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A B S T R A C T

The objectives of this research were to explore the role and state transitions of emotions during complex
mathematics problem solving over two studies. In Study 1, we examined the antecedents and consequences of
emotions during learning with a sample of 138 students from grades 5 and 6. In Study 2, emotional state
transitions were explored with a different sample of 79 students from grade 5. For Study 1, students self-reported
their task value and perceptions of control for mathematics problem solving, solved the problem, and then self-
reported their emotions and cognitive and metacognitive learning strategies they used to solve the problem.
Results from path analyses revealed that control and task value predicted the emotions students experienced
during problem solving, and that emotions predicted cognitive and metacognitive learning strategies, which
subsequently predicted achievement. For Study 2, emotions and cognitive and metacognitive learning strategies
were captured via a think-aloud protocol to explore their sequencing. Results demonstrated that the most fre-
quently occurring emotions during problem solving included frustration (24.34%) and confusion (22.63%).
Emotion-to-emotion transition analyses revealed that students’ frustration transitioned to negative emotions,
and confusion also primarily transitioned to negative emotions (i.e., frustration, boredom, anxiety) but transi-
tioned to positive emotions when confusion was resolved. We conclude with theoretical implications and de-
lineate interventions that should be developed to teach students skills to overcome frustration and confusion to
improve learning outcomes.

1. Introduction

Emotions are ubiquitous in academic settings; students experience
emotions continuously throughout the day, and during various tasks
and contexts. In the field of educational psychology, researchers have
typically placed greater emphasis on the cognitive processes of learning
and problem solving than on the emotional processes that also occur
(Baker, D’Mello, Rodrigo, & Graesser, 2010; Calvo & D’Mello, 2011).
However, a shift in focus has recently occurred towards investigating
the role of emotions during learning as learning is increasingly re-
cognized as an emotionally charged experience (e.g., Calvo & D’Mello,
2011; D’Mello & Graesser, 2012; Muis, Chevrier, & Singh, 2018). For
example, anxiety might be experienced when students feel unprepared
for an important presentation or exam, surprise when the answer to a
mathematics problem is unexpected, curiosity about why an answer
was incorrect, confusion when there is an aspect of a problem that they
do not understand, or frustration if the confusion cannot be resolved.

The recent surge of interest in understanding the role of emotions in
learning processes and learning outcomes has led to empirical evidence
that demonstrates emotions are fundamental and influential in stu-
dents’ learning, motivation, self-regulated learning, and academic
achievement (Pekrun & Linnenbrink-Garcia, 2014; Pekrun & Stephens,
2012; Pekrun, Goetz, Frenzel, Barchfeld, & Perry, 2011).

For instance, emotions predict the types of cognitive (e.g., self-
questioning, summarizing) and metacognitive (e.g., monitoring, eva-
luation) learning strategies students select during a task (Pekrun,
Frenzel, Goetz, & Perry, 2007), which can hinder or facilitate learning
(Baker et al., 2010; D’Mello & Graesser, 2011; Pekrun, Goetz, Daniels,
Stupinsky, & Perry, 2010). Positive emotions, such as enjoyment and
curiosity, can facilitate learning (Muis, Psaradellis, Lajoie, Di Leo, &
Chevrier, 2015; Pekrun, Elliot, & Maier, 2009) whereas negative emo-
tions, like boredom and frustration, can hinder learning (Pekrun et al.,
2011). These relations are said to occur through self-regulatory pro-
cesses including motivation and cognitive and metacognitive learning
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strategies (Muis et al., 2015; Op't Eynde, De Corte, & Verschaffel, 2007;
Pekrun, Goetz, Titz, & Perry, 2002).

Additionally, researchers are beginning to pay greater attention to
the temporal and sequential nature of emotions, as emotional processes
are considered to be fluid rather than occurring in isolation and un-
related to other emotions (D’Mello & Graesser, 2012). This increase in
attention on emotional dynamics has propelled researchers to in-
vestigate how emotions evolve and transition from one emotion to
another and from one emotion to a subsequent learning strategy during
learning and problem solving (Harley, 2016). However, this research
has been conducted with university students or adult populations and,
to our knowledge, no research on the dynamics of emotions has been
conducted with younger students. To date, it is unknown whether
elementary students’ emotions transition in the same way as adult
learners’ emotions given that the executive functioning skills involved
in emotion regulation and cognitive control develop as individuals age
(Thompson, 1991; 1994).

Younger students’ self-regulatory processes–their ability to regulate
their emotions and effectively implement, monitor, and evaluate their
strategy use–are still developing. That is, young students’ ability to
manage certain emotions as they arise during learning tasks may differ
from adult learners, which may result in emotional state transitions and
trajectories that are specific to young students. Furthermore, younger
learners might have more difficulty controlling and managing their
negative emotions, thus leading to the continued experience of the
same emotion or transition to other negative emotions, which ulti-
mately affects their learning outcomes. As such, it is imperative to ex-
plore the sequencing of emotions and cognitive and metacognitive
learning strategies among children, particularly as they engage in tasks
that may trigger intense emotions, like during complex mathematics
problem solving (Muis et al., 2015).

As previous research has shown, complex mathematics problem
solving presents an emotionally laden and strategically challenging
activity for younger students as they often struggle with it emotionally
and strategically (Muis et al., 2015). To understand the sequential
nature of emotions and cognitive and metacognitive learning strategies
with younger students is therefore of critical importance; better un-
derstanding of relations can be used to inform interventions designed to
foster improved learning outcomes. In particular, as Muis et al. (2015)
found, confusion is problematic for this population given that they may
not have the skills needed to resolve confusion. They posited that
younger students might lack the awareness of what to do in a state of
confusion. That is, they might not have acquired the appropriate stra-
tegies or might not know which strategies to use while in a state of
confusion. In comparison, adults have had many years of education and
thus experience in engaging in complex problem solving and, over the
years, might have learned how to effectively resolve confusion by im-
plementing appropriate cognitive and metacognitive learning strate-
gies. Therefore, young students might benefit from the explicit in-
struction of how to reason and problem solve (Kuhn, 2009; MacArthur,
2012).

To develop interventions to target this issue, it is first necessary to
better understand precisely when confusion arises and what subse-
quently occurs when young students experience confusion. Therefore,
to address this gap in the literature we conducted two studies to first
examine how emotions relate to cognitive and metacognitive learning
strategies and learning outcomes and second, to explore the patterns of
emotional state transitions that occur during complex mathematics
problem solving in a classroom setting with elementary students. Prior
to delineating our specific research questions and hypotheses, we first
define emotions and then present a prominent theoretical framework to
situate this research. Relevant empirical work is then reviewed.

1.1. Academic emotions

Emotions are multifaceted as they include cognitive, affective,

physiological, motivational, and expressive components (Scherer,
2000). To illustrate, when students experience anxiety about a mathe-
matics exam, they might worry about their performance (cognitive),
experience nervousness (affective), have a stomach ache (physiolo-
gical), want to avoid the situation (motivational), and have a worried
facial expression (expressive) (Pekrun & Stephens, 2012). Moreover,
emotions can be categorized by their valence and activation. These two
dimensions group emotional states in terms of the degree of positive or
negative valence (e.g., pleasant or unpleasant) and in terms of acti-
vating or deactivating arousal (e.g., Feldman Barrett & Russell, 1998;
Shuman & Scherer, 2014). As such, emotions can be placed into four
broad categories: (1) positive activating (e.g., curiosity, hope, enjoy-
ment, pride), (2) positive deactivating (e.g., relief), (3) negative acti-
vating (e.g., anxiety, confusion, frustration, anger, shame), and (4)
negative deactivating (e.g., boredom, hopelessness, sadness)
(Linnenbrink, 2007; Pekrun, 2006). Surprise, which is elicited in re-
sponse to unexpected events during a learning task, is a neutral acti-
vating emotion as it can have positive or negative arousal depending on
the context (Muis et al., 2018; Mauss & Robinson, 2009).

Researchers have also conceptualized emotions in terms of their
object focus, which determines whether an emotion relates to an aca-
demic task at hand or to an extenuating circumstance (Pekrun &
Linnenbrink-Garcia, 2014; Pekrun, 2006). Two categories of emotions
that fall under the broader umbrella of academic emotions include
achievement emotions and epistemic emotions (Pekrun & Stephens,
2010). Achievement emotions are emotions related to learning activities
such as problem solving and test-taking (e.g., anxiety, frustration, hope)
or related to learning outcomes such as success or failure (e.g., pride,
shame, relief). Epistemic emotions arise specifically from appraisals
about whether incoming information conflicts or is consistent with
prior knowledge, existing beliefs, or recently processed information
(Muis et al., 2018; D’Mello & Graesser, 2012). Typical examples of
epistemic emotions include surprise, which can occur when a student
encounters unexpected information, curiosity with regard to wanting to
learn more about something, or confusion when a student encounters
cognitive incongruity or an impasse (D’Mello & Graesser, 2012). These
emotions are therefore triggered by cognitive incongruity and novelty.

1.2. Control-value theory of achievement emotions

Given the function that emotions play in educational contexts, nu-
merous theoretical frameworks have been developed to delineate their
antecedents and consequences. One prominent theoretical framework is
Pekrun’s (2006; Pekrun & Perry, 2014) control-value theory of
achievement emotions. In this integrative framework, Pekrun (2006)
proposed that perceptions of value and control serve as antecedents to
the emotions that students experience in achievement situations (re-
lated to the task/activity and to retrospective and prospective out-
comes). Perceptions of value refer to the importance that students place
on the achievement-related task and outcome (e.g., the student’s per-
ceived importance of their success). Control refers to students’ per-
ception of controllability they have over the achievement-related task
and outcome (e.g., belief that one has control over their studying and
that their persistent studying leads to success) (Pekrun & Perry, 2014;
Pekrun, 2006).

According to Pekrun (2006), appraisals of control and value interact
to predict the kinds of achievement emotions students experience
during learning. For instance, if a student perceives that learning
mathematics is highly controllable and highly valuable, they are likely
to experience positive emotions such as enjoyment or curiosity while
engaging in mathematics-related tasks. Alternatively, if a student has
perceptions of low control and low value on a cognitively demanding
task, they might experience negative emotions such as boredom. Fur-
thermore, if a student has perceptions of low control and high value,
they might experience negative emotions such as anxiety, confusion,
anger, hopelessness, or frustration.
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1.3. Epistemic emotions

Recently, educational psychologists have begun to explore the role
that epistemic emotions play in learning processes and learning out-
comes (see Muis et al. [2018]). D’Mello and Graesser (2012) proposed a
model of affect dynamics to delineate when such emotions arise during
the enactment phase of learning. They argued that these emotions are
triggered by states of uncertainty that occur when an individual is
confronted with obstacles to goals, impasses, contradictions, anomalous
events, dissonance, incongruities, unexpected feedback, and novelty.
Muis et al. (2018) further proposed that when these emotions do arise,
they predict the types of cognitive and metacognitive learning strate-
gies that individuals use during learning. Specifically, under conditions
of cognitive incongruity, surprise, curiosity, and confusion should lead
to higher rates of cognitive and metacognitive strategies to resolve the
incongruity and result in deeper learning. In contrast, other emotions
such as anxiety, frustration and boredom may lead to a reduction in
effortful strategies due to the cognitive resources being consumed by
the negative activating emotions (see Pekrun et al., 2011; Pekrun &
Stephens, 2012). When cognitive resources are consumed by these ne-
gative emotions, this typically results in the use of cognitive and me-
tacognitive learning strategies that require fewer cognitive resources,
like memorization (Pekrun & Stephens, 2012).

