
Chapter 3
Multiple Solutions, The Experience
of Competence, and Interest

Kay Achmetli and Stanislaw Schukajlow

Abstract In the projectMultiMa, we have been investigating how students’ learning
is affected when they construct multiple solutions while solving real-world problems
by applying multiple mathematical procedures. Three hundred seven ninth graders
from twelve middle-track classes took part in this study involving four lessons. We
tested students’ experience of competence during the teaching unit as well as stu-
dents’ interest before and after the teaching unit. The results indicate that constructing
multiple solutions has a positive influence on students’ experience of competence
but no effect on their interest in mathematics.

Keywords Experience of competence · Interest · Multiple solutions · Real-world
problems

3.1 Introduction

Affect appears to be essential for students’ learning and achievement. There havebeen
a number of calls for the development of teachingmethods that can improve students’
affect (Di Martino et al., 2015). To answer these calls, we conducted an experimental
intervention study aimed at investigating methods for improving students’ affect. As
interest inmathematics is an important affective variable (Schukajlow&Krug, 2014)
and the experience of competence is one of the so called “basic psychological needs”
(Deci & Ryan, 2000) that can contribute to interest development (Krapp, 2005), we
decided to focus on these two variables in the present study. As solving real-world
problems is an important part of mathematics education (Niss, Blum, & Galbraith,
2007), we chose this type of task to investigate the effects of constructing multiple
solutions by applying different mathematical procedures on students’ interest and
experience of competence.
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In this article, we report the results of the experimental intervention study we
conducted in order to investigate how multiple solutions for real-world problems by
applying different mathematical procedures could affect students’ interest and their
experience of competence. Furthermore, we examined the role students’ experience
of competence has in students’ interest development. Thus, we analyse the indirect
effects of constructing multiple solutions on students’ interest via their experience of
competence as well as the indirect effects of students’ prior interest on their interest
at post-test via their experience of competence.

3.2 Theoretical Background

3.2.1 Interest

Interest is acknowledged as an important affective variable in the learning process,
because it can affect students’ attention, goals, and levels of learning (see Hidi &
Renninger, 2006, for a summary). Furthermore, it is closely connected to strategy
use (Schiefele&Schreyer, 1994), self-regulation (Pintrich, 1999), performance goals
(Harackiewicz, Durik, Barron, Linnenbrink-Garcia, & Tauer, 2008) and achievement
in mathematics (Fisher, Dobbs-Oates, Doctoroff, & Arnold, 2012; Köller, Baumert,
& Schnabel, 2001; Schiefele, Krapp, & Schreyer, 1993). According to the self-
determination theory of human motivation and the person-object theory of inter-
est, it emerges from an individual’s interaction with the environment and therefore
represents a specific person-object relationship (Hidi & Renninger, 2006; Krapp,
2005). More specifically, “whereas the potential for interest resides in the person,
the environment and the content define the direction of interest and contribute to its
development” (Hidi, 2006). Theories of interest distinguish between cognitive and
emotional aspects, which regulate the development of interest (Hidi, Renninger, &
Krapp, 2004; Krapp, 2005) and are connected to situational and personal or individ-
ual interest dimensions (Hidi & Renninger, 2006). A situational interest is an interest
in a particular object, which is environmentally triggered and may or may not last
(Hidi et al., 2004). Individual interest develops over time and is a relatively enduring
predisposition over time that also refers to a psychological state (Hidi, 2006; Krapp,
1999). Both kinds of interest are closely connected, as they both can be associated
with the psychological state of interest (Hidi, 2006; Krapp, 1999) and because a
situational interest can grow into an individual interest (Hidi & Renninger, 2006).

In conclusion, there are at least three important characteristic of the construct of
interest (Frenzel, Pekrun, Dicke, & Goetz, 2012). First, its state- and traitlike nature
which reflects the level of temporal stability of this affective construct (Schuka-
jlow, Rakoczy, & Pekrun, 2017): situational interest concerned to be temporal more
stable than individual interest. In the present study we addressed the individual inter-
est. Second, interest is considered to be content specific (Hidi & Renninger, 2006),
which is why we focus on the domain of mathematics. And third, interest can be
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conceptualised as a multicomponent construct (Frenzel et al., 2012) and includes
both emotional and cognitive components.

The conceptualization of interest development as an outcome of the interaction
of a person and an environment has particular relevance, because educators can
actively influence environmental aspects, by selecting resources that triggers stu-
dents’ situational interest (Hidi, 2006). This is especially important because many
students are not intrinsically motivated to learn mathematics and only a few develop
an above-average interest in mathematics (Heinze, Reiss, & Rudolph, 2005). More-
over, students’ interest in MINT subjects decrease over the years, while they are in
school (Köller, Baumert,&Schnabel, 2000;Kunter, 2005). However, we do not know
much about how different methods of teaching in the classroom influence students’
individual interest (Heinze et al., 2005) and how individual and classroom factors
work together to increase or decrease interest (Carmichael, Callingham, Watson, &
Hay, 2009). There are some indications, that students’ interest improves stronger in
student-centred learning environments, where students have the possibility towork in
groups, rather than in teacher-centred instructional settings (Lerkkanen et al., 2012;
Schukajlow et al., 2012). A situation of collective interest, which can be created
through an interest-dense situation (Bikner-Ahsbahs, 2004) while working on a cog-
nitive demanding problem, may also improve students’ individual interest. Because
students spend most of their math-lesson time working on mathematical problems
(Hiebert et al., 2003), and previous research has shown, that teachers can trigger stu-
dents’ situational interest by using appropriate learning materials (Mitchell, 1993),
selecting interesting problems is a mandatory first step in fostering students’ indi-
vidual interest. As interest is subject- and object-specific (Hidi & Renninger, 2006),
students’ interest develops according to task-specific characteristics such as an exist-
ing connection to reality (Krug& Schukajlow, 2013; Pekrun et al., 2007; Schukajlow
& Krug, 2012a, 2012b) or a match between contexts and their personal background
or preferences (Ku & Sullivan, 2002; López & Sullivan, 1992). Real-world tasks are
connected to reality and, in comparison with intra-mathematical tasks, real-world
tasks offer more opportunities for increasing the value of a problem for an individual
by matching the context of a task with an individual’s personal background and pref-
erences. Therefore, solving real-world tasks might lead to higher interest. However,
we know from previous studies that students’ interest on problems with connection
to reality is similar as for problem without connection to real-world (Schukajlow
et al., 2012). In a recent study, students’ interest in problems with connection to
reality was even lower than their interest in problems without connection to reality
(Rellensmann&Schukajlow, 2017), taking the task-difficulty into account. Thus, the
teaching method of real-world problems seems to be at least as much important for
triggering students’ interest as the problem that teachers chose for particular classes.
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3.2.2 Experience of Competence

