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In the early-elementary years, emerging readers experience many emotions due to
the high value that is placed on the development of reading skills. If emotions are
not regulated using effective learning strategies, they can negatively shape students’
experiences in and perceptions of reading, which can be detrimental to their developing
reading skills. This study used automated facial expression monitoring software (FACET)
to examine whether emotions affect the types of self-regulated learning (SRL) strategies
students use during a narrative storytelling task and whether SRL strategies affect
narrative storytelling scores. The participants were 150 emerging readers (Mage = 8,
SD = 10.63, 56% girls). Results demonstrated that two emotions were related to SRL
strategies; frustration was negatively related to planning and joy was positively related
to monitoring. Two SRL strategies were related to narrative storytelling; planning and
control were positively related to narrative storytelling scores. There was a significant
indirect effect of frustration on storytelling scores through planning, indicating that
planning fully mediated the effect of frustration on narrative storytelling scores. This
finding suggests that although frustration has a significant negative effect on story
comprehension, this relationship operates through decreased use of planning strategies.
Future research should investigate pedagogical strategies to manage emotions and
increase SRL strategy use during reading and literacy activities.

Keywords: emotions, academic emotions, self-regulated learning, planning, frustration, literacy, emerging
readers

INTRODUCTION

Emotions both positive and negative, have a substantial effect on the cognitive processes that
aid and facilitate learning in the classroom (Immordino-Yang and Damasio, 2007). Emotions
are woven into many functional aspects of the classroom, as they include feelings about certain
subjects, thoughts about ability, motivation to engage with learning materials and the physiological
reactions involved in nervousness and anxiety (Scherer, 2009; Scherer and Moors, 2019). The
effect of emotions is highly evident in subjects where achievement is strongly valued, such as
reading. During the early elementary years, parents and teachers prioritize helping students attain
proficiency in reading, as literacy skills are required for learning in the middle and upper elementary
years, and proficiency in reading predicts later academic achievement (Cain and Oakhill, 2008).
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As such, students who are learning to read (i.e., emerging
readers) are highly susceptible to experiencing strong emotions
while reading. The effect of consistently experiencing pervasive
emotions, especially when they are negative, may be detrimental
to the development of literacy skills and attitudes toward reading
(Grills-Taquechel et al., 2012). Since the early elementary years
are a time when academic self-concepts begin to take shape
(Dweck, 1999), it is crucial that educators understand the effects
of emotions on emerging readers. While previous research has
examined how emotions affect learning outcomes, there has been
less research on how emotions affect the Self-Regulated Learning
(SRL) strategies that emerging readers use.

Self-regulated learning strategies are metacognitive strategies
that are used during learning tasks to monitor learning and
progress toward a goal (Winne and Hadwin, 1998; Pintrich,
2000). Learners with strong SRL skills effectively manage their
own learning through monitoring, planning, and cognitive
strategy use (Winne, 2017). SRL strategies are highly functional,
as they help students manage emotions and maintain focus
in addition to monitoring learning and progress toward goals
(Calvo and D’Mello, 2011; D’Mello and Graesser, 2012).
Emotions have a significant effect on the SRL strategies that
students can access and utilize during learning, as positive
emotions are related to the use of advanced SRL strategies such as
planning, monitoring, elaboration, and critical thinking (Pekrun,
2017). Negative emotions, on the other hand, are related to the
use of shallow SRL strategies such as rote memorization and recall
(Pekrun, 2017). Despite the important role emotions play in SRL,
very little research examining the relationship between emotions
and SRL strategies has been conducted to date (Taub et al., 2019).
Additionally, few studies have examined the contribution of
individual emotions, such as joy, fear, confusion and frustration,
to the use of SRL strategies, as emotions are commonly grouped
by valence as either positive or negative (D’Mello and Graesser,
2012; Harley et al., 2015; Jarrell et al., 2017; Pekrun, 2017).

The current study examined the relationship between
emotions, SRL strategies, and scores on a narrative storytelling
task. Narrative storytelling is a measure of story comprehension
and oral language fluency that is commonly used with emerging
readers. During a narrative storytelling task the student
constructs a narrative from a wordless picture book instead of
reading written words. This task allows researchers to analyze
story comprehension in young students while their ability to
decode written text is emerging, as success on the task does not
depend on the student’s reading ability. Narrative storytelling
is a stable predictor of many language and reading skills that
develop in later years, such as vocabulary, fluency, and reading
comprehension (Storch and Whitehurst, 2002; Reese et al., 2010;
Babayiğit et al., 2020). Previous research has demonstrated that
negative emotions are related to decreases in scores on reading
comprehension (Grills-Taquechel et al., 2014) and narrative
storytelling (Buono and Woodruff, unpublished). It is not well
understood, however, how emotions affect the SRL strategies
students use to manage goals and monitor comprehension, and
how this relationship affects story comprehension. In this study,
students were asked to construct a spontaneous narrative from a
wordless picture book and comprehension scores were derived

from students’ interpretation of story events and quality of
language. The objective of this study was to examine the role of
SRL strategies in the relationship between emotions and narrative
storytelling scores in emerging readers.