Empirical evidence supports these hypothesized relations (Muis
et al., 2015; Pekrun & Stephens, 2012). Specifically, curiosity has been
shown to positively predict cognitive and metacognitive learning stra-
tegies, whereas boredom negatively predicted cognitive and metacog-
nitive learning strategies (Acee & Weinstein, 2010; Muis et al., 2015;
Pekrun et al., 2010, 2011). Surprise is related to greater cognitive and
metacognitive processes (D’Mello & Graesser, 2011, 2012; Foster &
Keane, 2015) whereas anxiety and frustration have been related to
shallow processing strategies (Pekrun et al., 2011). However, though
not typically the case, anxiety and frustration have been shown to relate
to deeper processing strategies when both extrinsic motivation and the
avoidance of failure is high (see Pekrun & Stephens, 2012). Therefore,
as Pekrun (2006) and D’Mello and Graesser (2011, 2012) argued, to
understand how emotions predict cognitive and metacognitive learning
strategies, it is important to take into consideration students’ percep-
tions of control and value as these variables might interact to predict
the types of emotions students experience that then can predict the
cognitive and metacognitive learning strategies they implement.

To date, the majority of research in educational psychology that has
examined relations between emotions and learning processes and
learning outcomes has been primarily conducted with adult popula-
tions. Those that have been conducted with elementary students in the
mathematics context have focused on the antecedents of emotions
(Frenzel, Pekrun, & Goetz, 2007a, 2007b), or growth in mathematics
achievement over time as a function of motivation, cognitive strategies,
and intelligence (Murayama, Pekrun, Lichtenfeld, & Vom Hofe, 2013).
To our knowledge, only one study has examined the antecedents and
consequences of epistemic emotions during complex learning with
elementary students (Muis et al., 2015). Muis et al. (2015) investigated
whether fifth-grade students’ perceptions of task value and control
served as antecedents to the epistemic emotions experienced while
solving a complex mathematics problem. Findings demonstrated that
students who reported higher levels of control reported less confusion
and anxiety. In addition, high levels of positive task value were related
to more curiosity and enjoyment, and less confusion, frustration,
boredom, and anxiety. Path analyses further revealed that epistemic
emotions predicted cognitive and metacognitive learning strategies.
Specifically, curiosity positively predicted metacognitive learning
strategies, whereas surprise negatively predicted metacognitive
learning strategies, boredom negatively predicted deep processing
cognitive and metacognitive learning strategies, and anxiety positively
predicted shallow cognitive and metacognitive learning strategies.
Moreover, frustration positively predicted shallow cognitive learning

strategies. Finally, confusion negatively predicted shallow and deep
cognitive learning strategies.

Of particular concern, the results pertaining to confusion were in-
consistent with previous research conducted with adult populations
(Craig, Graesser, Sullins, & Gholson, 2004; D’Mello & Graesser, 2011;
D’Mello, Lehman, Pekrun, & Graesser, 2014; Graesser, Chipman, King,
McDaniel, & D'Mello, 2007). Contrary to the findings that Muis et al.
(2015) observed among elementary students, research with adults de-
monstrated that confusion can facilitate learning when the confusion
can be appropriately regulated and resolved through cognitive and
metacognitive learning strategies (Craig et al., 2004; D’Mello &
Graesser, 2011; Graesser et al., 2007; Pekrun & Stephens, 2012).

To understand how confusion can be beneficial for learning, D’Mello
and Graesser (2012) developed a model to delineate the dynamic
nature of epistemic emotions during complex learning. Specifically,
they predicted that a learner who is in the state of engagement/flow
(i.e., a cognitive-affective state of positive valence and moderate level
of arousal whereby a learner experiences a high state of engagement in
the learning task) will experience confusion when faced with cognitive
incongruities, contradictions, or an impasse. Once the cognitive in-
congruity has been resolved by engaging in cognitive and metacogni-
tive learning strategies, the learner will then return to a state of en-
gagement/flow. However, if the learner is unable to resolve confusion,
this will transition into frustration. With persistent failure in over-
coming the impasse, the learner’s frustration will eventually transition
to boredom, at which point the learner will likely disengage from the
task.

Results from D'Mello and Graesser's (2012) study with university
students supported their hypotheses. These findings confirm that con-
fusion can be productive when resolved, which then leads to deeper
learning of the material. When learners’ confusion is resolved through
implementing cognitive and metacognitive learning strategies, their
emotional state transitions to engagement/flow. However, contrary to
productive confusion, hopeless confusion can occur when the impasse
cannot be overcome, which then leads to frustration and boredom.
These results warrant further investigation into the sequencing of
emotions and cognitive and metacognitive learning strategies to better
understand their dynamic relationship in younger students.

In terms of emotional state transitions, important observations have
been made for surprise. When surprise is experienced, it does not persist
for long periods of time compared to other emotions (Baker, Rodrigo, &
Xolocotzin, 2007), suggesting that surprise is temporary and may
transition to another emotion quickly. Additionally, the intensity of
surprise that students experience predicts subsequent cognitive and
metacognitive learning strategies, whereby greater perceptions of sur-
prise predict greater cognitive effort to explain the surprising event
(Foster & Keane, 2015). In contrast, low perceptions of surprise result in
no change in course of action (Muis et al., 2018). Moreover, surprise
may transition to curiosity or confusion, depending on perceptions of
the level of effort required to account for the surprise (Silvia, 2010).

Taken together, research suggests that multiple emotions dynami-
cally transition into other emotions or cognitive and metacognitive
learning strategies. To better understand the role of emotions during
complex learning, it is critical to fully explore the sequencing of emo-
tions and cognitive and metacognitive learning strategies as they dy-
namically occur in real time. Although previous research has examined
emotional state transitions with older adult students, it is not clear
whether similar patterns would arise with younger elementary stu-
dents. Results from such work may help to inform the development of
interventions designed to foster better learning processes and learning
outcomes.

The current research fills these gaps in the literature. Across two
studies, we examined relations between epistemic emotions, cognitive
and metacognitive learning strategies and achievement outcomes
during complex mathematics problem solving with samples of ele-
mentary students. In the first study, we replicated Muis’ et al. (2015)
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study by exploring whether task value and control interact to predict
the epistemic and activity emotions that students experience while
solving a complex mathematics problem, and whether emotions sub-
sequently predicted the cognitive and metacognitive learning strategies
students reported using during problem solving. We were particularly
interested in whether relations between confusion and learning strate-
gies could be replicated with a new sample of elementary students. We
also examined whether cognitive and metacognitive learning strategies
mediated relations between emotions and mathematics problem solving
achievement. To broaden generalizability, students were sampled from
grades 5 and 6 and a different, but equally complex problem was used.

For the second study, we investigated the dynamic sequencing of
emotions and learning strategies during complex mathematics problem
solving with a sample of students from grade 5. Students were given a
complex mathematics problem and, to capture their emotions and
cognitive and metacognitive learning strategies as they occurred in real
time, students were asked to think out loud as they solved the problem.
Study 2 extends previous literature by evaluating whether D'Mello and
Graesser's (2012) model of affect dynamics applies to elementary stu-
dents as they solved a complex problem in an authentic classroom
context.

2. Study 1

The aim of Study 1 was to assess the antecedents and consequences
of emotions among elementary students during complex mathematics
problem solving. The following research questions were addressed: (1)
Do students’ perceptions of task value and control interact to predict the
emotions they experience during complex mathematics problem sol-
ving? (2) Do emotions predict planning, cognitive and metacognitive
learning strategies during complex mathematics problem solving? (3)
Do emotions mediate relations between task value × control and

achievement? (4) Do cognitive and metacognitive learning strategies
mediate relations between emotions and mathematics problem-solving
achievement? (5) Are cognitive and metacognitive learning strategies
predictors of mathematics problem-solving achievement?

Following Pekrun’s control value theory of achievement emotions
(Pekrun & Perry, 2014; Pekrun, 2006) and results from Muis’ et al.
(2015) study, we hypothesized the following: (1) Task value and con-
trol will interact to predict students’ emotions. Specifically, perceptions
of high value and high control will predict greater levels of self-reported
enjoyment and curiosity, and lower levels of self-reported confusion,
anxiety, frustration, and boredom. Perceptions of high value but low
control will predict higher levels of anxiety and frustration, and per-
ceptions of low value and low control will predict boredom. (2) Self-
reported emotions will predict the cognitive and metacognitive learning
strategies that students reported using during problem solving. Speci-
fically, following Muis’ et al. (2015) study, we focused on three macro-
level (see Greene & Azevedo, 2009) learning strategies including
planning (e.g., planning and goal setting), cognitive learning strategies
(e.g., hypothesizing, re-reading, highlighting/labelling, coordinating
informational sources, summarizing), and metacognitive learning stra-
tegies (e.g., self-correcting, monitoring understanding). We hypothe-
sized that surprise will positively predict cognitive and metacognitive
learning strategies; enjoyment and curiosity will positively predict
planning, and cognitive and metacognitive learning strategies; frustra-
tion and anxiety will positively predict cognitive learning strategies and
negatively predict metacognitive learning strategies; confusion will
positively predict metacognitive learning strategies and negatively
predict cognitive learning strategies; and that boredom will negatively
predict planning, cognitive learning strategies and metacognitive
learning strategies. (3) Emotions will mediate relations between task
value × control and planning and cognitive and metacognitive learning
strategies. (4) Planning, cognitive and metacognitive learning strategies

Value

Control Confusion

Curiosity

Frustration

Enjoyment
Planning

Cognitive 
Strategies

Metacognitive 
Strategies

Math 
Achievement

Anxiety

Boredom

Value
x

 Control

Surprise

Prior Knowledge

Fig. 1. Hypothesized model. Solid lines indicate positive relationships. Dotted lines indicate negative relationships.
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will mediate the relationship between emotions and mathematics
achievement. Finally, we hypothesized that (5) cognitive and meta-
cognitive learning strategies will predict mathematics problem-solving
achievement. Fig. 1 illustrates the hypothesized model.

3. Methodology

3.1. Participants

One hundred thirty-eight elementary students from grade 5
(n= 110, 54 female) and grade 6 (n= 28, 15 female) participated.
Students were sampled from seven classrooms across three elementary
schools from two school boards. Students’ socio-economic status ranged
from low to middle-high for each of the schools, and students’ mathe-
matics achievement ranged from low (i.e., standardized provincial
exam grade of 20%) to high (i.e., standardized provincial exam grade of
100%), with an average standardized provincial grade of 69.87%
(SD= 19.38). The mean age of the sample was 11 years (SD= 0.69).

3.2. Materials

3.2.1. Demographics
Demographic information was collected from the parental consent

form including student’s date of birth, sex, and primary and secondary
languages.

3.2.2. Prior knowledge
To assess students’ prior knowledge, their standardized achievement

score on their most recent compulsory provincial exam was obtained
one week prior to the beginning of the research study. The standardized
exam included multiple-choice questions that assessed students’
knowledge of mathematics content learned over the school year, several
application problems that took students approximately 40–60 min to
solve, and one situational problem, which took students several hours
to complete over several days. Given that teachers provided us with
students’ exam score, we were not able to calculate reliability.

