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The power of emotions: Can enjoyment and boredom
explain the impact of individual preconditions and
teaching methods on interest and performance in
mathematics?
Abstract We investigated students’ emotions as intervening variables between teaching methods, motivational and
performance prerequisites, and outcomes. 144 students from German schools were assigned to two conditions. In one
condition, students were prompted to develop multiple solutions for modelling problems that were missing information.
In the other condition, students had to find one solution for modelling problems that were not missing information.
Students’ interest and performance were measured before and after the 5-lesson teaching unit, and students’ enjoyment
and boredom were measured during the teaching unit. The path analyses revealed: (1) Students who developed more
solutions enjoyed their mathematics lessons more and were less bored than students in the other condition; (2) Enjoyment
affected students’ interest and performance at posttest and mediated the effects of prompting them to find multiple
solutions on interest at posttest; (3) Students’ enjoyment during learning mediated the effects of prior interest on interest
at posttest.
Keywords: interest, performance, multiple solutions, enjoyment, boredom

Highlights
•

We examined the roles of enjoyment and boredom in mathematics instruction

•

Prompting multiple solutions affected enjoyment positively and boredom negatively

•

Enjoyment during learning positively affected interest and performance at posttest

•

Enjoyment mediated the effects of prompting multiple solutions on interest

•

Prior interest indirectly influenced interest at posttest via enjoyment

1 Introduction
Emotions are important for students’ learning of mathematics (Goldin, 2014; Zan, Brown, Evans, & Hannula, 2006). In
recent decades, a control-value theory of achievement-related emotions was proposed (Pekrun, 2006), and research
confirmed that perceived control and the value of learning activities were antecedents of achievement emotions (Buff,
2014; Pekrun, Cusack, Murayama, Elliot, & Thomas, 2014). However, more research on the connections between
emotional, motivational, and cognitive variables in mathematics education is needed with regard to the following issues:
the predictors of emotions in the classroom, the influence of classroom emotions on students’ motivation and
achievement, and most important, the teaching methods that positively influence students’ emotions (see overview by
Pekrun & Linnenbrink-Garcia, 2014). In this study, we aimed to connect two research fields: the psychology of emotions
and learning. Further, because students’ performance and interest are both considered to be important for learning
mathematics (Schukajlow & Krug, 2014b; Zan et al., 2006), we sought to contribute to the improvement of the practices
applied in schools by examining the effectiveness of a teaching method for cognitive and motivational outcomes.
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We assessed emotions during a teaching unit that aimed to promote students’ interest in mathematics and their ability to
solve modelling problems. Modelling problems are demanding tasks that are connected to reality, and the ability to solve
these problem is important for students’ current and future lives (Niss, Blum, & Galbraith, 2007). In the current study,
we proposed and tested a theoretical model in which a teaching method that prompts students to find multiple solutions,
the number of solutions developed, students’ prior interest, and students’ prior performance affected emotions in the
classroom, which then influenced their interest and performance.