According to the theory of self-determination of human motivation (Deci & Ryan,
2000; Ryan & Deci, 2000) it is assumed that humans are naturally endowed with a
system of basic psychological needs (Deci & Ryan, 2008). Three essential needs:
competence, autonomy, and relatedness are postulated to be important not only for
well-being and psychological growth, but also for a variety of developmental pro-
cesses, including interest development (Deci & Ryan, 2000). According to Deci and
Ryan (1991) the “need for competence encompasses people’s strivings to control
outcomes and to experience effectance; in other words, to understand the instru-
mentalities that lead to desired outcomes and to be able to reliably effect those
instrumentalities.” Conclusively, competence refers to the desire to feel efficacious,
to have an effect on one’s environment, and to be able to attain valued outcomes (Deci
1998). The experience of competence playes an important role in social cognitive
models of achievement motivation (Wigfield, Battle, Keller, & Eccles, 2002) or in
learning theories regarding self-regulation (Boekaerts & Corno, 2005; Zimmerman
& Schunk, 2001). It is furthermore closely related to other motivational constructs
such as intrinsic motivation (Deci & Ryan, 2000), ability beliefs (Wigfield & Eccles,
2000), and goals (Hannula, 2006). It increases intrinsic motivation and interest in the
learning activity (Hänze & Berger, 2007; Krapp, 2005; Schukajlow & Krug, 2014).
These results were found in different studies from vocational education (Krapp,
2005) and from research in regular classrooms in science (Hänze & Berger, 2007)
and mathematics (Schukajlow & Krug, 2014).

Furthermore, we address students’ experience of competence, because if a person
has positive experiences while engaging in mathematics, their individual interest can
be improved (Mitchell, 1993; Renninger & Hidi, 2002). The experience of compe-
tence and as well as the experience of autonomy found to be crucial factors that
provide feedback about students’ states of functioning and thus influence interest
(Krapp, 2005). However, empirical results from research on multiple solutions only
partly support this expectation (Schukajlow & Krug, 2014). While the experience
of competence had a nearly significant influence on students’ interest, the influence
of the experience of autonomy on interest was small and not significant. Thus, the
experience of competence is the centerpiece of the current study.

As shown above, the experience of competence is an important basic need of
students that should be fullfilled in order to positively influence their motivation and
increase their interest in mathematics. Learning environments that aim to fulfil basic
needs and to improve students’ motivation are assumed to be student-centred (Han-
nula, 2006). Empirical evidence for a better development of motivational variables
derives from the comparison on student-centred teaching in which cooperative learn-
ing are typically used with teacher-centred methods of instruction (Schukajlow et al.,
2012; Slavin, Hurley, & Chamberlain, 2003; Webb & Palincsar, 1996). Compara-
ble results have been revealed by studies about the effects of self-regulated learning
(Minnaert, Boekaerts, & Opdenakker, 2008) on students’ affect, achievements, and
their perceptions of their abilities (Marcou & Lerman, 2007; Panaoura, Gagatsis, &
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Demetriou, 2009). One important factor of self-regulatory skills are self-monitoring
activities, which are closely connected to the experience of competence. That is why
we used a student-centred learning environment for our current study.

3.2.3 Multiple Solutions and Real-World Problems

Gaining experience in solving problems inmore than oneway is viewed as crucial for
learning (Silver, Ghousseini, Gosen, Charalambous, & Font Strawhun, 2005), foster-
ing the connectedness of knowledge (Levav-Waynberg & Leikin, 2012), and leading
to a deeper understanding of the learning subject (Neubrand, 2006). Accordingly,
developing, comparing, and reflecting on multiple solutions are important instruc-
tional elements that are part of high-quality teaching standards in different countries
(National Council of Teachers of Mathematics, 2000).

Studying the effects of constructing multiple solutions on cognitive outcomes
is an important goal for research in mathematics education and has thereby been
intensively investigated in the last decade. Several experimental studies have shown
positive effects of constructing multiple solutions on achievement, understanding,
creativity, and procedural flexibility in the domain of mathematics (Leikin & Lev,
2007; Schukajlow &Krug, 2012a, 2012b; Schukajlow, Krug, & Rakoczy, 2015; Star
& Rittle-Johnson, 2009). Because there is evidence about the positive connection
between interest and achievement (Köller et al., 2001), both cognitive and affec-
tive outcomes should be taken into account for high-quality mathematics teaching.
However, the impact of constructing multiple solutions on students’ affect have very
rarely been taken into account. One exception is our previous study (Schukajlow &
Krug, 2014).

We investigated the effects of constructing multiple solutions while solving real-
world problems on the topic of linear functions because the ability to solve such
problems is an important goal of mathematics education (Niss et al., 2007), because
such problems are important for students’ current and future lives. Although there are
many different features of real-world problems (seeMaaß, 2010, for a summary), the
common core of real-world problems is the demanding process of transferring infor-
mation between reality and mathematics (Blum, Galbraith, Henn, & Niss, 2007).
However, successfully solving real-world problems requires much more than math-
ematizing processes. The wide range of required activities is described in modelling
circles (Blum & Leiss, 2007; Galbraith & Stillman, 2006; Verschaffel, Greer, & De
Corte, 2000) and implies, among other practices, the correct use of mathematical
procedures (Niss et al., 2007; Schukajlow et al., 2012), which are a key point of our
current study.