3.2.3. Academic control scale
To measure perceived control for learning mathematics and for

mathematics problem solving, participants completed the Academic
Control Scale (Perry, Hladkyj, Pekrun, & Pelletier, 2001), which was
previously modified and validated for use with elementary students (see
Muis et al., 2015). The original version of this scale (Perry et al., 2001)
has eight items and was developed for undergraduate/adult popula-
tions. The modified version of this scale also has eight items but some
words were changed to be more appropriate for elementary students.
Item stems also included specific reference to mathematics. For ex-
ample, item 2 of the original scale is “The more effort I put into my
courses, the better I do in them”, which was modified to “The more
effort I put into learning math, the better I do.” Participants completed
this scale one week prior to beginning the mathematics problem and
rated how much they agreed to each item on a Likert scale ranging from
“Strongly disagree” (a rating of 1) to “Strongly agree” (a rating of 5).
Higher values represent higher perceptions of control. Cronbach’s alpha
reliability estimate was 0.71.

3.2.4. Task value
The Task Value Measure (Muis et al., 2015; Eccles, Wigfield, Harold,

& Blumenfeld, 1993; Pekrun & Meier, 2011) was administered one
week prior to students solving the problem to measure their perceptions
of value for mathematics problem solving. This scale assesses three
dimension of task value: intrinsic interest value (e.g., “In general, I find
learning about math very interesting”), importance (e.g., “Learning
more about math is very important”), and utility value (e.g., “In gen-
eral, learning about math is useful”). Participants rated seven items on a
5-point Likert-scale ranging from “Not at all true of me” (a rating of 1)

to “Very true of me” (a rating of 5). Similar to Muis et al. (2015),
confirmatory factor analyses revealed that a one-factor solution fit
better than a three-factor solution (RMSEA = 0.06, CFI = 0.96 for a
one-factor solution; RMSEA = 0.10, CFI = 0.90 for a three factor so-
lution). Cronbach’s alpha reliability estimate was 0.84.

3.2.5. Epistemic and activity emotions
The Epistemically-Related Emotions Scales (Pekrun, Vogl, Muis, &

Sinatra, 2017], adapted for elementary students [Muis et al., 2015])
measured students’ epistemic and activity emotions experienced during
mathematics problem solving. It was adapted for elementary students
by simplifying the words used for some of the emotion adjectives. This
single-adjective self-report questionnaire has 21 items that assesses
three epistemic emotions (three items for each emotion) and four ac-
tivity emotions (three items for each emotion) including surprise (i.e.,
“shocked,” “amazed”), curiosity (i.e., “curious,” “interested”), enjoy-
ment (i.e., “joyful,” “excited”), confusion (i.e., “confused,” “puzzled”),
frustration (i.e., “frustrated,” “irritated”), anxiety (i.e., “anxious,”
“nervous”) and boredom (i.e., “bored,” “dull”). Each item is made up of
a single word describing a single emotion (e.g., confusion). Students
completed the scale after each day of problem solving and were in-
structed to rate how strongly they felt each emotion during the
mathematics problem solving session, on a 5-point Likert-scale ranging
from “Not at all” to “Very strong.” The average scores of items be-
longing to each emotion subscale were calculated for each day of data
collection. Given that there were no differences in emotions across
days, one average was calculated for each emotion across all days and
Cronbach’s alpha reliability estimates were calculated across all days.
Reliabilities were as follows: surprise, α = 0.78; curiosity, α = 0.78;
enjoyment, α = 0.81; confusion, α = 0.88; anxiety, α = 0.87; frustra-
tion, α = 0.77; and boredom, α = 0.87.

3.2.6. Learning strategies
The Learning Strategies Scale for Mathematics (LSSM; based on

work from Muis et al., 2015) measured self-reported learning strategies
that students engaged in while solving the mathematics problem. This
13-item scale assesses cognitive learning strategies (five items: Re-
reading, Highlighting/Labelling, Calculating, Coordinating informa-
tional resources, and Help-seeking.; e.g., help-seeking: “When I got
stuck or didn’t know what to do next, I asked someone for help”),
metacognitive learning strategies (five items: Monitoring, Judgment of
learning, Self-correcting, Control, and Evaluation; e.g., monitoring: “I
checked my calculations to make sure they were correct”), and planning
and goal setting (three items, Making/restating a plan, Setting/restating
a goal; e.g., making a plan: “I planned how to solve the math problem
before I began solving it”). Students were given this instrument after
each day of problem solving and were instructed to report the strategies
they used while solving the problem. Students rated the frequency using
a 5-point Likert-scale ranging from “Not at all” to “A lot.” No differ-
ences across days were found on frequency of self-reported strategies
and, as such, were averaged across the three days of problem solving.
Cronbach’s alpha reliability estimates were calculated across all days:
.78 for planning and goal setting, 0.86 for cognitive strategies, and 0.81
for metacognitive strategies.

To further assess the validity of the factor structure, we conducted a
confirmatory factor analysis to assess the fit of a one-factor model (i.e.,
all items loading onto one factor), a two-factor model (i.e., all cognitive
and metacognitive items loading onto one factor), and a three-factor
model (i.e., one factor for cognitive strategies, one for metacognitive
strategies, and one for planning and goal setting). Results from the CFA
revealed that the three-factor model was the best fit: 2 = 106.96,
df= 61, p= .0003. CFI = 0.94 and RMSEA = 0.07, which is inter-
preted as a good fit (Tabachnick & Fidell, 2013). The other two models
resulted in a poor fit (Model 1: 2 = 161.42, df= 65, p < .001.
CFI = 0.79 and RMSEA = 0.10; Model 2: 2 = 108.05, df= 63,
p < .001. CFI = 0.87 and RMSEA = 0.10.
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3.2.7. Situational mathematics problem
The situational problem was drawn from the compulsory Quebec

Exam in Mathematics, The Amazing Race (Ministère de l’Education, du
Loisir et du Sport, 2008). The objective of this exam is for students to
solve a situational problem that meets the following criteria: (1) the
procedure that is required to solve the situational problem is not ob-
vious as it involves choosing previously acquired mathematical con-
cepts and processes and applying them in a new way to solve the
problem; (2) the situation focuses on obstacles to overcome, which
requires various learning strategies; and (3) the instructions do not
suggest a procedure to be followed or concepts and processes to use
(Ministère de l’Education, du Loisir et du Sport, 2008). To successfully
complete this problem, students had to plan an air-travel itinerary with
the following guidelines and limitations; (1) Start and return the trip in
Ottawa, Canada; (2) Select at least five cities as destinations on a map of
the world; (3) The total distance travelled for the overall trip must be
between 35,000 km and 50,000 km; (4) The total cost of the trip (in-
cluding cost of flights and meals) cannot exceed $10,000; and (5) The
pilot cannot fly more than 8 consecutive hours. Students were required
to measure distances between cities on their map with a ruler, convert
centimeters to kilometers, determine the furthest distance the pilot
could fly based on the speed with which the plane travels, calculate the
cost of each flight based on distance, the cost of meals per city visited,
and then calculate the total cost and total distance of the trip.

3.3. Procedure

Parental consent, student assent and demographic information were
collected prior to the mathematics problem solving session. Participants
individually completed the Task Value and Academic Control ques-
tionnaires one week prior to solving the mathematics problem. All in-
structions and items of each self-report questionnaire were read out
loud to the students in a group setting, and students were monitored as
they filled in their responses. The primary investigator then provided
instructions to the participants including the importance of working
alone but that students could ask for help from any one of the re-
searchers at any time. Students were spread out within the classrooms
to ensure they could not see each other’s work. Following this, all
students worked individually on the mathematics problem in their
classroom during regular class time. Students engaged in problem sol-
ving sessions between one to three hours per day over the course of five
consecutive school days (75% of students completed the problem
within three days1). The EES and the LSSM scales were administered
immediately following each mathematics problem solving session until
the mathematics problem was solved. The primary investigator ex-
plained to students how to respond to each item on the questionnaires
and provided definitions of the various emotions that students might
have experienced. To ensure that students understood the qualifying
words on the emotions scale, students were asked to verbally give ex-
amples of the various emotions on the scale, and each item on the
questionnaire was read out loud while the students rated their emotions
and responded to all questionnaires individually. Once all students
completed the problem, each student received a $15 iTunes gift card for
participating.

3.4. Scoring of mathematics achievement

The total score on the complex mathematics problem was used as
the overall measure of mathematics achievement. To score each stu-
dent’s achievement on the mathematics problem, a grading rubric was

developed. Participants earned points for successfully completing ele-
ments, and partial points were given if elements were partially missing
or if calculations were partially incorrect. Zero points were given if an
element was completely missing or if calculations were completely in-
correct. The total number of possible points to attain was 33. The
problem was categorized into three main sections with multiple ele-
ments and specific values allotted to each section. The major sections
were the following: (1) Cost of Flights, which included measuring the
distance in centimeters, calculating the distance from centimeters to
kilometers, and calculating the cost of the flight (total 17 points); (2)
Final Itinerary, which included cost of meals for the day and total cost
of meals and flight per destination (total 11 points); (3) Followed rules
and guidelines (total 5 points). The first and fourth author together
coded 10 of the solutions to establish consistency in use of the rubric.
Agreement was 98% and inconsistencies were discussed and agreed
upon for a new agreement of 100%. The two coders then coded 10
additional solutions independently to establish inter-rater agreement.
Agreement was 100%. The first and fourth authors then each scored 54
solutions.

4. Results

4.1. Preliminary analyses

Skewness and kurtosis values were examined for normality for all
variables. All variables were within the acceptable range for skewness
and kurtosis (using Tabachnick & Fidell, 2013 criteria of < |3|). Colli-
nearity diagnostics were conducted to ensure no multicollinearity is-
sues. To ensure level of specificity was equivalent across all variables
and over time, students’ self-reported emotions and learning strategies
were used and averaged across the three days of mathematics problem
solving. Means and standard deviations of all emotions and learning
strategies averaged across the three days are presented in Table 1, and
Table 2 presents the zero-order correlations.

Differences across schools on each of the variables were also ex-
amined and intraclass correlation coefficients (ICC) were calculated to
examine whether nested analyses were necessary. No differences were
found on any of the variables (all p > .05) and all ICCs ranged between
0.06 and 0.23, with all but two ICCs being less than 0.10. Given no
differences between schools on the variables of interest and low ICCs,
the three schools were combined into one overall sample.

4.2. Moderated mediation path analysis

To test the hypothesized moderated mediation model presented in
Fig. 1, Hayes and Preacher's (2014) PROCESS macro, a path analytic
modeling add-on for SPSS that employs bootstrap sampling2 was used.
This is the recommended method to analyze complex models with
smaller sample sizes as it retains power while controlling for Type 1
errors (see Preacher & Hayes, 2008). Moreover, given that a × b dis-
tributions typically are not normal, bootstrap sampling was the most
appropriate approach given that it has no underlying distributional
assumptions (Hayes, 2013). For the analyses, prior knowledge was in-
cluded as a covariate. Fig. 2 displays the final moderated mediation
path model. To reduce complexity in the figure, prior knowledge is
linked only to achievement, but was a covariate for all variables.

For the first research question, “Do students’ perceptions of task
value and control interact to predict the emotions they experience
during complex mathematics problem solving?”, results revealed a
significant total effects model F (1, 132) = 7.71, p < .05. For the direct
effects of task value on emotions, results revealed that task value po-
sitively predicted curiosity (β= 0.35, p < .001) and enjoyment

1 Given there were no differences in emotions or learning strategies over time,
or when comparing three to five days for those who took longer than three days,
we used only the first three days of self-reported data to maximize the sample
size.

