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Emotional Responses During Reading:
Physiological Responses Predict Real-Time Reading Comprehension

Samantha G. Daley
CAST, Inc.

John B. Willett and Kurt W. Fischer
Harvard Graduate School of Education

This study investigated the relationship between emotional responses and reading performance in
middle-school students. Although a large number of prior studies have investigated the relationship
between emotion and reading, those studies have concentrated primarily on relatively static and distal
measures of emotion. In this research, we measured 7th- and 8th-grade students’ (n ! 44) emotional
responses more proximally: during the reading tasks themselves. To do this, we used a cardiovascular
indicator, respiratory sinus arrhythmia (RSA), that has been used frequently in psychophysiological
studies of emotion but not, to our knowledge, in studies of reading. Results showed that the pattern of
physiological response during reading predicted reading comprehension performance. Students with the
most successful reading comprehension performance showed an initial orienting physiological response,
followed by a lower threat physiological state when actually starting to read. Verbal retelling perfor-
mance related strongly to emotional responses during reading, but multiple-choice performance was not
related.

Keywords: emotion, appraisal, reading, RSA, reading comprehension

The interdependence of emotion and cognition and the critical
role of both in education have become indisputably clear. With the
emergence of groundbreaking work demonstrating how substan-
tially emotional experiences affect learning and school achieve-
ment (e.g., Bembenutty, 2008; Gunnar & Cheatham, 2003; Hall,
2008; Immordino-Yang & Damasio, 2007; Pintrich & de Groot,
1990; Shonkoff & Phillips, 2000; Zins, Bloodworth, Weissberg, &
Walberg, 2004), there is no longer any doubt about the need to
consider emotion in shaping educational policy and practice. One
sign of the increasing recognition of the importance of emotion in
instructional design is the emergence of “emotional design” as a
field of research and practice (Demir, Desmet, & Hekkert, 2009;
Um, Plass, Hayward, & Homer, 2012). What is less clear, and
what is ultimately critical to the development of a useful field of
emotional design in education, is how to measure emotion in a way
that is useful and practical at the level of the individual educational
task. What happens—emotionally—when a student begins to take
a test or read a textbook? Do those emotional responses change as

the student proceeds through different aspects or designs of the
activity? Do differences in these responses predict differences in
performance on that specific, meaningful task?

Looking at emotional responses and performance on specific
tasks provides a next step in bridging emotion and cognition in
education and holds great potential for informing design of edu-
cational activities and environments, but few education-focused
studies have considered the dynamic nature of emotional experi-
ences by examining the role of emotions during academic activi-
ties. Instead, studies have demonstrated the important overarching
medium- and long-term effects of, for example, avoiding extreme
stress, improving motivation, or managing emotions; capturing the
real-time experience of emotions and the relationship between this
experience and academic performance has been difficult. Variabil-
ity dominates the emotional landscape, however, as emotional
responses often differ between two individuals facing the same
task or between the same individual on slightly different tasks or
in different contexts (Feldman Barrett, 2009; Feldman Barrett,
Mesquita, Ochsner, & Gross, 2007; Fischer & Bidell, 2006).

In reading comprehension, the focus of the present study, emo-
tional stances toward reading clearly affect how much and how
effectively students read (Wigfield & Guthrie, 1997; Wigfield et
al., 2008) and how likely they are to continue in school (Guthrie,
2008). But emotional stances toward reading, like reading perfor-
mance, are not stable every time a student engages in a reading
task. As is the case for most activities (Fischer & Bidell, 2006;
Fischer, Bullock, Rotenberg, & Raya, 1993), performance of in-
dividual students varies greatly from one reading activity to an-
other (Snow & Biancarosa, 2003). In this research, we focus on
emotional responses during reading to explore how affective fac-
tors might be best incorporated in the design of reading activities.
We use a novel methodological approach to study affective pro-
cesses as they happen in response to specific reading passages. Just
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as the use of event-based measures opens new research questions
and understanding in the study of self-regulated learning (see
Zimmerman, 2008, for a discussion), using task-focused measures
of affective responses provides an opportunity for a more nuanced
understanding of the role of emotions in reading and learning to
read.

The theory framing the present study focuses on the dynamic
nature of affective responses and the primacy of “appraisals”
(Fischer & Bidell, 2006; Frijda, 1986; Lazarus, 1991). For many
who study emotion, appraisals play a crucial and causal role in
emotion. When an individual encounters a perceived change in
circumstance (a change in the social or physical environment, a
new task or demand, a loss of resources or support), he or she
conducts a largely unconscious appraisal of the change and its
relationship to personal goals, capacities, and values. To the extent
that the change represents significant challenges or opportunities
to those goals, capacities, and values, individuals experience emo-
tion: the activation of a particular appraisal results in a correspond-
ing emotion. That emotion (or emotional response) in turn serves
to focus, prioritize, and energize subsequent action, perception,
and cognition. Different emotions, based on different appraisals,
elicit different tendencies in action, perception, or cognition (Fi-
scher & Bidell, 2006; Frijda, 1986; Lazarus, 1991). These different
tendencies may be more or less adaptive for various types of tasks.
The interactional process between appraisals and emotional re-
sponses changes continually, making traitlike views of emotional
stances toward reading difficult to translate into implications for
specific reading tasks, and suggesting the potential benefit of
focusing on appraisal processes during specific reading activities.

