars have also argued that making learners
aware of a knowledge gap between what they know and what needs to be known for a
particular task can trigger situational interest, which is referred to as the knowledge-

deprivation hypothesis (Rotgans & Schmidt, 2014, 2017).

The psychological state of interest can fade quickly, or it can transform into
maintained situational interest. Students’ needs, experiences, identities, and
knowledge as well as their ability to make a connection between themselves and the
content are significant contributors to this transition (Renninger & Hidi, 2015), which

is in line with Dewey’s conclusions. Maintained situational interest is therefore said

SThese phases are often analogous to the concepts of catch and hold, respectively (Dewey, 1913; Mitchell, 1993), referring
to catching and holding a person’ attention.
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to arise based on content features of the situation rather than structural features, as
with triggered situational interest (Linnenbrink-Garcia et al., 2010). Triggered and
maintained situational interest therefore represent different responses to the
environment, which can be caused by the learner’s individual interest in the learning
content, though not necessarily® (Knogler, Harackiewicz, Gegenfurtner, & Lewalter,

2015; Tsai, Kunter, Liidtke, Trautwein, & Ryan, 2008).

It is not clear from the theoretical framework of Hidi and Renninger whether
triggered and maintained situational interest can and should occur at the same
moment or whether they occur sequentially in different situations with similar
content. Based on the cases presented by Hidi and Renninger (2006, p. 116) and other
researchers’ interpretations of the theory (Harackiewicz et al., 2016), it seems
reasonable to assume that triggered and maintained situational interest should ideally
occur at the same moment. Moreover, repeated experiences of triggering and
maintenance of situational interest support the development of individual interest
(Renninger & Hidi, 2015). Consequently, when eliciting situational interest, this

experience should include both triggered and maintained situational interest.

Schiefele (2009) has criticized Hidi and Renninger for what he called a “vaguely
defined” psychological state of interest (p. 199). One challenge in interpreting Hidi
and Renninger’s framework is that they sometimes referred to “the psychological
state of interest” (e.g. Renninger & Hidi, 2015, p. 8), while other times they referred
to “a psychological state” for the different phases of interest (see Renninger & Su,
2012, p. 170). Hidi and Renninger’s model is understood in this dissertation as
entailing one psychological state of interest that the phase of triggered situational
interest captures; however, during the transition to maintained situational interest, the
psychological state is prolonged and focuses attention toward the content of the

environment.

© This stance stands in contrast to previous perspectives on interest, which view the experience of different is elicited due to
a pre-existing individual interest (actualized individual interest) or due to environmental factors (situational interest) (e.g.
Schiefele, 1991). This distinction is no longer present in the modern conceptualizations of interest (e.g., Hidi & Renninger,
2006; Schiefele, 2009).
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The majority of research on situational interest has focused on how to nurture
situational interest during learning. Methods such as relevance interventions (Canning
& Harackiewicz, 2015; Durik & Harackiewicz, 2007; Hulleman & Harackiewicz,
2009), attention-grabbing settings (Palmer, 2009), and problem-based instructions
(Rotgans & Schmidt, 2014, 2017) have been found to positively influence the
experience of interest; however, phenomenological research on situational interest is
limited. Across three studies, Linnenbrink-Garcia et al. (2010) found support for the
concept of situational interest as outlined by Hidi and Renninger; however, they
observed that maintained situational interest could benefit from being conceptualized
as two distinct connections to content based on affect and value (Linnenbrink-Garcia,

Patall, & Messersmith, 2013).

2.1.2 Individual interest

Individual interest refers to a more continuous motivational disposition to seek out,
re-engage, and respond positively to certain content (Hidi & Renninger, 2006). It
denotes an affective and cognitive relation between a person and some content in his
or her living space. The affective components refer to stored positive feelings toward
specific content, such as enjoyment, fascination, and excitement, whereas the
cognitive components refer to perceived personal value and the meaningfulness of the
content to the individual (Renninger & Hidi, 2011, 2015). Furthermore, Hidi and
Renninger (2006) emphasized that knowledge is a component of individual interest,
which is related to the drive to pursue content based on individual interest.
Knowledge is central for students to form curiosity questions. Berlyne (1954) defined
curiosity as the desire to learn new ideas, acquire knowledge, or solve problems
related to certain content. Although curiosity and interest are related, they are distinct
phenomena according to the literature (Renninger & Hidi, 2015). A fundamental
difference is that interest is conceptualized as a positive psychological state, whereas
curiosity is an aversive state (Litman, 2008). Nevertheless, individual interest can
lead to curiosity questions due to the motivation to re-engage and learn more about

specific content.
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According to Hidi and Renninger’s model (discussed in more detail in the embedded
articles), there are two phases of individual interest, which follows repeated
experiences of situational interest. Emerging individual interest arises when a student
takes the initiative to re-engage in content due to independent reflections; hence, a
more self-regulated predisposition has emerged, but a student in this phase may not
persevere if difficulties are encountered. Over time, emerging individual interest can
transform into a well-developed individual interest in which students have stored
positive feelings and value for the content and can persevere despite challenges.
Acquired knowledge and mostly voluntary re-engagement also characterize this

phase (Renninger & Hidi, 2015).

Students’ levels of individual interest in content have been found to influence the
choices they make to re-engage and seek challenges (Koller, Baumert, & Schnabel,
2001), achievement goals (Harackiewicz, Durik, Barron, Linnenbrink-Garcia, &
Tauer, 2008), attention (Ainley et al., 2002), and learning (Harackiewicz et al., 2008;
Hoffmann, 2002; Koller et al., 2001). Individual interest also influences the
elicitation of situational interest (Knogler et al., 2015; Tsai et al., 2008), which in turn
has been found to promote learning behaviors (Rotgans & Schmidt, 2011). Research
on interest-enhancing interventions has illustrated that individual interest shapes
students’ experiences with the environment because it moderates the effect of
measures used to increase interest (see Article II and III for reviews). Furthermore,
research also supports the notion that situational interest can foster individual interest
in different domains and among different age groups (e.g. Fisher, Dobbs-Oates,
Doctoroff, & Arnold, 2012; Guthrie, Hoa, Wigfield, Tonks, & Perencevich, 2005;
Linnenbrink-Garcia et al., 2010; Palmer, Dixon, & Archer, 2016; Rotgans &
Schmidt, 2017). Consequently, it is expected that declines in individual interest in
mathematics stem from a reduction of experiences involving situational interest as
students age. Similarly, gender differences in mathematics interest may stem from
differences in experiences involving situational interest while engaging in

mathematics (see Hoffmann, 2002 for similar arguments for the domain of physics).
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2.1.3 Summary

Based on the theoretical framework of Hidi and Renninger (2006), interest
development is initiated by the elicitation of a psychological state by the environment
(triggered situational interest). This state can be maintained (maintained situational
interest) if the learner forms a personal connection with the learning content based on
affect and value (Linnenbrink-Garcia et al., 2010). The repetition of these two phases
during learning can support the development of an emerging individual interest and

eventually to a well-developed individual interest (Renninger & Hidi, 2015).

As can be observed in Hidi and Renninger’s model of interest development, other
personal characteristics are involved in the experience of interest, especially for
maintained situational interest, which entails forming a personal connection to the
learning content. Therefore, the model presented in Figure 1 can be expanded based

on the model presented in Renninger and Hidi (2015, p. 9).
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Figure 2 The person, environment, and interest

The characteristics of a person encompass qualities such as prior knowledge,
experience, identity, and needs (Renninger, 2009; Renninger & Hidi, 2015;
Renninger & Su, 2012), which are not included in the concept of individual interest
but can still shape the experience of interest in a particular moment. Consequently,

these characteristics also influence the development of individual interest.
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Furthermore, the characteristics of the person can also influence the choice to engage
in certain activities because a person with specific characteristics seeks out certain

environments. The following section discusses this perspective.

2.2 Related theoretical frameworks

2.2.1 Person-object theory of interest

The person-object theory of interest (POI) is a framework that focuses on the relation
between individuals and objects, which are understood as all conceivable content
within the living space of the individual, and their relation to educational practices
(Krapp, 2002; Schiefele, 1991). There is a substantial overlap between Hidi and
Renninger’s model of interest and POI: both view interest as content-specific,
emphasize positive affect and value, and focus on the relation between the individual
and the environment (or objects); however, they differ in their conceptualization of
individual interest, particularly regarding including knowledge in the model of Hidi
and Renninger (2006). POI does not distinguish between different phases of
individual interest but focuses on different levels of positive affect and evaluations
related to certain content (Schiefele, 2009). Still, given the consensus regarding many
major theoretical positions, POI and Hidi and Renninger’s model are complementary

rather than conflicting (Krapp, 2002).

An important aspect of POI is the focus on identity and “the self” in developing an
interest (see Krapp, 2002 for review). Specifically, POI claims that interest, identity,
and stable personality traits develop concurrently. It also specifies that the individual
has a sense of a “self” and that the “object” of interest one way or another represents
the person’s self-perception. Although Hidi and Renninger’s theory encompasses
similar thoughts (Renninger, 2009), it highlights the significance of personal
characteristics in the elicitation of situational interest in particular moments in

addition to individual interest (see Figure 2).
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2.2.2 Expectancy-value theory of achievement motivation

The expectancy-value model of achievement motivation was initially developed by
Eccles et al. (1983) to understand adolescents’ choices and performance in
mathematics; however, this framework has since extended to include achievement
situations (Wigfield, 1994). The basis of this theory is that students’ expectancy for
success and personal values related to an upcoming task directly influence their

. . 7
choices, levels of persistence, and performances'.

Wigfield and Eccles (2000) defined expectancy for success as a student’s evaluation
of how well they will perform on an upcoming task. This expectancy is often
assessed by students’ self-concepts (Marsh, 1993), which represent domain-specific
ability beliefs. Students’ expectancy for success is reciprocally related to their
assessments of task value in this framework, for which Wigfield et al. (2015)
identified four types: interest value, attainment value, utility value, and cost.
Perhaps most relevant to the current project is the concept of interest value, referring
to the enjoyment (intrinsic value) one receives from an activity (Wigfield & Eccles,
2000). As duly noted by Wigfield and Cambria (2010), the modern interest construct
by Hidi and Renninger, Schiefele, and Krapp may also include attainment value,
which is the personal significance of performing well in an upcoming event (Eccles
& Wigfield, 2002). Utility value refers to the perceived usefulness of a task for future
goals, either immediate or long-term, whereas cost refers to what a student must
sacrifice to complete the task (Eccles & Wigfield, 2002; Wigfield & Eccles, 2000).
This framework may be more relevant to the concept of individual interest than
situational interest because it focuses on the factors that influence the choice to
engage in a learning situation rather than psychological mechanisms used during

learning; however, Wigfield and Cambria (2010) argued that the concepts of values

7 See also the framework of the control-value theory of achievement emotion (e.g. Pekrun, 2006; Pekrun & Perry, 2014) for
similar antecedents for students” emotions during learning; however, unlike Wigfield et al. (2005), Pekrun (2006) did not
explicitly refer to interest but rather to related emotions, such as enjoyment and curiosity.

8 These values are often presented under different but related labels (see Eccles et al., 1983, Wigfield, 1994; Wigfield &
Eccles, 2000 for comparison). This section was based on the labels used in Wigfield et al. (2015).
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also include a situational component: “interest value as defined in expectancy-value

theory contains both situational and enduring aspects” (p. 9).

An important implication of this theory is related to the various factors that can
influence interest value, such as upbringing, identity, gender roles, and attribution of
prior experiences (see Wigfield et al., 2015, p. 3 for the model in its entirety). All
these factors will manifest in either a student’s expectancy for success or in task
values according to this theory. Furthermore, the expectancy-value model also
describes a constant interaction between ability beliefs and task value. In this vein,
research has repeatedly observed interest as being highly related to competence
perceptions (e.g. Eccles & Wigfield, 2002; Skaalvik, Federici, & Klassen, 2015;
Skaalvik & Rankin, 1995; Skaalvik & Skaalvik, 2008, 2011). It is therefore not
surprising that studies on interest-enhancing interventions have found that students’
ability beliefs influence the experience of situational interest (Durik, Shechter, Noh,
Rozek, & Harackiewicz, 2015; Hulleman & Harackiewicz, 2009), which is similar to
individual interest (Durik & Harackiewicz, 2007). The influence of ability beliefs on
situational interest is not unexpected because knowledge is a part of individual
interest (Hidi & Renninger, 2006) and can therefore influence students’ assessments

of their competences within a particular domain (Eccles & Wigfield, 2002).

2.2.3 Self-determination theory

The self-determination theory (SDT) is a theoretical framework for well-being and
psychological health (Deci & Ryan, 2012; Ryan & Deci, 2000b). Of particular
relevance is its emphasis on intrinsic motivation, which is included in a sub-theory
within SDT, the cognitive evaluation theory (CET). Intrinsic motivation is defined as
“participating in an activity because it is interesting and enjoyable” (Deci & Ryan,
2012, p. 88). Moreover, Sansone and Thoman (2005) proposed a broader definition of
intrinsic motivation that further highlights the significance of interest for this concept:
“people are intrinsically motivated when their behavior is motivated by the
anticipated, actual, or sought experience of ‘interest” (p. 175). Therefore, the

theoretical framework of SDT for intrinsic motivation can underline perspectives that
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are relevant to the concept of interest (see also Schiefele, 2009). Its counterpart is
extrinsic motivation, which refers to completing an activity for some separate
outcome, such as receiving a good grade or avoiding punishment (Ryan & Deci,
2000a). According to SDT, well-being depends on satisfying three basic
psychological needs: to feel competent, to feel autonomous (or self-determined), and
to experience relatedness to other people and groups (Deci & Ryan, 2000, 2012;
Ryan & Deci, 2000a). According to the cognitive evaluation theory, which aims to
account for variability in intrinsic motivation (Ryan & Deci, 2000b), the first two
psychological needs are essential: intrinsic motivation can flourish in contexts that

support a student’s need for autonomy and competence.

The necessity of autonomy is often related to interest, especially its practical
consequences, offering students choices during learning (Patall, 2012). Choice is an
autonomy-supportive practice because it can increase students’ feelings of control
and involvement in a learning situation. Several studies have shown that offering
choices increases student interest and intrinsic motivation (Cordova & Lepper, 1996;
Linnenbrink-Garcia et al., 2013; Patall, Cooper, & Wynn, 2010; Patall, Sylvester, &
Han, 2014; Schraw et al., 2001; Tsai et al., 2008) and that teachers evaluate choice as
a positive and sought-after practice to promote student engagement (Fives &

Manning, 2005; Flowerday & Schraw, 2000).

Similar to environmental features, individual interest and perceived competence have
been found to influence how students perceive choices. Across four experimental
studies, Patall et al. (2014) observed that choice increased motivation for those with
high competence beliefs. Likewise, Patall (2013) found that choice increased
interestingness for those with a high individual interest in the core learning content.
Different types of choices have been found to vary in effect, such as instructionally
relevant and irrelevant choices (Patall, Cooper, & Robinson, 2008). Instructionally
relevant choices refer to options provided that influence the effectiveness of the
learning assignment (e.g., task difficulty), whereas irrelevant choices refer to options
irrelevant to learning, such as choices related to fantasy aspects of a computer game

when learning mathematics (Cordova & Lepper, 1996). Instructionally irrelevant
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choices have been evaluated as the most efficient approach to enhancing intrinsic
motivation, presumably because they require the least effort from students (see Patall

et al., 2008 for additional conclusions).

The influence of interest on choice is accounted for in the cognitive evaluation theory

(CET):

It is critical to remember, however, that people will be intrinsically
motivated only for activities that hold intrinsic interest for them,
activities that have the appeal of novelty, challenge, and aesthetic
value. For activities that do not hold such appeal, the principles of CET
do not apply, because the activities will not be experienced as
intrinsically motivating to begin with (Ryan & Deci, 2000b, p. 71).

When interest is lacking, Ryan and Deci (2000b) proposed external measures, such as
identification, which is similar to approaches emphasized in the interest literature, in

addition to supporting the psychological needs of the student.

2.3 Chapter summary

Hidi and Renninger presented a theoretical model that explains the development from
situational to individual interest. They also proposed several ways situational interest
can be triggered and maintained at the interface between the student and the
environment. The person-object theory of interest contributes to this framework by
explicitly addressing the concurring development of identity and personality as
personal characteristics that can influence interest and its development (Krapp, 2002).
The expectancy-value theory includes various factors that can affect students’
motivation, both before and during learning (Wigfield et al., 2015); however, this
model adds ability beliefs as a central factor in how students experience the learning
environment alongside interest. The self-determination theory highlights the
psychological needs of students that the learning environment should fulfil to
stimulate interest (Ryan & Deci, 2000b). All the theoretical frameworks contribute to
Figure 2, both in characteristics of the person and in the environment that can

influence students’ momentary state of interest.
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3. Experimental interventions

This chapter outlines and reviews the theoretical perspectives and empirical findings
on the instructional interventions examined in the current dissertation: context
personalization and example choice. Furthermore, this chapter describes the
phenomenon known as seductive details (Garner, Gillingham, & White, 1989), which

can be highly relevant when evaluating interest-based interventions for learning.