2 This add-on is not a model-fitting program and, as such, fit indices cannot be
reported.
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(β= 0.22, p= .01), and negatively predicted boredom (β= −0.29,
p < .001). For the direct effects of control on emotions, results re-
vealed that control negatively predicted surprise (β= −0.18, p = .03),
confusion (β= −0.18, p < .04), frustration (β= −0.18, p = .04),
anxiety (β= −0.18, p = .04), and boredom (β= −0.30, p < .001).
Finally, the interaction between task value and control negatively
predicted confusion (β= −0.32, p= .009), frustration (β= −0.58,
p= .002), anxiety (β= −0.50, p= .007), and boredom (β= −0.39,
p= .03).

For the second research question, “Do emotions predict planning,
cognitive and metacognitive learning strategies during complex
mathematics problem solving?”, results revealed that curiosity posi-
tively predicted planning (β= 0.31, p= .006), cognitive (β= 0.40,
p= .001), and metacognitive (β= 0.56, p < .001) learning strategies;
confusion negatively predicted planning (β= −0.24, p < .001) and
cognitive learning strategies (β= −0.24, p < .001) and positively
predicted metacognitive learning strategies (β= 0.27, p= .04); frus-
tration negatively predicted planning (β= −0.26, p < .001) and
cognitive learning strategies (β= −0.25, p < .001); and boredom
negatively predicted planning (β= −0.20, p= .01), cognitive learning
strategies (β= −0.27, p < .001) and metacognitive learning strategies
(β= −0.28, p < .001).

For the third research question, “Do emotions mediate relations
between control and value and planning, cognitive and metacognitive
learning strategies?”, results demonstrated that curiosity mediated re-
lations between value and planning (indirect effect= 0.10, SE= 0.05,
Bootstrap CI= 0.03 to 0.18) and cognitive learning strategies (indirect
effect= 0.15, SE= 0.06, Bootstrap CI= 0.06 to 0.26). Boredom also
mediated relations between value and planning (indirect effect= 0.06,
SE= 0.03, Bootstrap CI= 0.01 to 0.12) and metacognitive learning

strategies (indirect effect= 0.07, SE= 0.05, Bootstrap CI= 0.01 to
0.16). Results further revealed that confusion mediated relations be-
tween control and planning (indirect effect= 0.04, SE= 0.03, Bootstrap
CI= 0.01 to 0.11) as did boredom (indirect effect= 0.06, SE= 0.04,
Bootstrap CI= 0.01 to 0.12), and that boredom mediated relations be-
tween control and metacognitive learning strategies (indirect ef-
fect= 0.9, SE= 0.05, Bootstrap CI= 0.02 to 0.18). Finally, for the in-
teraction between task value and control, results revealed that boredom
mediated relations between task value × control and planning (indirect
effect= 0.04, SE= 0.03, Bootstrap CI= 0.01 to 0.09) and metacogni-
tive learning strategies (indirect effect= 0.15, SE= 0.03, Bootstrap
CI= 0.01 to 0.11). No other mediations were found.

For the fourth research question, “Do cognitive and metacognitive
learning strategies mediate relations between emotions and mathe-
matics achievement?”, results revealed a significant total effects model,
F= 20.48, df= 132, p < .01. First, for direct effects of emotions on
mathematics achievement, only curiosity (β= 0.18, p= .03), confusion
(β= −0.17, p= .03), and boredom (β= −0.19, p= .03) were sig-
nificant predictors. Second, cognitive learning strategies mediated the
relationship between confusion and mathematics achievement (indirect
effect= −0.04, SE= 0.03, Bootstrap CI= −0.001 to −0.09) and be-
tween curiosity and mathematics achievement (indirect effect= 0.04,
SE= 0.01, Bootstrap CI= 0.03 to 0.09). Furthermore, the relationship
between boredom and mathematics achievement was mediated by
cognitive learning strategies (indirect effect=−0.05, SE= 0.02,
Bootstrap CI= −0.11 to −0.01) and by metacognitive learning stra-
tegies (indirect effect=−0.05, SE= 0.04, Bootstrap CI= −0.08 to
−0.001) but not for frustration (effects ns). Finally, for the last research
question, “Are cognitive and metacognitive learning strategies pre-
dictors of mathematics achievement?”, our hypotheses were supported.
Planning was not a predictor of mathematics achievement (ns).
However, cognitive and metacognitive learning strategies each posi-
tively predicted mathematics achievement (β= 0.56 and β= 0.58, re-
spectively).

4.3. Brief discussion of Study 1

Overall, findings from Study 1 are in line with the majority of our
hypotheses (i.e., 25 of 33 predictors) that positive task value and con-
trol interact to predict the emotions that learners experience during
complex mathematics problem solving. Moreover, these emotions
mediated relations between positive task value, control and the inter-
action between positive task value × control and planning, cognitive
and metacognitive learning strategies. Additionally, cognitive and me-
tacognitive learning strategies mediated relations between emotions
and achievement. Furthermore, our results are generally consistent
with Muis’ et al. (2015) findings. Interestingly, although Muis’ et al.
(2015) work did not find support for the interaction of the antecedents

Table 1
Means and standard deviations.

Mean SD

Surprise 2.50 0.85
Enjoyment 3.05 0.78
Curiosity 3.22 0.80
Confusion 2.48 0.93
Anxiety 2.23 0.97
Frustration 1.93 0.96
Boredom 1.88 0.89
Planning and Goal Setting 3.72 0.85
Cognitive Strategies 3.68 0.69
Metacognitive Strategies 3.41 0.70
Task Value 4.08 0.77
Academic Control 3.99 0.58
Achievement 69.24 17.27

Note. Scores are averages based on a Likert scale ranging from 1 to 5. The mean
for achievement represents the average score on 100.

Table 2
Zero-order correlations between all variables.

2 3 4 5 6 7 8 9 10 11 12 13

1. Surprise 0.50** 0.59** 0.38** 0.41** 0.27* 0.03 0.18 0.25* 0.32** 0.08 −0.18* −0.01
2. Enjoyment 0.60** 0.03 0.04 −0.10 −0.29** 0.38** 0.24** 0.16 0.23** 0.08 0.06
3. Curiosity 0.25** 0.27** 0.10 −0.25** 0.41** 0.39** 0.36** 0.36** 0.10 0.13
4. Confusion 0.73** 0.73** 0.48** −0.19* −0.01 0.26** −0.09 −0.18* −0.10
5. Anxiety 0.67** 0.35** −0.11 0.03 0.21* 0.00 −0.18* −0.06
6. Frustration 0.56** −0.15 −0.07 0.17* −0.03 −0.18* −0.18*

7. Boredom −0.40** −0.19* −0.12 −0.30** −0.30** −0.19*

8. Planning and Goal Setting 0.49** 0.37** 0.36** 0.24** 0.13
9. Cognitive Strategies 0.48** 0.08 −0.05 0.12
10. Metacognitive Strategies 0.16 −0.12 0.07
11. Task Value 0.46** 0.31**

12. Academic Control 0.18*

13. Achievement

Note. *p= .05. **p < .01.
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in predicting emotions, our results provide evidence for the interactive
nature of control and value in Pekrun's (2006) control-value theory of
achievement emotions. We briefly discuss the theoretical significance of
each of the relations found.

4.3.1. Antecedents
Positive task value and control were important antecedents to stu-

dents’ epistemic and activity emotions. More specifically, higher levels
of positive task value positively predicted enjoyment and curiosity, and
negatively predicted boredom. Higher levels of academic control ne-
gatively predicted surprise, confusion, frustration, anxiety, and
boredom. Finally, the interaction of task value and academic control
negatively predicted confusion, frustration, anxiety, and boredom, and
did not positively predict any emotions. Taken together, results from
the current study provide strong support for Pekrun's (2006) control-
value theory of achievement emotions whereby appraisals of task value
and control interact to predict the type of emotions students experience
during a learning task. This demonstrates the importance of students’
perceptions of the control they have regarding completing a learning
task and whether that task is meaningful to them. Greater perceived
control and positive task value predict more positive academic emo-
tions and fewer negative academic emotions (Pekrun, 2006).

4.3.2. Mediations
Pekrun's (2006) framework also implies that the links between

emotions and their motivational antecedents and cognitive and meta-
cognitive consequences are mediated. This was supported in the current
study whereby boredom and curiosity mediated relations between
value and planning; confusion mediated relations between control and
planning, cognitive and metacognitive learning strategies; frustration
mediated relations between control and planning and cognitive
learning strategies, and boredom mediated relations between control

and planning, cognitive and metacognitive learning strategies. Finally,
confusion and boredom each mediated relations between the interac-
tion of task value and control and planning, cognitive and metacogni-
tive learning strategies, and frustration mediated relations between the
interaction of task value and control and planning, and cognitive
learning strategies. Additionally, results from our study demonstrate
that boredom mediated relations between cognitive and metacognitive
learning strategies and mathematics achievement, and that cognitive
learning strategies also mediated relations between both confusion and
mathematics achievement and curiosity and mathematics achievement.
In Muis’ et al. (2015) study, mediated relations between emotions,
learning strategies, and achievement were also found for confusion and
curiosity, but not for boredom. Differences in patterns of relations may
be due to the different type of problem chosen, or differences in po-
pulations given that the current study sampled from grade 5 and grade
6. As such, more work is necessary to fully chart relations between
emotions, their antecedents and consequences.

4.3.3. Consequences
Our second research question focused on whether emotions pre-

dicted planning, cognitive and metacognitive learning strategies during
complex problem solving. Consistent with Muis et al. (2015), results
revealed that emotions significantly predicted planning, and cognitive
and metacognitive learning strategies. Specifically, curiosity positively
predicted planning, cognitive and metacognitive learning strategies;
confusion negatively predicted planning and cognitive learning strate-
gies but positively predicted metacognitive strategies; frustration ne-
gatively predicted planning and cognitive learning strategies; and
boredom negatively predicted planning, cognitive and metacognitive
learning strategies.

Theoretically, confusion should predict higher levels of metacogni-
tive learning strategies to resolve the confusion. Our results supported

Value

Control Confusion

Curiosity

Frustration

Enjoyment

Planning

Cognitive 
Strategies
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Prior knowledge
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Fig. 2. Final path model. Only significant results are illustrated.
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this prediction. However, confusion was also partly problematic for
learning, as it predicted a decrease in planning and cognitive learning
strategies. As such, although confusion can be beneficial for adults
during learning if properly resolved (D’Mello et al., 2014), our research
suggests that confusion may have mixed benefits for elementary stu-
dents. It may be the case that the cognitive load is too high for students
when attempting to resolve confusion via metacognitive learning stra-
tegies and, as such, they reduce planning and cognitive learning stra-
tegies to compensate.

Overall, these results demonstrate that emotions predict the plan-
ning, cognitive and metacognitive learning strategies elementary stu-
dents adopt during problem solving. Specifically, consistent with pre-
vious research (Azevedo & Strain, 2011; Murayama et al., 2013; Pekrun
et al., 2010), positive emotions, specifically curiosity, predicted greater
use of cognitive and metacognitive strategies, whereas negative emo-
tions, specifically frustration and boredom, predicted a decrease in all
processing strategies. Also consistent with previous research (Muis
et al., 2015; D’Mello et al., 2014), cognitive and metacognitive learning
strategies were positive predictors of achievement.