Emotions During Learning
Emotions are an important aspect of the learning process, as
they shape students attitudes toward certain subjects and their
motivation to learn (Pekrun, 2006). Emotions that emerge in
the classroom are a function of appraisals of both the student’s
control over the outcome of the task, and value placed on the
task (Pekrun, 2006; Pekrun and Perry, 2014). Ongoing appraisals
of control and value, which include memories of past successes
and failures, and anticipated future outcomes, act as both
determinants of emotions, and the objects of emotions (Pekrun
et al., 2017). For example, if a student experiences nervousness
and fear while reading out-loud in class and makes a mistake
in front the class, both the experience of the emotion, fear,
and the outcome of making a mistake will influence subsequent
appraisals, emotions, and outcomes. Because emotions are deeply
woven throughout the learning process (Immordino-Yang and
Damasio, 2007), students bring memories of both the emotions
and the outcomes into subsequent learning (Pekrun et al., 2017).

In general, positive emotions such as hope, pride, and
enjoyment are favorable in the classroom, as they are related
to flexible thinking, intrinsic motivation (Pekrun et al., 2002,
2011; D’Mello et al., 2017), and increases in learning outcomes
(Knörzer et al., 2016; Jarrell et al., 2017). Negative emotions,
such as anxiety, shame, and anger are related to task-irrelevant
thinking, extrinsic motivation, preoccupation with failure, and
comparison between peers (Meinhardt and Pekrun, 2003; Gable
and Harmon-Jones, 2010). The detrimental effect of pervasive
negative emotions on students’ self-perceptions, commitment to
academics, and academic achievement is long-lasting (Pekrun
et al., 2017). When they are not regulated, negative emotions
lead to boredom and disengagement (Pekrun et al., 2010; D’Mello
and Graesser, 2012) and decreases in learning outcomes (Grills-
Taquechel et al., 2014; Sabourin and Lester, 2014; Knörzer
et al., 2016). Students who experience highly activating negative
emotions, such as frustration, achieve fewer learning gains
than students who experience positive emotions, and students
who experience boredom and disengagement (Jarrell et al.,
2017). Further, students who experience negative emotions while
engaged in an academic task are less likely to move out of that
negative state than students who experience positive or neutral
emotions (Sinclair et al., 2018; Wortha et al., 2019).

Although many studies have found that negative emotions
are unfavorable during learning, in samples of older adolescents
and adults, research has also found that some negative emotions
such as frustration and confusion, can be productive learning
emotions (D’Mello, 2013; D’Mello et al., 2014). The model of
affective dynamics highlights the important role of cognitive
disequilibrium, which is a state of uncertainty that occurs when a
student is confronted with an obstacle that impedes a learning
goal, and the resulting emotions are confusion or frustration
(D’Mello and Graesser, 2012). Such obstacles can occur when
information presented within the task contradicts the learner’s
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understanding, or when there is an impasse between the learner’s
knowledge and the information presented within the task.
When students engage in extensive questioning and updating
comprehension in an attempt to persist through this impasse
and resolve confusion, the learning they acquire is deep and long
lasting, (D’Mello and Graesser, 2012). Research in the field has
supported this assumption, as studies have found that frustration
(Taub et al., 2019) and confusion (D’Mello et al., 2014) can
lead to stronger understanding of material and higher learning
gains, respectively. These varied findings on the relation between
some negative emotions and learning suggest that additional
research is required to understand the nuances of how individual
emotions affect learning outcomes in different subject areas.
Additionally, findings on the positive effects of confusion and
frustration have not yet been replicated with early elementary
students, which suggests that additional research is required with
this population of students.

Self-Regulated Learning (SRL)
Self-regulated learning (SRL) is a multidimensional process
that includes affective, cognitive, and metacognitive processes
(Pintrich, 2000; Winne, 2017), which are systematically oriented
toward personal goal achievement (Zimmerman and Schunk,
2011). SRL is a self-directed process through which learners use
comprehension monitoring and affect regulation in academic
environments such as schools and classrooms to successfully
shape academic outcomes. Utilizing SRL strategies requires
flexible thinking, monitoring, and updating of both affective
states and comprehension of material (Pekrun et al., 2011;
D’Mello and Graesser, 2012). In general, SRL strategies help
facilitate meaningful learning gains and lead to improvements in
academic achievement (Zheng, 2016).