2 Prior research, theoretical model, and hypotheses
2.1 Enjoyment, boredom, interest, and performance: What do we know about their relations?
2.1.1 Enjoyment and boredom as achievement emotions
Emotions are defined as complex phenomena that include affective, cognitive, physiological, motivational, and
expressive parts (Pekrun & Linnenbrink-Garcia, 2014). Enjoyment and boredom are important for human life as they are
connected to career aspirations and career choice (Wigfield, Battle, Keller, & Eccles, 2002) and were identified as the
second and third most prevalent reasons for not continuing with mathematics after graduation from secondary school
(Brown, Brown, & Bibby, 2008). We conceptualized enjoyment and boredom in a domain-specific manner and assessed
these emotions while students were engaged in task processing because task processing was found to be one of the main
activities in mathematics classrooms (Hiebert et al., 2003). While enjoyment was conceptualized as “having fun,” the
focus of boredom was on having trouble remaining alert and continuing to work.
In the control-value theory of achievement emotions, appraisals of the value and control of learning activities and
outcomes are assumed to be important for activating achievement-related emotions (Pekrun, 2006). In the context of nonroutine problem solving, students with high appraisals of control and who value of their activities can be expected to
enjoy learning and not be bored during learning activities. Positive changes in perceived control and value were found to
lead to positive changes in school students’ enjoyment of mathematics and college students’ boredom (Buff, 2014; Goetz,
Pekrun, Hall, & Haag, 2006).
2.1.2 Enjoyment, boredom, and interest
Interest represents a specific person–object relation and is characterized by a person engaging and reengaging with this
object over time (Hidi & Renninger, 2006; Krapp, 2005). A positive relation between interest-related measures and
enjoyment was found by students at school and at university (Pekrun, Goetz, Frenzel, Barchfeld, & Perry, 2011; Tulis &
Ainley, 2011). The expectation that “… personal interest in the activity domain can give rise to appraisals of
controllability and value – promoting students positive emotions, such as enjoyment of learning” (Ainley & Hidi, 2014,
p. 217), among other effects, was confirmed in studies in the context of self-regulation, where effects of motivational
beliefs, including interest, were found on positive emotions (Ahmed, van der Werf, Minnaert, & Kuyper, 2010; Winberg,
Hellgren, & Palm, 2014). Hence, prior interest should have a positive effect on enjoyment. However, a lack of interest in
combination with a requirement to solve problems during regular mathematics classes can trigger anger, anxiety, or other
negative emotions but not obviously boredom (Pekrun, Hall, Goetz, & Perry, 2014). To our knowledge, the effects of
prior interest on students’ boredom have not yet been tested. On the basis of prior research, we expected that students’
prior interest would predict enjoyment, whereas the effect of a lack of prior interest on boredom could not clearly be
derived from prior research and was based on theoretical assumptions from the control-value theory of achievement
emotions (Hypothesis 1).
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Emotions during learning might not only predict interest-related measures but may also be influenced by them. Positive
affective experiences, including enjoyment, during learning accompany situational interest and are important for
triggering students’ individual interest (Ainley, 2007; Krapp, 2006). Moreover, students’ positive affective experiences
predicted motivation in a longitudinal study in mathematics over one year (Buff, Reusser, Rakoczy, & Pauli, 2011) and
supported the expectation of positive effects of enjoyment on interest (Hypothesis 2). The relation between boredom and
interest-related measures is not yet clear. Most studies have found a negative correlation between boredom and interest
(Pekrun, Hall, et al., 2014; Vogel-Walcutt, Fiorella, Carper, & Schatz, 2012). These results suggest negative effects of
boredom on interest (Hypothesis 2). However, the effect sizes of correlations between boredom and interest-related
measures were lower than correlations between enjoyment and interest-related variables (correlation of .45 between
enjoyment and intrinsic motivation and correlation of -.23 between boredom and intrinsic motivation by Pekrun et al.,
2011). One possible explanation for these weak relations may be that the learning process of highly interested students
can be accompanied not only by positive but sometimes also by negative emotions (Ainley & Hidi, 2014).
As prior interest should affect enjoyment and boredom, and as enjoyment and boredom should influence interest at
posttest, we expected prior interest to have an indirect effect on interest at posttest with emotions as intervening variables
(Hypothesis 3).
2.1.3 Enjoyment, boredom, and students’ performance
Students’ prior achievements can predict students’ control and value beliefs, and via these appraisals, their enjoyment
and boredom as well (Pekrun, 2006). Empirical evidence for potential effects of prior performance on enjoyment can be
found in the correlations between students’ grades in mathematics at the beginning of the school year (fall, T1) (Ahmed,
van der Werf, Kuyper, & Minnaert, 2013) and enjoyment or boredom measured during the school year (winter, T2;
spring, T3). Further evidence comes from positive correlations between students’ mathematical performance in grades 3
and 6 and enjoyment in grades 6 and 9, respectively (Hannula, Bofah, Tuohilampi, & Metsämuuronen, 2014). School
students’ boredom was not related to grades (Ahmed et al., 2013), but college students’ boredom was predicted by prior
grades in three of four estimated regressions in a study by Pekrun et al. (2014). On the basis of these findings, we expected
positive effects of prior performance on enjoyment (Hypothesis 1). As no effects of prior achievements were found at
school and partially found at university, we considered theory and expected a negative influence of prior performance on
boredom (Hypothesis 1).
Not only can the impact of performance and interest on emotions be assumed but also the opposite direction. Students’
enjoyment is positively related to grades at school and university (.22 and .46, respectively, Goetz, Frenzel, Pekrun, Hall,
& Lüdtke, 2007; Pekrun et al., 2011), and positive changes in enjoyment produce positive changes in students’ grades
(Ahmed et al., 2013). The relation between enjoyment and performance assessed by competence tests has been
investigated less often and has ranged from .15 to .45, depending on the type of questionnaire and the kinds of problems
used to measure performance (Schukajlow & Krug, 2014a). An analysis of the reciprocal effects of enjoyment and
students’ performance in primary and early secondary school, however, did not confirm that mathematics performance
could be predicted by students’ enjoyment (Hannula et al., 2014). Because of the positive correlation between enjoyment
and achievement (Goetz et al., 2007; Schukajlow & Krug, 2014a) and the positive effects of students’ enjoyment on
students’ grades (Ahmed et al., 2013; Mega, Ronconi, & De Beni, 2014), we expected that enjoyment would positively
influence students’ performance (Hypothesis 2). A pattern similar to enjoyment has also been revealed for the effect of
boredom on student achievement. College students’ boredom was negatively correlated with their grades (Pekrun, Goetz,
Daniels, Stupnisky, & Perry, 2010), and school students’ boredom was negatively related to academic grades across
different school subjects (Goetz et al., 2007). The correlation between 9th-graders’ boredom and mathematics
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performance ranged from -.36 to .0 (Schukajlow, 2016) and thus had a slightly weaker effect size than the correlation
between enjoyment and performance. Results of longitudinal studies have indicated negative effects of boredom on
students’ grades at school (Ahmed et al., 2013) and at university (Pekrun et al., 2010; Pekrun, Hall, et al., 2014).
Specifically in the mathematical domain, an increase in boredom in mathematics by 7th-graders was connected to a
decrease in students’ mathematics grades across a school year (Ahmed et al., 2013). Hence, we hypothesized a negative
effect of boredom on students’ performance (Hypothesis 2).
Moreover, we expected indirect effects of prior performance on students’ performance at posttest, with enjoyment and
boredom as intervening variables (Hypothesis 3).
2.2 Prompting multiple solutions and students’ enjoyment and boredom
Prompting students to find multiple solutions in the classroom is identified as a high-quality element of teaching in the
principles and standards for teaching mathematics in different countries (e.g. National Council of Teachers of
Mathematics, 2000). The effectiveness of the development and the comparison of multiple solutions for students’
conceptual knowledge, flexibility, and creativity has been shown in a number of studies (Levav-Waynberg & Leikin,
2012; Rittle-Johnson & Star, 2009). However, it has yet to be determined whether this method offers benefits over
prompting students to find one solution with respect to students’ performance, emotions, and motivation (Schukajlow,
Krug, & Rakoczy, 2015). In the present study, we focused on multiple solutions due to information that is missing from
the modelling problem, thus resulting in different outcomes. In the sample problem “Half-Timbered House” (Figure 1),
the diameter of the log (20 cm) is given in the task, and students are asked find the maximal length and width of the
rectangular cross-section of a piece of timber that can be cut from this log. Students can assume that the length of the
piece of timber can be 10 cm or 20 cm, construct a rectangle as a mathematical model for this problem, and calculate the
widths using Pythagoras’ Theorem as the mathematical procedure. With these assumptions, they can calculate the
measurements of the rectangle, interpret them as the length and width of the piece of timber, and validate their results
using their real-world knowledge (see more about modelling by Schukajlow et al., 2015; Schukajlow et al., 2012).