4.4. Bridge to Study 2

During complex mathematics problem-solving tasks when there are
numerous opportunities for a student to encounter an impasse, negative
emotions such as confusion and frustration caused by incongruities are
expected and can be experienced at a high frequency. As such, the
educational implications to intervene are great. As a student, knowing
which learning strategies to engage in to overcome an impasse is im-
portant to move on with the task and persevere. Moreover, exploring
the dynamics of emotions during problem solving among young stu-
dents can provided in-depth understanding of the consequences of
emotions as they transition from one to another and from one emotion
to a subsequent learning strategy.

Ample research evidence suggests that levels of motivation and
perceived control to complete a task predicts positive or negative
emotions experienced during a task. There is also evidence that emo-
tions predict learning strategies and achievement (see Pekrun &
Stephens, 2012). However, less is known regarding the trajectory of
emotions as they evolve into a subsequent emotion and transition to a
learning strategy, and whether the patterns that exist among elemen-
tary students are similar to those found with adults during complex
problem solving. It is crucial to understand how emotions transition to
other emotions or learning strategies to gain insight on the cognitive,
metacognitive and affective processes that occur during a problem-
solving task. If dynamic affective patterns exist whereby negative
emotions further transition to subsequent negative emotions or lead to a
reduction of learning strategies altogether, it would be beneficial to use
this information to develop interventions targeting such negative
emotions to optimize student success. Thus, our second study addresses
whether there are patterns of emotional state transitions that occur
during complex mathematics problem solving among elementary stu-
dents.

5. Study 2

We used a think-aloud protocol to examine how emotions transition
to other emotions or learning strategies. Given that emotional and
cognitive processes are fluid, the aim of this study was to explore the
sequencing of emotions as they occur dynamically during mathematics
problem solving among elementary students. To date, empirical work
exploring relations between emotions, learning strategies, and
achievement has relied primarily on self-report instruments or have
assessed these relations with high school or university student popu-
lations. Given that elementary students might not possess the same
skills as adults, it is critical to determine the sequencing of emotions
and learning strategies as they occur in real time in a classroom setting.

More importantly, our conceptualization of the role of emotions
during learning is that emotions are not static; they transition to other
emotions, which further predict learning strategies and learning out-
comes. As D’Mello et al. (2014) found with adults, confusion can be
beneficial for learning if regulated and resolved. However, in Muis’
et al. (2015) and our study, confusion was a negative predictor of
planning and cognitive learning strategies, but it is unclear whether
confusion led to a reduction in strategy use, or if it transitioned to
another emotion that led to this reduction. Moreover, it is unclear
whether elementary students benefited from confusion if they were able
to resolve it via metacognitive learning strategies as we found in Study
1. To fully understand the role that epistemic and activity emotions
play in complex learning and problem solving with elementary stu-
dents, it is critical to measure these emotions and learning strategies as
they dynamically occur. Assessing moment-to-moment states of student
emotions has significant value for understanding emotional processes in
educational contexts. Study 2 addresses this gap in the literature.

Accordingly, the following research questions were addressed: (1)
Which emotions do elementary students verbally express during com-
plex mathematics problem solving and to what frequency? (2) Which
emotion-to-emotion transitions exist during complex mathematics
problem solving among elementary students? (3) Which emotion-to-
learning strategy transitions exist during complex mathematics problem
solving among elementary students? (4) Of the various transitions that
occur, which ones have a probability that is higher than expected by
chance?

6. Methodology

6.1. Participants

Seventy-nine students from the fifth grade (n= 34 females) from
two rural schools across four classrooms participated3. All students
were from the same school board. There were 41 students (n= 20 fe-
males) who participated from one school, and 38 students (n= 14 fe-
males) who participated from the second school. The mean age of the
sample was 11 years (SD= 0.31). Participant assent and parent consent
was received from 95% of all students from both schools who were
invited to participate. Only those who provided permission partici-
pated.

6.2. Materials

All Study 2 materials were the same as Study 1 with the exception of
the mathematics problem administered and the addition of a think-
aloud protocol.

6.2.1. Emotions and self-regulatory processes
To capture students’ emotions and self-regulatory processes as they

read and solved the complex mathematics problem, a Type 1 think
aloud protocol was used, i.e., thinking out loud while completing a task
(see Ericsson & Simon, 1998]). Students wore Apple Ear Pods connected
to digital recording devices to capture their voices. Students were in-
structed to say out loud whatever came to their mind and were trained
to think out loud prior to the problem-solving session.

6.2.2. Situational mathematics problem
The situational problem was drawn from the 2009 compulsory

Quebec Exam in Mathematics, Start Your Engines! (Ministère de
l’Education, du Loisir et du Sport, 2009). Students were required to read
the problem, then solve the problem and show all their steps and

3 Data were drawn from Muis’ et al. (2015) study. In the original study,
emotions were not coded in the think alouds and sequencing of emotions and
learning strategies was not assessed.
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decisions made. To successfully complete this problem, students were
required to: create a seven-sided polygon for the racetrack design that
ranges in length between 4.5 km and 5 km; include at least one acute
angle, one obtuse angle, and one angle greater than 180 degrees; create
spectator areas with 15 squares per section to seat 120,000 spectators;
draw a starting line frieze pattern that is one-third white, reflected
twice, and, calculate the cost of the paint for the starting line given
indications of the price per unit.

6.3. Procedure

The procedure for this study was identical to the procedure of Study
1 except for the added think-aloud protocol. Parental consent and
student assent were obtained to participate in the study as well as to be
audio-recorded during mathematics problem solving. Demographic in-
formation and baseline data regarding task value and academic control
for mathematics was collected in the identical manner as in Study 1.
Students were first trained to think out loud one day prior to being
given the mathematics problem. The second author trained students
using a script to make sure all students received identical training.
Thinking out loud was described as “say everything out loud that you are
thinking and doing.” Students then listened to an audio file that first
modeled what not to do during a think aloud, and then modeled how to
appropriately think out loud that included spontaneous thoughts and
the steps taken to solve a math problem. Finally, students practiced
thinking out loud for approximately 15 min while solving the following
short mathematics problem, “Kim can walk three kilometers in one
hour. How far can she walk in two and a half hours?”

The following day during regular class time, students were given the
complex mathematics problem to solve. Students were instructed to
treat the problem as if it were an exam, that they must work in-
dividually and not interact with each other, and were not allowed to
copy each other’s work during problem solving. Given that there were
20–25 students per classroom, barriers were placed between students to
reduce the noise level and to prevent cheating. Moreover, the decibel
level in the room was loud enough that students could not clearly hear
one another. Students then worked on the problem over three to four
consecutive days for approximately 1.5 to 2 h each day (the majority of
students completed the problem in three days). To verify that all stu-
dents were thinking out loud while problem solving, five trained re-
search assistants and the second author prompted students to continue
to think out loud if they were silent for more than five seconds. Once
students complete the problem and submitted their work to the re-
search team, they each received a $15 iTunes gift card for participating.

6.4. Coding and scoring of think aloud protocols

Student think-alouds ranged from 90 min to 4.5 h and were tran-
scribed verbatim, which resulted in 1086 single-spaced pages of text
(29,078 lines). The transcriptions were segmented and coded first for
micro-level planning, cognitive and metacognitive learning strategies
(i.e., specific types of strategies that fall under these broader macro-
level categories [Greene & Azevedo, 2009]; see Table 3) and later coded
for academic emotions. Specifically, 19 learning strategies were coded:
prior knowledge activation, identifying important information,
making/restating a plan, setting/restating a goal, hypothesizing, sum-
marizing, help-seeking, coordinating informational sources, high-
lighting/coloring/drawing, calculating/measuring, re-reading, making
inferences, self-questioning, monitoring, judgment of learning, self-
correcting, evaluation, control, and task difficulty. Some examples of
strategies included the following: Making a plan, “So now, I'm going to
draw it on paper and see if it is between 4.5 and 5 km”; and Monitoring,
“I'm not sure there is a reflex angle in my drawing. Let me check.”

The emotions coding scheme (see Table 4) was developed using the
control-value theory of achievement emotions (Pekrun et al., 2007,
2011; Pekrun, 2006) and using D'Mello and Graesser's (2011, 2012)

definitions of emotions. To code each segment for emotions, we con-
sidered the context in which the emotion was expressed including the
sentence uttered before and after the emotion. Overall, 13 emotions
were identified (i.e., surprise, curiosity, enjoyment, pride, hope, relief,
confusion, frustration, boredom, anxiety, hopelessness, shame, and
anger). The following are some examples: surprise, “Woah! That is a lot
more than I thought”; curiosity, “…for math, I’m really, really curious”;
confusion, “I am getting mixed up”; frustration, “Ugh, this is so an-
noying!!”; pride, “I did it! Yes! I rock!” Based on the codes developed by
the first and second author, the first author coded two transcripts to
further refine the coding scheme. The first and second authors worked
together to modify and establish the coding scheme. The first author
and a trained graduate student (the third author) then worked together
to code and recode 10% of the transcripts until an acceptable level of
inter-rater reliability was achieved. At the end of this process, inter-
rater agreement was 81%. The first and third authors then coded five
more transcripts to ensure consistent inter-rater reliability and estab-
lished inter-rater agreement at 91%. Disagreements were resolved
through discussion. As such, 16% of the transcripts were coded to es-
tablish inter-rater reliability (at 25% of the length of the transcriptions).
The first author then coded the remaining transcriptions.

7. Results

To explore the dynamic relationship that exists between emotions
and learning strategies during mathematics problem solving, we ana-
lyzed emotion-to-emotion transitions and emotion-to-learning strategy
transitions using two-way Chi-square analyses. Chi square analyses
examine relations among categorical variables and whether observed
frequencies are significantly different than the expected frequencies
within a distribution. This type of analysis allowed us to investigate
whether a certain emotion (e.g., frustration) could be expected to
follow another emotion (e.g., confusion) more often than statistically
expected and whether this pattern of emotion-to-emotion transition
could be expected to occur more often than statistically expected. If the
observed frequencies are different than the expected frequencies, the
value of χ2 is large and the null hypothesis is rejected (Tabachnick &
Fidell, 2013). In the case of the current study, certain expected emo-
tional state transitions were observed to occur frequently, such as
confusion to frustration and frustration to confusion. As such, the Chi
square test was used to assess how likely an observed emotion-to-
emotion transition or an emotion-to-learning strategy transition was
due to chance.

7.1. Expressed emotions and learning strategies

To address the first research question that concerned which emo-
tions were experienced during mathematics problem solving, we ex-
amined the think-aloud protocols for emotions that were verbally ex-
pressed. Overall, there were 760 instances of expressed emotions and
15,544 learning strategies. Across 760 instances of expressed emotions,
the most frequently expressed emotions included frustration (n= 185,
24.34%) and confusion (n= 172, 22.63%). The next most frequently
expressed emotions were pride (n= 77, 10.13%), surprise (n= 74,
9.73%), and enjoyment (n= 73, 9.60%) (see Table 5 for the overall
frequency of each emotion). Across 15,544 instances of learning stra-
tegies, the most frequently expressed learning strategies included
planning (n= 3154, 20.29%), highlighting, labelling coloring, drawing
(n= 2188, 14.08%), monitoring (n= 2126, 13.68%), calculating
(n= 1924, 12.38%), and evaluating (n= 1039, 6.68%) (see Table 6 for
the overall frequency of each self-regulatory learning strategy).

7.2. Emotion-to-emotion and emotion-to-learning strategy transitions

To address the second research question, which concerned how
emotions dynamically transitioned from one emotion to another
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Table 3
Coding scheme for learning strategies in think aloud protocol.