Analyses of problem-solving activities (Blum et al., 2007; Pollak, 1979; Ver-
schaffel et al., 2000) have shown that there are different ways to construct multiple
solutionswhile solving real-world problems (Fig. 3.1). One type ofmultiple solutions
results from different assumptions while solving real-world problems with missing
information and leads to different outcomes (Schukajlow & Krug, 2014). Another
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Fig. 3.1 Different categories of multiple solutions

Fig. 3.2 Real-world task “BahnCard”

type of multiple solutions, addressed in the present study, results from applying
different mathematical procedures or strategies while solving a problem and usu-
ally leads to the same mathematical outcome. The combination of these two types
of multiple solutions is also possible and may be seen as a third type of multiple
solutions.

To illustrate the two different mathematical procedures for real-world problems
on the topic of linear functions that we focused on in the present study, we will
present the process of solving the task “BahnCard,” which was developed within the
framework of our project (Fig. 3.2).

First, one has to understand the given problem and construct a model of the given
situation. This model needs to be simplified and structured by identifying the impor-
tant values. In the case of the task “BahnCard,” these values are the prices per year
for each card and the amounts that would be paid using each card for the round-trip
journey. Next, the simplifiedmodel can bemathematized, and different mathematical
procedures can be applied. One way to solve this problem is to apply the mathemat-
ical procedure “table.” Students can make assumptions about a possible number of
journeys per year and calculate the total costs for owners of the “BahnCard 25”
and the “BahnCard 50.” By comparing the costs for different numbers of journeys,
they will be able to systematically identify the number of journeys that would make
the “BahnCard 25” or the “BahnCard 50” a better deal. Another way to solve this
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problem is to apply themathematical procedure “differences.” Identifying the impor-
tant values and calculating the differences for both of them, one recognizes that the
“BahnCard 50” is 181 e (=240 e − 59 e) more expensive than the “BahnCard 25,”
and each round-trip journey with the “BahnCard 25” is 25 e (=75 e − 50 e) more
expensive than with the “BahnCard 50.” Then the question arises as to how often one
has to take a trip with the more expensive “BahnCard 50” until the cheaper price for
the journey pays off, which is exactly after 7.24 (=181 e ÷ 25 e) journeys per year.
Finally, the outcomes of both mathematical procedures need to be interpreted and
validated before one can present a recommendation about which offer is preferable
for a certain number of journeys. In this case, the recommendation can be: “Starting
with the eighth journey of the year, the BahnCard 50 is preferable. Otherwise, it is
better to buy the BahnCard 25.”

3.3 Research Questions

In this study, we addressed two research questions:

1. Does constructing multiple solutions while solving real-world problems affect
students’ experience of competence and their interest in mathematics?

2. How does constructing multiple solutions work together with the experience of
competence and prior interest to improve students’ interest at post-test?

3.4 Hypothesised Path Model

We applied a path model to the data, because we wanted to investigate whether
and how intervention would work. Based on the theories about interest, the self-
determination theory of motivation, and previous research, it allowed us to test pre-
dictions about possible factors (e.g., experience of competence) that transmit the
effects of the experimentally manipulated treatment condition (e.g., MS vs. OS) on
the outcome variables (e.g., interest at post-test).

The path analytic model (Fig. 3.3) is based on theoretical considerations about the
effects of constructing multiple solutions by applying different mathematical proce-
dures on students’ experience of competence and their interest. We predicted that
constructingmultiple solutions would have a positive impact on students’ experience
of competence during the teaching unit and their interest at post-test. Furthermore,we
predicted that experience of competence would lead to higher interest at post-test and
that students’ prior interest would have a positive influence on students’ experience
of competence and predict their interest at post-test. Finally, we expected indirect
effects of constructing multiple solutions and prior interest on students’ interest at
post-test via their experiences of competence during the teaching, which results from
the direct effects of the treatment on students’ experiences of competence, the direct
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Fig. 3.3 Hypothesised path analytic model

effects of prior interest on students’ experience of competence and from the direct
effects from experiences of competence on interest at post-test and therefore do not
needed a specific theoretical or empirical argumentation. For all of the described
direct paths hypothesised in our path model above we found studies that had inves-
tigated single paths separately, only one study we found had a path model applied to
the data to investigate indirect effects.

3.4.1 Linking the Treatment Condition to the Experience
of Competence

Constructing more than one solution for one problem provides students with feed-
back about their competence in the learning situation (Schukajlow & Krug, 2014)
and positively affects their understanding of mathematics (Neubrand, 2006; Star &
Rittle-Johnson, 2009). Thus, we expected to find a positive effect of constructing
multiple solutions by applying different mathematical procedures on students’ expe-
rience of competence. The rationale behind this expectation is that students who are
able to construct multiple solutions to solve a problem might feel more competent
in mathematics than students who can find the solution using only one mathematical
procedure. The positive influence of prompting students to find multiple solutions
on the experience of competence was confirmed by Schukajlow and Krug (2014)
who asked students to provide multiple solutions that result from different assump-
tions while solving real-world problems with missing information. The influence of
constructing multiple solutions by applying multiple mathematical procedures on
the experience of competence has yet to be investigated and is one question that we
addressed in the present study.
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3.4.2 Linking the Treatment Condition to Interest at Post-test

Constructing multiple solutions to real-world problems provides students with the
opportunities to discuss individual solutions during groupwork phases, to summarize
possible links between different mathematical procedures, and to discuss differences
and similarities between solutions, all of which in turn can improve students’ interest
(Schukajlow et al., 2012). As the development of interest is affected by cognitive
aspects (Krapp, 2005) and the positive effect of using multiple solutions on cognitive
aspects was found in prior studies (e.g., understanding and procedural flexibility;
Rittle-Johnson & Star, 2009), we expect positive effects of constructing multiple
solutions on students’ interest.