3.1 Context personalization

Context personalization is a collective term for instructional interventions that
customize the surrounding context in academic texts (e.g., problems, instructions) to
the student without altering the core learning content (Walkington & Bernacki, 2014).
Context personalization has been subject to empirical research for decades,
particularly in mathematics education related to mathematical word problems.
Mathematical word problems are tasks that present problems in text format (Reikeras,
2007), often as a story or a specific scenario (Walkington, Petrosino, & Sherman,
2013). The primary focus of context personalization in mathematics research is its
potential positive effects on problem-solving skills (e.g. Bates & Wiest, 2004; Cakir
& Simsek, 2010; Ku & Sullivan, 2000; Lopez & Sullivan, 1992; Walkington, 2013).
One assumption regarding the effects on problem-solving is that personalized texts
can increase student interest, which in turn heightens motivation and effort to solve
problems (e.g. Anand & Ross, 1987; Boaler, 1994; Ku & Sullivan, 2002); however,
evidence of the effect of interest is mostly based on indirect inferences, such as
observed positive effects on performance (Walkington et al., 2013). Other
assumptions regarding the effect of personalization on problem-solving, which is not
discussed in detail in this dissertation, are related to reducing the cognitive load when
presenting a problem and grounding a formal principle in terms that are familiar and

conceivable concepts for the students (Walkington & Hayata, 2017).
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3.1.1 Designing personalization

Over time, different approaches to context personalization have been proposed.
Based on three design principles, Walkington and Bernacki (2014) distinguished
between four approaches to context personalization (see p. 161)°. The three principles
are depth, grain size, and ownership. Depth refers to the quality of the personalized
aspect of the text, which can range from the simple insertion of something relevant to
the students (low depth) to elaborated texts that build on students’ interests or
preferences (high depth). Grain size refers to the scale of the reference group, which
distinguishes between customization based on the individual or a group of students.
Finally, ownership is related to the autonomy in the generation of customization.
Here, the difference resides in how involved students are in customizing the text and
whether they are aware of what has occurred. Finally, Walkington and Bernacki
(2014) evaluated the practicality of the approaches, and approaches with a low depth,
a grain size based on the individual or group, and little ownership were considered
the most applicable in an educational setting. In a more recent review, Walkington
and Hayata (2017) supplemented the three principles with richness, which refers to
the extent to which other elements of the context besides the personalized aspects are

part of real-world problem solving.

The focus of the dissertation is the approach labeled “fill-in-the-blanks,” which is
considered a feasible yet low-depth form of context personalization with some
student ownership. This method is commonly used in research, both on an individual
and group level (Ku et al., 2007; Ku & Sullivan, 2000, 2002; Lopez & Sullivan,
1992). It usually involves the implementation of information that is familiar to
students (e.g., name of the favorite drink, food, pet, toy) into a text. An example of

the fill-in-the-blanks approach from the research is presented in the study by Ku and

° Walkington and Bernacki (2014) included utility value intervention as a type of context personalization; however, given
that this is an intervention that does not involve altering the context of a written material, this was evaluated as a different
form of intervention than context personalization.



25

Sullivan (2000, p. 52)'°, which identified the difference between the two versions of a

word problem:

Nonpersonalized: Four pieces of cake cost 60 NT [New Taiwan
dollars]. How much do 3 pieces of cake cost?

Personalized: At the Ivy Bakery, four pieces of pineapple cake cost 60
NT. How much to 3 pieces of pineapple cake cost?

As illustrated, only specific words were changed to personalize the text for students.
This method differs from the approach labeled personalization to topic interest,
which involves altering the entire wording of a text based on interviews and ranking
students’ interests based on survey methods (see Walkington et al., 2013 p.98 for
example). Personalization to topic interest is considered to have more depth than fill-
in-the-blank, but it is considered only somewhat feasible due to the time-consuming
process of altering the text to an individual student. A final approach to context
personalization is group personalization in which the dominant interest or preference

of a group of students is used to customize a text (e.g. Ku & Sullivan, 2000).

3.1.2 Personalization and interest

Although context personalization is theorized to evoke interest, few studies have
addressed this intriguing topic. Based on an assumption of novelty and surprise,
Walkington et al. (2013) theorized that context personalization can trigger situational
interest when students notice that the text has changed. This assumption is supported
by an observed effect on triggered but not maintained situational interest for both low
and high-depth context personalization (Bernacki & Walkington, 2014). Students
who compose personalized problems themselves have also been found to have
increased mathematics interest (Walkington & Bernacki, 2015). Other studies have
reported more positive attitudes toward personalized versus non-personalized
materials (Ku et al., 2007; Ku & Sullivan, 2000, 2002) with a more beneficial effect
for individual personalization than group personalization (Lopez & Sullivan, 1992).

The context in which subject content is embedded has been found to influence how

1% This particular study was based on group personalization; thus, the altered words refer to the dominant preferences of a
group of students.
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students connect with content (Renninger, Ewen, & Lasher, 2002), their affective
responses, and their persistence when drawing on students’ interests (Ainley et al.,

2002).

After reviewing the literature on context personalization, an distinction of the
intervention emerged in addition to the design principles posed by (Walkington &
Bernacki, 2014) and Walkington and Hayata (2017). Most research on context
personalization has used students’ preferences to customize texts (see Article II),
which refers to something that individuals would choose from two or more options
based on affect (Reber, 2016). Examples are implementing students’ favorite foods,
drinks, places, stores, or other biographical information, such as names of friends or
birthdays (e.g. Bates & Wiest, 2004; Cakir & Simsek, 2010; Cordova & Lepper,
1996; Ku et al., 2007; Ku & Sullivan, 2000, 2002; Lopez & Sullivan, 1992). On the
other hand, customization can also include students’ interests, such as content that the
individual has a personal relationship with based on affect and value. Interest-based
approaches to context personalization have been subject to research (Bernacki &
Walkington, 2014; Renninger et al., 2002), though to a smaller extent than

preference-based approaches.

Based on the interest theory, it is reasonable to assume that using students’ interests
to personalize a text rather than students’ preferences is more efficient when the aim

is to “make something interesting.” As noted by Hidi and Harackiewicz (2000):

All children have interests, motivation to explore, and engage, but not
all children have academic interests and motivation to learn to the best
of their abilities in school (p. 168).

By implementing students’ out-of-school interests into texts, individual interests other
than the specific academic content at hand can be used to elicit situational interest and
to help students form a connection with the learning content. Figure 3 illustrates this
assumption. The same influence might not be relevant for preferences because they

are not personally significant to the learner, such as interests.



27

Characteristics of
the person

Figure 3 Interest-based context personalization

Out-of-school
interest as a

disposition
_—

Academic interest
as a disposition

Psychological
state of interest

The learning
environment

3.2 Example choice

Example choice is an instructional strategy that combines a contextual intervention
similar to context personalization with the opportunity to provide choices in learning.
The basic concept is that when students are learning content, such as mathematics,
they can choose among different predefined topics for the instructions (Reber et al.,
2009). All topics offered lead to the same formal principle for learning but differ in
the embedded context of the subject content. Moreover, example choice also follows
a specific design. Before learning, students are given an example task framed in the
context of the chosen topic. The example task provides students with a specific

sample of how the selected topic can serve as a backdrop for the learning content.

Figure 4 provides an overview of the design of example choice.
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Figure 4 The design of example choice

Research on example choice is limited; however, instructional intervention has been
found to positively influence college students’ interest'' when learning about
confirmation bias'> in psychology (Reber et al., 2009). In their study, Reber et al.
(2009) offered students a choice of 14 topics with different themes, such as
horoscopes, love, police work, and music. Arguably, there is a substantial overlap
between example choice and the approach to context personalization Walkington and
Bernacki (2014) referred to as personalizing to topic interest (see also: Walkington,
2013; Walkington et al., 2013; Walkington, Sherman, & Howell, 2014). When
personalizing to topic interest, students rank their interests in different subjects (e.g.,
music, movies, sports) and subtopics (e.g., rock, horror, soccer) before reading a
mathematics problem that is personalized based on the students’ responses. Example
choice and personalizing to topic interest both include predefined topics and pre-
customized texts either chosen by students or offered to them based on a ranking
system; however, the approach by Walkington and Bernacki (2014) does not entail
explicit choices as in example choice, although choices are indirectly made based on

a rating system of options.

! This study did not differentiate between different facets of situational interest but focused on the affective experiences
related to this situated state.
12 Confirmation bias is the tendency to observe what we want or expect to observe (see Reber et al. 2009).



29

Like context personalization, example choice can be based on students’ out-of-school
interests and preferences during learning. Building on the perspective of the self-
determination theory (Deci & Ryan, 2012), example choice includes the autonomy
supportive practice of offering students choices for learning activities. Because the
choices involved in example choice are related to the context of the content, it can be
argued that the choices involve instructionally irrelevant choices, which have been

found to be effective in increasing intrinsic motivation (Patall et al., 2008).

3.3 Seductive details

A pitfall of citing Dewey when investigating interest-enhancing interventions is that

Dewey (1913) warned against teaching strategies he called “sugar coating” methods:

Everything is made play, amusement. This means over-stimulation, it
means dissipation of energy. (...) The reliance is upon external
attractions and amusements. Everything is sugar-coated for the child,
and he soon learns to turn from everything that is not artificially
surrounded with diverting circumstances (Dewey, 1913, p. 4-5).

In the contemporary research literature, “sugar coating” can be paralleled to the
phenomenon of seductive details (Garner et al., 1989). Seductive details refer to
including features in learning materials that are highly attractive to the learners but
unimportant or irrelevant to the text’s main topic (Garner et al., 1989; Lehman,
Schraw, McCrudden, & Hartley, 2007). For example, seductive details may include
interesting but irrelevant facts to the text’s main topic (Garner et al., 1989; Schraw,
1998), decorative illustrations (Magner, Schwonke, Aleven, Popescu, & Renkl,
2014), or both (Park, Flowerday, & Briinken, 2015). The concept of seductive details
is highly relevant for interventions such as context personalization and example
choice because they entail inserting textual cues within instructional materials that

may be unrelated to the formal principle of learning.

The significance of seductive details is that they can impair learning, such as reducing
the recall of the main topic (Garner et al., 1989; Lehman et al., 2007), and can

function as a distraction (Harp & Mayer, 1998), particularly among weaker learners,
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despite triggering situational interest (Magner et al., 2014); however, the potential
adverse effects of seductive details may be reduced by helping students focus on the
main topic of a text (Park et al., 2015). Seductive details can also negatively influence
situational interest among those with high individual interest in the core content to be
learned, as shown by Durik and Harackiewicz (2007: Study 1). The reviewed studies
highlighted that when examining interest-enhancing interventions, which often
include the insertion of features used to increase perceived interestingness, the
learning outcomes of the interventions must be considered. If the intended interest-
increasing interventions negatively influence learning outcomes, the interventions

may serve as seductive details that are not suitable for learning purposes.

For context personalization, research has shown mixed results regarding its effect on
performance. Some studies have found that instructional strategies enhance problem-
solving skills (Anand & Ross, 1987; Bernacki & Walkington, 2014; Ku & Sullivan,
2002; Walkington, 2013; Walkington et al., 2013), whereas others have observed no
effect on problem-solving skills (Bates & Wiest, 2004; Cakir & Simsek, 2010; Ku et
al., 2007; Ku & Sullivan, 2000). To the author’s knowledge, no studies have reported
adverse effects of context personalization. Example choice has not been found to
influence performance (Reber et al., 2009). In sum, these findings indicate that
neither context personalization nor example choice has been found to function as a

form of seductive details.

3.4 Summary and hypotheses

Students gradually lose interest in mathematics as they age (Frenzel et al., 2010). In
addition, there is a marked gender gap in mathematics interest. Therefore, a
significant task is to “make things interesting” in mathematics learning, which can be
understood as increasing situational interest among those with less individual interest
in mathematics. In doing so, the model by Hidi and Renninger (2006) proposes that
students will be more motivated to learn and may develop individual interest in the

learning content if repeated over time.
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The first article examines the backdrop for this dissertation. The overarching research
question was whether the well-known tendencies for individual interest in
mathematics to decline and to differ based on gender also manifest during students’
experiences of situational interest. Drawing on the perspective of Hidi and Renninger
(2006) and the expectancy-value model (Eccles et al., 1983), the main hypothesis was
that the gender gap in individual interest is not observable for situational interest
during mathematics learning. This assumption was made because the assessment of
individual interest can be influenced by several factors that are not directly related to
interest or to the domain of mathematics, which may not be the case when examining
interest as a state while learning (see Article I for detailed hypotheses). The study
also examined the influence of grade level on the relationship between students’
individual and situational interest assessments. This study provides preliminary
insight into the need to “make things interesting” to counter the tendency for
individual interest in mathematics to decline with age and to reduce the gap between

boys and girls.

Article IT and Article III examine the effects of context personalization and example
choice on situational interest during mathematics learning. For context
personalization, the main hypothesis was that the instructional intervention using the
fill-in-the-blanks approach could encourage situational interest among those with less
individual interest in mathematics, especially when using students’ interests to
customize texts. For the example choice intervention approach, the main hypothesis
was that it could encourage situational interest. In addition to the focal interventions,
the studies also included two “one-size-fits-all” approaches to context personalization
and example choice (Article II: example given; Article III: group personalization),
which was not expected to promote situational interest (see Article II and Article III
for detailed hypotheses). Despite the anticipated effect on situational interest, none of

the investigated interventions was expected to affect problem-solving skills.

In summary, the aims of the studies of this dissertation were to examine the
framework that emphasizes the need to encourage the use of situational interest in

mathematics and to investigate two instructional interventions designed for this
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purpose. In this dissertation, research on individual and situational interest among
middle school students in mathematics and on two instructional inventions used to

increase situational interest during mathematics learning is presented.
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4. Method

This chapter outlines the methodological approach of this dissertation. The purpose of
this chapter is to provide a detailed account of the methods and procedures of the
studies and the methodological choices related to the topic of the dissertation.
Building on the Campbellian validity system (Shadish, Cook, & Campbell, 2002),
this chapter first introduces the validity concept that underpins this research. Validity
is discussed throughout the chapter, which includes the design, procedures, and

descriptions of participants, followed by treatment fidelity and ethical considerations.

4.1 Validity
Shadish et al. (2002) define validity as:

. the approximate truth of an inference. When we say something is
valid, we make a judgment about the extent to which relevant evidence
supports that inference as being true or correct ... Assessing validity
always entails fallible human judgments (p. 34).

As the quote underlines, validity is not related to the quality of the data material or
the research method but to the property of the knowledge claims made in a study.
According to Kleven (2008), this approach to validity is within the post-positivistic
research tradition called critical realism, though it was not specifically defined by
Shadish et al. (2002). Critical realism is a philosophy of science that assumes the
existence of a reality that accounts for the phenomena encountered in science and
everyday life, rejecting among others skepticism. A skeptic position holds that the
empirical world is nothing but the sum of people’s descriptions of it (cf. Kleven,
2008). Furthermore, critical realism emphasizes that knowledge about the reality
depends on reiteration influenced by human activities (Lund, Fennebg, & Haugen,
2006). Importantly, when making inferences from empirical data, researchers must

take a critical stance to assert how the research captures and corresponds to reality.

Shadish et al. (2002) defined four types of validity corresponding to different

inferences: internal validity, external validity, construct validity, and statistical
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(conclusion) validity. Internal validity refers to inferences about causality by
interpreting cause and effect relationships between variables for some individuals in a
given setting (Lund, 2010). For example, an educational intervention (cause) can
influence an outcome (effect), such as achievement or interest. However, internal
validity is concerned with the question of how certain one can be in interpreting a
cause-effect relation: Does the cause precede the effect in time? Is the cause related
the effect? Can alternative explanations other than the cause account for changes in
the effect? These are significant issues to assess internal validity according to Shadish
et al. (2002). External validity refers to inferences about whether causality holds over
variations of people and settings. Can we make inferences about the population the
study sample is drawn from? Is the study context representative for contexts in the
“real world”? Construct validity refers to inferences about theoretical constructs that
represent sampling characteristics. For example, when making interpretations about a
psychological concept, such as interest, one must be attentive to the question of
whether our instrument measures what it claims to be measuring (cf. Kleven, 2008).
In our example, how does the instrument reflect the theoretical concept of interest?
Finally, statistical validity refers to inferences about covariations between cause and
effect, whether it is trivial or worth further interpretation (Kleven, 2008). As Shadish
et al. (2002) note, there is an overlap between internal and statistical validity.
However, a distinction is that the former refers to an interpretation of the relationship
between variables as cause and effect, whereas the latter refers to how we assess the
relationship between cause and effect. Central issues to statistical validity are: Are the
measurements of variables sufficiently reliable to assess covariations between
variables? Can situational factors in experiments affect the assessment of cause and
effect among the study variables? (cf. Shadish et al., 2002). This chapter addresses
these four concepts of validity throughout the description of the studies of this

dissertation.
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4.2 Methodological approach

The well-known virtue of the experimental method is that it brings
situational variables under tight control. It thus permits rigorous tests
of hypotheses and confident statements about causation (Cronbach,
1957, p. 672).

Because the topic of “making math interesting” contains an implied question of
causation, an experimental approach was applied because as the quote above
highlights, it is well-suited for making causal inferences. Shadish et al. (2002)
defined experiments as “a study in which interventions are deliberately introduced to
observe its effects” (p. 12). Furthermore, causal inference refers to the interpretation
of cause and effect relations between variables for some individuals in a given setting
(Lund, 2005, 2010). In this project, the cause refers to the instructional interventions
of context personalization and example choice, whereas the effect refers to the

potential changes in students’ experiences of situational interest.

Using experiments is suitable for the investigation of causation, but there are limits to
this method. Building on the work of Rubin (1974) and Holland (1986), Shadish et al.
(2002) defined effects as relative and counterfactual and as “the difference between
what did happen and what would happen” (p. 5). It is not possible to simultaneously
expose and withhold an intervention for the same group of individuals. Therefore, it
must be assumed, contrary to fact, that effects can be assessed based on a comparison
of the outcome with a cause to the outcome without the hypothesized cause.
Furthermore, experiments do not provide direct insight into the causal process under
study and are therefore metaphorically referred to as a “black box” (cf. Maxwell,
2004). To this end, regarding the causal inferences from experiments, Shadish et al.

(2002) emphasized that:

The wunique strength of experimentation is in describing the
consequences attributable to deliberately varying a treatment. We call
this causal description. In contrast, experiments do less well in
clarifying the mechanisms through which and the conditions under
which the causal relationship holds — what we call causal explanation

(p. 9).
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Drawing from the perspective of critical realism (Lund, 2010; Shadish et al., 2002),
for this dissertation, causality was approached probabilistically at a molar level,
focusing on cause and effect as a likely and general process rather than deterministic

and detail-oriented.