Level (Macro)/Micro Definition Examples

Level 1 – Task Definition A learner generates a perception about the task, context, and the self
in relation to the task. External and internal conditions play a major
role

Prior knowledge activation, beliefs, motivation, and knowledge of
strategies are activated during this level.

Prior Knowledge Activation Searching for or explicitly recalling relevant prior knowledge “An acute angle, I know what that is. It’s an angle that is less than 90
degrees.”

Identifying Important Information Recognizing the usefulness of information “The important information in here is to draw the track”
“The important things are one acute angle, one obtuse angle, one
angle that measures a hundred and eighty degrees.”

Level 2 – Planning and Goal
Setting

The learner begins to devise a plan to solve the problem and sets
goals

E.g., Planning to use means-ends analysis, trying trial and error,
identifying which part of the problem to solve first, solving it within a
specific amount of time.

Making/Restating a Plan Stating what approach will be taken, what strategy will be used to
solve the problem, or what part of the problem will be solved in some
sequence. This includes restating plans

“Okay, the next one I will do is the spectator area.”
“First, I have to figure out how many are in each row, then

I can figure out how many people fit in each row to fit
120,000 people.”

Setting/Restating a Goal A goal is modeled as a multifaceted profile of information, and each
standard in the profile is used as a basis to compare the products
created when engaged in the activity. This includes restating goals

“I need to find a reflex angle.”
“Alright, I have to figure out the perimeter of the track.”

Level 3 – Enactment Enactment occurs when the learner begins to work on the task by
applying tactics or strategies chosen for the task

Hypothesizing Making predictions “I suppose a square meter is probably one of those squares that are in
the picture.”
“It looks like it could be approximately 1000 squares”

Summarizing Summarizing what was just read in the problem statement “So, it surrounds the track and it has to be able to seat 120,000
people.”
[after reading the problem] “Ok, so the length of the
outside perimeter of my track must measure between 4.5km and
5km.”

Help Seeking Asking for help from a teacher, peer, or other source.
Help seeking for information VERSUS help seeking for evaluation

“Can you put the starting line where the acute angle is, and the
obtuse where the right angle is?”
“Did I do this right?”]

Coordinating Informational
Sources

Using other sources of information to help solve the problem “I’ll just go back to my popplet.” [Popplet includes the concept map,
and learner is going back to the concept map he created to help solve
the problem]

Highlighting/Labeling/Coloring/
Drawing/Writing

Highlighting information, labeling information as part of the
problem-solving process, or taking notes in reference to the problem.
Making a drawing to assist learning or as part of solving the problem

“Oh, let me just label that thing”
“Our seating area must have 120,000 people seated, I’ll put that in
red.” [highlighting]

Calculating/Measuring Solving equations, measuring, or other similar features “Now, to transfer to meters into km, we have to multiply by 1000. So,
there are 5kms. How much meters are in 5kms? So 5 times 1000
equals 5000 m.”
“I’m going to measure it now, so that’s like 1km.”

Re-Reading Re-reading a section of the problem, word for word. Important that it
is word for word, otherwise it is summarizing.

[reading] “The starting line must be painted with a frieze pattern.
This pattern is a rectangular design. Wait. The starting line must be
painted with a frieze pattern. Ok.”
“Uh, I’ll re-read this…”

Making Inferences Making inferences based on information read or products created
from solving the problem.
self-explanation). Explaining why something was done. Key word is
“because.”

“There are no calculations involved, it’s just kind of a fact.”
“So, it can’t be symmetrical because it has to be 7-sided.”

Goal-directed search “What are some other important information?”
Level 4 – Monitoring and Evaluation Various types of reactions and reflections are carried out to evaluate

the successes or failures of each level or products created for the task,
or perceptions about the self or context. Reaction and reflection also
includes judgments and evaluations of performance on a task as well
as the attributions for success or failure.

Products created are compared to the standards set via metacognitive
monitoring. Monitoring and evaluation can include any facet listed
above (e.g., progress, motivation, plans, goals, strategies, products
like answers or drawings made).

Self-Questioning Posing a question. “How am I supposed to do my acute angle?”
“Which one didn’t I mark?”

Monitoring Monitoring something relative to goals. “Ok so let me double check if I missed anything.”
“Ok so let’s see, so now we have three sections so far.
So, three sections.”
“The answer is 144.90.”

Judgment of Learning Learner is aware that something is unknown, not fully understood, or
difficult to do.

“I have no idea how I’m going to figure that out.”
“This is going to be a hard part. This is going to be very hard to figure
out.”
“I don’t know, I just really don’t get it.”

Self-Correcting Correcting one’s mistakes. “I measured the wrong thing by accident. So, let’s just erase this.”
“It doesn’t look even. So, I will do it again and put the line over here.”
“I’m just going to re-do my counting because I just did something
wrong.”

Evaluation Judging whether goals have been met, whether a particular strategy
is working, whether the answer is correct, whether the work is neat,
etc. Judgment of all facets that fall under monitoring.

“So there, I’ve done my checkered pattern. That’s a good pattern.”
“My pattern is good because one third of it is white.”
“Oh, that looks messy.”

(continued on next page)
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emotion or to a learning strategy, we analyzed the transitions between
emotional states using Chi-square tests. The Chi-square tests allowed us
to determine which emotions and learning strategies were most likely
to occur following an experienced emotion. The frequency of emotions
expressed in the overall sample was first determined. Following this,
the frequency of two-state emotional transitions, that is, the number of
times an emotion at time t is followed by another emotion or by a
learning strategy at time t+ 1, was also assessed. With these fre-
quencies, multiple 2 × 2 contingency tables were created to test for
statistical differences between the observed frequency of a state im-
mediately following an emotion with the expected frequency of that
follow-up state, considering its frequency in the overall sample. Of note,
we compared the frequency of expected transitions to the probability of
occurrence by chance and not to the frequency of non-occurrence of
these transitions. Due to the number of analyses that were made, Type I
errors were controlled for by setting alpha to 0.01. Only statistically
significant findings are presented below. The emotional state transitions
are presented first by emotion-to-emotion transitions then emotion-to-

Table 3 (continued)

Level (Macro)/Micro Definition Examples

Control Changing strategy when monitoring or evaluation results in a
determination that goal has not been met.

“So, I need to do it this way because that didn’t work.”
[after judging that polygon was not 7-sided] “I'm just going to erase
this. It has to be a 7-sided polygon so let’s do a different one.”

Task Difficulty Statements reflecting the difficulty or easiness of a task. “Why must this be so hard?”
“I don’t think this will be too hard, but you never know.”

Table 4
Coding scheme for emotions in think-aloud protocols.

Code Description/Definition Example

Curiosity Interest, intrigued “I wonder if I could do like 1, 2, 3, 4, 5”
“Wait a minute, I got an idea, let me go check with my calculator”
“’I wonder how to make it into kilometer”

Enjoyment Excited, enthusiastic, happy “I think that this is the funnest part”
“My track is awesome!!!!”
“It’s going to be so much fun”
“So I’m excited I’m starting it”
(counting) “… 12,000, 13,000, 14,000, 15,000, yay!”

Surprise Astonished, amazed “Woah that’s a big number!”
“Wow that’s a lot of people”
“Woah!! This is more difficult than I thought it would be”
(gasps) “Oh my God I just did it! Oh my God”

Confusion Puzzled, mixed up “…So confusing”
“I’m getting mixed up here”
“Okay how many?… This doesn’t make sense”
“I don’t know what to do anymore right now”
“I’m lost”

Frustration Irritated, dissatisfied “Oh my God, I’m kind of getting annoyed”
“Ahhh driving me insane”
“No, no, no, uh, no, no… Why!? Why!? Why, why torturing me, math? Why
are you torturing me, math?! ”

Boredom Dull, monotonous “Ugh this is tiring”
“I’m bored of doing this”

Anxiety Worried, nervous “Oh boy, I’m in trouble”
“Oh man this is gonna be hard, I don't think I’ll be able to do my track”
“How am I possibly going to find a way to get this done?!”
“Nooo! It’s 4.2 km! what am I gonna do?! Uhhh oh no!!”

Pride The state of being proud. A feeling of happiness when you do something good or
difficult.

“This looks like a pretty good job to me… I feel pretty good”
“Okay so I’m really proud of my last, last, last ones”
“I did it! Yes! I did it! I rock, I did it!”

Relief The removal or lightening of something painful or distressing. “Good I finally got it. Finally!”
Hope To want something to happen or be true and think that it could happen or be

true.
“I hope this time it will work”
“Hopefully I won’t make the same mistake”

Hopelessness Having no hope, no expectation of good or success. Incapable of solution,
management, or accomplishment.

“I can’t do this”
“I feel like giving up”

Anger To become angry. “I’m getting really angry!”
“This is my fourth time! I have to do mine again, this is so hard, I’m
so mad!”

Shame A feeling of guilt, regret, or sadness that you have because you know you have
done something wrong.

“I like feel so, so bad, so horrible”

Table 5
Frequency of emotions in think-aloud protocols.

Emotions Frequency Percentage that the emotion was experienced among
all emotions

Frustration 185 24.34%
Confusion 172 22.63%
Pride 77 10.13%
Surprise 74 9.73%
Enjoyment 73 9.60%
Hope 56 7.36%
Anxiety 33 4.34%
Relief 31 4.07%
Boredom 19 2.5%
Curiosity 17 2.23%
Hopelessness 13 1.71%
Shame 6 0.78%
Anger 4 0.52%
Total 760 100%
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learning strategy transitions by each emotion in the order of more
frequently expressed emotion within the sample (see Table 7 for the
frequency of all emotion-to-emotion transitions).

7.2.1. Surprise
The emotions that followed surprise more often than statistically

expected were: confusion (χ2(1) = 40.67, p < .001), curiosity
(χ2(1) = 23.43, p < .001), and frustration (χ2(1) = 15.69, p < .001).
Examples of these sequences include: “Wait, I’m not sure this is 10 cm.
Woah! It is! [surprise], so I wonder if I could do it like this… [curi-
osity];” “3 plus 9, 14, 17, 19, 21, woah! What?! [surprise]. I’m com-
pletely confused [confusion].” No learning strategies followed surprise
significantly more often than statistically expected.

7.2.2. Enjoyment
The emotions that followed enjoyment more often than statistically

expected were: pride (χ2(1) = 47.21, p < .001) and relief
(χ2(1) = 12.52, p < .001). Monitoring was the only learning strategy
that followed enjoyment more often than statistically expected (χ2

(1) = 4.36, p= .03). Examples of these sequences included: “Yes! Oh, I
am happy [enjoyment]! Yes! I got it! I rock! [pride]” and, “Acute means
cute and little. That's what my teacher says (laughing). I like this.
[enjoyment]. Okay. 1200 m, 1,2,3,4,5,6,7. 1,2,3,4,5,6,7. Thank God!
Oh my gosh, that was close [relief].”

7.2.3. Pride
The emotions that followed pride more often than statistically ex-

pected were: enjoyment (χ2(1) = 71.51, p < .001) and relief
(χ2(1) = 12.19, p < .001). The learning strategies that followed pride
more often than statistically expected were: planning (χ2(1) = 8.97,
p= .002) and evaluating (χ2(1) = 4.54, p= .03). Examples of these
sequences included the following: “Yes! Okay so I’m finally done! I’m a
genius [pride]. I’m happy [enjoyment];” “So I’m finished! Oh yeah! I
did it! [pride]. So, I’m gonna check to see what I have to mark [plan-
ning].”