3.4.3 Linking Experience of Competence to Interest
at Post-test

The link from experience of competence to interest at post-test has been supported by
different empirical studies. Empirical evidence for the positive influence of students’
experience of competence on their interest derives from vocational education (Krapp,
2005) and from research in regular classrooms in science (Hänze & Berger, 2007)
and mathematics (Schukajlow & Krug, 2014). Furthermore, Students’ self-concept
at the beginning of a school year, which is conceptually related to their experience of
competence (Wigfield & Cambria, 2010), predicted their interest at the end of that
year (Marsh, Trautwein, Lüdtke, Köller, & Baumert, 2005). There is evidence on the
topic of statistics that students’ interest is influenced by their perceptions of their
own competence (Carmichael et al., 2009). Students who report increases in their
experience of competence also often report on a higher intrinsic motivation (Guay,
Boggiano, & Vallerand, 2001; Harter, Whitesell, & Kowalski, 1992), which, accord-
ing to Krapp (2005) is an interest-related motivational orientation. Additionally,
Zimmerman and Kitsantas (1997) demonstrated that increased self-efficacy, which
is frequently used interchangeably for experience of competence, was associated
with increased interest.

3.4.4 Linking Prior Interest to Experience of Competence
and Interest at Post-test

The relation between interest and self-efficacy might not be as unidirectional as
stated above. Not only can increased experience of competence lead to an increase
in interest, but through activities that are interest driven, individuals may change in
a positive manner the ways in which they perceive their competence (Hidi, 2006).
Thus, we hypothesised that prior interest would influence students’ experience of
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competence positively, partly because it is an important factor for interest related
motivational orientations and had been shown that it can positively influence the
experience of competence (Marsh et al., 2005).

As interest is a stable construct, the link between prior interest and interest at post-
test seems obvious and should not need further grounding. One exemplary empirical
result is given by the study of Minnaert et al. (2008).

3.5 Method

3.5.1 Sample

The participants were 307 German ninth graders (48.26% female; mean age
14.6 years) from four comprehensive schools (German Gesamtschule) with three
middle-track classes each. Because in middle-track classes students from low- to
high-achieving can be found, those classes were selected in order to increase the
representativeness of the study. Students of the current sample did not have any
formal experience in dealing with real-world problems nor did they have any prior
knowledge in solving linear equation systems.

3.5.2 Study Design

Each of these classes were divided into two parts with the same number of students
in each part in such a way that the average level of achievement in the two parts did
not differ, and the ratio of males to females was approximately the same in each part.
Using this method we generated six groups at each school.

In order to analyse the effects of constructing multiple solutions by applying two
mathematical procedures on students’ interest, we needed to control these effects
in comparison to constructing only one solution. As previous studies on multiple
solutions had underlined the importance of context factors (Große, 2014; Große &
Renkl, 2006), and the kind of mathematical procedures students apply represent such
a contextual factor, it could be possible that different mathematical procedures lead
to different outcomes. That is why we not only needed two (multiple solutions vs.
one solution) but three treatment conditions (see next section).

Each group than was assigned to a treatment condition in such a way, that students
of the same classes never were treated in the same treatment condition and that each
treatment condition was evenly frequent at each school (Fig. 3.4).

To implement the treatment,which consisted of solving real-world problems using
different mathematical procedures to solve each problem, the six teachers who par-
ticipated in this study received instructional manuals containing all the tasks to be
administered in each condition, the solutions to the problems, and a detailed plan for
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Fig. 3.4 Assignment of students to the treatment conditions

Fig. 3.5 Overview of the study design

the teaching unit. Each teacher taught the same number of student groups in each
treatment condition, so the influence of a teacher on students’ learning did not differ
between conditions.

The research team provided the teachers with all real-world problems, the solution
spaces, and manuals with lesson plans. Before the experiment began the key points
of each treatment condition (see next section) were discussed in training for all
participating teachers.

The teaching unit was carried out during regular classes and consisted of two
sessions of each 90 min. Students’ were asked to report on their experience of com-
petence during the teaching unit using a short survey (in the second session; Fig. 3.5).
They were also asked about their interest in mathematics before and after the four-
lesson teaching unit. Students did not have any regular mathematics classes during
our current study, so the effects of constructing multiple solutions on students’ inter-
est and experience of competence was not falsified.
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3.5.3 Treatment

For the purposes of the study, three treatment conditions were implemented. In the
multiple solution condition (MS), real-world problems were posed, and the students
were prompted to apply two mathematical procedures. In both of the one-solution
conditions (OS1 and OS2), similar problems were posed, but the task instructions
indicated that only one solution was required (mathematical procedure “table” and
mathematical procedure “differences” inOS1 andOS2, respectively). In themultiple-
solution condition, one sample problemwas the “BahnCard” problem (Fig. 3.2) with
the followingmodification: “Use two different mathematical procedures to solve this
problem.” In the one-solution conditions, students solved the original version of the
“BahnCard” problem.

All three treatment conditions were based on the positively evaluated student-
centred learning environment for teaching modelling problems from the DISUM
Project (Schukajlow et al., 2009, 2012), which had demonstrated a positive influ-
ence on students’ affect and learning. We complemented this learning environment
by a direct instruction at the beginning. Students were instructed about the goals
of the respective treatment condition, the key features of the problems that would
be presented during the teaching unit and how such real-world problems could be
solved using multiple mathematical procedures (in the MS condition) or one specific
procedure (in the OS conditions). Then students solved tasks using the demonstrated
procedures according to a special procedure for group work. At first, they worked
individually and developed first ideas about how to solve the problem. Afterwards
they worked cooperatively in groups of four and discussed their ideas for solving the
problem. Subsequent they wrote down one’s own individual solution by applying
multiple mathematical procedures or one mathematical procedure. Following this
group a voluntary student presented how to solve the problem applying one or two
mathematical procedures respectively and the whole class discussed the solution.
Finally, the teacher summarized the key points of each treatment condition. Further-
more, in the MS condition, the teacher emphasized the development of two different
procedures and after the first task in the second session in the MS-condition, the
teacher highlighted and summarized the links between the two mathematical pro-
cedures, compared and contrasted the mathematical procedures, and fostered dis-
cussions about students’ preferences for one or the other procedure. In order to
compensate the time needed for this phase, students in the OS conditions solved an
additional task at the end of session two.