Figure 1. Modelling problem “Half-timbered house.”
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Two lines of evidence support the theoretical implications of the impact on students’ emotions of prompting and
constructing multiple solutions while solving modelling problems with missing information (Hypothesis 4). First,
prompting students to find multiple solutions in the classroom enhanced the number of solutions developed, and the
development of multiple solutions strengthened students’ control appraisals such as perceived competency and autonomy
(Schukajlow & Krug, 2014b) as well as their use of monitoring and self-regulation strategies (Schukajlow & Krug, 2012,
2013a). Higher appraisals of control, in turn, trigger enjoyment and decrease boredom. Second, modelling problems that
are missing information offer students the opportunity to make their own assumptions and develop their own solutions.
As prompting students to find multiple solutions for modelling problems that are missing information enlarges the number
of personally relevant solutions, students’ value appraisals of their problem-solving activities in the classroom are
positively influenced. The increased value appraisals positively affect enjoyment and negatively affect boredom.
Furthermore, we predicted indirect effects of prompting and constructing multiple solutions on students’ interest and
performance at posttest, with enjoyment and boredom as intervening variables (Hypothesis 5).
2.3 Research questions, path model, and hypotheses
The research questions of the present study consisted of the following: Do prior interest and performance predict students’
enjoyment and boredom in the classroom (see Hypothesis 1)? How do these emotions influence students’ interest and
performance (see Hypothesis 2)? Does teaching multiple solutions affect enjoyment and boredom (see Hypothesis 4)?
Via these emotions, do students’ prerequisites and the teaching method also influence interest and performance at posttest
(see Hypothesis 3 and 5)?
For an analysis of the links between the teaching method and students’ emotional, motivational, and cognitive
prerequisites and outcomes, we applied two path models to the data (one with interest and one with performance as the
independent and dependent variables). This allowed us to test the direct effects on emotions, interest, and performance
and additionally to examine whether enjoyment and boredom would transmit the effects of experimentally manipulated
treatment conditions or motivational and cognitive prerequisites on the outcomes. Path models connect the treatment
condition or individual prerequisites (e.g., the teaching method, prior interest, or performance) with the outcome (e.g.,
interest or performance after the intervention) via mediators or intervening variables (e.g., the number of solutions
developed and students’ enjoyment or boredom).
On the basis of theoretical considerations and prior research on the effects of prompting students to construct multiple
solutions and students’ motivational and cognitive prerequisites on students’ enjoyment, boredom, interest, and
performance, we hypothesized a path analytic model (Figure 2).
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Note: The double-headed arrow represents a correlation between two measures, and the directed arrows (other paths) represent the
direction of the regressions for the respective measures.
Figure 2. Hypothesized path-analytic mediation model.