As the quote from Cronbach (1957) indicates, control is a central part of experiments,
particularly for experiments related to extraneous factors that can inference the study
of effects. One of the most powerful designs is the approach called a randomized
experiment (Shadish et al., 2002), also referred to as the “true” experiment (Lund et
al., 2006) controlled experiment (Lund, 1996), and randomized control group design
(Lund, 2010). Randomized experiments are designs that include two or more
conditions, with and without intervention, in which a random process assigns
participants to the different groups (Lund, 1996; Lund et al., 2006; Shadish et al.,
2002). The random process of assignment is essential for the creation of groups that
are probabilistically similar (Fraenkel, Wallen, & Hyun, 2012; Lund et al., 2006;
Shadish et al., 2002). In doing so, individual factors that can interfere with the study
of effects, such as gender and age of participants, as potential sources of an outcome

are mitigated (Nelson, Cordray, Hulleman, Darrow, & Sommer, 2012).

4.3 The studies

This section supplements the accounts provided in the three articles and provides an

overview of the studies of this dissertation.

4.3.1 Design

The randomized experiment was the core design of this research. According to
Shadish et al. (2002), most experimental studies are highly localized and
particularistic, meaning that they often occur in a restricted range of settings with a
particular version of one type of treatment using a convenient sample of participants.
It was therefore imperative that the study of context personalization and example
choice included different versions of the same interventions in samples that may

reflect a larger population of middle school students. Therefore, for the experimental
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approach, survey methods were used for data collection. A survey method is a
standardized approach to data collection that allows for testing a group of participants
simultaneously based on the same instruments (Lund et al., 2006), thus producing a

broad cross-section of participants.

Two randomized experiments were conducted using the survey method. The studies
were carried out by providing middle school students with an instructional unit in
mathematics and assessing their interest before and during engagement in addition to
other variables related to learning; however, to accomplish this in one session, in
addition to implementing the manipulation in the instructional unit using context
personalization and example choice, the experiments were conducted using
Surveyxact, which is a platform used for the development and administration of
Internet-based questionnaires (Deibjerg & Krog, 2014). Using an online platform to
distribute the instructional units allowed for the manipulation to be implemented on-
site using the embedded features of the instrument. Furthermore, the approach also
made data collection and experimental manipulations feasible for a large sample of

middle school students.

The two randomized experiments were conducted using similar designs and materials
and identical instruments. The two experiments were designed to examine different
versions of context personalization and example choice as well as a related “one-size-
fits-all” approach to the interventions. Figure 5 provides an overview of the

interventions included in the experiments.
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Figure 5 Overview of experimental studies, interventions, and articles of
the dissertation

Experiment 1

In the first randomized experiment, context personalization and example choice were
examined during mathematics learning from a written text. Context personalization
was operationalized as a fill-in-the-blanks approach (Walkington & Bernacki, 2014)
using students’ out-of-school interests from popular culture to customize materials,
which were limited to six interest domains: music, sports, movies, the Internet,
literature, and gaming. Example choice was operationalized by offering students a
choice between twelve topics for the learning materials (Reber et al., 2009), which
were developed by creating two topics per interest domain listed to ensure similarities

between context personalization and example choice. The choices were developed



39

arbitrarily from the six interest domains without knowledge of the middle school
students’ interests. In addition, the study included a third intervention, referred to as
example given. For the example given approach, students were randomly given one
example from the example choice condition without viewing the topics offered for
selection. This condition was included to examine an approach to instruction
following a “one-size-fits-all” logic to examine whether altering materials can
influence situational interest despite the materials not being subject to individual
customization or choices. A control condition was included following the assumption
of “business-as-usual” (Nelson et al., 2012). In this case, participants were given
generic mathematics learning materials without references to popular culture. The
four conditions were implemented through questionnaires that were identical, with

the exception of the experimental manipulations embedded in the instructional unit.

Experiment 2

The second randomized experiment can be regarded as an extension and replication
of the first experiment conducted to examine context personalization and example
choice. Similarly, context personalization was operationalized as a fill-in-the-blanks
approach (Walkington & Bernacki, 2014), but students preferences (e.g., favorite
drinks, foods, names of friends) were used to customize materials instead of interest.
Furthermore, example choice was operationalized by giving students a choice
between twelve topics for the learning materials; however, instead of developing the
choices arbitrarily, these topics were developed based on the data collected during
Experiment 1. From a sub-sample taken from Experiment 1, the most popular
interests from popular culture were used to establish the topics for selection, an
approach referred to as preselected example choice. Furthermore, an example given
condition was included, but in this experiment, it was operationalized as group
personalization, thus containing the most popular interest topics but without choice or
individual customization. Similar to Experiment 1, a control condition was included

following the assumption of “business-as-usual” (Nelson et al., 2012).
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The experiments included three approaches to context personalization: Interest-based,
preference-based, and group personalization based on dominant interests.
Furthermore, three approaches to example choice were investigated: with and without

preselection and examples without student choice (example given).
4.3.2 Participants

Sample article |

The sample for Article I was comprised of participants from both experiments but
only those assigned to the control condition. The purpose of this sampling method
was to capture individual and situational interest among middle school students when
engaging in a mathematics activity without attempts to influence the experience of
situational interest. The total sample consisted of 366 middle school students from the
8th, 9th, and 10th grades. See the following sections for details on recruitment and

data collection.

Sample article Il

The sample for the first experimental study was recruited during the winter and early
spring of 2013. All public middle schools from a single municipality were invited to
participate in the study (see Appendix II for the invitation letter) via emails sent to the
principals. The principals were informed of the intentions of the study and the
practical implementations. Five principals accepted this invitation, and data collection
was planned to fit each of the five schools’ schedules. Data collection began in March
2013 and ended in November of the same year. Given the shared recruitment of
participants for another study within the same project, all 8" and 10" grade students
from the five schools were invited to participate in the study. A total of 800 middle
school students participated in Experiment 1. Based on predefined criteria for
exclusion (see details in Article II), the final sample consisted of 736 middle school

students. On average, each participant took part in the experiment for 28 minutes.

Sample article Il

Recruitment followed the same procedure as in Experiment 1 and was initiated in the

late summer of 2013. Given the lack of responses from several middle schools, all
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schools from a second municipality were invited to participate in addition to those
included in Experiment 1. A total of six schools agreed to participate, and five were
from the same municipality as the first experiment. In addition to including a second
municipality, this sample differed from the first sample in that it included all grade
levels from the Norwegian middle school system (8"-10™ grade). All grade levels
participated for one school, only the 9" grade participated for two schools, only the
8™ and 9™ grades participated for one school, only the 8" grade participated for one
school, and only the 10™ grade participated for one school. Data collection began in
October of 2013 and ended in June of 2014. A total of 771 middle school students
participated in Experiment 2. After the same exclusion criteria as in Experiment 1
was applied, the total sample consisted of 713 middle school students. On average,

each participant took part in the experiment for 29 minutes.

4.3.3 Procedure

Both experiments followed the same procedure. All participants completed the online
questionnaire at their respective schools either in a computer lab or a classroom
specifically prepared for the study with laptops. Students were grouped based on their
class affiliations but completed the questionnaires individually'>. One or two

experimenters were present for each test session, including the author.

The random process of assigning participants to the different conditions also ensured
participant privacy. A function in SurveyXact called “self-registration via code” was
used for data collection (Deibjerg & Krog, 2014, p. 223). Using this function, each
questionnaire (i.e., condition) was activated by a unique code on a shared web page.
When participants entered the prepared classroom, all computers were loaded to this
web page for code activation. In preparation for each test occasion, envelopes with 32
codes for activation (8 codes for each of the four conditions of the experiments) were

shuffled in random order and folded to conceal the code from the experimenters.

13 The groups ranged in size from 15 to 60 students. Some of the schools in the studies did not operate with traditional
classes, but were organized in different “bases” based on grade levels. Therefore, there was a broad range in group sizes in
the experiments; however, they did not differ from the ways students were organized when working at their respective
schools.
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When participants were seated, they were given a code to activate a certain
questionnaire. To this end, the random assignment of participants occurred at the
class level, ensuring there were participants from different schools and classrooms for
each condition. The experimenters also provided participants with the necessary

equipment (pencil, paper, and a calculator) to ensure identical utilities were used.

Before participants were given the code to activate the questionnaire and embedded
learning material, the experiment, the purpose of the study, and their right to
withdraw from the study at any time were explained without revealing the
experimental manipulation. When the code was activated, participants were allowed
to ask questions about the practical aspects of the experiment but did not receive any
guidance related to mathematics. The experimenter’s role in the test situations was to
ensure that all participants received the same information, that the technical
equipment worked, and that the experiments followed the same procedure in all

testing situations.

4.3.4 Summary

The three studies included two randomized experiments as well as an analysis of the
control conditions of the experiments. The experiments followed a strict protocol to
ensure standardization between the test occasions and the random assignment of
participants to the different conditions to control for extraneous factors. These steps
were taken to ensure the internal validity of the inferences made regarding the effect
of the interventions on students’ experiences of situational interest. The
standardization and control included in the experiments allowed for reasonably
trustworthy inferences regarding the causal description of the interventions compared
to a control condition; however, the strength of the internal validity may compromise
the external validity because other settings might not emphasize monitoring and
supervision in a similar manner, which may be particularly relevant for educational
contexts. Given the relatively large sample of middle school students, it could be
argued that the results can be applied to other middle school students; however, given

the restricted settings of the studies, the results may be more applicable to similar
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learning situations, such as test taking and self-study sessions, than for learning in a

natural classroom setting.

Furthermore, internal validity is closely related to statistical validity, as they are both
concerned with study operations (Shadish et al., 2002). The design of the studies also
included steps to promote statistical validity, such as the large sample size and the

relatively equal sizes of condition samples.

4.4 The material

This section describes the overall design of the questionnaires used in the

experiments.

4.4.1 Questionnaires

For the sake of this presentation, this section outlines the questionnaires with the
embedded instructional units in different phases, though they refer to a single session.
The steps included information and pre-test assessment (Phase 1), reading activity
and mid-measure (Phase 2), problem solving (Phase 3), and post-test assessment and

demographic measures (Phase 4). This presentation is relevant for all three studies.

The first phase of the questionnaires was information and pre-test assessments. The
questionnaire began with a screen that provided participants with information
regarding the study and their rights during the experiment. Next, students’ out-of-
school interests (experiment 1) or preferences (experiment 2) were assessed by asking
students open-ended questions about their favorite subjects or objects from the
selected interest areas (gaming, music, movie, sports, literature, or Internet) or
different preferences (e.g., foods, friends, drinks, and stores). After the open-ended
questions, pretest measures of individual interest and perceived competence in
mathematics were assessed. These were included based on the theoretical framework
of Hidi and Renninger (2006) and the expectancy-value model of Eccles et al. (1983)
as focal predictors of situational interest, which is a major step in assessing statistical

validity, to include the significant influences of the investigated effect.
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Phase 2 encompassed the learning activity and mid-measures. The learning activity
represented the instructional unit students interacted with during the experiments. The
main topic for this presentation was probability calculus with independent conjoint
events. This topic was chosen because it involves basic mathematical operations,
making it suitable for students from different grade levels in middle school. The
complete instructions are shown in Appendix I in Norwegian, exemplified by the
control condition in Experiment I. Professional experts from mathematics and
didactics fields helped develop this instructional unit. The instructions began with a
general description of what probability calculus is and how probability can be
expressed numerically. The focus was on probability expressed as decimal numbers
because this was easiest to combine with the use of online questionnaires. After the
general presentation (two screens), students were given an example task related to the
main topic of the presentation. In this case, an example task refers to an interactive
case in which students attempted to solve a problem, and the questionnaire provided
immediate feedback about students’ answers (four screens). For participants in the
context personalization condition, the example tasks contained information they
provided in Phase 1, whereas participants in the example choice condition were given
a choice among twelve topics for the task. The following learning presentation
explains the main theme based on the example task, which contained experimental
manipulation for textual intervention. After this explanation, all questionnaires
contained the same generic pre-worked example, providing a further explanation of
the main topic based on coin tosses. In total, this presentation contained eleven
screens. Immediately after reading the instructions, triggered situational interest was

assessed, which is referred to as a mid-measure.

Phase 3 contained seven mathematical word problems for the participants to solve,
meaning that the problems were presented in textual form (Reikerds, 2007). The
seven problems were identical for all conditions in both experiments in terms of
mathematical operation; however, for all experimental conditions, the first three
problems, similar to the example tasks, contained textual interventions based on the
condition. The final four tasks were identical for all participants in both experiments.

While solving the problems, students were allowed to draft the problem using a pen
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and paper and a calculator; however, they only provided a solution in the
questionnaire by writing their answers as decimal numbers in a text box of the

survey.

In Phase 4, the post-test assessment was conducted to measure maintained situational
interest based on affect and value as well as students’ efforts to solve the problems.
At the end of the questionnaire, students answered questions about their genders and
grade levels. These questions were deliberately asked at the end to avoid potential
stereotype threats (e.g. Steele, 1997; Thoman, Smith, Brown, Chase, & Lee, 2013),
influencing participants answers, or perceptions of interest and abilities related to the
subject. Also, before exiting the questionnaire, participants were shown the correct

answers to the mathematics problems they solved.

All questionnaires in all conditions were identical in structure, appearance, and
content, except the textual aspects of the interventions. The instructional unit did not
include pictures or colorful fonts to prevent the inclusion of seductive details that
were not associated with the interventions. Figure 6 provides an overview of the

questionnaires and the test-situation.

Phase 1 Phase 2 Phase 3 Phase 4
Information and Learning Solving Post-test and
pre-test activity and mathematics demographic

assessment mid-assessment problems measures

Figure 6 Structure of the questionnaires

4.4.2 Measures

The articles include all measures used in the studies. In Appendix II, the scales are

presented in Norwegian, which is the language used for the questionnaires.
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Previous research inspired the instruments used to assess individual interest and
perceived competence in mathematics as well as situational interest. The study by
Koller et al. (2001) inspired the assessment of individual interest in mathematics
using a scale based on lasting affective and evaluative relations to the domain. The
assessment of perceived competence was taken from the theory of self-concept
(Marsh, 1990), conceptualized as ability judgments in a particular domain (Marsh,
1993). Situational interest measurements were based on the Student Interest Survey
(SIS: Linnenbrink-Garcia et al., 2010), encompassing triggered situational interest
and maintained situational interest based on affect and value; however, the use of the
SIS was modified from a hindsight assessment of a course to a real-time assessment
confined to a single learning session. As explained in the previous section, the timing
of the assessments is critical in the evaluation of construct validity as well as internal
and statistical validity. The theoretical precursors for situational interest were
assessed before this experience to consider the time dimension. Furthermore, the
dimensions of situational interest were evaluated at different times during the
experiment corresponding to the responses for triggered and maintained situational
interest. The use of real-time assessments of situational interest is highly significant
for the evaluation of construct validity. When examining situated experiences such as
situational interest, the use of foresight or hindsight may include other beliefs that are
not related to the situation at hand (Robinson & Clore, 2002); however, when using

real-time assessments, the respondents have a clear reference point.

All instruments used in the studies had adequate reliability as assessed by Cronbach’s
alpha; however, this is only one step of assessing construct validity related to random
measurement errors (Kleven, 2008). The question remained whether the applied
instruments captured the broad concepts of individual and situational interest and
perceived competence in mathematics, which are central to this research. This
question is related to systematic measurement errors, particularly to construct
underrepresentation and overrepresentation (Kleven, 2008), which refer to the degree
to which the instruments correspond to the theoretical concepts. As part of the
assessment of construct validity, these constructs were evaluated based on theory and

previous research to evaluate their “behaviors”. Similar to previous theoretical and
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empirical work (e.g. Eccles & Wigfield, 2002; Schiefele, 2009; Skaalvik & Rankin,
1995; Skaalvik & Skaalvik, 2008; Trautwein, Liidtke, Marsh, Koéller, & Baumert,
2006), there was a high correlation between individual interest and perceived
competence and a high correlation between the three facets of situational interest
(Linnenbrink-Garcia et al., 2010; Linnenbrink-Garcia et al., 2013); however, some
aspects regarding operationalization should be noted. The scale for measuring
individual interest did not include measures of knowledge, as posited by Hidi and
Renninger (2006). Second, individual interest was not distinguished between the two
phases, as theorized by Hidi and Renninger (2006). Therefore, a concept of individual
interest that resembles that of Schiefele (2009) was employed for this research.
Nevertheless, as mentioned, the inclusion of perceived competence may have at least
captured some of the participants’ perceived knowledge. The measure of situational
interest assessed the experience; thus, it did not include other components, such as
facial expressions and physiological arousal (Silvia, 2006, 2008).To this end, the
assessment of interest may be underrepresented when compared to the theoretical

foundation of the research.

Although there are limitations to the measures used in this research, the psychological
measures were evaluated to be acceptable regarding construct validity. Using relevant
theory, timing, and real-time assessments are effective approaches that shape the

appraisal of construct validity, even with its limitations taken into account.

4.5 Treatment fidelity

Treatment fidelity, or interventions fidelity, is the degree to which an intervention has
been planned and implemented equally for all study participants over time (Nelson et
al., 2012; Smith, Daunic, & Taylor, 2007). Treatment fidelity is often related to
studies in which an experimenter is not present during the implementation of an
intervention (Smith et al., 2007); however, certain steps were taken for the current
experiments to ensure trustworthiness. First, the author of this dissertation and/or a
research assistant were present in all testing situations. The same research assistant

participated in all experiment situations. Second, a standard introduction was written



48

to ensure that all participants received the same information before the experiment
began. Third, the types of questions that would be answered and the questions the
participants would be asked were determined beforehand. The final concern was
related to the mathematics content, for which no assistance was provided.
Furthermore, all participants were given the same material aids (i.e., calculator, pen,
and paper) in the testing situation, and the researcher and researcher assistants’
presence was to ensure that the same procedures were followed and that participants
worked individually. To this end, the treatment fidelity of the experimental studies is

considered satisfactory for the implementation of a comparable practice.