Four out of six tasks given in the MS condition required the development of two
mathematical procedures: “Use two different mathematical procedures to solve this
problem.Write both down.” In the OS conditions, students solved a standard version
of this task (see Fig. 3.2) using the demonstrated mathematical procedure.
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Table 3.1 Items used in the study to assess interest and experience of competence

Scale Item

Interest (Frenzel et al., 2012) I am interested in mathematics
I like to read books and solve brain teasers related to
mathematics
Doing mathematics is one of my favorite activities

Experience of competence I noticed that i really understood things (Hänze & Berger,
2007)
I felt able to master the work (Hänze & Berger, 2007)
I felt confident about my knowledge about the topic today
(Schukajlow & Krug, 2014)

3.5.4 Measures

Students’ interest and experience of competence were assessed using two separate
measures (Table 3.1). Each measure was assessed on a 5-point Likert scale (1 � not
at all true, 5 � completely true).

Conceptually, interest can be differentiated in situational and individual interest.
Thus, for the measurement of interest it is important to know, which kind of interest
one is interested in measuring effects on. As individual interest is on a higher level
of interest development (Hidi & Renninger, 2006) and situational interest can con-
tribute to individual interest, we decided to measure students’ individual interest. It
wasmeasured using a scale that included three items from the Project for theAnalysis
of Learning and Achievement in Mathematics (PALMA-Project). These items refer
to individual interest in the subject of mathematics, comprising of various compo-
nents of the construct, including emotional and cognitive aspects: (a) “I am interested
in mathematics,” (b) “I like to read books and solve brain teasers related to mathe-
matics,” and (c) “Doingmathematics is one of my favourite activities” (Frenzel et al.,
2012). These items measured students’ individual interest in mathematics and have
been validated using qualitative and quantitative methods.

For the measurement of students’ experience of competence, three items from a
well-evaluated scale by Schukajlow and Krug (2014) were used: (a) “I noticed that I
really understood things,” (b) “I felt able to master the work,” and (c) “I felt confident
about my knowledge about the topic today”.

Both measures have been used in previous studies. The items measured students’
interest in mathematics have been validated with qualitative and quantitative meth-
ods and revealed that each item assessed the emotional an personal dimensions of
students’ individual interest (Frenzel et al., 2012). In the current study, the reliability
values (Cronbach’s alpha) were 0.77 and 0.75 at pre-test and post-test, respectively,
and were similar to the reliabilities found in another study (Schukajlow & Krug,
2014). The scale experience of competence was based on three items that refer to
understanding andmastering the assignedwork. Two itemswere taken from the study
by Hänze and Berger (2007) and one item was taken from the study by Schukajlow
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and Krug (2014). In the current study, the reliability of this scale is 0.74 and is
therefore comparable to a previous study (Schukajlow & Krug 2014).

3.5.5 Data Analysis

We started our analysis by examining the influence of the treatment conditions on
“experience of competence” and “interest”. In order to answer the second research
questionwe applied a pathmodelwith 13 free parameters and 307 subjects to the data.
The ratio of subjects to parameters was above the critical value of 5 for obtaining
correct results (Kline, 2005) and therefore sufficient for addressing the research
question. In all analyses, dummy codes for the treatment factor (0 � OS; 1 � MS)
were used.

Another important factor that needs to be accounted for is the possible clustering
of the data. As we wanted to increase the external validity of our study, students were
instructed in small groups of 9–16 students from the same mathematics class rather
than individually. Students of the same class were assigned to a randomly chosen
treatment condition, taking into account their achievement. To examine the degree of
dependencewithin these groups (n �24) for students’ prior interest,we calculated the
intraclass correlation coefficient (ICC) using the statistical program Mplus (Muthén
&Muthén, 1998–2012) and transformed them into design effects (Muthén&Satorra,
1995) to indicate the loss of statistical power due to the dependence of observations.
As the ICC was low (0.038) the resulting design effect of 1.41 is below the critical
value of 2 (Muthén & Satorra, 1995). Furthermore, the within-group variability was
significant (p < 0.001), and the between-group variability was not significant (p
> 0.10). As there are no significant clustering effects of interest within treatment
conditions, no statistical control was needed.

To answer the second research question we needed to test indirect effects. An
indirect effect is the product of two direct paths. We estimated standard errors using
a bootstrapping approach, which is one of the preferable methods for testing indirect
effects (MacKinnon, Lockwood, Hoffman, West, & Sheets, 2004). Ten-thousand
bootstrap samples were drawn and bootstrap percentiles are used to form the 95%
non-symmetric bootstrap confidence interval (CI) (Muthén, Muthén, & Asparouhov,
2016). The null hypotheses (there is no direct/ indirect effect) was rejected if zerowas
not included in the 95% CI. Therefore all effects of the path model will be reported
with their respective CI rather than with a p-value.

The chosen method of the current study allowed us to directly test the significance
of the indirect effect (MacKinnon, 2008), which is the preferable method compared
to a stepwise regression method (e.g., Baron &Kenny, 1986), because it has a higher
statistical power at a comparable Type I error (MacKinnon, Lockwood, Hoffman,
West, & Sheets, 2002). Furthermore, the existence of a total effect is not required if
the indirect effect is directly tested (MacKinnon, 2008).