The following primary hypotheses were tested:
Hypothesis 1 (Prior interest and performance -> Emotions). Prior interest and performance will positively affect
enjoyment and will negatively affect boredom during mathematics classes.
Hypothesis 2 (Emotions -> Interest and performance at posttest). Enjoyment will positively affect students’ interest and
performance at posttest, whereas boredom will negatively affect students’ interest and performance at posttest.
Hypothesis 3 (Prior interest and performance -> (via Emotions) -> interest and performance at posttest). Prior interest
and performance will indirectly affect interest and performance at posttest with positive effects transmitted through
enjoyment and negative effects transmitted through boredom during mathematics classes.
Hypothesis 4 (Number of solutions and teaching method -> emotions). Students who develop more solutions will enjoy
mathematics classes more and will be less bored during problem solving; Prompting students to find multiple solutions
as a teaching method will positively indirectly affect students’ enjoyment and negatively indirectly affect boredom in the
classroom with the number of solutions developed as the intervening variable.
Hypothesis 5 (Teaching method and number of solutions -> (via Emotions) -> Interest and performance at posttest).
Prompting students to find multiple solutions will have positive indirect effects on students’ interest and performance at
posttest through the number of solutions developed and enjoyment and boredom during mathematics classes as
intervening variables. The number of solutions developed will have positive indirect effects on students’ interest and
performance at posttest through enjoyment and boredom during mathematics classes.

3 Method
3.1 Participants and Procedure
144 ninth-graders (43% female; mean age 15.22 years (SD = 0.60)) from three comprehensive schools (German
Gesamtschule) that each had two middle-track classes took part in this study. Students from each of the six classes were
assigned to one of two parts of the class with the same number of students in each part in such a way that the average
achievement level in the two parts did not differ, with students’ achievements estimated by their final grades in math.
The ratio of males and females was approximately equal in each part of the class, and each part was instructed in a
separate room. One part of each classroom was assigned to the multiple-solution condition (students were prompted to
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find multiple solutions to modelling problems that were missing information); the other part was assigned to the onesolution condition (students were prompted to find one solution to similar modelling problems that were not missing
information). Before and after the teaching unit, students completed a questionnaire about their interest and a performance
test. The teaching unit consisted of five 45-minute long lessons that were presented across three sessions. The first and
second sessions consisted of two 45-minute long lessons each, with no break between the lessons. After the first and
second sessions, students filled out questionnaires about the number of solutions they developed in the previous lessons
and their enjoyment and boredom during the teaching unit (cf. Figure 3).

Figure 3. Overview of the study design.

Each group was instructed by one of four mathematics teachers (25 to 54 years of age; two female). One teacher instructed
six groups, and the other three teachers instructed two groups each. In order to balance the impact of teachers’ personality
on students’ learning between the two conditions, each teacher instructed the same number of multiple-solution and onesolution groups. The teaching manuals included modelling problems, solution spaces, and lesson plans for each
instructional condition and were discussed before the study began.
Both treatment programs were based on the same student-centered teaching method whose effectiveness was established
in previous studies in comparison with teacher-centered instruction for enjoyment, interest, and performance (Schukajlow
et al., 2012). In the multiple-solution condition, the modification “Find two possible solutions. Write down both solution
methods” was added to the problems in the first and second sections of the teaching unit. As people in the real world
have to find one solution only, the two problems that were missing information and that were given in the last lesson
were not modified and were similar to the “Half-timbered house” problem. In the one-solution condition, students solved
similar tasks with the only modifications being that all important information was given in the problem and one solution
had to be developed. In the sample problem “Half-timbered house,” the modified sentence was “In such a construction,
wooden beams forming square areas are used.”
The fidelity of the treatment was ensured by using the following procedures. The teachers had experience in teaching
modelling problems and were instructed for one day about the teaching methods that they should apply in the present
study. All lessons were observed and videotaped by research group members, and students’ solutions were collected.
Analyses of videos and solutions confirmed that (1) the teachers provided the students with the previewed tasks, which
requested that the students construct multiple solutions (multiple-solution condition) or one solution (one-solution
condition); (2) the same previewed methodical order in both conditions (goals of teaching unit, group work, presentation
and discussion of solution/solutions, summarizing the key points of the lesson) was applied in both conditions (see more
detailed by Schukajlow & Krug, 2014b); (3) the time available for instruction did not differ between experimental
conditions.
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3.3 Measures
3.3.1 Interest and performance tests
Interest was measured with a well-evaluated 5-point Likert scale ranging from 1 (not at all true) to 5 (completely true)
(Frenzel et al., 2012). The three items were (a) “I am interested in mathematics,” (b) “I like to read books and solve brain
teasers related to mathematics,” and (c) “Doing mathematics is one of my favorite activities.” The reliabilities
(Cronbach’s alpha) were .80 and .74 at pre- and posttest, respectively (Schukajlow & Krug, 2014b).
The performance test consisted of modelling and intra-mathematical problems on the topic Pythagoras’ Theorem.
Students’ correct solutions were coded 1 and wrong solutions 0. The time allocated for each test booklet was one hour.
The item difficulties of the two mathematics scales can be approximated by a two-dimensional Rasch model (Bond &
Fox, 2001). This model allowed us to construct parallel test versions (with no item overlap) for each scale (here,
performance in solving modelling or intra-mathematical problems) at two measurement points (pre- and posttest) so that
students’ achievement was measured on an interval scale and could be compared using parametric statistical procedures.
As each student solved similar but not identical items at pretest and posttest, students’ performance could be measured
accurately, and memorization effects were minimized. The ConQuest software (Wu, Adams, & Wilson, 1998) was used
to scale students’ performance data. Weighted likelihood estimator (WLE) parameters (Warm, 1989) were estimated for
each student and characterized students’ performance using continuous scales. In the current study, we were interested
in the students’ performance in modelling and thus used 18 modelling problems from the test (Schukajlow et al., 2015).
The EAP/PV test reliability for modelling was .66. A sample item from the modelling test is presented in Figure 4.