In the research we report on here, we focus particularly on the
appraisal process, as this is the lynchpin to determining emotional
responses and accompanying tendencies that influence reading
outcomes. Although we consider these appraisals intimately re-
lated to and a proxy for emotional states, the focus is not on
emotions themselves but on the appraisal of the task that engenders
these emotions.

Because of the cognitive demands of successful reading, we
expected that students who approach a reading task with a more
positive, or less threatened, appraisal of the task would be more
successful than those whose cognitive flexibility and mobilization
of effort are restricted by a more negative appraisal. We focus
particularly on a reading activity in which performance is active,
public, and competitive, rather than independent, silent reading
that is primarily for one’s own enjoyment or learning. By asking
participants to read aloud and orally retell what they remember
from what they have read, and by suggesting that participants
are competing against their peers, we create conditions for a
motivated performance situation, in which the task is relevant
to personal goals and requires active responses (Weisbuch-
Remington, Mendes, Seery, & Blascovich, 2005).

Measuring Appraisals

One reason that the task-level relationship between emotions
and performance has remained largely unexamined in the context
of authentic educational tasks is the challenge of collecting data
that allow a glimpse into real-time emotional processes and the
appraisals associated with them. Previously used measures tend to
ask about student emotions in regards to academic tasks in general,

without being able to follow appraisals or emotional responses and
performance on a specific task in context. Davis, DiStefano, and
Schutz (2008) described this difficulty in citing the limitations of
their own extensive study of anxiety among college students in test
situations:

We asked our participants to think about testing and what they do
during the testing process in general; therefore, our data were not tied
to a specific test. Thus, although the data provide us with valuable
insight into what might be considered trait-type processes during
testing, research tied to a particular test (e.g., state emotion and
emotion regulation), research that is more longitudinal in nature (e.g.,
following how emotions emerge and potentially change during the
course of a particular test), and research that uses data-collection
methods that potentially go beyond self-report methods (e.g., galvanic
skin response) should be conducted. (p. 958)

Much of the research into the predictive power of emotional
responses for academic performance has faced these types of
challenges, regardless of whether focused on, for example, test
anxiety, as in the above study, motivation for reading (Baker &
Wigfield, 1999), or emotion regulation (Hall, 2008). These studies
clearly demonstrate a connection between emotional responses and
academic performance; we build on them and address the sugges-
tions made above by focusing on appraisals before and during a
particular reading task.

Especially in light of the fact that much of the appraisal process
is typically unconscious, it is important to consider how appraisals
should be measured. In this study, we focus on in vivo physiolog-
ical measurement taken just before reading (i.e., just after hearing
the task instructions) and also during reading. Physiological data
do not require interrupting the task at hand to get online, dynamic
responses (Blascovich, 2000), is less subject than self-reported
data to intentional or unconscious misreporting (Cacioppo, Tassi-
nary, & Berntson, 2000), and indexes unconscious responses that
directly impact behavior (as described by Bargh & Chartrand,
1999).

We focus particularly on respiratory sinus arrhythmia (RSA), a
cardiovascular indicator of parasympathetic nervous system acti-
vation (Beauchaine, 2001; Porges, 2007). RSA indexes the
changes in heart rate associated with respiration. Basal levels of
RSA have regularly been studied as indications of traitlike indi-
cators of parasympathetic control, believed to be a measure of
self-regulation abilities (Beauchaine, 2001). RSA reactivity to
stimuli has received increasing attention because of the finding
that RSA changes in response to a given circumstance reflect one’s
appraisal of and emotional response to that task, characterized by
various processes, including level of attention, emotion regulation,
and mood (Beauchaine, 2001; Cribbet, Williams, Gunn, & Rau,
2011; Porges, 2007; Salomon, 2005).