Missing values are an important issue typically found in longitudinal studies. In
the current study the percentage of missing values differed across the measures from
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7.5% for experience of competence to 8.5% for interest at post-test. The use of the full
information likelihood estimator or multiple imputation are the preferred solution to
address the problem of missing values (Peugh & Enders, 2004). We decided to use
the full information likelihood algorithm implemented inMplus (Muthén &Muthén,
1998–2012), which uses the full information of the covariance matrices to estimate
the missing values. Taking into account the missing at random assumption, the usage
of this algorithm, should not have a bias for the estimation of our model parameters
(Schafer & Graham, 2002).

3.5.6 Treatment Fidelity

All participating teachers were experienced in teaching real-world problems and
were further instructed for one day with regard to the teaching method they should
apply. In each lesson, at least one member of the research group was present in
order to administer tests and assessment scales and to videotape and observe the
implementation of the treatment. Furthermore, all of the students’ written work was
collected. The analysis of the videos and students’ solutions revealed that the time
spent on the tasks did not differ across the conditions and that the tasks were solved
as intended for each condition. As intended teachers in the MS condition needed
more time after the first task than in the OS conditions to highlight and summarize
the links between the two mathematical procedures and to foster a discussion about
students’ preferences for one or the other procedure. This was consistent in all MS
conditions and was compensated by an additional task for the OS condition which
was solved in all groups and discussed as intended.

Another important aspect of our treatment fidelity involved the number of math-
ematical procedures students used during the treatment (see Achmetli, Schukajlow,
& Krug, 2014). Theoretically, the number could range from 0 (no mathematical
procedure) to 3 (more than two mathematical procedures). For our analysis, two
independent raters rated 20% of the tasks with a high level of agreement (Cohen’s
Kappa between 0.89 and 0.94). As intended in our study, nearly all students in the
MS condition used two or more mathematical procedures (mean M � 1.92, standard
deviation SD � 0.25), whereas in the OS conditions, students did not or rarely con-
structed two or more mathematical procedures (M � 1.01, SD � 0.08 and M � 1.04,
SD � 0.24). T -tests indicated that there were highly significant differences between
the conditions in the number of mathematical procedures that students used to solve
the problems (MSM vs. OSM1: t(116) � 34.0; p < 0.001; effect size Cohen’s d �
4.97 and MSM vs. OSM2: t(194) � 25.2; p < 0.001; d � 3.61).
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Table 3.2 Students’ interest on the pre-test and post-test and their experience of competence during
the teaching unit in the one-solution conditions

Variable OS1 OS2 t(df �
186)

p* d

M (SD) M (SD)

Prior interest 2.38 (0.95) 2.40 (0.97) −0.182 0.856 0.03

Experience of competence 4.21 (0.87) 4.22 (0.75) −0.310 0.975 0.00

Interest at post-test 2.51 (0.98) 2.49 (0.82) 0.135 0.892 0.02

*Two-tailed

3.6 Results

3.6.1 Preliminary Results and Analysis of Treatment Effects

As our statistical analysis for all three variables did not show a difference at the
5% level of significance between the two OS conditions (Table 3.2), and in order to
simplify the analysis of the effects, we combined the OS1 and OS2 conditions into
one OS condition.

Furthermore, the analysis of interest on the pre-test revealed no differences
between the MS and OS conditions (MS: M � 2.39 (SD � 0.90), OS: M � 2.39 (SD
� 0.96)). Similar results were also found for self-regulation (Achmetli et al., 2014).
These results indicate similar motivational prerequisites in the two conditions.

3.6.2 Effects of Constructing Multiple Solutions
on Experience of Competence and Interest
in Mathematics

In order to compare the interest between the MS and OS condition at post-test, we
took students’ prior interest into account and calculated an adjusted post-test value
for each student. Students’ interest tended to be higher in the MS condition, but a t-
test showed that there were no significant differences (p � 0.313; effect size: Cohen’s
d � 0.13) between the two conditions (Table 3.3). Thus, constructing multiple solu-
tions for real-world problems by applying multiple mathematical procedures did not
have a positive effect on interest. According to this result, students who applied mul-
tiple mathematical procedures during the teaching unit reported a level of interest
in mathematics that was comparable to students who used only one mathematical
procedure.

Students in both conditions experienced a high level of competence (MS: mean�
4.44 ((SD)� 0.60), OS:M � 4.21 (SD � 0.81)). To examine the influence ofmultiple
solutions for real-world problems by applying multiple mathematical procedures on
students’ experience of competence, we used a t-test. Levene’s test showed that there
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Table 3.3 Students’ adjusted interest on the pre-test and their experience of competence during
the teaching unit in the multiple-solution condition and one-solution condition

Variable MS OS t(df �
279)

p* d

M (SD) M (SD)

Experience of competence 4.44 (0.60) 4.21 (0.81) 2.361 0.019 0.30

Adj. interest at post-test 2.58 (0.71) 2.49 (0.70) 1.011 0.313 0.13

*Two-tailed

was heterogeneity of variance; therefore,weused the adjusted degrees of freedomand
t-values. The results indicated that there were significant differences between theMS
condition and the OS condition (t(231) � 2.616; p < 0.05; d � 0.30). Thus, students
in the MS condition reported a higher experience of competence than students in the
OS condition.

3.6.3 Statistical Procedure and Analysis of Model Fit

The maximum-likelihood algorithm implemented in Mplus was used for the statis-
tical analyses of the path model (Muthén & Muthén, 1998–2012). This algorithm
allows the calculation of fit values for the path model in order to analyse whether the
data provide a good fit to the hypothesised model or not. We applied a combination
of cut-off values (Hu & Bentler, 1999) of the comparative fit index (CFI) > 0.95, the
standardized root mean square residual (SRMR) < 0.08 and the root mean square
error of approximation (RMSEA) < 0.06 and aimed for a ratio ofχ2 and df below 2.5.
The hypothesised model fit the data well according to all fit indexes (χ2/d f � 0.02;
RMSEA� 0.00, 90% CI [0.00, 0.07], p � 0.925; CFI� 1.000; SRMR� 0.003) and
40% of the variance in interest at post-test could be explained by this model.