4.6 Ethical considerations

Before beginning data collection, the Norwegian Social Science Data Service (NSD)
approved the overall design and approach of the study (see Appendix III) '*. Because
the approach to data collection ensured participants’ anonymity and did not entail
sensitive information, active parental consent to participation was evaluated as
unnecessary, despite researching children and youth below the age of 15 (NCREN,
2006); however, several steps were taken during the procedure to ensure participants’
informed consent and confidentiality and to avoid any distress during the experiment,
which are essential concerns in all research involving humans (Fraenkel et al., 2012;
NCREN, 2006). All schools invited to participate in the studies were informed about
the research, its purpose, procedure, data handling, and the participants’ rights in the
study situation (see Appendix 1V). After accepting the invitation to participate, the
schools were given copies of a letter to inform the parents of the study their child
would participate in (see Appendix V). The students could then decide whether to

participate with their parents, which is a form of passive parental consent.

In the testing situation, several steps were taken to ensure that the participants

received and understood their rights and informed consent. First, all participants were

14 The first application to NSD did not include a detailed account of the “self-registration via code,” and active parent
consent was evaluated to be necessary; however, in a second application, this procedure was described in detailed, which
changed the need to involve parents in students’ decisions to take part in the study. Both NSD letters are included in the
appendix.
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provided with information regarding their right to withdraw from the study at any
time without explaining this decision, both during the briefing before beginning the
experiment and while completing the questionnaire. Before beginning the
experiment, all participants were offered the opportunity to ask questions about the
test. Without active parental consent, it was imperative that all participants received
and understood this information. Second, participants’ anonymity was ensured by the
generation of a random respondent-id in the response file related to the experiment.
Also, certain demographic measures were not included in the questionnaire to ensure
that none were identifiable, such as specific age (only grade level was related to
students’ ages), ethnicity, or specific school affiliation. This was done to ensure that
any information provided by the initial interest or preference questions could not be
paired with demographic variables to identify individual participants. All students
from the same schools used a computer connected to the internet using the same log-
in information. Third, because the learning activity embedded in the questionnaire
was based on self-studying without the assistance of an educator, a recommendation
was made to each school to not include any students with special needs in either

reading or mathematics to avoid participant distress.

A major challenge in the research conducted for this dissertation was the recruitment
of participants. Therefore, all schools were compensated 100 NOK (about 11.5 USD)
per student participating in the study. To avoid the compensation influencing the
experiment and its associated experience, the money was given to the school with
encouragement that the payment should benefit all students, regardless of
participation. Principals and teachers were instructed not to tell students about the
compensation to avoid any form of pressure on the students to participate in the
study; however, another step was included to prevent any retrospect stress on students
who chose not to participate. To prevent teachers and students from determining who
participated and who did not, students were given a learning assignment on the
computer where they were seated regardless of their decision to participate, which
was either provided by the experimenter or the teachers. To this end, the
compensation should not have influenced students’ decisions to participate in this

research and should not have served as a form of pressure or distress.
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5. Results and discussion

This chapter summarizes the three articles included in this dissertation and presents
additional analyses not published, followed by a general discussion of the findings
and their contributions and implications. The chapter concludes with suggestions for

future research and final remarks.

5.1 The articles

The topic of this dissertation is determining how to “make math interesting” for
middle school students due to the tendency for mathematics interest to decline with
age. This overarching focus was investigated through three articles: the first article
examined the background of this topic, whereas the other two articles directly

addressed the dissertation’s topic.

5.1.1 Article |

Article I is entitled: Hogheim, S. & Reber, R. (2017). Interesting, but less interested:
Gender differences and similarities in mathematics interest. Scandinavian Journal of

Educational Research.

The aim of this article was to examine the background of the experimental studies by
investigating the theoretical framing of the concept of interest. As discussed in
Section 4.3.2, the sample in this study consisted of participants from the control
condition of two experimental studies (see Figure 5), which constituted 366 middle
school students from the 8", 9™ and 10" grades. From the perspective of Hidi and
Renninger (2006), experiencing situational interest can support the development of
individual interest. Therefore, it is reasonable to assume that when studies often show
that there is a tendency for mathematics interest to decline and to have a marked
gender gap (Frenzel et al., 2010), this occurs due to differences in situational interest.
To this end, this article examined whether differences observed in individual interest
corresponded to differences in the experiences of situational interest while learning.

Another way to frame this focus is whether increasing situational interest is essential
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to countering the common tendencies in individual interest in mathematics, following

the model developed by Hidi and Renninger.

Data were analyzed using multiple regression analyses (see article for details), which
included components from the theoretical framework of Eccles et al. (1983). The
association between individual and situational interest was the dependent variable of
the analyses, whereas gender, grade level, and perceived competence in mathematics

were the focal predictors.

As the title suggests, one of the main results of the study was a discrepancy between
individual and situational interest between boys and girls. Girls reported lower
individual interest in mathematics than boys, but this gender gap was not observed in
students’ experiences of situational interest when engaged in a mathematics activity.
A less emphasized finding is the lack of discrepancy regarding grade level, which
suggests that the observed decline in individual interest is also observable in students’
experiences of situational interest. Figure 7 shows the means for individual and

situational interest for the three grade levels of the Norwegian middle school system.
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Figure 7 Individual and situational interest (mean and standard error) for
grade levels in middle school (N = 366)
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Additional analyses revealed that differences in perceived competence between boys
and girls contributed to the discrepancy between individual and situational interest.
Boys reported higher competence in mathematics than girls, despite similar prior
achievements, which may influence their assessments of individual interest. The
influence of perceived competence beliefs may be less influential for the assessment
of situational interest because students had a clear point of reference to the

mathematics at hand.

The results of this study were interpreted to suggest that increasing situational interest
can be linked to the tendency for mathematics interest to decline with age to a larger

extent than for the gap between boys and girls.

5.1.2 Article ll

Article II is entitled: Hogheim, S. & Reber, R. (2015). Supporting interest of middle
school students in mathematics through context personalization and example choice.

Contemporary Educational Psychology, 42: 17-25.

The aim of this study was to examine the effect of context personalization and
example choice on middle school students’ experiences of situational interest and
learning. As mentioned in Section 4.3.2, the study consisted of 736 middle school
students that were randomly assigned to one of four conditions (see Figure 5):
interest-based context personalization, example choice without preselection, example

given (“one-size-fits-all”), and a control condition.

Data were analyzed using multiple regression analyses, and the experimental effects
were determined based on differences in the control condition. Because individual
interest and perceived competence are significant predictors for the experience of
situational interest (Eccles et al., 1983; Renninger & Hidi, 2015), they were included
as moderators in the analyses in addition to the instructional interventions. As
explained in detail in the article, the analyses examined whether the interventions

differed from the control condition in students’ experiences of situational interest,



54

effort, and task performance, controlling for individual interest and perceived

competence in mathematics.

The results revealed that interest-based context personalization had a positive effect
on all facets of situational interest and effort, though only among students with low
individual interest and perceived competence in mathematics. For those high in
interest and competence beliefs, the interventions had a reversed effect. Example
choice increased triggered situational interest, maintained situational interest based on
affect, and effort among those with low individual interest in mathematics. Compared
to the control condition, example given had no effect on situational interest, effort, or
performance. The results showed that interest-based context personalization and
example choice can positively influence situational interest among students who lack
individual interest. None of the instructional interventions functioned as seductive
details that impaired problem solving for the embedded tasks, nor did they support

problem solving.

5.1.3 Article lll

Article III is entitled: Hegheim, S. & Reber, R. (2017). Eliciting mathematics interest:
New directions for context personalization and example choice. The Journal of Experimental

FEducation, 85(4): 597-613.

This study was a replication of the experiment in Article II, but different versions of
context personalization and example choice were examined. This study examined
preference-based context personalization, example choice with preselection, group
personalization (“one-size-fits-all”), and a control condition (see Figure 5). In total,

713 middle school students were randomly assigned to one of these conditions.

The results revealed that preference-based context personalization had a small
positive effect on students’ perception of value (i.e., maintained situational interest —
value) and effort, though only among those with low perceived competence in
mathematics. Example choice with preselection had a positive effect on triggered
situational interest. Other than a small detrimental effect on maintained situational

interest based on value among those with high individual interest in mathematics, no
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effects were observed for group personalization. None of the interventions had any

effect on problem solving.

5.1.4 Additional analyses

In addition to the three articles, it was also relevant to this dissertation to investigate
whether Norwegian middle schools follow the same tendency of a decline in
mathematics interest and a gender gap as observed in other studies from other

educational systems (e.g. Fredricks & Eccles, 2002; Frenzel et al., 2010; Watt, 2004).

The pre-test assessments of individual interest and perceived competence in
mathematics from both experiments were merged into one sample. Because these
concepts were pre-test measures in the experiments, they were not likely to be
influenced by the experimental manipulation. The combined sample consisted of
1449 middle school students (50.9 % girls) from the gt (n = 596), ot (n =293), and
10™ (n = 560) grades. The two concepts were subject to a multivariate analysis of
variance (MANOVA) to examine the effects of gender and grade level. Also, an
interaction effect (gender x grade level) was included to determine whether the effect

of age (i.e., grade level) differed between boys and girls.

Results from the MANOVA revealed a significant effect of gender on individual
interest (F (1, 1443) = 23.26, p < .001) and perceived competence in mathematics (¥
(1, 1443) = 49.24, p < .001). The significant gender differences are shown in Figure
8, which illustrates that boys reported higher interest and competence in mathematics
compared to girls. The effect of grade level was also significant for interest (¥ (2,
1443) = 30.45, p < .001) and perceived competence in mathematics (F (2, 1443) =
17.89, p <.001). Figure 9 shows the results for grade level. Tukey HSD post-hoc test
showed that students in 10™ grade reported a significantly lower interest than students
in 9™ grade (M= -.50, p < .001) and 8" grade (M= -.36, p < .001). The difference
between 8™ and 9" grade students did not reach a statistical significance. Similarly,
for perceived mathematics competence, students in 10" grade reported a lower
competence than students in 9" grade (M= -.38, p < .001) and 8" grade (M= -
.36, p < .001). The difference between 8™ and 9™ grade students did not reach a
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statistical significance. Finally, the gender x grade level interaction did not reach a
statistical significance for interest (F (2, 1443) = 1.10, p > .33) or perceived
competence (F (2, 1443) = .79, p > .45), indicating that age (i.e., grade level) has the
same effect for both boys and girls.
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Figure 8 Individual interest and perceived competence in mathematics
(mean and standard error) for boys and girls in middle school (N = 1449)
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Figure 9 Individual interest and perceived competence in mathematics
(mean and standard error) for the grade levels in middle school (N = 1449)

The results of the additional analyses replicated findings regarding the challenge of
declining mathematics interest in the current sample of middle school students;
however, in contrast to studies in which a steady decline was observed (Frenzel et al.,
2010), for the current sample, a steep decrease in the final grade levels of compulsory
education in Norway was observed. The results showed the same tendency for
perceived competence in mathematics. This analysis also replicated previous findings

that boys do report higher interest and competence in mathematics compared to girls.

5.2 Discussion of contributions and implications

Due to the tendency of mathematics interest to decline as students age, the
overarching topic of this dissertation is related to determining how to “make math
interesting” for middle school students. The additional analyses discussed in the
previous section further support the need to find ways to encourage interest in

mathematics in middle schools.

5.2.1 Empirical contributions

The primary contributions of this dissertation are insight into the necessity to promote
situational interest in middle school (Article I) and an increased knowledge regarding
how to encourage situational interest in middle school mathematics using texts

(Articles 11 and III). This section further elaborates on these points.

First, this dissertation research has provided evidence to support the assertion that
documented differences in individual interest do not necessarily correspond to
differences in the experiences of situational interest. Student interest in mathematics
declines as they progress through school, and although there is a marked gender gap,
boys and girls follow the same downward trajectory (e.g. Fredricks & Eccles, 2002;
Frenzel et al., 2010; Watt, 2004). Based on the theoretical framework of Hidi and
Renninger (2006), one way to counter these well-documented trends is to encourage

situational interest at school (e.g. Frenzel et al., 2012), which in turn can increase
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individual interest, as supported by empirical studies (Palmer et al., 2016).
Conversely, it can be assumed that individual interest declines with age and that boys
and girls develop contrasting individual interests in mathematics due to the lack of
the experiences of situational interest during learning; however, this dissertation has
provided evidence that suggests that gender differences may be caused by influences
other than the learning environment, as would be the case for situational interest.
Gender differences in individual interest did not correspond to differences in
situational interest: boys and girls experienced the same level of situational interest
when engaging with mathematics content. For grade levels, there was a relatively
small, insignificant discrepancy between individual and situational interest,
suggesting that there are age-related differences in individual interest when students
engage in mathematics. In line with the theoretical framework of Eccles et al. (1983),
among others, the discrepancy between individual and situational interest was in part
explained by differences between boys and girls in how competent they perceived
themselves in mathematics. The difference in competence evaluation was not only
observed before engaging in mathematics activities but also after, regardless of

similar achievements.

A second contribution is increased knowledge regarding how to encourage situational
interest among middle school students using texts. Context personalization and
example choice encouraged situational interest only among students with low
individual interest and perceived competence in mathematics. For highly interested
students, the interventions had a detrimental effect on situational interest, similar to
studies on the use of visual stimulation (Durik & Harackiewicz, 2007); however, this
dissertation shows that the efficiency of the interventions in promoting situational

interest is dependent on the design of the context personalization and example choice.

For context personalization, there were positive results when using students’ interests
to customize the instructional unit rather than preferences. Although the approaches
investigated for this project have been subject to research before (e.g. preferences: Ku
et al., 2007; interest: Renninger et al., 2002), to the author’s knowledge, no study has

distinguished between the two approaches to context personalization to promote
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situational interest. This project demonstrates that there is a difference between the
two strategies when using interest and preferences in their effect on situational
interest, which makes this distinction relevant to the interest-enhancing literature. As
noted, a limitation to experimental studies is that they do not provide insight into the
causal mechanism, only the causal description; however, one possible explanation
might be illustrated by the model shown in Figure 3, which is that interest-based
context personalization draws from both academic and non-academic individual
interests to elicit situational interest in a particular moment. A similar outcome might
not be the case for preferences, as they do not hold personal significance for the
learner. Arguably, interest-based approaches to context personalization are not new
(e.g. Walkington et al., 2013); however, researchers have primarily studied the effect
on problem-solving. This dissertation focused on eliciting situational interest using
context personalization in which interest versus preferences was not made

categorical.

For example choice, the design with randomly created topics for selection (i.e.,
without preselection) showed more positive results than preselection. Example choice
without preselection has previously been shown to encourage interest (Reber et al.,
2009), and a design with preselection was developed for this project; however, the
original concept of this instructional intervention appears to be superior in
encouraging student interest. In Article II, it is theorized that a design with
preselection might not have the same effect because this approach operates with
multiple topics that are attractive to the learner. Therefore, the opportunity to select
choices loses its significance; however, in line with Patall et al. (2008), an alternative
explanation might be that when all topics are appealing, the choices become more

effortful.

A third empirical contribution is increased knowledge regarding how not to
encourage interest. Several of the investigated interventions did not promote
situational interest: preference-based context personalization, example given, and
interest-based group personalization; however, a lack of significance does not have

the same weight as significant results. Group personalization in particular has been
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subject to research based on the assumption that it increases students’ interest (e.g.
Ku & Sullivan, 2000, 2002). Although the current approach to group personalization
utilizes dominant interests to modify the text rather than preferences, this mode of
personalization did not positively affect interest. Along with example given, these
findings underline the point made by Harackiewicz et al. (2016): “No interest

intervention is one size fits all” (p. 6).

A fourth contribution is that although not the primary objective of this project,
increased knowledge has been provided regarding the immediate effects of interest-
enhancing interventions on mathematics performance and effort. In line with the
theoretical framework (e.g. Hidi & Renninger, 2006; Schiefele, 2009), the
interventions that promoted situational interest also increased students’ efforts.
Therefore, this dissertation provides some evidence that encouraging interest has
immediate motivational consequences. It should also be noted that the interventions
had a discouraging effect on those high in interest and perceived competence: when a
detrimental effect was observed in situational interest, a similar effect was observed
for effort. Despite the effect on effort, either positive or negative, none of the
interventions supported students in their problem-solving skills, as indicated by the
lack of effect on performance. On the one hand, these results suggest that none of the
interventions operated as seductive details that could harm performance (e.g. Garner
et al., 1989; Magner et al., 2014); however, these observations also contribute to the
field of context personalization. Given the positive outcomes in problem-solving
skills, Walkington et al. (2013) speculated that “the role of personalization and other
interest-based interventions may be conceptualized as providing scaffolding for
students who are struggling to solve problems” (p. 110). Because interest-based
context personalization and example choice had positive effects on both situational
interest and effort but not on problem-solving skills, situational interest may not
provide scaffolding when students encounter difficult problems. In other words, it is

not the experience of situational interest that can facilitate performance.

Across the three studies, this dissertation highlights the need to focus on situational

interest in schools, especially related to changes in individual interest due to
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increased age. Furthermore, the investigated interventions support (Dewey, 1916)
statement that “one who recognizes the importance of interest will not assume that all
minds work in the same way because they happen to have the same teacher and

textbook” (p. 136).

5.2.2 Practical implications

Article I showed that observed differences in individual interest do not necessarily
correspond to differences in situational interest. A practical implication of this
observation is the need to approach interest from different theoretical viewpoints to
address both age and gender-related differences in individual interest. Regarding the
domain of physics, which is also a subject with a marked gender gap (Krapp &
Prenzel, 2011), Hoffmann (2002) stated that “what is interesting for girls is also
interesting for boys, but not necessarily vice versa” (p. 451). Therefore, gender-
specific interventions were developed to account for the specific interests of girls;
however, because boys and girls experience the same level of situational interest
when engaging in mathematics, the model developed by Hidi and Renninger (2006)
might not be sufficient to close the gender gap, as it focuses on increasing situational
interest. In other words, increasing situational interest specifically for girls might not
lead to a level of interest equal to boys. In the periphery of this dissertation,
interventions targeted toward students’ competence assessments might be a more
applicable approach to countering the gender gap in mathematics interest. For grade
level declines, on the other hand, increasing situational interest, such as by using
context personalization and example choice, might be more suitable for increasing

individual interest.