Figure 4. A sample problem from the modelling performance tests (Schukajlow et al., 2015).

3.3.2 Scales for number of solutions developed, enjoyment, and boredom
Number of solutions developed, enjoyment, and boredom were assessed using 4- or 5-point scales. After the second
lesson, students indicated the number of solutions they developed for the first and second problems and after the fourth
lesson for the number of solutions they developed for the third and fourth problems. One sample item was “While solving
the ‘Half-timbered house’ problem, I developed (0 = no solution; 1 = one solution; 2 = two solutions, 3 = more than two
solutions) today.” In order to simplify the interpretation of this scale, the last two categories were aggregated into the
category “two or more solutions.”
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Students’ enjoyment and boredom were assessed on a scale ranging from from 1 (not at all true) to 5 (completely true).
Each scale included three items (see Table 1) and was adapted from the well-evaluated Achievement Emotions
Questionnaire, AEQ (Pekrun et al., 2011). The Cronbach’s alpha reliabilities were .84 and .82 for enjoyment and .85 and
.86 for boredom. Enjoyment and boredom measured two times during the treatment were aggregated over time into a
mean value for enjoyment and a mean value for boredom, respectively. The same procedure was also applied for the
number of solutions developed.
Table 1. Items used in the study to assess enjoyment and boredom
Scale
Item
Enjoyment
I enjoyed task processing.
I was happy during task processing.
Task processing was great fun for me.
Boredom
Task processing was boring.
I got so bored during task processing that I had problems staying alert.
I did not want to continue my work because it was so boring.

3.4 Data analysis
We tested the hypothesized model with regard to interest and performance using the number of solutions developed,
enjoyment, and boredom as intervening variables. All regression analyses employed dummy codes for the treatment
factor (0 = one solution; 1 = multiple solutions).
To test the hypotheses, two path models (one for interest and one for performance) with 14 free parameters and 144
subjects were used. The ratio of subjects to parameters was 11 (144/14), which was above the critical value of 5 for
obtaining solid results (Kline, 2005).
3.4.1 Clustering of the data
To increase the external validity of the current study, the students were instructed in groups of 11–14 students from the
same mathematics class rather than individually. To examine the degree of dependence within the groups (n = 12) for
interest and performance at pretest, we calculated the intraclass correlation coefficient (ICC) using the statistical program
Mplus (Muthén & Muthén, 1998 - 2012). The ICC was very low for interest (.03) and low for performance (.137). As we
were not interested in context effects other than the manipulated teaching method, we calculated fit statistics and assessed
the effects using maximum-likelihood estimations with adjusted standard errors (MLR) using the type = complex analysis
in Mplus. This statistical method takes into account the dependence of observations for parameter estimates and
goodness-of-fit model testing (Muthén & Muthén, 1998 - 2012).
3.4.2 Missing values
In the present study, the percentage of missing values ranged from 0.7% for enjoyment and boredom to 9% for
performance. The missing values in the current study were estimated using the maximum likelihood algorithm (FIML)
implemented in Mplus. This algorithm uses all of the information from the covariance matrices to estimate the missing
values.

4 Results
4.1 Analysis of model fit for path models
The calculation of model fit values and path estimators was based on the correlation matrix of the variables presented in
Table 2. The analysis of the correlations showed that all the values were in the expected direction (e.g., interest measures
were significantly correlated with each other, and the correlation between enjoyment and boredom was negative).
Table 2. Means, standard deviations, and correlations between all variables
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Variable
1. Prior performance
2. Prior interest
3. Number of solutions
4. Enjoyment
5. Boredom
6. Performance at posttest
7. Interest at posttest
* p < .05, two-tailed.

1

2

3

4

5

6

7

–
.06
.15
.07
-.11
.52*
.17

–
-.05
.32*
-.03
.01
.62*

–
.22*
-.18
-.03
.11

–
-.52*
.21*
.42*

–
-.16
-.06

–
.04

–

Multiple
solutions
M
SD
-0.79 1.02
2.55
0.92
1.55
0.38
3.38
0.94
1.94
0.89
-0.26 1.03
2.85
0.94

One
solution
M
SD
-1.11 1.18
2.53
0.99
1.16
0.34
3.29
0.88
1.95
0.82
-0.27 1.13
2.85
0.74

The goodness-of-fit values show whether the data provide a good fit to the hypothesized model and the regression
estimates can be used to analyze the effects. The comparative fit index (CFI) and the standardized root mean squared
residual (SRMR) are most adequate for sample sizes that are smaller than 250 (Hu & Bentler, 1999). We applied the
combination of cutoff values of CFI > .95 and SRMR < .09 to examine the goodness of the fit of the model. In addition,
we also calculated the chi-square goodness of fit. Both path models fit the data well according to all fit indices (see Table
3).
Table 3. Fit Values for the Path Models for Interest (Model I) and Performance (Model P)

R2
χ2
df
p
CFI
SRMR

Model I
.45
10.380
5
> .05
.953
.040

Model P
.29
6.473
5
> .05
.985
.037

Note. R2 = variance explained at posttest; p = two-tailed; CFI = comparative fit index; SRMR = standardized root mean squared
residual.