The calculated correlation matrix of the variables measured in the current study is
presented in Table 3.4. The analysis of the values showed that all the correlationswere
in the expected direction (e.g., both interest measures were significantly correlated
with each other and all correlations between interest and experience of competence
were positive).

3.6.4 Direct and Indirect Effects on Students’ Interest

In this section, we present the results of the estimates calculated for the hypothesised
path model. Because the treatment conditions represented a binary factor (MS vs.
OS), StdY values were used to calculate the standardized estimates in Mplus. Thus,
β coefficients may be interpreted as the predicted change in (residualised) criterion
measures (in standard deviation units) when the treatment changes from 0 (one solu-
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tion) to 1 (multiple solutions). Confidence intervals are used to identify significant
regression coefficients and are presented in Table 3.5.

The analysis of the path model (Fig. 3.6) reveals that the treatment condition
predicts students’ experience of competence during the teaching unit (β � 0.14; 95%
CI [0.04, 0.25]) but not their interest at post-test (β � 0.05; 95% CI [−0.04, 0.14]).
Another result was a significant prediction of students’ experience of competence
from their prior interest (β � 0.21; 95% CI [0.07, 0.35]). Furthermore, students’
interest at post-test is predicted by their prior interest (β � 0.64; 95% CI [0.53,
0.74]) but not by their experience of competence during the teaching unit (β � −
0.04; 95% CI [−0.16, 0.07]).

One of the main reasons for using a path model is the analysis of indirect effects.
We analysed two indirect effects on students’ interest at post-test: From the treatment
condition through the experience of competence and from students’ prior interest via
the experience of competence. The main result of the path model is that there are
no significant indirect effects of the treatment condition on students’ interest via
their experience of competence (β � −0.01; 95% CI [−0.02, 0.01]). Conclusively
and consistent to the result of the treatment effects, there are no total effects of the
treatment condition on students interest at post-test (β � 0.04; 95%CI [−0.05, 0.14]).
Moreover, there are no significant indirect effects of students’ prior interest on their
interest at post-test via their experience of competence during the teaching unit (β

Table 3.4 Correlations among the measures

Variable Prior interest Experience of
competence

Interest at
post-test

1. Prior interest –

2. Experience of
competence

0.22* –

3. Interest at post-test 0.63* 0.08 –

*p < 0.01, two-tailed

Table 3.5 Direct effects on experience of competence and interest

Variable Experience of competence Interest at post-test

95% CI 95% CI

β LL UL β LL UL

Predictor

Prior interest 0.21* 0.07 0.35 0.64* 0.53 0.74

Treatment condition 0.14* 0.04 0.25 0.05 −0.04 0.14

Intervening variable

Experience of competence −0.04 −0.16 0.07

Note CI Confidence interval; LL Lower limit; UL Upper limit
*Significant regression coefficient (zero not included in the 95% CI)
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Fig. 3.6 Graphical illustration of direct effects in the path model. Note Significant paths are illus-
trated with solid lines, and nonsignificant paths are illustrated with a broken line

� −0.01; 95% CI [−0.04, 0.02]). Yet, there is still a total effect of prior interest on
interest at post-test (β � 0.63; 95% CI [0.53, 0.73]).

3.7 Discussion

The effects of constructing multiple solutions for real-world problems on students’
interest and experience of competence address an important issue in mathematics
education. Even though there are theoreticalmodels about the development of interest
and empirical results about the connection between students’ basic needs and interest-
related measures, there has not been a brought range of information about how
these needs influence students’ interest. In this study, we analysed the influence
of students’ interest on their experience of competence and vice versa. Moreover,
we investigated the effects of constructing multiple solutions, which only a few
randomized experimental studies have investigated so far, on students’ interest and
experience of competence. In addition and to the best of our knowledge, there is only
one study that analysed these effects on the basis of real-world problems, although
these problems should be used in the classroom because of their importance for
students’ current and future lives. In our current study, we used the topic of linear
functions to assess our research questions and used path analysis to determine the
impact of constructing multiple solutions on students’ interest.

On the basis of theoretical considerations and empirical results we predicted that
constructingmultiple solutions by applying differentmathematical procedureswould
directly affect students’ interest. However, the results of our study did not confirm
this prediction. Students in themultiple solution condition and one solution condition
reported on a similar level of interest at post-test after the four-lesson teaching unit.
This result is in contrast to previous findings (Schukajlow & Krug, 2014) that did
identify effects of constructing multiple solutions by making different assumptions
for vague conditions on students’ interest. One possible explanation for this finding is
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that the approaches differed between this study and the previous one. In the current
study, students in the MS condition had to use specific mathematical procedures,
which were presented at the beginning of the teaching unit, and were not given the
opportunity to choose their own individual routes to the solution during the teaching
units as they had in the previous study (Schukajlow & Krug, 2014).

As expected, we found a significant difference in the experience of competence
between the MS condition and the OS condition. Thus, constructing multiple solu-
tions can foster not only performance, conceptual knowledge, and cognitive flexi-
bility (Levav-Waynberg & Leikin, 2012; Rittle-Johnson et al., 2009; Star & Rittle-
Johnson, 2008) but also a basic need. This result is in line with the study by Schuka-
jlow and Krug (2014) in which they revealed the importance of prompting students
to construct multiple solutions for real-world problems with vague conditions for
students’ experience of competence. Therefore, we were able to extend the research
on basic needs (e.g., Krapp, 2005; Renninger & Hidi, 2002) by finding that students’
experience of competence tended to be higher in the multiple solutions treatment
conditions of the current and previous study. Furthermore, the findings confirm the
view that instructional conditions can have an effect on students’ individual interest
(Hidi & Renninger, 2006). Because students in both conditions all worked in groups
on the same type of tasks and experienced the roughly the same methodological
order, we argue that this is due to the prompts to use, to contrast and to compare two
mathematical procedures in the MS-condition.