Self-regulated learning is a dynamic, constructive process
whereby learners set goals, and then regulate, monitor, and
control their thoughts, behavior, and motivation through the
process of; (1) planning, (2) monitoring, (3) cognitive control,
and (4) reaction and reflection (Pintrich, 2000). During these
four phases, learners engage in planning by identifying a target
goal that helps guide cognition during a task. Monitoring
involves the awareness and updating of different aspects of
cognition during the task (e.g., monitoring comprehension,
progress toward goals). Cognitive control includes processes
that are used to adapt and modify thoughts, such as memory
retrieval strategies, reasoning, and problem solving. Reaction and
reflection involves learners’ evaluations of their performance on
a task (Pintrich, 2000). SRL strategies are used in an ongoing and
iterative process that accounts for multiple phases of learning,
such as; (1) task definition, (2) goal setting and planning,
(3) enactments (i.e., strategy use), and (4) adaptations (e.g.,
revising previously used strategies) (Winne, 2017). In the first
three phases, the learner monitors features such as conditions,
operations, products, evaluations, and standards (COPES) in
their environment. Students either use cognitive operations, such
as study tactics, or change external and internal conditions (e.g.,
seeking help) to meet their learning goals. In the final stage of
the model, learners make changes to the strategies that were
previously used to incorporate revised or novel strategies (Winne,

2017). This process allows the learner to determine whether goals
have been met or if further adjustments to SRL strategies need to
be made to reach the goal.

While there has been extensive research on SRL and learning,
very little research has been conducted on the relationship
between emotions and SRL strategies, and their joint effect on
learning outcomes. Previous research has found that learning
gains are related to the use of advanced SRL strategies (Zheng,
2016; Jang et al., 2017), which help learners manage and regulate
emotions to maintain focus on the task (Calvo and D’Mello, 2011;
D’Mello and Graesser, 2012). Additionally, previous research
has demonstrated that students with strong emotion regulation
skills both experience less intense negative emotions, and use
more metacognitive strategies during learning (Price et al., 2018).
Few studies, however, have examined how individual emotions
affect the types of SRL strategies students use. Taub et al. (2019)
recently found that surprise was related to increases in the
accuracy of metacognitive judgments, and frustration was related
to increased accuracy during note taking. Additionally, confusion
has been related to increases in metacognitive strategies used
during learning activities (Taub et al., 2018). While these studies
have found that individual emotions affect the types of SRL
strategies students use, many studies have not found significant
effects of individual emotions on learning outcomes (Price et al.,
2018; Taub et al., 2018). These findings suggest that additional
research is required to investigate the effects of individual
emotions on both SRL strategies and learning outcomes.

The Current Study
The current study examined the relationship between emotions,
SRL strategies and narrative storytelling scores in a sample of
elementary-aged students. During the early elementary years,
reading is a highly prioritized and valued activity. The need
for students to become proficient and skilled readers brings
intense and highly salient emotions. The early elementary years
are also a time in which students become increasingly aware of
how their thoughts and emotions interact to influence behavior
(Lagattuta et al., 2016), and when their self-concept as a learner
forms (Dweck, 1999). As such, it is important to understand
how emotions and SRL strategies affect learning outcomes in
literacy activities during this time, so educators can help students
effectively manage emotions and achieve learning goals.

This study used a narrative storytelling task in which students
were asked to formulate a spontaneous narrative using a
wordless picture book prompt (Mayer, 1969). Video recordings
of the participants facial expressions were collected, and facial
expression recognition software coded expressions of emotion
(iMotions, 2018). Students’ use of SRL strategies were coded from
the videos of the task. As previous research has demonstrated
that negative emotions are related to decreases in narrative
storytelling scores (Buono and Woodruff, unpublished), the
objectives of this study were to expand on previous findings by
addressing the following research questions: (1) Are individual
emotions related to the use of SRL strategies? (2) Are SRL
strategies related to narrative storytelling scores? (3) Do SRL
strategies mediate the relationship between emotions and
narrative scores? It was hypothesized that the emotions, anger,
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fear, frustration, and confusion would be related to decreases in
the use of SRL strategies, while positive emotions such as joy
and surprise would be related to increases in the use of SRL
strategies. It was also hypothesized that SRL strategies would
be related to increases in narrative storytelling scores. Finally,
it was hypothesized that the relationship between emotions and
narrative storytelling scores would be mediated by the use of
SRL strategies.

MATERIALS AND METHODS

Participants
The sample consisted of 150 students between the ages of 6 and
9 years old [M = 98.02 months (8 years, 2 months), SD = 10.63],
56% (n = 84) of whom were females. The majority of mothers
reported completing a college level professional diploma (37%,
n = 55) or a bachelor’s degree (39%, n = 58), and the remainder
reported not finishing high school (1.4%, n = 2), completing a
high school diploma (9%, n = 14), a master’s degree (9%, n = 14),
and a doctorate degree (4%, n = 6).