4.2 Tests of Hypotheses
In this section, we present the results of the estimates calculated for the hypothesized path models. Estimates for the path
models for interest and performance are presented in the Appendix and are graphically illustrated in Figure 5.

Note: p = one-tailed; Significant paths (p < .05) are illustrated with solid lines and nonsignificant paths with broken lines; ap < .10.
Because treatment conditions represented a binary factor (one-solution condition vs. multiple-solutions condition), the StdY values
were used in Mplus to calculate the standardized estimates. Thus, β coefficients may be interpreted as the predicted change in
(residualized) criterion measures (in standard deviation units) when the treatment changes from 0 (one solution) to 1 (multiple
solutions). According to the hypothesized mediation model, we can see that if the prior interest increases one standard deviation
(SDpre_i), the interest at posttest directly changes by βi * SDpost_i = .55 * SDpost_i .
Figure 5. Hypothesized path models that tested the indirect effects of prompting multiple solutions and prior interest and
performance on interest and performance at posttest through enjoyment and boredom.
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4.2.1 Effects of prior interest and performance on enjoyment and boredom
Positive effects of prior interest and performance on enjoyment and negative effects of prior interest and performance on
boredom were expected (Hypothesis 1). This hypothesis was partly confirmed for enjoyment, as prior interest positively
affected enjoyment during the teaching unit (β = 0.35, p < .05), and we found no effects of prior performance on
enjoyment (β = 0.04, p = .29). Further, prior interest did not influence boredom during mathematics lessons (β = -0.05, p
= .31), and the negative effect of prior performance on students’ boredom was not quite significant and weak (β = -0.08,
p = .085). Hence, students’ prior interest was found to be important for their enjoyment during the teaching unit, and
prior performance may be one of the factors that influences students’ boredom during mathematics lessons.
4.2.2 Effects of enjoyment and boredom on interest and performance
We hypothesized positive effects of enjoyment and negative effects of boredom on interest and performance at posttest
(Hypothesis 2). This hypothesis was confirmed for enjoyment but not for boredom. Enjoyment during the teaching unit
improved students’ interest (β = 0.30, p < .05) and almost significantly (β = 0.15, p = .066) enhanced performance at
posttest. Students who enjoyed their mathematics lessons reported higher interest and showed better results at posttest.
Students’ boredom, however, did not influence their interest or performance at posttest (interest: β = 0.12, p = .16;
performance: β = -0.01, p = .45).
4.2.3 Effects of prior interest and performance on interest and performance at posttest via enjoyment and
boredom
We analyzed the roles of enjoyment and boredom as intervening factors between prior interest and interest at posttest and
between prior performance and performance at posttest (Hypothesis 3). As hypothesized, prior interest indirectly
positively affected interest at posttest with enjoyment at posttest as an intervening variable (β = 0.10, p < .05). Contrary
to our expectations, no indirect effects of prior performance on students’ performance at posttest through students’
enjoyment were found (β = 0.005, p = .30). Prior interest did not indirectly affect interest at posttest, and prior
performance did not indirectly affect performance at posttest via boredom as an intervening variable (interest: β = -0.01,
p = .35; performance: β = 0.001, p = .45). Students who were more interested in mathematics before the teaching unit
improved their interest in mathematics because they experienced enjoyment during the mathematics lessons. Total effects
of prior interest and performance on interest and performance at posttest were also found (interest: β = 0.65, p < .05;
performance: β = 0.46, p < .05).
4.2.4 Effects of number of solution and treatment on enjoyment and boredom
We tested the effect of prompting students to develop multiple solutions on enjoyment and boredom (Hypothesis 4). As
expected, the treatment enhanced the number of solutions (β = 1.00, p < .05) (Schukajlow & Krug, 2014b), the number
of solutions positively affected enjoyment (β = 0.24, p < .05, Model I; β = 0.22, p < .05, Model P), and the treatment
improved enjoyment indirectly via the number of solutions (β = 0.23, p < .05, Model I; β = 0.22, p < .05, Model P). The
opposite effects were expected and found for boredom. The number of solutions negatively affected boredom (β = -0.18,
p < .05 Model I; β = -0.17, p < .05, Model P), and the treatment decreased boredom indirectly (β = -0.18, p < .05, Model
I; β = -0.17, p < .05, Model I) via the number of solutions. Prompting students to find multiple solutions for modelling
problems that were missing information enhanced enjoyment and impeded boredom via the number of solutions
developed.
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4.2.5 Effects of number of solutions and treatment on interest and performance via enjoyment and boredom
The fifth hypothesis stated that enjoyment and boredom would be intervening factors between the number of solutions
and the treatment on the one hand and interest and performance at posttest on the other hand (Hypothesis 5). We found
positive indirect effects of the number of solutions and the treatment on interest at posttest mediated via enjoyment (β =
0.07, p < .05). However, the effect of the number of solutions on performance via enjoyment was not quite significant (β
= 0.03, p = .089), and the indirect effect of the treatment on performance via the number of solutions and enjoyment was
not significant (β = 0.03, p = .10). Moreover, boredom did not mediate the effects of the number of solutions or the
treatment on interest (β = -0.02, p = .13) or performance (β = 0.002, p = .447). Students who were prompted to find
multiple solutions and developed more solutions were more interested in mathematics after the teaching unit if they
enjoyed mathematics classes.