7.2.4. Hope
Of all the emotions and learning strategies, only evaluation followed

hope more often than statistically expected (χ2(1) = 13.36, p < .001).
An example of this sequence includes: “Hopefully I’m gonna get a good
mark [hope]. Okay, so I’m done my first rectangle [evaluation].” No
learning strategies followed hope more often than statistically expected.

7.2.5. Relief
Pride was the only emotion that followed relief more often than

statistically expected (χ2(1) = 126.47, p < .001). An example of this
sequence includes the following: “Thank God, I finished everything
[relief]. I’m so happy! Yes! I did it! [pride].” No learning strategies
followed relief more often than statistically expected.

7.2.6. Curiosity
The emotions that followed curiosity more often than statistically

expected were: anxiety (χ2(1) = 6.11, p= .01) and hope
(χ2(1) = 3.28, p= .06). Examples of these sequences include: “I
wonder if it’s even [curiosity]. I hope so because it does take a while
[hope].” No learning strategies followed curiosity significantly more
often than statistically expected.

7.2.7. Confusion
Emotion-to-emotion transition analyses revealed that the emotions

that followed confusion more often than statistically expected were:
frustration (χ2(1) = 44.35, p < .001), boredom (χ2(1) = 22.71,
p < .001), curiosity (χ2(1) = 12.72, p < .001), and anxiety
(χ2(1) = 12.16, p < .001). Examples of these sequences included: “So
confusing. [confusion]. I can’t even think of a pattern. I wonder if I

Table 6
Frequency of learning strategies in think-aloud protocols.

Learning strategy Frequency Percentage Learning strategy Frequency Percentage

Planning 3154 20.29 Self-correcting 389 2.50
Highlighting, Labelling, Coloring, Drawing 2188 14.08 Self-questioning 348 2.23
Monitoring 2126 13.68 Control 295 1.90
Calculating 1924 12.38 Making inference 267 1.71
Evaluating 1039 6.68 Task-difficulty 260 1.67
Help-seeking: Information 691 4.44 Prior knowledge Activation 224 1.44
Summarizing 644 4.14 Help-seeking: Evaluation 181 1.16
Goals 641 4.12 Coordinating information 91 0.58
Re-reading 559 3.60 Hypothesizing 86 0.55
Judgment of learning 437 2.81

Total 15,544 100

Table 7
Frequency of emotion-to-emotion transitions in think-aloud protocols.

Emotion-to-emotion
transition

Frequency Emotion-to-emotion
transition

Frequency

Frustration
Frustration → Confusion
Frustration → Anger
Frustration →
Frustration
Frustration →
Hopelessness
Frustration → Shame
Frustration → Hope
Frustration → Anxiety
Frustration → Boredom
Frustration → Curiosity

5
3
4
2
2
2
1
1
1

Confusion
Confusion →
Frustration
Confusion → Confusion
Confusion → Anxiety
Confusion → Boredom
Confusion →
Hopelessness
Confusion → Surprise
Confusion → Curiosity

12
4
3
3
1
1
1

Pride
Pride → Enjoyment
Pride → Relief
Pride → Hope
Pride → Curiosity

6
2
1
1

Surprise
Surprise → Confusion
Surprise → Frustration
Surprise → Curiosity
Surprise → Pride
Surprise → Enjoyment
Surprise → Shame

7
5
2
2
1
1

Enjoyment
Enjoyment → Pride
Enjoyment → Relief
Enjoyment → Enjoyment
Enjoyment → Hope

5
2
1
1

Anxiety
Anxiety → Frustration
Anxiety → Hope
Anxiety → Hopelessness
Anxiety → Shame

4
2
1
1

Hopelessness
Hopelessness →
Frustration
Hopelessness →
Confusion
Hopelessness →
Boredom

2
1
1

Relief
Relief → Pride
Relief → Enjoyment

5
1

Curiosity
Curiosity → Hope
Curiosity → Anxiety

1
1

Shame
Shame → Hopelessness 1

Boredom → no emotions
Hope → no emotions

Anger → no emotions

Note. Boredom, anger, and hope did not transition to any emotions.
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could like… 1, 2, 3, 4, 5 [curiosity].” “This doesn’t make any sense.
What? [confusion]. Ugh. Oh my God, I want to cry [frustration].” The
learning strategies that followed confusion more often than statistically
expected were: help-seeking for information (χ2(1) = 158.35,
p < .001), identifying important information (χ2(1) = 20.36,
p < .001), monitoring (χ2(1) = 6.08, p= .01), and planning
(χ2(1) = 3.75, p= .05). An example includes: “My brain hurts, I don’t
know what to do. I’m stuck in my head [confusion]. Uh I have a
question, what do I write here? [Help-seeking for information].”

7.2.8. Anxiety
The emotions that followed anxiety more often than statistically

expected were: frustration (χ2(1) = 25.81, p < .001), shame
(χ2(1) = 16.74, p < .001), and hopelessness (χ2(1) = 7.89, p= .005).
An example includes: “Oh my gosh I’m gonna get such a bad mark
[anxiety]. I feel so, so bad, I’m sure I’m gonna fail [hopelessness].” No
learning strategies followed anxiety more often than statistically ex-
pected.

7.2.9. Frustration
Emotion-to-emotion transition analyses revealed that the emotions

that followed frustration more often than statistically expected were:
anger (χ2(1) = 75.54, p < .0001), hopelessness (χ2(1) = 10.67,
p= .001), and confusion (χ2(1) = 3.25, p= .07). Examples of these
sequences included: “Ugh, this is taking forever! [frustration]. Like I
said before, I’m confused [confusion]”, and “This is so annoying
[frustration]… I feel like giving up! [hopelessness].” Emotion-to-
learning strategy transition analyses revealed that control
(χ2(1) = 42.61, p < .001), help-seeking for information
(χ2(1) = 19.01, p < .001), and planning (χ2(1) = 9.12, p= .003) each
followed frustration more often than statistically expected. An example
includes “I’m frustrated and I really don’t want to get yelled at. [frus-
tration]. [Student to helper:] What do I do if I’m done? Do I do the race
track? [help-seeking for information].”

7.2.10. Boredom
No emotions or learning strategies followed boredom significantly

more often than statistically expected.

7.2.11. Hopelessness
The emotions that followed hopelessness more often than statisti-

cally expected were: boredom (χ2(1) = 14.73, p < .001) and frustra-
tion (χ2(1) = 12.43, p < .001). Examples of these sequences included
“I feel like giving up so bad [hopelessness]… So bored. Ugh… My God!
[boredom].” No learning strategies followed hopelessness more often
than statistically expected.

7.2.12. Shame
Hopelessness followed shame more often than statistically expected

(χ2(1) = 47.90, p < .001), and control followed shame more often
than statistically expected (χ2(1) = 18.03, p < .001).

7.2.13. Anger
No emotions or learning strategies followed anger more often than

statistically expected.

7.3. Discussion of Study 2

The purpose of Study 2 was to explore the sequential dynamics of
emotions. Specifically, we investigated transitions of emotions to sub-
sequent emotions and to learning strategies and identified whether
patterns of transitions existed. With regard to the first research ques-
tion, the list of emotions that were expressed is impressive and con-
sistent with previous work (see Pekrun, 2006). A second notable finding
was that the emotions that were expressed most frequently throughout
the mathematics problem-solving task was frustration (24.34%) and

confusion (22.63%), which is also consistent with previous research
(D’Mello & Graesser, 2012). This suggests that during mathematics
problem solving, negative emotions that are considered to be detri-
mental to learning outcomes are the emotions that occurred the most
frequently among our sample of young students.

The next most frequently expressed emotions were pride (10.13%),
surprise (9.73%), and enjoyment (9.60%). Although we were pleased to
find that boredom was expressed only 2.5% of the time, curiosity, a
positive activating emotion that drives deeper engagement in problem
solving, was also expressed very infrequently and accounted for 2.3% of
all emotions expressed. While this finding was not so surprising, it is
concerning that the high frequency of confusion during complex pro-
blem solving (when the likeliness of experiencing cognitive incon-
gruities is high) is not matched with a comparable high frequency of
curiosity needed to resolve the incongruity.

With regard to the second research question, patterns of emotional
state transitions were observed suggesting that emotions do evolve into
secondary emotions. The majority of our results related to emotion-to-
emotion transitions provide support for D’Mello and Graesser’s (2012)
model of affect dynamics with adults. Importantly, the patterns of re-
sults that they found with adult learners were replicated with younger
students. Specifically, consistent with the patterns they found with
adults, we found that frustration transitioned to hopelessness as well as
to confusion; and confusion transitioned to frustration, boredom, and
curiosity.

Furthermore, we find it particularly noteworthy that following
surprise, elementary students experienced curiosity or confusion more
often than other emotions. These results provide support for Muis’ et al.
(2018) theoretical model and Silvia (2010) empirical work with regard
to the nature of surprise. As Silvia's (2010) proposed, once surprise is
experienced, one of two emotions is likely to occur next–curiosity fol-
lowing an appraisal that the surprising event can be readily resolved, or
confusion following an appraisal that the surprising event may be
particularly difficult to resolve. Although Silvia’s studies were con-
ducted with adults, it may be the case that younger students make si-
milar kinds of appraisals when cognitive incongruity triggers surprise.
Moreover, results from our study revealed that it may even be the case
that learners can experience both curiosity and confusion following
surprise if a learning strategy implemented to resolve the discrepancy
fails (as noted in the example provided above). What was unexpected to
us, however, was that surprise also transitioned to frustration. To in-
terpret this, we argue that during mathematics problem solving, when
surprise is experienced repeatedly due to incongruities (which was the
case in our sample as it was the fourth most frequently experienced
emotion) and those incongruities are difficult to resolve, students’
surprise may turn into frustration.

Additionally, in contrast to D'Mello and Graesser's (2012) model
where frustration transitioned to boredom, frustration in our sample
did not transition to boredom significantly more than expected. It is
possible that boredom is an emotion that when experienced, might not
be always explicitly vocalized and therefore may not be objectively
captured by researchers. This could explain why boredom only ac-
counted for a small percentage of all emotions expressed among our
sample and perhaps why we did not observe frustration transitioning to
boredom. However, we also captured students’ self-reports of the
emotions they experienced during problem solving, and the average for
boredom was considered low (M= 1.95, SD= 0.84). As such, it may
also be the case that students did not experience much boredom during
complex problem solving, perhaps because the mathematics problem
selected was at an optimal level of challenge for most students and did
not illicit the boredom that occurs when students feel under- or over-
challenged (Pekrun & Stephens, 2012).

Another interesting finding that pertained to boredom was that it
represented a momentary disengagement in problem solving as no
emotions or learning strategies immediately followed this emotion. This
adds to the evidence that boredom is a deactivating emotion (Fisher,
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1993; see also Goetz & Frenzel, 2006). While the long-term con-
sequences of boredom in academic settings have led to dropout
(Bearden, Spencer, & Moracco, 1989; Tidwell, 1988) and truancy
(Sommer, 1985), the immediate consequences of boredom are also
negative as it affects students’ perseverance towards completing the
task at hand (see Pekrun et al., 2010). Our finding provides evidence
that boredom, even in children, leads to a standstill during problem
solving. Thus, boredom remains a concern in achievement settings and
warrants more empirical investigation.