Measures
Narrative Storytelling Scores were derived using the wordless
picture book “Frog where are you?” (Mayer, 1969). Since this
book does not contain any words, participants were required
to spontaneously formulate a cohesive story about the events
depicted in the book. Participants went through a familiarization
phase, during which they were allowed to look through all pages
of the book to understand the sequence of events. Following the
familiarization phase, participants were asked to orally tell a story
corresponding to the images on each page of the book.

Narratives were evaluated by two independent raters who were
blind to the hypothesis of the study, using a coding scheme
adapted from Reilly et al. (2004). This coding scheme produced a
storytelling score based on language variables, which included the
length of the story, frequency of morphological errors, complex
syntax, and story comprehension, which includes the use of
evaluative devices, and identification of the theme and individual
story components. Discrepancies in codes were resolved through
discussion with a third rater. A detailed account of the coding
scheme is provided in Supplementary Appendix A.

Emotions were measured using automated facial expression
monitoring software, FACET (iMotions, 2018). This software
uses the Facial Action Coding System (FACS; Ekman and Friesen,
1978) to automatically code facial expressions of emotions in real
time, from the camera of a computer. Musculature movement
in the face is measured using movement indicators at 19 Action
Units (AU) and scores indicate the degree to which an emotion is
present on the face. The software provides scores for 6 academic
emotions; anger, fear, frustration and confusion, joy and surprise
which were used for the purposes of this analysis. The emotion
variables collected using this task are expressed as evidence
values, which is a standard integer between−3 and 3 representing
the log (base10) likelihood that a human rater would rate the
emotion in the same way (iMotions, 2018). For example, a score
of 1, 2, and 3 represents the likelihood that 10, 100, or 1,000

human raters would code the emotion in the same way. This
software has been validated over many trials, with children and
adults (Bartlett et al., 2009).

Self- Regulated Learning (SRL) strategies were coded based
on a coding scheme adapted from Pintrich (2000) and Winne
(2017). Two independent raters who were blind to the hypothesis
of the study watched videos of participants completing the
narrative task and coded the frequency of occurrence for each
of the following SRL strategies: planning, monitoring, control,
and reflection. Any discrepancies in codes between raters were
resolved by a third rater. The coding scheme included individual
scores for planning, monitoring, control, and reaction and
reflection. Planning behaviors involved goal setting, planning
time, sequencing events, forethought and activation. Monitoring
behaviors included references to monitoring progress and
comprehension, check-ins, and seeking clarification. Control
included strategies used to adapt and modify thoughts or
statements of personal agency, such as memory cues, retrieval
strategies, and statements related to agency over the outcome.
Reaction and reflection included evaluations of performance or
statements of personal affect. A detailed account of the coding
scheme is provided in Supplementary Appendix B.

Reading Experience was measured to gauge the quantity and
quality of students’ experience with books at home. Parents
reported the amount of time their child spends reading at home,
how much their child enjoys reading, the child’s perceived reading
ability, and the child’s motivation to read. Responses to each
item were recorded on a scale from 1 to 5. A reading experience
composite score was calculated to account for the combined
ratings on these items.

Vocabulary was measured to account for individual
differences in receptive vocabulary that could contribute to
scores in oral language fluency using the NIH Toolbox Picture
Vocabulary Test (TPVT; Gershon et al., 2013). Students were
asked to identify one picture from an array of four pictures, which
corresponds to a target word presented orally by the researcher.

Procedure
Participants completed all study related activities during school
hours, while sitting in front of a computer. Students’ facial
expressions were recorded using a webcam, which was used
as input for the FACET facial expression analysis software.
Prior to completing the narrative task participants completed
a warm-up activity in which they were asked to tell a story
about a single picture. The purpose of this activity was to
familiarize the participant with the procedure of telling a story
corresponding to a picture (Reilly et al., 2004). Following the
warm-up activity, the researcher began the familiarization phase
of the task by introducing the participant to the book and inviting
the participant to look through the pages to become familiar with
the events in the book before beginning the task. The researcher
used the following instruction prompt; “I am going to show
you a book about a boy, a dog and a frog. First, I want you to
look through the pages. When you are done looking through
the pages, I want you to tell me a story to go along with the
pictures. You can look through the pages as many times as you
want before you tell your story.” If the participant began telling a
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story without looking at the pictures, the researcher repeated the
instruction prompt.