The practical implications of context personalization and example choice (Article 11
and Article III) are primarily related to the use of interest-enhancing interventions.
Context personalization was conceptualized as fill-in-the-blanks for this research,
which is considered practical for use in education (Walkington & Bernacki, 2014). It
is possible for educators to alter a generic text in mathematics to the individual

learner by changing the subject and object of the text to something that is of interest
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to the student, similar to the practices in the experiments. Although it is possible,
customizing the text to the learner can be a time-consuming practice, even if it
follows the principle of fill-in-the-blanks. As the results for the “one-size-fits-all”
condition implies, customization should be based on individual students. Therefore,
educators must gain insight into the individual student’s out-of-school interests before
using context personalization. A more practical approach is example choice,
especially since the approach without preselection showed the most promising effect
on situational interest. Educators can prepare a set of topics students can choose from
when learning something new from texts. In the current research, participants were
offered 12 topics for the example choice condition; however, according to Patall et al.
(2008), the optimal number of options to promote intrinsic motivation is between two
and four. It is therefore possible that other outcomes that are even more encouraging

could be achieved by reducing the number of topics.

Interest-based context personalization, although applicable by manually creating
customized texts, may be more suitable for use in electronic or web-based learning
platforms. Learning using information and communication technology (ICT) is now
common in schools (Krumsvik, 2008). By implementing context personalization
based on interests, an evidence-supported practice can be applied to encourage
students’ situational interest as well as effort in learning. For the current research,
context personalization was implemented using an online platform (SurveyXact) that
was not primarily developed for learning purposes; however, with little effort, the
tool used to administer online surveys provided participants with a learning unit and
customized the text instantly. For those who develop learning programs, interest-
based context personalization, and example choice for that matter, can be appropriate
approaches to implement to increase situational interest when learning; however, due
to the detrimental effect for those high in interest and perceived competence,
screening should be performed to determine whether the intervention is appropriate

for the learner.
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5.2.3 Methodological contributions

A methodological contribution of this research is the demonstration of how the
Student Interest Survey can be used within a single learning session to assess
situational interest (SIS: Linnenbrink-Garcia et al., 2010). Prior research that
employed the SIS has primarily used the instrument to measure situational interest in
hindsight to more general courses rather than isolated learning events (Linnenbrink-
Garcia et al., 2010; Linnenbrink-Garcia et al., 2013). An advantage of using the SIS
is that it distinguishes between the different facets of situational interest (triggered,
maintained based on affect and value), which is often overlooked in studies on
experience (e.g. Reber et al., 2009; Tsai et al., 2008). Including different facets of
situational interest allows for an investigation of not only the effects but where the
effect occurs and perhaps also what should be done to make an intervention even

more efficient for “making things interesting.”

A second methodological contribution is the use of an experimental approach on a
relatively large sample of the target recipients of an intervention. Many experimental
studies that aimed to identify interest-enhancing interventions among adolescents
tested interventions in a different population of participants (e.g. Durik &
Harackiewicz, 2007; Hulleman, Godes, Hendricks, & Harackiewicz, 2010). The
current research demonstrates that survey methods using online tools and an
experimental approach can be combined to ease the implementation and testing of

experimental effects.

5.3 Shortcomings of the research

Chapter 4 highlights several strengths of this research related to the concept of
validity. Figure 10 summarizes these strengths and shortcomings; however, there are
several limitations to this research that this section explains further. This section

supplements the limitations section in each of the three articles.
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Internal validity External validity

+ Control over extraneous variables + Natural setting

+ Control in intervention testing + Relatively large sample size

+ Comparison to control condition + Participants are target users of
- Less control over time for testing intervention

- Limited range of settings
- Limited mathematics content
- Participants geographically limited

Construct validity Statistical validity

+ Real-time assessment + Sample size

+ Theorized relationship between + Inclusion of (some) relevant
variables moderators

- Construct underrepresentation + Timing of assessment

- Intervention alteration + Acceptable treatment fidelity

Figure 10 Strengths (+) and shortcomings (-) of the current research

First, for construct validity, there are limitations in the operationalization of example
choice. In the original design, example choice includes a variety of examples students
can choose from, often related to everyday contexts, such as pregnancy, gambling,
colors, vision, and becoming a crime victim (Reber et al., 2009); however, for the
current research, the operationalization of example choice was influenced by the
design of context personalization using fill-in-the-blanks to make the conditions
comparable. To this end, this research employed a more simplistic design to example
choice than the original layout. This is beneficial for the practical use of example
choice; however, it does not capture the intended complexity that example choice
allows because it uses ready-made learning materials rather than customized

materials (i.e., context personalization).

A second limitation is related to internal validity. The data collection for each
experiment extended over several months, following the participating schools’
schedules. Consequently, the participants did not participate in the experiment at the
same time with the same level of experience in mathematics. Also, the experiment

was conducted at different times during the day. Consequently, some participants
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took part in the experiment at the first hour of their school day, whereas others
participated during the last hour; however, given the random assignment of
participants to the different conditions, it can be assumed that this lack of control over
timing did not influence the results. Nevertheless, it is important to acknowledge that
all participants did not participate in the experiment simultaneously, as should be the

case for optimal control.

Third, the overall design of the experiments may lead to an inconsistent comparison
of conditions. Ideally, the two experiments should have been designed so that context
personalization was investigated in one experiment (interest-based context
personalization, preference-based context personalization, and group personalization)
and example choice in a second experiment (example choice, example choice with
preselection, and group personalization); however, some of the interventions were
dependent on the data for the design, such as group personalization and example
choice with preselection. Therefore, the ideal design would not have been possible.
Still, a comparison between the different approaches seems applicable given the

identical design, procedure, and sample of the experiments.

Fourth, for construct validity, the assessment of interest only included experiential
measures that are measurable by surveys. Aspects such as concentration or behavioral
measures were not captured in this approach to assessments. The inclusion of effort
can confirm the experimental effect on situational interest to some extent, as
participants’ efforts would be expected to increase when situational interest is
increased (Hidi & Renninger, 2006); however, other behavioral measures were not
taken into account, such as seeking-behaviors. For example, individual interest can be
assessed through students’ behaviors. Would the participants read the instructions for
probability calculus while they waited for the experiment to begin? The observation

of such behaviors could be used to validate interest.

A final limitation of all three articles is the lack of a follow-up test of interest after the
study. This would have allowed for observing interest in different contexts (Article I)

or observing the long-term and temporary effects of the different phases of situational



66

interest (Article II and III); however, the practice used to ensure participants’

anonymity made it impossible to perform any follow-up tests of interest.

The findings from Article I could benefit further research that examines the
discrepancy between individual and situational interest for different content and
various settings (e.g., classroom learning, test taking, homework, group assignments).
This research might shed light on common trends in individual interest, how they
arise, and more importantly, how educators can counter gender gaps and decline in

mathematics interest in school.

The findings on context personalization and example choice could benefit future
studies as well. The proposed distinction between interests and preferences could be
examined using designs other than fill-in-the-blanks based on the principles outlined
by Walkington and Bernacki (2014). More elaborate designs than fill-in-the-blanks
can be used at the expense of practicality, such as personalization to topic interest
(Walkington et al., 2013); however, with the increasing use of technology in schools
and the developments in computer programming, practicality might be a less
significant issue in the future. Furthermore, interests other than popular culture can be
examined, such as vocational interests. Vocational interests are believed to be an
important topic for middle school students (Wigfield et al., 2015) and may therefore
support both triggered and maintained situational interest in mathematics. Similar
recommendations can be made for example choice, but because the approach is
probably more practical than context personalization, more elaborate designs with
more depth and customization may be useful to study; however, additional insights
into their effects on interest and learning are needed, especially as mathematics based
on everyday experiences is underlined as an important way to promote interest and

motivation (Botten-Verboven et al., 2010).

Finally, the field of interest could benefit from more basic research. What is the
difference between the two levels of individual interest (emerging versus well-
developed)? How can they be operationalized? Under what conditions is the

psychological state of interest triggered? The latter question is attracting increasing
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attention in the field of research. Rotgans and Schmidt (2014) have claimed that
situational interest can only be triggered when there is a gap between what the student
already knows and what needs to be known about a certain task or activity. The
current project seems to contradict this assumption, suggesting that several conditions
may encourage situational interest. Perhaps one of the more important questions in
the field of education is: how can educators differentiate between those who have low
or high levels of individual interest? Because effective interest-enhancing
interventions, such as those examined, follow a “one-size-fits-some” principle
(Harackiewicz et al., 2016), teachers may need tools to assess which students may
benefit most from which environmental intervention to engage in learning based on
interest. One approach would be applying survey methods in teaching; however, a
less intrusive and time-consuming solution may be more beneficial in a classroom
setting, such as observational methods. Observational tools used to identify learners’
levels of individual interest and situational interest can be helpful for educators to
determine which interventions might benefit the students and how it affects the
experience of interest. These observational tools have not been developed yet, and
little is known about teachers’ competence in assessing their students’ levels of
academic interest. Finally, there is a continuing need to identify and test ways to
encourage situational interest during learning in subjects other than mathematics as

well.

Throughout this dissertation, the focus has been the tendency for mathematics interest
to decline as students age. Thus, the question remains: can these interventions help
reverse this trend? The findings from Article I suggest that interest-enhancing
interventions may be effective in countering age-related interest decline in
mathematics; however, context personalization and example choice alone may not
promote individual interest long-term. Because eliciting situational interest requires
capturing attention, often through novelty and surprise (Renninger & Hidi, 2015;
Silvia, 2006), using the same interventions may become habitual and mundane.
Nevertheless, interest-based context personalization and example choice offer
concrete guidelines for designing text materials in mathematics to encourage

situational interest in specific learning moments among those who may need this type
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of encouragement most. Furthermore, along with other interest-enhancing
interventions, such as problem-based learning, relevance interventions, and attention-
grabbing settings, context personalization and example choice can be part of a
“toolbox” of evidence-supported practices teachers can use to encourage interest in

the classroom. Consequently, individual interest may follow.

Context personalization and example choice can assist educators in designing
learning activities to cultivate students’ interests while learning. The importance of

these practices is highlighted by Dewey (1913):

“interest is obtained not by thinking about it and consciously aiming at
it, but by considering and aiming at the conditions that lie back of it,
and compel it (...) The problem of educators, teachers, parents, the
State, is to provide the environment that induces educative or
developing activities, and where these are found the one thing needful
in education is secured” (p. 94-95).

As demonstrated by this dissertation, interest-based context personalization and
example choice can assist in developing activities for students to learn from texts,
which can be a significant step in countering age-related declines in mathematics

interest.
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Appendix I: Instructional unit (in Norwegian)

Screen 1

Hva er sannsynlighetsregning?

Vi snakker om sjansen eller sannsynligheten for at noe kommer til & skje. Man kan ofte hgre noen si: Det er
stor sjanse for regn idag. Dette er et eksempel pd hvordan vi i hverdagen gjer vurderinger ut fra
sannsynlighet. Noen ganger sier vi at sjansen er stor, og noen ganger sier vi at sjansen er liten.

A regne ut muligheten for at noe kan skje, kaller vi sannsynlighetsregning.

Screen 2

Hvordan kan vi tallfeste sannsynlighet?

Sannsynlighet blir ofte uttrykt som prosent. Prosent gar fra 0 il 100, der 0 er ingen sjanse for at noe kommer til & skje og 100 er helt sikkert p& noe kommer
til & skje.

Nér vi skal regne ut sannsynlighet, derimot, kan det veere enklere om vi bruker desimaltall. Desimaltall g&r fra 0 til 1, der 0 betyr at noe ikke kommer til & skje
og 1 betyr at det er helt sikkert at noe kommer til & skje.

Dersom vi far sannsynlighet oppaitt i prosent og vil vite hva er det er i desimaltall, kan vi dele prosenten pd 100. For eksempel, s& er 50% omgjort til
desimaltall: 50/100 = 0,50.

Prosent
0 25 50 75 100
t t t t |
0 0,25 0,50 0,75 1
Desimaltall

Vi kan ogs3 uttrykke sannsynlighet som brak, men vi fokuserer p8 prosent og desimaltall i denne presentasjonen.
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Screen 3

Du far nd to eksempeloppgaver du kan jobbe med.
Les oppgavetekstene noye og lgs oppgaven sa godt du klarer.
Hvis du ikke klarer oppgaven, kan du skrive "vet ikke" i svar-feltet. Vi oppmuntrer likevel til & svare p& oppgavene - selv om du ikke er sikker p& om svaret ditt er riktig.

Du vil bli forklart lgsningen p8 oppgaven etter du har lgst den.

Screen 4

Oppgave 1

Arranggrene av et utenders arrangement gnsker at Ola skal opptre. De er da avhengig av at Ola kan stille pa kort varsel og at det er fint veer denne
dagen.

Det er 80 % sannsynlighet for at Ola kan stille p kort varsel og 70 % sannsynlighet for at det er fint vaer denne dagen.

A)  Hva er 80 % omgjort til desimaltall?
‘Sw: 0,80

) Hva er 70 % omgjort t desimatall?
Svar: 0,70

Screen 5

|A)  Du svarte: 0,80. Riktig svar p& denne oppgaven er 0,80.
Dette er fordi 80/100 = 0,80.

'B)  Du svarte: 0,70. Riktig svar p& denne oppgaven er 0,70.
Dette er fordi 70/100 = 0,70.




Screen 6

Oppgave 2

Arranggrene av et utendars arrangement gnsker at Ola skal opptre. De er da avhengig av at Ola kan stille p kort varsel og at det er fint vaer denne
dagen.

Det er 0,80 sannsynlighet for at Ola kan stille p8 kort varsel og 0,70 sannsynlighet for at det er fint vaer denne dagen. Disse hendelsene er uavhengig av
hverandre.

Hva er sannsynligheten for at Ola deltar p8 arrangementet?
imr: 0,56

Screen 7

Du svarte: 0,56.
Riktig svar pa denne oppgaven er 0,56 eller 56 % sannsynlighet.

Siden hendelsene i denne oppgaven, alts8 de to tingene vi undersgker om kommer til & skje, er uavhengig, kan vi lase den ved & bruke formelen for
sannsynlighetsregning med uavhengige hendelser. Denne formelen forteller oss at hvis vi vil vite den samlede sannsynligheten for at to eller flere uavhengige
hendelser skal skje, s& md vi gange sannsynlighetene med hverandre.

Vi skal undersgke denne formelen naermere, men farst skal vi se naermere p8 hva uavhengige hendelser er for noe.

Screen 8

Hva er uavhengige hendelser?

EEn hendelse er noe som kan eller kommer til & skje, og kan i utgangspunktet veere alt fra veeret til resultatet av et myntkast.

|At to hendelser er uavhengig betyr at hendelsene ikke pavirker hverandre. Med andre ord, s vil ikke utfallet av den ene hendelsen pavirker den andre.

T eksempeloppgaven du nettopp har last er det to hendelser: (1) om Ola kan stille p kort varsel eller ikke, og (2) om veeret er fint eller ikke. Disse hendelsene
(er uavhengige siden de ikke pdvirker hverandre. Veeret vil veere fint uansett om Ola kan stille pd kort varsel eller ikke, og Ola er ledig eller opptatt pa kort sikt
\uavhengig av veeret.

!




Screen 9

Formelen for uavhengige hendelser

Formelen for ligh gning med uavhengige hendelser ser slik ut:
P(A og B) = P(A) * P(B)
P stér for det engelske ordet for sannsynlighet - probability - og A og B stér for ulike hendelser.

Denne formelen forteller oss at hvis vi vil finne ynligheten for flere hendelser skjer, s& vi m& gange sannsynlighetene med hverandre. Og dette kan vi
bare gjore dersom de to hendelsene er uavhengig — alts8 ikke pévirker hverandre.

1 eksempeloppgaven s8 vi at det er 0,80 sannsynlighet for at Ola kan stille p& kort varsel og 0,70 sannsynlighet for at det er fint veer.
Sannsynligheten for at béde Ola kan stille pa kort varsel og det er fint vaer blir dermed: 0,80 * 0,70.
Slik kommer vi alts3 fram til at det er 0,56 sannsynlighet for at Ola deltar p& arrangementet.

Vi skal nd se naermere pd hvordan formelen fungerer.

Screen 10

Hvordan virker formelen for uavhengige hendelser?

For & forklare hvordan formelen virker, kan vi illustrere de ulike hendelsene.

Vi tar utgangspunkt i eksempeloppgaven du har jobbet med, og hendelsene vi skal se naermere pé er: (1) om Ola kan stille pé kort varsel, og (2) om veeret er
fint.

\Hver hendelsene blir illustrert med en tabell med 100 felt, der hvert felt viser il 0,01 sannsynlighet - eller 1 % sannsynlighet.
!

Screen 11

1 oppgaveteksten s& vi at det er 0,80 sannsynlighet for at Ola kan stille p& kort varsel. Modellen under viser hvordan dette kan illustreres. Det bl3 feltet er
sannsynligheten for at Ola kan stille p& kort varsel, og det er totalt 80 bl& ruter. Det tilsvarer 0,8 eller 80 % sannsynlighet. Det er ogsd 20 red-stripete ruter,
som viser sannsynligheten for at Ola ikke kan stille p& kort varsel.

Man kan finne sannsynligheten for at noe ikke skjer ved & ta 1 minus ynligh for at hendelsen skjer. Her blir det: 1 - 0,80 = 0,20.

\\\ \\ - Kan stille pa kort varsel
N\
“\\\\\\ & Kan ikke stille pa kort varsel
DO

NI

DA\
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Screen 12

‘I k var det 0,70 ynligheten for at det var fint vaer. Modellen under viser hvordan dette kan illustreres. Det bl3 feltet er sannsynligheten for
‘at det er fint vaer, mens det rad-stripete feltet er sannsynligheten for at det ikke er fint veer. Det er totalt 70 bla ruter og 30 rod-stripete ruter.