5 Discussion
On the basis on Pekrun’s (2006) control-value theory of achievement emotions, we hypothesized and tested a model
linking teaching methods for modelling problems, motivational orientations, and performance to students’ emotions.
5.1 Effects of prior interest and performance on enjoyment and boredom
As suggested by Ainley & Hidi (2014) or Carmichael et al. (2009), students’ interest at pretest predicted enjoyment
during teaching units. This result is in line with studies that found a positive impact of motivational beliefs on positive
emotions (Ahmed et al., 2010; Winberg et al., 2014). Positive effects of prior academic achievement on enjoyment that
were deduced from cross-sectional (Schukajlow & Krug, 2014a) and longitudinal studies (Ahmed et al., 2013; Hannula
et al., 2014) were not confirmed in the current study. One reason for this result can be the teaching method we used. The
student-centered, cooperative learning setting could arouse a feeling of involvement in student-student interactions and
therefore increase enjoyment and decrease boredom (Martínez-Sierra & García González, 2014) for students at different
performance levels.
Neither prior interest nor prior performance predicted boredom during the teaching unit. A lack of interest can induce
negative emotions such as anger or anxiety (Pekrun, Hall, et al., 2014), but it did not increase boredom. Our results on
the effects of performance on boredom in early secondary school are partly in line with previous findings at the university
level. No effects of performance on boredom were also found in one of four measures by college students (Pekrun, Hall,
et al., 2014).
5.2 Effects of enjoyment and boredom on interest and performance
The effects of positive emotional experiences on motivation-related measures (Buff et al., 2011; Mega et al., 2014) were
confirmed in our study for students’ enjoyment and interest. One practical implication is the importance of supporting
students’ enjoyment during problem solving for interest development. Combining this result with the result of a positive
influence of prior interest on enjoyment reported in a previous section, a strong positive feedback loop is suggested for
interest and enjoyment.
However, boredom during mathematics lessons did not affect students’ interest in the current study. Research on interest
has indicated that interest development can be accompanied not only by positive but sometimes also by negative affect
(Ainley & Hidi, 2014; Hidi & Harackiewicz, 2000). Hence, the impact of boredom on interest would not be negative but
neutral.
Similar effects were also found for the impact of emotions on performance. Enjoyment had positive effects on
performance, similar to most cross-sectional and longitudinal studies on this issue (Ahmed et al., 2013; Goetz et al., 2007;
Mega et al., 2014; Schukajlow & Krug, 2014a). Thus, triggering students’ enjoyment during mathematics classes
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improves both interest and performance. Students’ performance at posttest, however, was not predicted by boredom. We
could not confirm the negative effect of boredom on students’ school grades (Ahmed et al., 2013) with our measure of
students’ performance in our study. One possible explanation for the stronger negative impact of boredom on grades may
be that grades are influenced not only by performance but also by students’ activities during mathematics lessons. If
students are bored during mathematics lessons, they might not participate in classroom discussions, and as a result receive
worse school grades. This supposition needs to be tested in future studies.
5.3 Effects of prior interest and performance on interest and performance at posttest via enjoyment
and boredom
Enjoyment was found to be a mediator between prior interest and interest at posttest. Similar results were also found for
students' experience of competency but not for autonomy (Schukajlow & Krug, 2014b). However, prior performance did
not have effects on students’ performance via enjoyment. Students’ prior interest or performance also did not affect
interest or performance at posttest via boredom. These results indicate that students with different performance levels
benefit from the teaching unit to the same extent.
5.4 Effects of multiple solutions on enjoyment and boredom
One of the aims of our study was to investigate how enjoyment and boredom could be influenced in the mathematical
classroom. We found that the number of solutions developed positively influenced enjoyment and negatively influenced
boredom. Moreover, prompting students to find multiple solutions for modelling problem was found to be an effective
way to improve students’ enjoyment and decrease their boredom. These results are in line with the control-value theory
of achievement emotions. The development of individual solutions, based on personal assumptions about missing
information, improved the controllability and value of problem-solving activities. The enhancement of value and control
appraisals then triggered students’ emotions (Buff, 2014; Pekrun, Elliot, & Maier, 2006). The positive effects of
prompting students to find multiple solutions on students’ monitoring activities and self-regulation but not on value
appraisals at posttest (Schukajlow & Krug, 2012, 2013a) support the view that control appraisals are more important
when prompting students to find multiple solutions for modelling problems with missing information. This hypothesis
needs to be confirmed in future studies.
5.5 Effects of multiple solutions on interest and performance via enjoyment and boredom
Students’ enjoyment was found to be a mediator between the treatment and interest at posttest. These findings expanded
our knowledge about how prompting students to find multiple solutions improves interest. Apart from experiences of
competence (Schukajlow & Krug, 2014b), enjoyment may be a valuable factor that transmits the effects of instructional
settings on interest. Whereas experiences of competence refer more strongly to cognitive appraisals (understanding of
learning materials), enjoyment is more strongly connected to emotional appraisals (feelings during learning). As cognitive
and emotional components are important for interest development (Hidi & Renninger, 2006; Krapp, 2005), triggering
competency and enjoyment can improve interest in mathematics.
No effects of enjoyment were found for students’ performance. Other results were found for the experience of
competency, which was identified as an intervening variable between the treatment and performance (Schukajlow et al.,
2015). This finding indicates that emotions are more important for motivational than for achievement measures. Because
there were no effects of boredom during mathematics lessons on interest at posttest, we also did not find indirect effects
of the treatment and the number of solutions on interest and performance at posttest via boredom.
5.5 General discussion
The treatment conditions that were compared in the current study included cognitively demanding real-world problems
with the only difference being whether or not students were prompted to construct multiple solutions. As cognitively
demanding problems are expected to promote positive emotions and to impede negative emotions (Pekrun, 2006), the
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effects of the treatment on emotions might be stronger if the problems differed more significantly. Moreover, boredom
as an intervening variable between treatment and interest or performance might play an important role if students worked
on boring algorithmic problems in one of the conditions. These possibilities should be addressed in future studies. Further
research should also clarify whether the power of emotions in the learning process stems from actually experiencing a
specific emotion or whether it is the realization that one tends to experience a certain emotion in the classroom (Barret et
al., 2001).
In the present study, we tested the hypothesized mediation model in the domain of mathematics. In future studies, the
model should be tested in other domains in order to analyze the extent to which our findings can be generalized beyond
the domain of mathematics. Further, the roles of emotions in self-efficacy beliefs and other motivational measures are
important issues that should be explored in future studies. The integration of emotional theories into the models of selfregulation, such as the self-teaching model proposed by Share (1999), is a promising research question.