The FACET software extracted the linear orientation of facial
muscles at each AU and derived a score for each facial expression
using a support vector machine (SVM; iMotions, 2018). Because
this software measures musculature movement and this task
required the participants to speak, each participant’s video file
was cut to exclude footage of the participant speaking. The video
frames that were used in the analysis were taken from the time in
which the participant was looking at a new page, until they began
speaking. This video segmentation was done to eliminate the
time when the software would have classified movement in the
facial muscles that is required for speech but is not an expression
of emotion. The mean of emotion score from each page was
collapsed across the narrative task and used in the analysis.

RESULTS

Emotions and SRL Strategies
The mean evidence values for all individual emotions
demonstrated that fear was significantly higher than confusion
(t = 3.378, SD = 0.503 p = 0.001) and frustration (t = 2.565,
SD = 0.422 p = 0.011), but not anger (t = 1.63, SD = 0.428
p = 0.105). The mean evidence value for anger was significantly
higher than confusion (t = 2.69, SD = 0.372 p = 0.008) but not
frustration (t = 1.43, SD = 0.27 p = 0.154). Joy was significantly
higher than confusion (t = 2.47, SD = 0.409 p = 0.011), frustration
(t = 2.69, SD = 0.372 p = 0.008) and anger (t = 1.38, SD = 0.368
p = 0.040). Surprise was significantly higher than confusion
(t = 1.87, SD = 0.301 p = 0.044) and frustration (t = 1.67,
SD = 0.389 p = 0.045). The evidence values for emotions
expressed during the task are presented in Figure 1.

The standardized means of SRL strategies used were analyzed
individually and illustrated in Figure 2. There were no significant
differences in the use of planning, monitoring, control and
reflection strategies used (Figure 2). Planning and control were
positively correlated (0.22, p = 0.007) such that increases in
planning were related to increases in control (Table 1).

Emotions, SRL Strategies and Narratives
The emotions; anger, fear, confusion, and frustration, joy and
surprise, and the SRL strategies; planning, monitoring, control,
and reflection were included in an initial correlation analysis.
The first hypothesis was partially confirmed, as frustration was
negatively related to planning and joy was positively related to
monitoring. The emotions anger, fear, confusion and surprise
were not related to any SRL strategies. The second hypothesis
was partially confirmed, as planning and control were positively
related to storytelling scores. The SRL strategies reaction and
reflection and monitoring were not related to storytelling scores.
Correlations between negative emotions, SRL strategies and
storytelling scores are presented in Table 1.

Mediated Path Model
A path model with tests of indirect effects was constructed using
MPlus version 8 (Muthén and Muthén, 2017) to address the third

research question of whether SRL strategies mediated the effect
of emotions on storytelling scores. The covariates included in
the model were gender, age, vocabulary, maternal education and
reading experience. The emotions frustration and joy, and the
SRL strategies planning, monitoring and control were included
as independent variables. Two indirect effects were tested; the
indirect effect of frustration on storytelling scores with planning
as a mediator, and the indirect effect of joy on storytelling scores
with monitoring as a mediator. Ten thousand bootstrapping
samples were used to calculate 95% confidence intervals for the
estimates (Preacher and Hayes, 2008). Correlations between all
variables and covariates in the model are included in Table 2.

First a model without indirect effects was constructed. The
results demonstrated that age and gender significantly predicted
storytelling scores, such that older students and girls had higher
scores. Vocabulary, maternal education and experience with
books were not significantly related to storytelling scores. The
SRL strategies planning and control were positively related
to storytelling scores, while monitoring was not related to
storytelling scores. Joy was positively related to monitoring but
not related to storytelling scores. Frustration was negatively
related to planning strategies and storytelling scores (path-c). All
path coefficients, standard errors, p-values, CIs, and R-squared
values are presented in Table 3.

Next, a model with two indirect effects was tested. There
was a significant indirect effect of frustration on storytelling
scores through planning strategies, which indicates that the
effect of frustration on narrative scores was fully mediated
through planning. The path-a coefficient between frustration
and planning was significant, as was the path-b coefficient
between planning and storytelling scores. The effect of frustration
on storytelling scores was not significant when planning was
included as a mediator in the model. The confidence intervals for
the indirect effect did not include zero, which indicates that the
relationship between frustration and storytelling scores is fully
mediated through the use of planning strategies (Preacher and
Hayes, 2008). The indirect effect of joy on storytelling scores
through monitoring was not significant (Table 3). Mediation
pathways are illustrated in Figure 3.