777777777 W e
’’ """ "
////////////////////////////// //%Ikkeﬁntva&r

Screen 13

Ola kan stille pa kort varsel og fint vzer

For & finne sannsynligheten for at Ola kan stille pd kort varsel og det er fint vaer, forteller formelen oss at vi m3 gange sannsynligheten for at begge
h skjer med t

|N&r vi gjor dette blir det som om vi legger de to modellene opp8 hverandre. Vi m4 alts8 plassere begge disse hendelsene i en tilsvarende modell med 100

'ruter, der vi ogs8 tar med sannsynligheten for det ikke skjer. De to modellene er igjen skissert nedenfor, og ved & trykke p8 "neste" far du se hvordan den
'samlede modellen blir.
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Screen 14

Y

- Kan stille pa kort varsel og det er fint veer

%%%%%%%% % Kan stille pa kort varsel og det er ikke fint vaer

N § :\\% Kan ikke stille pa kort varsel og det er fint vaer
N 3
N

AN
NN

. Kan ikke stille pa kort varsel og det er ikke fint veer

DA

N
A\

Né&r vi tar utgangspunkt i bdde om Ola kan stille p& kort varsel og om det er fint veer , blir modellen seende slik ut.

Som vi ser i modellen, vil 56 ruter fa fargen bl& dersom vi legger modellene opp& hverandre. Dette er fordi vi ikke kan ta vekk de rod-stripete feltene. Hvis vi
ganger 0,80 med 0,70, s blir svaret 0,56.

Det som skjer ndr vi ganger sannsynligheten for at to uavhengige hendelser kommer til & skje, er at vi finner den samlede sannsynligheten for at bare disse
skjer - og dette kan vi bare gjore fordi de ikke p&virker hverandre.

Modellen viser ogs tre andre utfall som vi ikke har regnet ut. Dette er feltene som er markert med fargen rod. Dette er andre mulige utfall dersom begge
hendelsene skjer, men som ikke er tatt med i det regnestykket vi har gjort — men som viser seg i modellen. Vi kan finne den samlede sannsynligheten for
alle de rode feltene ved & ta 1 - 0,56, som da er 0,44.

Screen 15

Vi skal né se naermere pé et annet eksempel p uavh

Ett vanlig eksempel pd uavhengige hendelser er myntkast. Hvis du kaster en mynt to ganger, vil ikke forste myntkast pévirke utfallet av det andre - og derfor
er dette uavhengige hendelser.

Dersom man kaster en mynt to ganger, hva er sannsynligheten for at vi f&r mynt pa begge kastene?

Hvert myntkast har to mulige utfall: mynt (M) eller krone (K). Det er like stor sjanse for & f& mynt eller krone p& hvert kast - nemlig 0,50 sannsynlighet.

Sannsynligheten for & f& mynt p8 begge kastene kan skrives slik:
Sannsynligheten for M og M = Sannsynligt for M * Sannsynligt for M
= 0,50 * 0,50

=0,25.

Sannsynligheten for & f mynt pd begge myntkastene er 0,25 - eller 25 %.
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Screen 16

Vi kan illustrere myntkastene med lignende modell som tidligere. P4 hvert myntkast er 0,50 ighet for mynt og 0,50 lighet for krone. Dette kan illustreres slik:

1. kast 2. kast

B mynt
B Krone

N&r vi skal finne sannsynligheten for & f& mynt p4 begge kastene, blir det som om vi legger modellene oppé hverandre. Modellen for begge myntkastene vil se slik ut:

. Mynt pa forst kast og mynt pé andre
§ Mynt pa forste kast og krone pé andre
7/4 Krone pé forste kast og mynt pa andre

- Krone pé forste kastog krone pa andre

Som vi ser i bildet, s& er det 25 bl ruter, som viser sannsynligheten for & f& mynt pa begge kastene.

Men hva er s8 sannsynligheten for ikke & f& mynt p& begge kastene?

Dette er sannsynligheten for & fa alle de rade feftene. En méte dette kan gjores pé, er ved & ta 1 - (sannsynligheten for M og M). Det blir:
1- 0,25 = 0,75. Det er altsa 0,75 sannsynlighet for ikke & f& mynt pa begge kastene.

Screen 17

Dette md du ha i tankene nér du skal lgse en oppgave:

(1) Les oppgaveteksten ngye og tenk gjennom hva oppgaven sper om.

(2) Finn sannsynligheten for de ulike hendelsene som er aktuelle. Dersom sannsynligheten er oppgitt i prosent, kan du fortrinnsvis omgjere prosent til
desimaltall. Dette gjores ved & dele prosenten p& 100.

(3) Bruk formelen for sannsynlighetsregning med uavhengige hendelser for & finne sannsynligheten for at to eller flere hendelser kan skje.
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Appendix II: Scales (in Norwegian)
Individual interest in mathematics
For meg er matematikk meningslest (R)
Siden matematikk er gay, vil jeg ikke slutte med det
Matematikk er viktig for meg

Jeg har lenge syntes matematikk er kjedelig (R)

Perceived competence in mathematics
Matematikk er vanskelig for meg (R)
Jeg er héples i matematikk (R)

Jeg har alltid gjort det bra i matematikk
Jeg er god 1 matematikk

Jeg anser meg selv som flink i matematikk

Triggered situational interest

Du kan nd si din mening om leeringsmaterialet (presentasjon og oppgavene)

Jeg likte leringsmaterialet
Leringsmaterialet var goy & jobbe med
Jeg syntes leeringsmaterialet var kjedelig (R)

Learingsmaterialet fanget oppmerksomheten min
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Jeg syntes leeringsmaterialet var engasjerende

Maintained situational interest

Du kan na si din mening om sannsynlighetsregning slik du har lcert det her.
Affect

Jeg syntes det var kjedelig (R)

Jeg likte det jeg lerte her

Jeg syntes det jeg laerte var interessant

Jeg syntes det var spennende

Jeg likte ikke det jeg laerte her (R)

Value

Det jeg leerte var nyttig for meg

Jeg syntes dette er viktig & laere

Det jeg leerte er helt unyttig for meg (R)

Jeg kunne gjort dette igjen siden det er nyttig for meg

Jeg ser nytten av det jeg lerte her

Innsats

Jeg anstrengte meg for a lase oppgavene
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Jeg provde sa hardt jeg kunne nar jeg jobbet med oppgavene
Jeg la ikke mye energi i & lose oppgavene (R)

Jeg jobbet sa hardt jeg kunne med oppgavene

Note. Items marked with (R) are negatively worded items that were reverse coded for

the analyses.
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Appendix Ill: NSD Approvals (in Norwegian)

Norsk samfunnsvitenskapelig datatjeneste AS
NORWEGIAN SOCIAL SCIENCE DATA SERVICES

Harald Harfagres gate 29
N-5007 Bergen

Rolf Reber Norway
Institutt for pedagogikk LA S2a821 17
Universi B Fax +47-55 58 96 50

m.verltetet 1 Bergen nsd@nsd.uib.no
Christies gate 13 www.nsd uib.no
5020 BERGEN Org.nr. 985 321 884
Var dato: 16.01.2013 Var ref:32508 /3 / HIT Deres dato: Deres ref:

TILBAKEMELDING PA MELDING OM BEHANDLING AV PERSONOPPLYSNINGER

Vi viser til melding om behandling av personopplysninger, mottatt 21.12.2012. All nedvendig
informasjon om prosjektet foreld i sin helhet 15.01.2013. Meldingen gjelder prosjektet:

32508 Intervensjoner for & oke interesse i mat ikkund
Behandlingsansvarlig Universitetet i Bergen, ved institusjonens overste leder
Daglig ansvarlig Rolf Reber

Personvernombudet har vurdert prosjektet og finner at behandlingen av personopplysninger er meldepliktig i
henhold til personopplysningsloven § 31. Behandlingen tilfredsstiller kravene i personopplysningsloven.

Personvernombudets vurdering forutsetter at prosjektet gjennomfores i trid med opplysningene gitt i
meldeskjemaet, korrespondanse med ombudet, eventuelle kommentarer samt personopplysningsloven og
helseregisterloven med forskrifter. Behandlingen av personopplysninger kan settes i gang.

Det gjores oppmerksom p at det skal gis ny melding dersom behandlingen endres i forhold til de opplysninger
som ligger til grunn for personvernombudets vurdering. Endringsmeldinger gis via et eget skjema
http://www.nsd.uib.no/personvern/meldeplikt/skjema.html. Det skal ogsa gis melding etter tre ir dersom
prosjektet fortsatt pagir. Meldinger skal skje skiftlig til ombudet.

Personvernombudet har lagt ut opplysninger om prosjektet i en offentlig database,

http://pvo.nsd.no/prosjekt.

Personvernombudet vil ved prosjektets avslutning, 30.06.2015, rette en henvendelse angaende status for
behandlingen av personopplysninger.

?nnﬁgl‘?xe )
! {’N v
1gdis Namtvedt Kvalheim

mreanta—

Hildur Thorarensen

Hildur Thorarensen tlf: 55 58 26 54
Vedlegg: Prosjektvurdering

Avdelingskontorer / District Offices
0SLO" NSD. Universitetet 1 Oslo, Postboks 1055 Blindern, 0316 Oslo. Tel: +47-22 85 52 1. nsd@uio.no
TRONDHEIM: NSD. Norges teknisk-naturvitenskapelige universitet, 7491 Trondheim Tel: +47-73 59 19 07. kyrre svarva@svt ntnu no
TROMS@: NSD. SVF, Universitetet i Tromse, 9037 Troms. Tel: +47-77 64 43 36. nsdmaa@sv.uit.no
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Norsk samfunnsvitenskapelig datatjeneste AS
NORWEGIAN SOCIAL SCIENCE DATA SERVICES

Harald Harfagres gate 29
N-5007 Bergen

Norway
Tel: +47-55 58 21 17
Fax: +47-55 58 96 50

Rolf Reber nsd@nsd.uib.no

Institutt for pedagogikk www.nsd.uib.no

. . 5 Org.nr. 985 321 884
Universitetet i Bergen

Christies gate 13
5020 BERGEN

Var dato: 07.05.2013 Vér ref: 32508 HITAR Deres dato: Deres ref:

ENDRET HJEMMELSGRUNNLAG FOR BEHANDLING AV PERSONOPPLYSNINGER

Vi viser til endringsmelding mottatt 25.04.2013 for prosjektet:
32508 Intervensjoner for & oke interesse i matematikkundervisningen

Personvernombudet har vurdert prosjektendringen og finner at behandlingen av personopplysninger na
er ikke meldepliktig i henhold til personopplysningsloven. Prosjektet er tidligere vurdert som
meldepliktig jf. § 31.

Det oppgis at metode for gjennomforing av spetreundersokelse endres til at alle elevene fyller ut
spotreskjema pa skolens maskiner og uten personlig innlogging. Personvernombudet kan dermed ikke
se at det i prosjektet behandles personopplysninger med elektroniske hjelpemidler, eller at det opprettes
manuelt personregister som inneholder sensitive personopplysninger.

Personvernombudets vurdering forutsetter at prosjektet gjennomfores i trid med opplysningene gitt i
korrespondanse med ombudet.

Ta gjerne kontakt dersom noe er uklart.

Vennlig hilsen

bast 8 :
Vigdis Namtvedt Kvalheim ébj\w%
Hildur Thorarensen

Kontaktperson: Hildur Thorarensen tlf: 55 58 26 54
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Appendix IV: Letters to schools (in Norwegian)

Universitetet i Bergen
Institutt for Pedagogikk
Christiesgate 13
5015 BERGEN

Til rektor,

Vi vil gjerne invitere skolen deres til a delta i et Utdanning2020-prosjekt, finansiert av Norsk
Forskningsrad, gjennomfgrt av forskere ved Institutt for Pedagogikk, Universitetet i Bergen. Vart prosjekt
har som formdl & gke elevenes interesse i matematikkundervisningen med bruk av ulike
undervisningsstrategier som skal vare et bindeledd mellom leringsmaterialet og elevens liv utenfor
skolen. I rammen av dette prosjektet gjennomfgrer vi en studie med elever fra alle trinn i ungdomsskolen.

Skolen kompenseres med 100 kroner per elev som deltar i undersgkelsen. Denne studien varer i
omtrent 30-45 minutter per elevgruppe og handler om elevinteresse i matematikk. Undersgkelsen er en
elektronisk spgrreundersgkelse som inneholder ulike spgrsmaél knyttet til elevenes interesse og motivasjon
i matematikkfaget, samt en leringspresentasjon om sannsynlighetsregning. Etter presentasjonen vil
elevene bli gitt oppgaver & lgse. Undersgkelsen gjennomfgres pd skolens datamaskiner, og det er ogsd
ngdvendig med et brukernavn/passord for & logge p& datamaskinene. Dette er for & sikre elevenes
anonymitet i undersgkelsen. Utenom dette trenger ikke skolen eller lererne & stille opp med ytterlige
materiell eller tjenester.

Oppgavene i denne undersgkelsen vil ikke bli brukt som et mal pa evner eller bli gjenstand for
sammenligning mellom skoler. Etter undersgkelsen vil elevene ha lert seg grunnleggende begreper om
sannsynlighet med uavhengige hendelser og skulle vere i stand til 4 lgse enkle oppgaver. Presentasjonen i
undersgkelsen er utviklet i samarbeid med bade fagpersonell innen generell pedagogikk, realfagsdidaktikk
og psykologi.

Pé vegne av forskningsgruppen vil datamaterialet bli behandlet konfidensielt og alle navn vere
anonyme. For elevene vil undersgkelsen tilby en méte a gke deres akademiske ferdigheter pd en ggy mate,
men deltakelse i undersgkelsen er frivillig og hver elev har rett til & trekke seg fra undersgkelsen nar som
helst (dette vil elevene bli informert nar undersgkelsen starter). Denne studien har gjennomgatt etisk
godkjenning fra Norsk Samfunnsvitenskapelig Databasetjeneste (NSD). Hvis du har spgrsmal eller gnsker
a diskutere dette ytterligere, kan dere kontakte oss: Sigve Hpgheim (e-post: sigve.hogheim@psybp.uib.no;
tlf: 55 58 47 66) eller professor Rolf Reber (e-post: rolf.reber @psysp.uib.no; tlf: 55 58 31 81), for flere

detaljer.

Med vennlig hilsen
Sigve Hpgheim
PhD-kandidat

Universitetet i Bergen
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Appendix V: Letters to parents (in Norwegian)

Universitetet i Bergen
Institutt for Pedagogikk
Christiesgate 13
5015 BERGEN

Kjere foreldre/verge,

Vi vil gjerne invitere deres barn til & delta i et Utdanning2020-prosjekt, finansiert av Norsk
Forskningsrad, gjennomfgrt av forskere ved Institutt for Pedagogikk, Universitetet i Bergen. Dette
prosjektet tar for seg interesse i matematikkfaget pa ungdomsskoletrinnene. Elevenes faglige interesse kan
ha betydning for en rekke aspekter ved deres lering, som for eksempel motivasjon, mélsetting, affektive
holdning til faget og ikke minst prestasjoner. Vart prosjekt har som formél & undersgke elevenes interesse
i matematikkundervisningen med bruk av ulike undervisningsstrategier som skal vare et bindeledd
mellom leringsmaterialet og elevens liv utenfor skolen. I rammen av dette prosjektet gjennomfgrer vi en
studie med elever fra ulike trinn i ungdomsskolen.

Denne studien varer i omtrent 1-2 timer og handler om elevinteresse i matematikk. Undersgkelsen
er en elektronisk spgrreundersgkelse som inneholder ulike spgrsmal knyttet til elevenes interesse og
motivasjon i matematikkfaget, samt en l®ringspresentasjon om sannsynlighetsregning. Etter
presentasjonen vil elevene bli gitt oppgaver 4 lgse.

Oppgavene i denne undersgkelsen vil ikke bli brukt som et mal pa evner eller bli gjenstand for
sammenligning mellom skoler. Etter undersgkelsen vil elevene ha lert seg grunnleggende begreper om
sannsynlighet med uavhengige hendelser og skulle vere i stand til & lgse enkle oppgaver. Presentasjonen i
undersgkelsen er utviklet i samarbeid med bade fagpersonell innen generell pedagogikk, realfagsdidaktikk
og psykologi.

P4 vegne av forskningsgruppen vil datamaterialet bli behandlet konfidensielt og alle navn vare
anonyme. For elevene vil undersgkelsen tilby en méte a gke deres akademiske ferdigheter pd en ggy mate,
men deltakelse i undersgkelsen er frivillig og hver elev har rett til & trekke seg fra undersgkelsen nér som
helst (dette vil elevene bli informert nir undersgkelsen starter). Denne studien har gjennomgétt etisk
godkjenning fra Norsk Samfunnsvitenskapelig Databasetjeneste (NSD). Hvis du har spgrsmél eller gnsker
a diskutere dette ytterligere, kan dere kontakte oss: Sigve Hggheim (e-post: sigve.hogheim@psybp.uib.no;
tif: 55 58 47 66), Marina Stibric (e-post: marina.stibric@psybp.uib.no; tlf: 55 58 39 76) eller professor
Rolf Reber (e-post: rolf.reber @psysp.uib.no; tIf: 55 58 31 81), for flere detaljer.
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An experimental study examined the effect of context personalization and example choice on situ-
ational interest in mathematics of adolescent students. Middle school students (N = 736) learned about
probability calculus and were assigned to one of four instructional conditions. Individual interest and
perceived competence in mathematics was examined as moderator on three measures of situational in-
terest: triggered situational interest, maintained situational interest, and perceived value. Context
personalization promoted triggered and maintained situational interest, and perception of value among
students with low individual interest and perceived competence in mathematics. Similar results were
observed for example choice, with the exception of perceived value. Although context personalization

and example choice promoted effort for students with low individual interest, we observed no effect on
performance. We discuss the theoretical and practical implications of the findings.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Students’ affective and cognitive reactions toward the learning
environment play an important role in their choice to reengage in
similar activities (Eccles & Wigfield, 2002), as well as for the op-
portunity to develop and sustain interest in the specific content (Hidi
& Renninger, 2006; Renninger & Su, 2012). Situational interest cap-
tures this instant reaction, referring to the likelihood that features
of the immediate learning environment will trigger a response that
may or may not last (Renninger & Su, 2012).