6 Strengths and limitations
The roles of enjoyment and boredom as dependent and intervening variables for interest and performance were tested
using path analyses. The paths in the hypothesized models should be causally interpreted with caution. The validity of
the analysis of path models strongly depends on the times at which the data were collected and on evidence from previous
research about the possibilities of directed effects such as the influence of enjoyment on students’ interest at posttest. As
we assessed variables before, during, and after the teaching unit, the data collected in our study could be ordered along a
timeline. Using these data, it was possible to determine the direction of the effects (e.g., from enjoyment during the
teaching unit to students’ interest after the teaching unit) and thus also to test the hypothesized path model. However,
even though we assigned an order to the number of solutions and emotions in the path model by presenting a causal chain,
both of these variables were assessed during the treatment. Our assumptions about the implied causal structure came from
the control-value theory and empirical considerations from our previous study. This is a strong limitation of the present
study. Experimental studies are needed to collect stronger evidence for the direction and power of the tested effects.
The path models were derived from the control-value theory of achievement emotions (Pekrun, 2006). The results of
previous empirical studies supported the hypothesized paths between the applied teaching method, the number of
solutions developed, enjoyment, boredom, and prior and final interest and performance. However, this path model may
be incomplete as other intervening variables such as anticipated feedback or goal orientation (Pekrun, Cusack, et al.,
2014) could effect the number of solutions, enjoyment, boredom, and performance at posttest.
Finally, we would like to note other important limitations of the current study. We investigated the effects of an
intervention across a relatively short time period because more studies of short duration in mathematics education were
recently requested (Stylianides & Stylianides, 2014). The stability of effects on interest and performance is another
important issue for future research as long-term effects can differ from short-term effects. Further, the results of our study
should be replicated using a larger sample.

7 Summary
In the current study, we analyzed the power of enjoyment and boredom using cognitively demanding modelling problems.
In the framework of the hypothesized model, enjoyment was identified as a powerful emotion that is important for interest
and performance. Boredom was less important than enjoyment, confirming the view that positive affect has a greater
weight not only on motivation (Mega et al., 2014) but also on performance. Further, we extended our knowledge of the
effects of prompting students to find multiple solutions for modelling problems with missing information. In addition to
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effects on self-regulation, monitoring, preferences for finding multiple solutions, interest, and performance (Schukajlow
& Krug, 2012, 2013a, 2013b, 2014a, 2014b), this teaching method triggered enjoyment and reduced boredom via the
number of solutions developed. Summarizing these findings, we argue that achievement emotions are powerful variables
that can be influenced in instructional settings and in turn influence motivation and performance.
Author note: The research project MultiMa, directed by Stanislaw Schukajlow, has been funded by the German Research
Foundation [Deutsche Forschungsgemeinschaft] since 2011 (GZ: SCHU 2629/1, 2).
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