DISCUSSION

In the early elementary years when literacy skills are still
emerging, reading elicits strong emotions. While there has been
some research on the effect of anxiety on reading (Daley et al.,
2014; Grills-Taquechel et al., 2014), the effect of individual
emotions, such as anger, fear and frustration has not been
thoroughly examined in emerging readers (Graesser and D’Mello,
2012). Additionally, while some research has been conducted
on the relationship between emotions and SRL strategies in
older students (D’Mello and Graesser, 2012; Price et al., 2018),
research on how emotions affect the types of SRL strategies
students use, and the subsequent effects on learning outcomes
has been limited (Taub et al., 2018; Graesser, 2019; Taub
et al., 2019), especially with early elementary students. The
objective of this study was to address these gaps in the current
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FIGURE 1 | Standardized means of individual SRL strategies used.

FIGURE 2 | Standardized means of individual SRL strategies used.

literature by examining the relationship between emotions, SRL
strategies and scores on a narrative storytelling task in a sample
of emerging readers. The results demonstrated that joy was
related to increases in monitoring, frustration was related to
the use of fewer planning strategies, and both planning and
cognitive control were related to increases in storytelling scores.
Tests of indirect effects demonstrated that the use of planning

strategies fully mediated the relationship between frustration and
storytelling scores. These results suggest that SRL strategies are an
important mechanism in the relationship between emotions and
storytelling scores.

The results of the first research question regarding the
relationship between emotions and SRL strategies revealed that
joy was related to increases in monitoring strategies, and
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TABLE 1 | Emotions, SRL strategies and storytelling scores.

Planning Monitoring Control R&R Joy Anger Surprise Fear Confusion Frustration Storytelling

Planning 1.000 0.038 −0.234** −0.003 −0.098 −0.046 0.151 −0.003 −0.049 −0.153 0.227**

Monitoring 1.000 −0.114 0.003 0.173* −0.013 −0.051 0.081 −0.095 0.004 0.046

Control 1.000 −0.085 0.110 −0.001 −0.100 0.091 −0.038 0.047 −0.191*

R&R 1.000 0.121 0.050 0.025 0.098 −0.088 −0.007 −0.113

Joy 1.000 0.190** −0.162* 0.450** −0.382** 0.046 −0.054

Anger 1.000 0.244** 0.217** 0.590** 0.793** −0.132

Surprise 1.000 0.369** 0.296** 0.036 −0.043

Fear 1.000 −0.033 0.075 −0.112

Confusion 1.000 0.761** −0.077

Frustration 1.000 −0.142*

Storytelling 1.000

**p < 0.01, *p < 0.05, Girls = 0, Boys = 1, N = 150, R&R, reaction and reflection.

TABLE 2 | Covariates, IV, mediator and dependent variable.

Age Gender Mom Edu Vocab Read Exp Joy Frustration Planning Control Storytelling

Age 1.000 0.068 −0.126 0.575** 0.046 0.069 0.092 −0.059 0.161* 0.332**

Gender 1.000 0.078 −0.088 −0.193** 0.081 0.126 −0.110 0.142 −0.184**

Mom Edu 1.000 −0.075 −0.138* 0.175* 0.119 0.144 −0.045 −0.078

Vocab 1.000 0.225** 0.152* 0.054 −0.030 0.117 0.242**

Read Exp 1.000 0.039 −0.041 −0.016 0.120 0.161*

Joy 1.000 0.046 −0.098 0.110 −0.054

Frustration 1.000 −0.153 0.047 −0.142*

Planning 1.000 0.234** 0.227**

Control 1.000 −0.191*

Storytelling 1.000

**p < 0.01, *p < 0.05, Girls = 0, Boys = 1, N = 150.

frustration was related to decreases in the use of planning
strategies. The finding that joy is related to increases in
monitoring strategies is novel, as no prior studies have
demonstrated this effect of an individual emotion on SRL
strategies. The effect of joy, however, did not extend to increases
in the outcome variable, as joy was not related to increases
in storytelling scores. There have been competing findings on
the effect of frustration on SRL strategies, as some research has
found that frustration is related to boredom and disengagement
(D’Mello and Graesser, 2012), while other researchers have found
that frustration is related to more favourable SRL strategies (Taub
et al., 2019). These results are in line with the former findings,
as they suggest that in a sample of emerging readers, frustration
negatively affects students’ use of planning strategies.

The hypotheses for the second research question regarding
whether SRL strategies are related to storytelling scores were
partially confirmed, as the SRL strategies planning and control
were related to increases in storytelling scores but monitoring and
reflection were not. It is noteworthy that planning and control
were also positively related to each other. This result suggests
that during a narrative storytelling task, planning and cognitive
control could employ similar processes, as planning might
scaffold the goals and expectations of the task enough to cue the
students to engage in thought modification strategies involved
in cognitive control. The general finding that SRL strategies

are related to increases in storytelling scores is supported by
previous research with older adolescents and undergraduate
students, which has demonstrated that using SRL strategies is
related to increases in reasoning, and deeper learning (D’Mello
and Graesser, 2012; Zheng, 2016; Jang et al., 2017). Although
it was expected that monitoring would be related to learning
outcomes, it is possible that engaging in planning strategies, such
as clarifying the objectives and sub goals of the task, is more
important to success on this type of task, since comprehension
can be revised and reconstructed based on novel story events.
It is also possible that students were engaging in monitoring
strategies but did not voice them out loud. Future iterations
of this work should include an analysis of whether using SRL
prompts during a narrative task demonstrates different effects on
story comprehension (Bannert et al., 2015; Hadwin, 2019).