Although situational interest arises from students’ interaction
with the environment, this state is shaped by their individual
interest and perceived competence related to the content at hand
(e.g. Durik, Shechter, Noh, Rozek, & Harackiewicz, 2015;
Linnenbrink-Garcia, Patall, & Messersmith, 2013). In contrast to situ-
ational interest, individual interest is a relative enduring
predisposition to reengage in a particular content, which results in
experiences of positive affect and value of engagement (Renninger
& Su, 2012; Schiefele, 1991). Perception of competence is often
related to individual interest (Eccles & Wigfield, 2002; Skaalvik &
Skaalvik, 2008), suggesting that these constructs co-occur in learn-
ing situations (Kéller, Baumert, & Schnabel, 2001). Individual interest
tends to decrease with age (Hidi & Harackiewicz, 2000; Wigfield,
Eccles, Roeser, & Schiefele, 2008), particularly in the domain of

* Corresponding author. Department of Education, University of Bergen, NO-5020,
Bergen, Norway. Fax: +47 55584852,
E-mail address: sigve.hogheim@uib.no (S. Hagheim).

http://dx.doi.org/10.1016/j.cedpsych.2015.03.006
0361-476X/© 2015 Elsevier Inc. All rights reserved.

mathematics during the middle years (e.g. Fredricks & Eccles, 2002;
Frenzel, Goetz, Pekrun, & Watt, 2010; Jacobs, Lanza, Osgood, Eccles,
& Wigfield, 2002; Watt, 2004). As inner engagement decreases when
learning mathematics, educators of middle school students en-
counter the challenge to elicit situational interest by adapting
situational factors. The present study addresses this challenge by
examining interventions to increase situational interest in middle
school students. To boost situational interest does not only con-
tribute to increase immediate engagement but also to the
maintenance and development of a more enduring individual in-
terest (Renninger & Su, 2012).

In the present study, we hypothesize that the written learning
material can provide the external support needed to elicit situ-
ational interest, especially among students with low individual
interest and perceived competence. In an experimental study on
learning mathematics, we examined two text-based interventions
among middle school students: context personalization and example
choice. Context personalization refers to an instructional strategy
that involves customization of features of an academic text to the
learners’ out-of-school interests or preferences (Walkington &
Bernacki, 2014). Example choice is an instructional approach that
offers students a choice between predefined topics for an academ-
ic text, prior to learning something new. Students can then select
the topic they find most interesting and work a subject matter in
a self-chosen context that they may find exciting (Reber, Hetland,
Chen, Norman, & Kobbeltvedt, 2009). Context personalization and
example choice bridge school mathematics with students’ out-of-
school interests, which is supposed to stimulate interest in content
(Walkington & Bernacki, 2014). These authors note that current
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evidence for such an effect is mostly based on indirect inferences,
and in the present study we directly address this assumption.

1.1. Situational interest

Situational interest refers to an immediate state during learning,
and is associated with engagement, task involvement, motivation,
and performance (Hidi & Renninger, 2006; Linnenbrink-Garcia et al.,
2010, 2013). However, the experience of situational interest is also
regarded as a central construct in the development and maintenance
of individual interest (Hidi & Renninger, 2006; Linnenbrink-Garcia
et al,, 2013; Renninger & Su, 2012), making it particularly relevant
for the challenge of declining interest in middle school.

According to Hidi and Renninger (2006), situational interest rep-
resents the first two phases in a four-phased, sequential development
that may lead to an enduring individual interest (see also: Renninger
& Su, 2012). This development is initialized by something in the en-
vironment catching the attention of the learner and eliciting a short-
term affective response (Phase 1: triggered situational interest: Hidi
& Renninger, 2006). If the external factors sustain the learner’s at-
tention, triggered situational interest can in turn develop into
maintained situational interest (Phase 2) which increases positive
affect and encourages a connection between the learner and content
to be learned (Hidi & Renninger, 2006; Renninger & Su, 2012). These
experiences of situational interest may lead to an emerging indi-
vidual interest (Phase 3), and in turn to a well-developed individual
interest (Phase 4). This theoretical framework posits a develop-
ment of individual interest that is initialized by an emotional
response toward the learning environment, but as interest devel-
ops, the perception of value as well as knowledge develops
concurrently, while affect continues to be a central characteristic
(Renninger & Hidi, 2011; Renninger & Su, 2012).

In their research on situational interest in education,
Linnenbrink-Garcia et al. (2010) operate with a similar distinction
between triggered and maintained situational interest; however, they
differentiate between maintained situational interest based on the
affective and value-based connection to content (see also:
Linnenbrink-Garcia et al., 2013). Perceiving a content as meaning-
ful and useful (Eccles & Wigfield, 2002; Linnenbrink-Garcia et al.,
2010) is thought to be important for the development of interest,
especially in the transition between Phase 2 and Phase 3. In the
present study we use the term perceived value for students’
situations-specific value perception of content; however, we ac-
knowledge that this state represent a stage of maintained situational
interest, in line with Linnenbrink-Garcia et al. (2010). As shown in
Linnenbrink-Garcia et al. (2013), triggered situational interest as well
as both types of maintained situational interest contributed to the
development of interest, as posited by Hidi and Renninger (2006).

1.2. Interventions and situational interest

Renninger and Su (2012) emphasize the need for instructional
support in order to trigger and maintain situational interest. Indeed,
several instructional and textual features have been found to in-
fluence situational interest, some related to the interventions
examined in the current study. Prior research on context person-
alization in mathematics education has revealed more positive
attitudes toward customized rather than generic material (e.g. Ku,
Harter, Liu, Thompson, & Cheng, 2007; Ku & Sullivan, 2000, 2002;
Lopez & Sullivan, 1992), suggesting a possible effect on triggered
situational interest. In one of the few studies examining context
personalization and situational interest, Bernacki and Walkington
(2014) observed that context personalization had an effect on trig-
gered but not maintained situational interest, supporting the
assumption that context personalization has an effect on situ-
ational interest (Walkington & Bernacki, 2014), at least at the initial

level. However, in a study of elementary school students, Renninger,
Ewen, and Lasher (2002) examined whether interests from other
domains could serve as context in mathematics in order to moti-
vate learners to work on a topic in which they did not initially show
interest. They found that interest-based contexts, compared to
generic contexts, both enabled students to focus on the meaning
in tasks and offered students with low individual interest in math-
ematics an opportunity to make a more personal connection with
the subject matter to be learned. The context to which mathemat-
ics is embedded appears to be able to help students in forming a
connection to the content to be learned (see also: Ainley, Hidi, &
Berndorff, 2002). Research on an instructional approach labeled rel-
evance interventions showed that conveying the value of mathematic
content, either directly by stating why this may be relevant for learn-
ers' lives or indirectly by encouraging learners to generate relevance
of content, can influence learners’ maintained situational and per-
ception of value (Durik & Harackiewicz, 2007; Durik et al., 2015;
Hulleman, Godes, Hendricks, & Harackiewicz, 2010; Hulleman &
Harackiewicz, 2009).

The opportunity of choice in the learning environment has re-
peatedly been associated with situational interest and intrinsic
motivation (Cordova & Lepper, 1996; Patall, 2012, 2013; Patall,
Cooper, & Robinson, 2008; Patall, Cooper, & Wynn, 2010; Patall,
Sylvester, & Han, 2014; Reber et al., 2009), and is often related to
the need for autonomy within the theoretical framework of self-
determination theory (e.g. Deci & Ryan, 2000). Krapp (2005) posited
that the need for autonomy, as well as the remaining psychologi-
cal needs in self-determination theory, may play a crucial part for
the experience of situational interest, the affective reactions in par-
ticular. Linnenbrink-Garcia et al. (2013) observed that the perception
of choice during a three-week residential summer program made
a significant contribution to triggered and affect-based main-
tained situational interest, but not perceived value. According to Patall
(2012), the effect of choice on intrinsic motivation and interest is
not only based on the feeling of control and autonomy, but also the
absence of external control in a choice situation (see also: Patall et al.,
2008 for review).

Studies have shown that students’ individual interest and per-
ceived competence moderate how they experience interventions
targeted at increasing situational interest, and even the effect of
choice in learning activities (Patall, 2013; Patall et al., 2014). For
example, collative features (e.g. varied fonts and vivid pictures) have
been found to trigger situational interest only among those with
low individual interest, whereas directly communicating the rele-
vance of mathematics to students’ lives was more effective in
maintaining situational interest among students with high indi-
vidual interest in the domain (Durik & Harackiewicz, 2007). These
results were interpreted to suggest that collative features may have
been perceived as irrelevant for students with a well-developed in-
dividual interest in the core content, but stimulated those with low
interest.

Like individual interest, perceived competence in mathematics
has been found to moderate the effect of interest-based interven-
tions. Studies indicate that self-generated value interventions might
be most efficient for students with low perceived competence
(Hulleman et al., 2010; Hulleman & Harackiewicz, 2009) whereas
passively receiving value information may benefit those with high
perceived competence (Durik et al., 2015). These data suggest that
students with low perceived competence benefit from interven-
tions that encourage them to generate reasons for why contents are
valuable and enjoyable instead of receiving the same reasons from
an external source. Furthermore, competence perception and in-
terest are often strongly related (Eccles & Wigfield, 2002; Fortier,
Vallerand, & Guay, 1995); therefore, students with low perceived
competence might respond like those with low individual interest
in the core content.
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Although the opportunity of choice in learning is associated with
situational interest and intrinsic motivation (Deci & Ryan, 2000;
Patall, 2012), individual interest and perceived competence have been
found to moderate the effectiveness of choice. Patall (2013) ob-
served that choice was more beneficial for those with high rather
than low individual interest in the core content across three ex-
perimental studies. Similarly, results were more beneficial for
students with high rather than low perceived competence (Patall
et al, 2014).

1.3. Interventions to increase situational interest and learning

According to Walkington and Bernacki (2014), context person-
alization may promote learning by eliciting situational interest and
connecting subject matter to students’ knowledge from within other
interest areas (see also: Walkington, Sherman, & Howell, 2014).
However, when it comes to performance, research results are mixed.
Context personalization positively influence performance, espe-
cially among weaker students, in some studies (Anand & Ross, 1987;
Ku et al.,, 2007; Ku & Sullivan, 2002; Walkington, Petrosino, &
Sherman, 2013; Walkington et al., 2014) whereas other studies did
not observe such beneficial effects (Bates & Wiest, 2004; Cakir &
Simsek, 2010; Ku & Sullivan, 2000). Furthermore, example choice
as well as the opportunity of choice in instructions was not asso-
ciated with increased performance (Flowerday, Schraw, & Stevens,
2004; Reber et al., 2009).

Although context personalization has shown varied results with
regard to performance in addition to no effect of example choice,
performance is an important indicator of the usefulness of these
interventions. Context personalization and example choice may
appear to operate as seductive details, which are segments that learn-
ers might perceive as highly interesting, but are irrelevant in
understanding the core topic of the text (Lehman, Schraw,
McCrudden, & Hartley, 2007). Seductive details can actually have
a detrimental effect on performance (Harp & Mayer, 1998; Park,
Flowerday, & Briinken, 2015), especially among weaker students
(Magner, Schwonke, Aleven, Popescu, & Renkl, 2014) and when no
warning is given that the information is irrelevant (Peshkam,
Mensink, Putnam, & Rapp, 2011).

14. The present study

To examine the effect of context personalization and example
choice on situational interest during mathematics learning, we con-
ducted an experimental study that assessed different facets of interest
and performance on mathematics tasks. Administrating the learn-
ing material electronically allowed for the immediate measurement
of students’ affective and cognitive responses during the learning
activity. Middle school students were randomly assigned to one of
four instructional conditions. In the personalization condition, the
learning material was customized to students’ individual interest
in popular culture. Participants in the example choice condition could
choose one of twelve topics for the learning material, all referring
to popular culture. Participants in the example given condition were
randomly given one of the twelve examples for the learning ma-
terial. Finally, participants in the control condition received generic
learning materials without references to popular culture or choice.
Besides the experimental manipulations, the questionnaires were
identical.

There are several different approaches to context personaliza-
tion (see Walkington & Bernacki, 2014, p. 161 for outline). In the
present study, we utilized an approach labeled “Fill-in-the-gaps”,
which is considered a feasible, but shallow form of personaliza-
tion. In addition to the classification of specificity proposed by
Walkington and Bernacki, we suggest a further distinction in the
personalization methodology. Based on the literature on context

personalization (e.g. Bates & Wiest, 2004; Bernacki & Walkington,
2014; Ku et al., 2007; Ku & Sullivan, 2000, 2002; Walkington &
Bernacki, 2014), we distinguish between approaches based on the
dimensions of preferences and interests, pertaining to the informa-
tion from the learner that is used for personalizing instructions or
problems. To the best of our knowledge, this distinction has not yet
been made and examined systematically in research on context per-
sonalization. In our distinction, preferences refer to comparisons of
two or more options on the basis of affective feelings (see Reber,
2015) and therefore to the likings of persons or objects by the learner,
such as drinks, foods, or friends—low level inclinations from ev-
eryday life that do not need exploration or sustained engagement.
Interest, on the other hand, refers to the learner's wish to explore
and engage in specific contents (see Dewey, 1975/1913) which in
our study were contents pertaining to popular culture, such as music,
gaming, or literature. The proposed distinction bears resemblance
to Schraw's (1998) distinction between context-independent (i.e.
details that are interesting also outside the particular context) and
context-dependent (i.e. details that are interesting only when ap-
pearing in context) seductive details (see also: Schraw & Lehman,
2001); with the former referring to the dimension of interest and
the latter to preferences. These dimensions are illustrated in Fig. 1.

“Low preference-low interest” refers to instructions and prob-
lems as they usually are represented in textbooks, with little
references to the individual learners’ interests or preferences. “High
preference-low interest” refers to a mode of context personaliza-
tion utilizing students’ everyday preferences often situated in
everyday contexts (e.g. Bates & Wiest, 2004; Ku et al., 2007; Ku &
Sullivan, 2000, 2002). “High preference-high interest” is an ap-
proach to context personalization that incorporates students’ interest
into contexts that draws on everyday experiences and preferences
(Bernacki & Walkington, 2014; Walkington et al,, 2013). In the current
study, we examine an approach as illustrated by “low preference-
high interest”, namely with emphasis on learners interests, but not
situated in everyday contexts or situations. We believe that this dis-
tinction between preference and interest in the practice of context
personalization can contribute to the field of research on the

High
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| | >
| |
Low High
Interest

Fig. 1. Different approaches to context p
interest.
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instructional format, and accompany the different level of speci-
ficity as proposed by Walkington and Bernacki (2014). In the present
study we hypothesize that the interest dimension in context per-
sonalization is important in stimulating interest by means of context
personalization.

Based on the theoretical backdrop, we predict that context per-
sonalization and example choice can trigger and maintain students’
situational interest and value perception during the learning ac-
tivity, compared to a generic learning material (Reber et al., 2009;
Walkington & Bernacki, 2014). However, individual interest and per-
ceived competence moderated the effects of interventions in opposite
directions, making clear predictions difficult. While some rele-
vance interventions were beneficial for students with low interest
and perceived competence in mathematics (Durik & Harackiewicz,
2007; Durik et al., 2015; Hulleman et al., 2010; Hulleman &
Harackiewicz, 2009), studies on choice found beneficial effects for
those high in interest and perceived competence (Patall, 2013; Patall
et al., 2014). Finally, the example given condition examines whether
using popular culture examples increases situational interest, com-
pared to generic textbook instruction and tasks.

In addition to situational interest, we included a measure of
task effort and task performance. Based on the notion that situ-
ational interest is associated with immediate engagement
(Linnenbrink-Garcia et al., 2013; Renninger & Su, 2012), we expect
context personalization and example choice to enhance task effort.
Given the mixed results reviewed in the last section, it is difficult
to make predictions on performance. Our study adds to the corpus
of research on effects of interventions on effort and performance.
Still, student performance might give an indication whether the in-
tervention operated as seductive detail that impairs performance
and should not be applied in educational practice.

2. Method
2.1. Participants

Participants were recruited from five public middle schools that
were informed that the study has obtained ethical approval by the
Norwegian Social Science Data Services (NSD).

Eight hundred students from Norwegian public middle school
without special needs education in either mathematics or reading
completed the online survey. Sixty-four participants were ex-
cluded from the final sample based on three criteria: (1) They wrote
“I don’t know" as favorite subject, object or city in the initial inter-
est questions (n=43), (2) answered the mathematical tasks with
something else besides numbers or the agreed upon “I don’t know”
(n=17), or (3) stated a grade level not included in the study (n=4).

The final sample consisted of 736 (50.4% female) middle school
students. Among these, 384 students were from the eighth grade
(age 12-13; 185 female) and 352 students from the tenth grade (age
14-15; 186 female). These grade levels were chosen because they
represent the first and last grades in the Norwegian middle school
system. The final sample included 183, 177, 192, and 184 partici-
pants in the personalization, example choice, example given, and
control conditions, respectively. Experimenters were unaware of the
condition participants were assigned to.

2.2. Procedure and materials

Groups of 15 to 50 students worked simultaneously in the com-
puter labs of their respective schools, with one or two experimenters
present during the testing sessions. Each student worked individ-
ually on the online questionnaire at a computer, and was told they
were participating in a study concerning mathematics learning.

All materials and instruments were developed and adminis-
tered in Norwegian; all materials presented in this article are

translated to English for the purpose of presentation. We devel-
oped four online questionnaires corresponding to four instructional
conditions using SurveyXact. The questionnaires were identical in
structure, content and appearance, but differed in how informa-
tion was customized in the learning materials, depending on the
experimental condition.

All questionnaires started with leisure time interest questions.
Participants could choose one of six interest areas from popular
culture that interested them the most: Movies, Music, Gaming,
Sports, Literature, and Internet. After selecting an interest area, par-
ticipants wrote their favorite subject (e.g., actor, singer) and object
(e.g. movie, album) from the respective interest area, with one ex-
ception: Participants who selected gaming wrote their favorite game
and console. Participants also wrote the name of a favorite city they
would like to visit or had had visited. After the interest questions,
participants answered pre-test measures, such as individual inter-
est in mathematics. After the pre-test measures, participants were
presented with learning materials about probability calculus with
independent events.