In order to explore howconstructingmultiple solutions by applyingdifferentmath-
ematical procedures and students’ prior interest would influence students’ interest at
post-test, we examined our hypothesised path model. As expected, the path model
provided a good fit to the data according a combination of cutoff values (Hu &
Bentler, 1999).

No indirect effects of constructing multiple solutions on students’ interest at
post-test were found. This result is in contrast to previous findings (Schukajlow &
Krug, 2014) and we argue that the lack of opportunity to choose their own solution
routesmight have negatively affected students’ experience of autonomy and thus also
impeded students’ interest (Deci & Ryan, 2000; Krapp, 2005). Another explanation
for why our expectation for the positive influence of multiple solutions on interest
was not confirmed emerges from the similarity of the tasks that were presented in the
classroom in the present study. The real-world problems that were presented in the
MS orOS conditionwere based on the same context, included the same numbers, and
differed only in whether students were supposed to apply one or two mathematical
procedures. It seems that this prompt positively influences students’ perceived com-
petence, but have not increased their interest. Trying to actively match the contexts to
students’ personal backgrounds and preferences in order to trigger their interest (Ku
& Sullivan, 2002; López & Sullivan, 1992) or giving them the opportunity to choose
their preferred contexts during the teaching unit are important aspects that can have a
positive influence on interest. The roles of these aspects for interest-related measures
needs to be investigated in future studies. Further, students report on a significant
higher experience of competence in the presents study compared to previous study
(Schukajlow & Krug, 2014), the mean values for experience of competence in the
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present study were nearby the theoretical maximum of 5 and the standard deviation
of experience of competence was lower than in the previous study. As interest in
mathematical problems was found to be positively connected to task difficulty (Rel-
lensmann & Schukajlow, 2017), offering students more difficult problems during the
teaching unit might increase the variance in students’ experiences of competence
and affect students’ interest positively. Lastly, students’ individual interest is a stable
construct of a predisposition (Schukajlow et al., 2017) and an intervention of 180min
might just not be enough to have an impact.

The relevance of students’ prior interest to their experiences of competence aswell
as their interest at post-test was another point we investigated. Previous studies have
shown the relationship of competence-related measures and interest (Zimmerman &
Kitsantas, 1997). However, the direction of this connection was not completely clear
(Hidi, 2006). The results of our study show that students’ prior interest positively
influences their experiences of competence, while a higher experience of competence
during the teaching unit did not lead to a higher interest at post-test. Conclusively,
there are no indirect effects of prior interest on students’ interest at post-test via their
experience of competence. As there are still total effects (which are the sum of all
direct and indirect effects) of students’ prior knowledge on their interest at post-test,
we conclude that the experience of competence is not a transmitting variable for
the effects of prior interest and the treatment condition on the interest at post-test.
However, concerning the influence of prior interest for interest at post-test, we could
confirm that interest is a stable construct, as prior interest had a high positive influence
on interest at post-test.

3.8 Strengths and Limitations

The effects of the treatment condition and prior interest on experience of competence
and on interest at post-test was explored using inferential and path analyses. Because
the teaching method was actively manipulated, causal interpretations of the effects
of multiple solutions on the outcome variables are allowed. However, such causal
interpretations of paths in the path model should be made with caution. The validity
of the analysis of path models depends on the times at which the data were collected
and on evidence from previous research. We collected data before (prior interest),
during (experience of competence) and after the teaching unit (interest at post-test),
so that the data would be ordered along a timeline. Thus, it was possible to determine
the direction of the effects and to examine the path model.

The assumed path model was derived from theories about interest (Krapp, 2000;
Hidi & Renninger, 2006) and the self-determination theory of human motivation
(Deci & Ryan, 2000). The results of previous empirical studies have inspired the
hypothesised path between the treatment condition, students’ experience of compe-
tence and their interest. One limitation derives from a possible incompleteness of
the path model, as other intervening variables might need to be included. Interest,
for example, has in contrast to other cognitively driven motivational variables both
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an affective and a cognitive component (Hidi, 2006). Experiencing interest involves
affect from the outset of experience and can be assumed to be combined or inte-
grated with cognition as it develops (Hidi & Renninger, 2006; Krapp, 2000). Thus,
positive and negative affect during the teaching unit as well as other cognitive vari-
ables could be important variables, which need to be considered in further analyses.
One starting point is, that the experience of competence has been shown to be con-
nected to students’ autonomy, social relatedness, and intrinsic motivation. Thus, the
other two basics needs should be included in future studies, in order to validate our
findings. Positive effects of constructing multiple solutions for real-world problems
by applying multiple mathematical procedures on these variables can be expected
and transmitted on students’ interest at post-test. This hypothesis should be tested in
future studies using a corresponding mediation model that takes into account affec-
tive (e.g. enjoyment and boredom) and cognitive (e.g. experience of competence,
experience of autonomy and experienced meaningfulness of the learning content)
variables could be useful for further decomposing the effects on students’ interest
and should be applied in future studies.

3.9 Conclusion

Constructing multiple solutions is an important theme that has been investigated in
research frameworks about the impact of comparison (Rittle-Johnson & Star, 2007,
2009; Rittle-Johnson, Star, & Durkin, 2009; Star & Rittle-Johnson, 2008, 2009) and
in experimental studies (Schukajlow & Krug, 2014; Schukajlow et al., 2015). Our
current is an extension to the previous experimental studies on constructing multiple
solutions for real-world problems by making different assumptions about vague
conditions. The aim of the study was to explore the effects of constructing a different
kind of multiple solutions (using different mathematical procedures) on students’
experience of competence and their interest. The inferential and path analyses, which
were based on theories about interest and the self-determination theory, showed a
positive influence of constructingmultiple solutions on experience of competence but
not on individual interest. However, the effects might be different for other affective
variables. For example, we found positive indirect effects of constructing multiple
solutions on self-efficacy via experience of competence for students’ with low prior
self-efficacy (Schukajlow, Achmetli, & Rakoczy, in press).
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