Finally, the results of the third research question revealed that
planning fully mediated the effect of frustration on storytelling
scores when controlling for age, vocabulary, maternal education,
experience with books, and gender. This finding indicates that
the negative relationship between frustration and storytelling
scores is explained by the use of planning strategies. These
results provide support for the model of affective dynamics
(D’Mello and Graesser, 2012), as the SRL strategy is the
mechanism through which a significant proportion of the
relationship between negative emotions and storytelling scores
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TABLE 3 | Model path coefficients, standard errors, p-values, and CIs.

Model Estimate SE p CI lower CI upper

Model without mediators

Frustration (c) −0.232 0.113 0.041 −0.455 −0.010

Age 0.020 0.005 0.000 0.012 0.028

Gender −0.169 0.081 0.039 −0.304 −0.035

Vocabulary 0.002 0.011 0.879 −0.020 0.017

Mom education 0.000 0.001 0.936 −0.001 0.001

Reading experience 0.026 0.022 0.237 −0.010 0.063

Joy −0.008 0.022 0.732 −0.043 0.029

Control 0.078 0.025 0.002 0.119 0.037

R2
y,x (c pathway) 0.250

Model with mediators

Joy→ Monitoring 0.130 0.062 0.037 0.248 0.324

Frustration→ Planning (a) −0.221 0.115 0.045 −0.411 −0.032

Planning→ Storytelling (b) 0.067 0.029 0.021 0.020 0.114

Frustration→ Storytelling (c′) −0.045 0.039 0.257 −0.109 0.020

Age 0.020 0.005 0.000 0.012 0.028

Gender −0.160 0.080 0.048 −0.293 −0.027

Vocabulary −0.002 0.011 0.859 −0.020 0.016

Mom education 0.000 0.001 0.717 −0.001 0.001

Reading experience 0.025 0.022 0.248 −0.011 0.061

Joy −0.002 0.022 0.924 −0.038 0.034

Control 0.066 0.025 0.010 0.107 0.024

Monitoring 0.008 0.037 0.819 0.106 0.144

Indirect effect (Frustration × Planning) −0.016 0.012 0.048 −0.036 −0.001

Indirect effect (Joy × Monitoring) 0.001 0.014 0.879 −0.001 0.018

R2
m, x (a pathway) 0.110

R2
y , mx (c′ pathway) 0.280

Dependent variable: Storytelling score. Estimates are unstandardized. X, frustration; M, planning. R2y, x represents the R2 value for the model without a mediator (c
pathway); R2M, x represents the R2 value for the relationship between the independent variable and mediator (a pathway); R2Y, MX represents the R2 value for the total
model including the mediator (c′ pathway). N = 150.

is explained. This finding suggests that when students are
engaging in literacy activities, such as spontaneously constructing
a narrative or comprehending story events, experiencing
frustration is related to decreases in planning strategies, which
would help students refocus on the learning goal and succeed
on the task. SRL strategies could be a useful tool to help
students not only improve learning outcomes, but manage
emotions. By focusing attention away from the emotion and
onto to the learning goal, SRL strategies can help students
who experience anxiety and fear during reading but have
difficulty responding to interventions that focus on emotion
reframing strategies (Grills-Taquechel et al., 2014). Future
research should further examine the directionality of this
relationship, and whether SRL strategies can act as a buffer to
the relationship between emotions and learning outcomes during
literacy tasks.

The results of this study are in line with findings indicating
that negative emotions are associated with unfavorable learning
outcomes (D’Mello and Graesser, 2012) and the use of less
favorable learning strategies (Jang et al., 2017; Price et al.,
2018). This finding is also in line with previous research which
has found that negative emotions are related to decreases in
scores on reading activities (Grills-Taquechel et al., 2012; Daley

et al., 2014). This finding could be partially explained by the
specific demands of this task, as the instruction prompt is
open ended. Frustration due to ambiguity in task demands
might have reduced students’ perceptions of control over their
success on the task (Pekrun and Perry, 2014). If students became
frustrated by the task demands, they may have been less likely
to consider the broad goals of the task, and engage in planning
strategies to achieve that goal (D’Mello and Graesser, 2012).
Additionally, frustration is an emotion that is highly activating
(Posner et al., 2005; Pekrun, 2006), and decreases in storytelling
scores might have been related to the increases in arousal that
often accompany frustration (Daley et al., 2014). It is possible
that while previous research has demonstrated that frustration
is beneficial to SRL strategy use (Taub et al., 2019), this finding
does not generalize to literacy activities, which could require
emotions that are less activating to facilitate comprehension
(Daley et al., 2014).