The introductory presentation to probability calculus (two
screens) started with an elementary explanation of what proba-
bility calculus is and how it is expressed numerically. We focused
on probability expressed as decimal number. Participants could then
try to solve an example task. The example task was a two-step math-
ematical word problem concerning probability calculus with
independent events. After converting a probability expressed as per-
centage into a decimal number, participants were asked to solve for
the joint probability of two independent events. The different in-
terventions were implemented in the example task and the
subsequent presentation. The second part of the example task for
the personalization group referred to the favorite subject (here:
music), the favorite artist (Rihanna), and the favorite city (London)
the participant wrote down at the beginning of the study:

“Organizers of an outdoor music-event in London want Rihanna
to make an appearance. Then Rihanna must be available on short
notice and the weather in London must be nice.

It is 0.80 probability that Rihanna is available on short notice
and 0.70 probability that the weather in London is nice on that
day.

What is the probability of Rihanna making an appearance at the
music-event in London?”

Participants in the personalization condition received the ex-
pressions they entered in the initial interest questions (highlighted
in the example above; not highlighted in the study). Participants
in the example choice condition, prior to the example task, were
given a choice between twelve domains for the task and further pre-
sentation (two examples for each of the six interest areas), containing
information corresponding to the highlighted words in the example
task. In contrast to the personalization group, the interest areas, sub-
jects and objects in the example choice group were not based on
the information participants entered at the beginning. Partici-
pants in the example given condition were randomly given one of
twelve examples. In the control condition, the highlighted words
were removed, and the subject was replaced by a common Nor-
wegian first name, as often encountered in Norwegian middle school
textbooks on mathematics.

The subsequent presentation was based on probability calcu-
lus with independent events. This presentation (11 screens)
explained the concept of independent events and how to compute
the joint probability for such events. The explanation was embed-
ded in a situation similar to the example task, with the information
collected at the beginning for the personalization group, with ex-
amples for the example choice and example given groups, and with
Norwegian first names for the control group. After working with
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Table 1
Zero-order correlations and descriptive statistics.
1 2 3 4 5 6 7 8

1 Individual interest -

2 Perceived competence 63 =

3 Triggered SI 32" 21% -

4 Maintained SI 447 29* 65" -

5 Perceived value 40 25%% 1% 72 -

6 Task effort J15% .02 228 31 320 -

7 Intervention tasks 21 28" a7 34" 357 10" -

8 Generic tasks 25% 34 ar= 34 35" .07 81* -

M 3.36 328 339 338 3.68 3.04 145 212

sD 99 111 .90 91 .88 .87 121 1.58

Cronbach’s o, .80 92 .90 .87 .85 72 - -

Notes: Sl = Situational Interest.

** p<.01. All values could range from 1 (low) to 5 (high) with the exception of intervention and generic tasks.

the presentation, triggered situational interest was measured. Then
the participants worked with seven mathematical problems: three
with conditional information like in the example task, and four
generic problems that were identical for the four conditions. Main-
tained situational interest and utility value was measured after the
mathematical word problems.

2.3. Measures

Response on all items was given on a five-point Likert scale
ranging from 1 - “Totally disagree” to 5 - “Totally agree”. Nega-
tively worded items were reverse-coded. Scale reliabilities are
reported in Table 1. Individual interest in mathematics was mea-
sured by a single scale reflecting respondents’ affective experiences
and perceived value of mathematics [“I think mathematics is mean-
ingless” (reversed), “Since math is fun, I do not want to give it up”,
“For a while now, | have found math to be boring” (reversed), and
“Math is important to me”]. Perceived competence in mathematics
was measured by five items [“Math is hard for me” (reversed), “I
am hopeless in math” (reversed), “I have always performed well in
math”, “I am good at math”, and “I regard myself as competent in
math”].

Three scales measured situational interest, inspired by the
Student Interest Survey (SIS: Linnenbrink-Garcia et al., 2010;
Linnenbrink-Garcia et al., 2013). The scale Triggered situational in-
terest measured participants’ opinion of the learning materials [“I
liked the learning material”, “The learning material caught my at-
tention”, “I found the learning material boring” (reversed), “The
learning material was fun to work with”, and “I found the learn-
ing material engaging”]. After working with the seven mathematical
word problems, maintained situational interest was measured; par-
ticipants rated affective experiences related to the learning material
[“I found it to be boring” (reversed), “I liked what I learned here”,
“I thought it was interesting”, “I found it intriguing”, and “I did not
like what I learned here” (reversed)] and perceived value [“What I
learned here was useful for me”, “I think this is valuable to learn”,
“What [ learned here is completely useless” (reversed), “I could have
done this again since it is valuable to me", and “I see the value of
what I learned here”].

Four items measured task effort [“] made an effort solving the
tasks”, “I tried as hard as I could when I worked with the prob-
lems”, “I did not put much effort into solving the tasks” (reversed),
and “I worked as hard as I could on the tasks”]. We measured task
performance by two sum scores. Intervention tasks represent the
number of correct answers given on the three word problems subject
to experimental condition, whereas generic tasks is the number of
correct answers on the remaining four word problems. Each correct
answer was given the score of 1 and each wrong answer a score

of 0. A score of 0.5 was given if the participant had performed cor-
rectly half of a two-step problem.

3. Results
3.1. Overview

To test our hypotheses on instructional interventions, multiple
regression analyses were conducted. Six models were examined:
three for the facets of situational interest, and one each for task effort,
intervention tasks and generic tasks. Dummy coding was used to
compare the three instructional interventions to the control con-
dition (1 and 0). With dummy coding it is possible to compare the
interventions by means of intercept, which refers to the esti-
mated value of dependent variable when other linear terms are 0.
The coefficient by refers to the intercept; in order to obtain an in-
terpretable coefficient, the continuous independent variable was
centered on the means. Zero-order correlation and descriptive sta-
tistics for study variables are presented in Table 1.

As shown in Table 1, there was a high correlation between in-
dividual interest and perceived competence in mathematics. To avoid
suppressed effects, two sets of models were examined, first with
individual interest as moderator, and then with perceived compe-
tence. To test our hypotheses on moderating effects of individual
interest and perceived competence, interaction terms between mod-
erator and instructional interventions were added. This measure,
referred to as coefficient b,, represent the effects of this interac-
tion and can be interpreted as the influence of moderator and
instructional intervention on dependent variable. Where theoret-
ically relevant significant effects were observed, values for low (-1
SD) and high (+1 SD) on moderator were estimated based on the
regression equation to illustrate the results.

3.2. Individual interest models

Table 2 summarizes the regression analyses with individual in-
terest in mathematics, instructional intervention and their
interaction. As can be seen, context personalization had a signifi-
cant positive effect on triggered and maintained situational interest,
perception of utility value, and task effort, compared to the control
condition (see by). However, these effects were qualified by a sig-
nificant negative interaction term (see b;), indicating that the
advantage of context personalization faded with higher individual
interest in the core content. Comparably, example choice had a pos-
itive effect on triggered and maintained situational interest, as well
as task effort (by); however, for maintained situational interest and
task effort, the effect was qualified by a significant negative inter-
action term (b;).
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Table 2
Comparison of experimental interventions to control condition based on multiple regression analyses controlling for individual interest in mathematics.
Triggered SI Maintained SI Perceived value Task effort Interventions tasks Generic tasks
Control by (b) 3.27(41) 3.34(.55) 3.68(.45) 3.07(.29) 1,60 (.29) 2.24(47)
Difference by (by)
Personalization 2% (=23 1.22** (-35") 7% (-28%%) 72° (-24") ~16(-03) ~09 (-05)
Example choice 69° (-15) 69" (-19) 26(-07) 80" (-26") -.04(-02) 17(-07)
Example given .42 (-.08) 27(-.07) 17 (-.06) 36(-11) -.01(-.05) A40(-17)
R? A2 21 A7 S 05* 07

Notes: S| =Situational Interest. Values are based on centering of individual interest on mean.
" p<.01; *p<.05.

These results are illustrated in Fig. 2. Since example given did 3.3. Perceived competence models
not yield any significant difference in comparison to control con-

dition, these estimates are not illustrated in the figure. Fig. 2 shows Table 3 provides a summary of regression analyses with per-
estimates of outcome variables for participants with low (-1 SD) ceived competence in mathematics, instructional interventions, and
and high (+1 SD) individual interest in mathematics in the differ- their interaction. Context personalization had an effect on main-
ent instructional condition. tained situational interest and perception of utility value (see by);

Low Individual Interest

377

29 1 - -
o
- rd \‘

27 7

25+ - = .
Triggered Situational interest Maintained Situational Interest Utility Value Task Effort

High Individual Interest
43

29

Triggered Situational interest Maintained Situational Interest Utility Value Task Effort

@m@um Context Personalization ~ *=#==Example Choice ~ *=Am Control

Fig. 2. Estimated values of outcome variables for low individual interest (top panel) and high individual interest (bottom panel).
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Table 3

Comparison of experimental interventions to control condition based on multiple regression analyses controlling for perceived competence in mathematics.

Triggered SI Maintained SI Perceived value Intervention tasks Generic tasks
Control by (by) 3.27(.20) 334(31) 3.68(21) 159(.33) 222(57)
Difference bg (bq)
Personalization 47 (-10) 75" (-21") 56 (-17%) 18(-14) 42 (-.20)
Example choice 19(.00) 20(-05) -25(.07) ~12(.00) -.04(.00)
Example given 15(.01) .08 (.00) -.22(.07) -.28(.04) 27(-12)
R? .05 10 .08** 09** 127

Notes: Sl =Situational Interest. Values are based on centering of perceived competence in mathematics on mean.

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

however, the effect was qualified by a significant negative interac-
tion effect (b;). These results suggest that the positive effect of context
personalization over the control condition faded with higher per-
ceived competence in mathematics. Differences between remaining
instructional intervention and control condition were not statisti-
cally significant.

4. Discussion

The purpose of the present study was to examine the effect of
context personalization and example choice on adolescent learn-
ers’ situational interest in mathematics. By means of a randomized
experiment conducted in a classroom setting, we demonstrated
that the written learning material students interact with in math-
ematics can enhance situational interest, value perception and task
effort; however, the effectiveness of the interventions was moder-
ated by learners’ individual interest and perceived competence in
mathematics.

Consistent with our assumptions, context personalization and
example choice enhanced the experience of triggered and main-
tained situational interest, as well as task effort; however, the effect
was most advantageous for learners with low individual interest,
and low perceived competence for context personalization. In line
with Durik and Harackiewicz (2007), our findings suggest that
context personalization and example choice caught the attention
of students with low individual interest in mathematics, and helped
them become more engaged in the activity and perceive the content
as more interesting. On the other hand, students with high indi-
vidual interest in core content might have perceived interest-
references provided by context personalization and example choice
as irrelevant and even annoying. Furthermore, the choices provid-
ed by example choice might also have been perceived as less
meaningful for those with high individual interest, since they re-
ferred to topics that they might perceive as irrelevant for their
perception of mathematics. Only context personalization had an
effect on learners’ perception of value; however, the experimental
effect was less beneficial for learners with high individual interest
and perceived competence in mathematics. Relating these find-
ings to studies on relevance interventions (Durik & Harackiewicz,
2007; Durik et al., 2015; Hulleman et al., 2010; Hulleman &
Harackiewicz, 2009), context personalization might have con-
veyed value in a way that enabled students to generate relevance
of content by relating mathematics with interests from other
domains. In turn, this can lead learners to discover the relevance
of the materials for themselves. Self-generated value interven-
tions have not been found to benefit those with high perceived
competence, which is also evident in the present study.

A vast number of studies have examined the effect of context
personalization on performance. Findings from the present study
indicate no effect of the instructional format on performance, in line
with some earlier findings (Bates & Wiest, 2004; Cakir & Simsek,
2010; Ku & Sullivan, 2000), but in contrast to others that observed
improvement of performance (e.g. Ku et al., 2007; Walkington et al.,

2013, 2014). Similarly, example choice did not enhance perfor-
mance, in line with earlier findings (Reber et al., 2009). It is important
to notice, however, that the interventions did not negatively influ-
ence performance, suggesting that they do not operate as seductive
details with a detrimental effect on learning (Harp & Mayer, 1998;
Park et al., 2015).

4.1. Theoretical implication

The present findings lead to theoretical implications for three
research areas. First, proponents of context personalization have
assumed that the instructional format can promote performance
by enhancing situational interest (see Walkington & Bernacki, 2014).
Our study showed that interest-based context personalization can
enhance situational interest among learners with low individual in-
terest and perceived competence in mathematics, but this, in turn,
did not result in enhanced problem solving. These observations might
suggest that the beneficial effect of context personalization on per-
formance observed in other studies (Ku et al., 2007; Walkington,
2013; Walkington et al., 2013, 2014) do not stem from the impact
on situational interest, but rather other aspects of the instruc-
tional format. For example, Walkington (2013) proposes that interest-
based connections in problems can help to ground abstract
mathematical content, making them easier for learners to grasp. This
was not evident in the present study; however, we utilized an ap-
proach for the instructional format that did not emphasize
preferences and everyday situations. This might have caused the
mathematical ideas to remain abstract, even though learning was
more interesting for the learner.

Second, the applied interventions and results contribute to the
body of research examining choice in learning situations. In the
current study, the opportunity of choice benefitted students with
low individual interest but did not have an effect based on per-
ceived competence in mathematics, as observed by Patall (2013;
Patall et al., 2014). The lack of moderation of the effect of choice
on interest by perceived competence might either indicate that this
moderator is less relevant than individual interest or that our mea-
sures were less sensitive than those used by Patall and colleagues.
Our study clearly showed, however, that offering choices among
options related to popular culture enhanced situational interest
among learners with low individual interest in mathematics.

Third, the current findings benefit the area of interest research.
The three facets of situational interest emerge in response to dif-
ferent aspects of the textual material. The example given condition
did not influence any of the constructs of situational interest. This
suggests that merely embedding contexts different from those
applied in mathematics textbooks does not influence situational in-
terest. Example choice, the combination of choice and intriguing
context, did not enhance perceived value of content. When com-
pared to context personalization, these results support the need
for a personal connection to content, which becomes important at
later stages of situational interest (Hidi & Renninger, 2006;
Linnenbrink-Garcia et al,, 2010; Renninger & Su, 2012). An advantage
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in the current study was the immediate response to the situ-
ational interest questions, providing real-time affective and cognitive
assessments in response to the learning activity. Insights into these
processes can therefore shed light on the instant interest reac-
tions and their relations to immediate learning behaviors. In addition,
our study revealed the moderating effect of individual interest for
interest-based personalization and example choice.

4.2. Practical implications

A critical question pertains to what situational interest adds to
the learning situation if performance is not improved. Firstly, as
shown in the current study, the enhanced situational interest for
learners with low individual interest increased task effort, whereas
the opposite was observed for learners with high individual inter-
est. Situational interest can therefore help disinterested learners to
become more engaged in the learning activity, which in the long
run might result in increased performance. However, students might
need additional guidance with regard to learning strategies as well
as the opportunity to ask questions, which was not provided in the
experimental situation.

Nevertheless, as posited in different theoretical perspectives
on interest and its development (Hidi & Renninger, 2006;
Linnenbrink-Garcia et al., 2010; Renninger & Su, 2012), situational
interest is the starting point to the development of a more endur-
ing individual interest. An important outcome of the instructional
interventions examined in the present study is that they positive-
ly influence situational interest and effort for the students with low
individual interest or performance, like self-generated utility in-
terventions (Hulleman et al., 2010; Hulleman & Harackiewicz, 2009),
but unlike other interventions prone to the so-called “Matthew
effect” (Bakermans-Kranenburg, van IJzendoorn, & Bradley, 2005)
benefiting only those who already score high on the dimension to
improve (Durik & Harackiewicz, 2007, Study 2; Magner et al., 2014).
Context personalization and example choice as utilized here can thus
offer an approach to increase situational interest in students with
low initial interest, which over time can develop into enduring in-
dividual interest. Therefore, we believe that this line of research has
several practical implications for mathematics education, particu-
larly for motivating students with low or little interest in the core
content of instructions or learning activities. Furthermore, example
choice also provide educators with a tool to provide choice in math-
ematics education, a topic considered challenging (see Flowerday
& Schraw, 2000).

The practice of context personalization and example choice may
be particularly relevant for educators as well as educational soft-
ware developers. In many educational systems, among them in
Norway where this study was conducted, digitalization of educa-
tion has increased in the last decades (see Krumsvik, 2008). This
digitalization has been associated with the opportunity for educa-
tors to adapt education, which means tailoring education for every
student. Context personalization and example choice may repre-
sent instructional formats suitable for implementation in a digitalized
classroom in which the content is adapted to students’ interest (see
also: National Academy for Engineering, 2008). Finally, insight into
the effect of different modes of personalization is important for the
development of educational tools, created to meet the needs of the
individual learner.

4.3. Limitations

We have to acknowledge several limitations of our research. First,
given that this research is based on a single learning session, we
cannot generalize findings to mathematical contents probability cal-
culus with independent events. Second, as results only reveal
immediate reactions, we cannot make inferences about any eventual

long-term effects. Possibly, the effect of context personalization fades
over time due to habit. Longitudinal studies and more diverse math-
ematical topics are necessary to obtain more precise indications of
the long-term effects and utility of the instructional formats. Third,
students who participated in this experiment did not receive any
guidance during the learning session. In a more natural classroom
setting, guidance by a teacher may enhance the students’ compe-
tence and hence their development of interest.

5. Conclusions

This study tested the effect of context personalization and
example choice on middle school students’ situational interest and
perceived utility value during a learning activity in mathematics.
We observed that context personalization and example choice can
increase triggered and maintained situational interest for stu-
dents with low initial interest in the domain. In addition, context
personalization affected the perception of utility value, again only
for students with low initial interest.

Questions about the applicability of the methods in the class-
room and the long-term sustainability of the positive effects on
interest await further research. Nevertheless, personalization and
example choice seem to be promising educational tools that help
solve one of the most challenging problems of modern school by
increasing interest in mathematics.
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