Another unexpected finding was that curiosity transitioned to an-
xiety. Curiosity is a positive emotion, which has been observed to
predict other positive emotions and lead to deeper learning strategy
use. However, it is possible that with elementary students, curiosity
might in fact behave similarly to confusion if the student does not know
what steps to take next once this emotion arises. When this occurs, it is
likely that anxiety might subsequently arise, especially if the student
perceived the task as being meaningful. Alternatively, it may be the
case that curiosity quickly turned to confusion if followed by surprise.
As Silvia (2010) explained, curiosity follows surprise when the amount
of effort to resolve the incongruity is deemed not too high or if one
perceives their ability as sufficient. However, confusion follows surprise
when the amount of effort to resolve the incongruity is deemed to be
high or beyond one’s ability. Perhaps students in our sample experi-
enced curiosity following surprise, which then quickly transition to
confusion and then anxiety. Given that we did not explicitly ask stu-
dents to emote out loud (see D’Mello & Graesser, 2012), some emotions
and emotional state transitions such as this one may have been missed.

Interestingly, the emotions that followed anxiety were frustration,
shame, and hopelessness. Depending on the levels of anxiety, it may be
another emotion that is either productive or detrimental to learning.
However, in our sample, students’ anxiety only transitioned to negative
emotions, suggesting that young students may not know how to inter-
pret or cope with the anxiety they experience during problem solving.

Finally, with regard to our last research question, patterns of emo-
tion-to-learning strategy transitions were observed that were in line
with, but also counter to previous research (Muis et al., 2015) and
findings from Study 1. Consistent with previous research, results from
sequential analyses revealed that enjoyment positively predicts use of
metacognitive strategies. That is, after experiencing joy, students more
often engaged in monitoring of their progress than any other strategy.
However, in contrast to previous research, both confusion and frus-
tration resulted in students asking for help, monitoring or controlling
their progress or understanding, and making plans to continue to solve
the problem. This is counter to Muis’ et al. (2015) previous work and
results from Study 1 wherein confusion and frustration were negative
predictors of planning and cognitive learning strategies, but consistent
with Study 1 with regard to confusion positively predicting metacog-
nitive learning strategies.

To explain this, it may very well be the case that negative relations
between these emotions and learning strategies reflect a reduction in
those strategies. Despite a reduction in strategy use, the likelihood of a
strategy occurring following an emotion does not necessarily predict its
frequency of occurrence; rather, likelihoods predict the probability of
something occurring. It may be the case that total frequencies of
strategy use dropped following these emotions, but that those strategies
that did occur were captured by the sequential analyses. Clearly, more
research is necessary to fully chart the sequential dynamics of emotions
as they occur during complex problem solving. We discuss the general
findings next.

8. General discussion

The findings of these two studies improve understanding of relations
between emotions, learning strategies, and learning outcomes. Pekrun’s
(2006) control value theory of achievement emotions and D’Mello and
Graesser’s (2012) model of cognitive-affective dynamics served as the

theoretical foundations that led to the development of the current
studies’ conceptualizations and hypotheses. The overall purpose of
these studies was to explore the role and sequencing of emotions during
mathematics problem solving among elementary students. The aim of
Study 1 was to examine the antecedents and consequences of emotions
that elementary students experience during complex problem solving
and to replicate Muis’ et al. (2015) results. The aim for Study 2 was to
explore the dynamics of emotions in real time as they transition from
one emotion to another emotion and from one emotion to a learning
strategy during mathematics problem solving.

Results from Study 1 provide support for Pekrun’s (2006) control
value theory of achievement emotions and successfully replicated those
of Muis’ et al. (2015) study. These findings further emphasize the im-
portance of students’ task value and their perceptions of control as they
predict students’ emotions and cognitive and metacognitive learning
strategies used during learning. As such, educators must creatively find
ways to help their students pull meaning from learning tasks to increase
students’ perceptions of task value. Furthermore, the majority of results
from Study 2 were consistent with D’Mello and Graesser’s (2012)
model, which suggests that this model applies to elementary students as
well. Notably, where confusion can be “productive” or “hopeless” for
adult students, it appears that confusion plays the same role for ele-
mentary students.

8.1. Implications

To our knowledge, Study 2 is the first to examine the dynamics of
emotions and their transitions to other emotions and to learning stra-
tegies among elementary students during complex mathematics pro-
blem solving in a classroom setting. Study 2 examined students’ emo-
tions as they occurred in real time and extends D’Mello and Graesser’s
(2012) work to explore whether similar patterns of transitions occurred
with young students. Our study extends this model by also identifying
the learning strategies that immediately follow an emotion.

It does not appear that emotions among young students are ex-
perienced differently than adults during complex problem solving, but
the function or effect of certain emotions may be different for young
versus adult students. Emotions triggered by cognitive incongruities
such as confusion, surprise, and curiosity, that have been observed to
propel adult learners to engage in deeper learning strategies might be
overwhelming for young students who have yet to learn the skills to
resolve such cognitive incongruities. The findings from Study 1 provide
evidence that confusion for young students is both negative and un-
productive with regard to predicting decreases in planning and cogni-
tive learning strategies, yet at the same time it predicts an increase in
metacognitive learning strategies. However, in Study 2, confusion
mostly transitioned to other negative emotions. Furthermore, surprise
appeared to be experienced as a more negative emotion as well, find-
ings that contradict the adult literature that demonstrate both positive
and negative effects of surprise.

During complex learning, it is expected that students will experience
cognitive incongruity that triggers surprise or confusion and will require
the appropriate skills to implement suitable learning strategies to resolve
the incongruity. Therefore, young students need to learn not only about
the role of emotions in learning, but also need to be explicitly taught
specific learning strategies to resolve confusion and when to implement
them. Moreover, young students also need to be taught how to regulate
their emotions during problem solving to lessen their negative effects.
These types of interventions will hopefully aid young students in learning
how to persevere and minimize the risk of falling into the confusion-to-
frustration/boredom/anxiety patterns that then lead to lower achievement
outcomes. As such, given the high prevalence of confusion during problem
solving, efforts need to be made to ensure that students’ experiences of
confusion are productive (i.e., confusion-to-curiosity-to-deep learning
strategy use) rather than hopeless (i.e., confusion-to-frustration-to-
boredom/hopelessness and task disengagement).
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8.2. Limitations and future work

Although our set of studies add substantively to the literature, there
are several limitations that should be addressed in future work. First,
for Study 1, self-report measures were used to measure students’
learning strategies and emotions experienced while they solved a
mathematics problem. Although self-reports serve as a valuable method
and are the most widely-used tools (Muis & Singh, 2018), it is important
to also recognize their limitations. Even though the self-report scales
were administered immediately after the task, students in this study
might not have accurately reported their learning strategies or emo-
tions. Moreover, it is possible that the drawbacks related to self-reports
of metacognitive processes might be more pronounced in children.
However, it is important to note that typically-developing young chil-
dren have begun to develop metacognitive and regulatory processes
(Perry, 1998; Whitebread, Coltman, Anderson, Mehta, & Pino
Pasternak, 2005; Whitebread, Bingham, Grau, Pasternak, & Sangster,
2007), emotional awareness, the ability to verbalize their emotions, and
generate emotion-regulation strategies (Davis, Levine, Lench, & Quas,
2010). Despite this evidence, it is possible that asking students to self-
report their emotions and learning strategies might not be the most
ideal method. As such, to address this issue, we implemented a think-
aloud protocol in Study 2 to gain a more accurate picture of students’
cognitive and metacognitive processes and emotions in real-time (ra-
ther than retrospectively). Nevertheless, it would be important for fu-
ture research to triangulate across data sources and cross-validate the
findings of other methods. For example, future studies could include
thinkalouds and self-report instruments coupled with video data of
students as they solve the problems. Students could then be interviewed
to further probe what they were doing or why they were feeling a
particular emotion.

Second, the dynamic of emotions may occur within seconds and
subconsciously (Pekrun, 2006), thus making it a challenge to objec-
tively capture. Therefore, for Study 2, not every single emotional state
transition experienced by the participants in this sample was captured.
First, emotions evolve continuously but may not always be verbalized.
In our coding, we included emotional state transitions that occurred
immediately, that is within the transcriptions. For example, if frustra-
tion was expressed in one segment and boredom was also expressed in
the next segment, then this was coded as a frustration-to-boredom
transition. However, following a verbalization of frustration, if students
did not express their boredom despite feeling it, then this was an in-
stance of frustration-to-boredom that was not captured and not coded
as the participant did not explicitly state it even if they experienced it.
Therefore, not every emotion was expressed and thus, not every tran-
sition was captured.

Third, students in this study were instructed to think aloud and “Say
everything that is on your mind” but were not explicitly told to also
“Say everything you are feeling” such as in an emote-aloud protocol. As
such, some emotions experienced might have gone undetected as stu-
dents might not have expressed an emotion when experienced.
Additionally, individual differences might exist in the level of ex-
pressivity of emotions whereby some individuals express many of their
emotions frequently while others do not. Therefore, it might be bene-
ficial to use an emote-aloud protocol or an integrated think-emote-
aloud protocol whereby students are instructed to say what they are
thinking as well as feeling while performing a task. Additional methods
or techniques that may be beneficial to implement include physiolo-
gical indicators (i.e., facial expression) and physical arousal (i.e., gal-
vanic skin response) to study and capture emotions as they are ex-
perienced in real time (Azevedo, 2009).

Fourth, we coded sequences of emotions based on real time and
what emotion was expressed first. Despite analyzing emotions in a
linear manner, it is possible that certain emotions co-occurred si-
multaneously. An example of potential simultaneously occurring emo-
tions within our data were pride and enjoyment. Although these are

distinct emotions, it is possible that these two emotions do not just
follow each other in sequence, but can actually co-occur. For instance,
when a student feels pride, they are also likely to feel enjoyment, which
suggests they are likely to be experienced simultaneously. With our
design, we were not able to detect whether these emotions occurred
simultaneously or not.

Another limitation is that we did not assess individual differences
for emotional state transitions and thus do not have information re-
garding the immediate antecedent and consequence of specific transi-
tions for each participant. Therefore, in addition to identifying patterns
of emotional state transitions, future work might aim to identify the
causes and effects of these transitions as they occur in real time at an
individual level. Additionally, we did not assess for intensity of emo-
tions. For example, when a student experienced surprise, we did not
measure whether this was a high or low level of surprise. This could be
important information to obtain as varying intensities of emotions can
influence what learning strategies a student will engage in next and
what emotion will follow. It is possible that experiencing any emotion
intensely is detrimental to learning as it can be overwhelming, re-
gardless of the emotion (whether positive or negative). However, it
remains unclear how different levels of intensity of emotions affect the
dynamics of emotions during a learning task.

For Study 2, we also made efforts to identify emotional state tran-
sitions that occurred during complex problem solving among young
students. However, these were only two-state transitions (i.e., emotion-
to-emotion and emotion-to-learning strategy). As emotions are complex
and continuously evolve, it would be beneficial to identify the dynamics
of emotions and cognitive processes that extend beyond two states to
obtain a broader picture of how emotions transition and influence
cognitive and metacognitive strategy use.

Although previously stated, it must be emphasized that classroom-
based interventions are developed to target the negative effects of ne-
gative emotions, such as confusion and frustration, that arise during
complex problem solving. Confusion is a complex emotion that can
have various dynamics, whereby it can be productive if it transitions to
curiosity and if the student adopts effortful learning strategies to resolve
the confusion. However, it can also be detrimental if the confusion
transitions to other negative emotions such as frustration or boredom,
which has been observed among elementary-aged students. As such,
these younger students need to be explicitly taught the skills and ap-
propriate learning strategies necessary to resolve confusion when it
arises to ultimately foster better academic outcomes.
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