Implications
These findings are highly useful to educators and education
researchers developing pedagogical classroom strategies
for managing emotions. These results support the model
of affective dynamics, which asserts that SRL strategies
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FIGURE 3 | Model with indirect mediated effects. Pathways are standardized estimates, standard errors in parentheses. Significant pathways are represented by a
bold line, not significant pathways a dotted line. *p < 0.05, **p < 0.001.

aid in managing and regulating emotions, by focusing
on the learning goal, and helping students monitor their
progressive learning gains (D’Mello and Graesser, 2012). As
the results of this study demonstrated that SRL strategies
mediated the effect of frustration on storytelling scores,
it is possible that teachers’ efforts in helping students
comprehend story events should focus on their use of
planning strategies. This means that teachers can focus
on explicitly teaching, prompting and providing feedback
on using SRL strategies not only as a means of improving
learning, but reducing the expression of negative emotions,
such as frustration.

These findings significantly contribute to the current literature
on emotions, SRL strategies and literacy outcomes, as few
studies have examined the relationship between these three
variables. While some studies have looked at the relationship
between SRL strategies and learning outcomes (D’Mello and
Graesser, 2012; Zheng, 2016; Jang et al., 2017), few studies
have examined the relationship between emotions and SRL
strategies (Price et al., 2018; Taub et al., 2019), and of these
studies, fewer have established connections to learning outcomes.
This study looked at broad macro-level SRL strategies, such
as planning, monitoring and cognitive control (Bannert et al.,
2015) instead of investigating the micro-level behaviors (e.g.,
memory retrieval statements, checking understanding) within

these broad strategies (Greene and Azevedo, 2009). While the
results at this level of analysis were useful to address these
specific research questions, future research should examine
micro-level SRL strategies and individual discrete emotions
during literacy tasks.

This study used an unobtrusive observational measure of
emotional expression with a software that automatically detects
facial expressions based on the FACS system (Ekman and
Friesen, 1978). This study is novel in its use of automatic
FACS processing with elementary aged students during learning
activities, as previous research has used automatic detection
of emotions to study prosocial behavior, lying and pain
expression in children (Larochette et al., 2006; Dys and
Malti, 2016; Zanette et al., 2016). Automatic detection of
emotions allows researchers to measure the moment-to-
moment emotions experienced during an academic task. In
education research, measures of emotional traits or typical
emotional behavior are commonly used (Pekrun et al., 2011).
While these methods hold great value in understanding
patterns of emotional behavior during learning, it is equally
important to understand the role of individual emotions
on learning (D’Mello and Graesser, 2012; Harley et al.,
2015). Additional research is needed to more thoroughly
understand the applications and limitations of automatic
FACS software in young students, however, a strength of

Frontiers in Education | www.frontiersin.org 9 November 2020 | Volume 5 | Article 588043

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles


feduc-05-588043 October 30, 2020 Time: 13:15 # 10

Buono et al. Emotions, SRL and Story Comprehension

this tool is that automatic detection of emotions allows
researchers to capture these dynamic processes in real-time.

Limitations and Future Directions
A limitation of this study is that emotions were measured
using one automatic detection method. Emotions are considered
multi-componential processes and as such, inferences about
their effects are strongest when measured using multi-channel
methods which incorporate measurement of arousal, expression,
and neural activity (Harley et al., 2015; Järvelä and Bannert,
2019). While it can be challenging to maintain a naturalistic
setting while collecting multiple channels of physiological data,
future research in this field should continue to use automatic
detection of emotions with measures of arousal, to investigate the
specific contributions of arousal and emotion to learning.

Future directions of this research should expand upon this
research by using explicit prompting strategies to aid students
in implementing and effectively using SRL strategies to regulate
learning (Bannert et al., 2015). Additionally, this research can be
used in classroom settings to analyze the impact of regulation
and managing emotions. Using multimodal software, the effects
of using SRL prompts and strategies can be analyzed in real
time, so educators can understand the impact of managing
emotions using SRL strategies (Bannert et al., 2015; Molenaar
et al., 2019). This research can be used in the classroom to help
educators understand the best ways to utilize SRL strategies in
the moment to help students stay engaged and motivated during
learning. The pedagogical applications of real-time detection
of emotions paired with SRL strategy use can have significant
value in improving academic achievement, self-efficacy and
engagement in learning.
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