RSA has been termed the “vagal brake” (Porges, 2007), a
mechanism that indicates the degree to which the vagal nerve
keeps the nervous system in check. When RSA is raised, the
system is more clamped down, prevented from becoming overex-
cited; when this “brake” is removed, the system is energized,
excited, and ready to respond. Appropriate manipulation of the
vagal brake, as measured through RSA reactivity, is increasingly
appearing critical to adaptive functioning. In mammals, when an
individual engages with and orients to a stimulus or situation, RSA
decreases (i.e., the vagal “brake” is removed). After this physio-
logical “orienting response,” the ensuing direction of change in
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RSA indicates how the situation is then appraised (Beauchaine,
Gatzke-Kopp, & Mead, 2007; Porges, 2007). If, after initial ori-
entation, the individual perceives the stimulus as not very demand-
ing, RSA will increase again (reapplying the “vagal brake”); if,
however, the individual perceives the situation as taxing and
requiring determined attention and effort, RSA will continue to
decrease, and the sympathetic nervous system will be activated for
a fight-or-flight response (Porges, 2007). An initial decline in RSA
thus prepares the body for a response, and the subsequent trajec-
tory of RSA reactivity provides insight into the continued appraisal
of the situation.

Excessive RSA decreases in response to environmental stressors
have repeatedly been shown to be associated with mental health
and self-regulation difficulties in children (Beauchaine, 2001;
Beauchaine et al., 2007; Gentzler, Santucci, Kovacs, & Fox, 2009).
Moderate RSA withdrawal followed by recovery, however, ap-
pears to be an adaptive response to stressors and has been shown
to predict effective emotion regulation abilities (Beauchaine, 2001;
Beauchaine et al., 2007; Gentzler et al., 2009). RSA reactivity is
thus well suited to the purposes of this study: to capture appraisals
as they happen when a student hears about and addresses two
reading tasks.

To our knowledge, RSA reactivity has not previously been
studied in relation to reading performance. We expected that the
most adaptive response, the pattern of RSA reactivity most likely
to be associated with successful comprehension, would be an
initial decrease in RSA from baseline (removal of the vagal brake;
orientation to the task), followed by an increase in RSA when
starting to read (reapplication of the vagal brake, return to calm
state). This pattern would be hypothesized to reflect a positive,
nonthreatened appraisal.

Focus on Middle-School Reading

Reading tasks are particularly ripe for examination of task-
specific emotional responses because reading so dominates school
activities (Snow, Burns, & Griffin, 1998), and research clearly
suggests that the affective domain plays a role in successful
reading comprehension (e.g., Guthrie & Wigfield, 1999). The
affective domain may be particularly salient in understanding the
reading performance of middle-school students; reading perfor-
mance is highly variable in this age group (Snow & Biancarosa,
2003), affective factors like motivation have been suggested as
important components of adolescent literacy instruction (Bian-
carosa & Snow, 2006), and adolescent students may be particularly
prone to the effects of emotions on reading performance, as this
age group must navigate an increasingly complex social arena
(Wigfield & Wagner, 2005) and may be prone to unusually strong
emotional experiences.

The Present Study

In the present study, we examine the relationship between
appraisals and performance in one task-specific domain: reading.
We use RSA reactivity to investigate whether positive, calm ap-
praisals during reading tasks are associated with better reading
comprehension performance than less positive appraisals. Our
hope is to begin to validate the usefulness of physiological mea-
sures as an adjunct to self-report and to provide new tools for use
in determining optimal, emotionally relevant designs for learning.

Method

Participants

Participants were recruited through letters sent home to parents
in collaboration with an assortment of public and private schools in
the greater Boston area and through online advertisements describ-
ing the study. Participation was entirely voluntary and took place
outside of the school day; when schools assisted, they enabled
distribution of the recruitment letters and provided a space for
conducting the study after school. From the letters distributed to
parents in 10 schools and the online recruitment, 57 students in
seventh or eighth grade participated in the study. These partici-
pants were native speakers of English and had no diagnosed
learning or attention difficulties; no students volunteered without
meeting these criteria, and thus none was excluded after expressing
interest.1 Complete RSA data were available for 44 of the partic-
ipants, as technical difficulties with the physiological measurement
equipment led to incomplete data for a portion of the sample.

Approximately half the full sample (49%) was female, and half
(51%) was in seventh grade. The average age of sampled children
was 13 years 5 months (SD ! 8 months), and 79% of participants
attended public schools. Parents reported varying levels of educa-
tion, with 28% of parents (typically mothers) reporting less than a
4-year college degree, 31% reporting completion of a 4-year
college degree, and 42% having some education beyond this point
(n ! 54 for parent education). Ninety-one percent of the children
in the sample were White. It is important to note that participants
in the sample had a mean standard score on the Peabody Picture
Vocabulary Test (PPVT; Dunn & Dunn, 2007) of 113 (SD ! 13),
indicating that this sample has unusually high vocabulary knowl-
edge compared with the average standard score of 100.

Measures

Reading comprehension performance. Two measures de-
scribed participants’ reading comprehension performance: verbal
retellings and multiple-choice questions. Each measure used pas-
sages from the Gray Oral Reading Test (GORT; Wiederholt &
Bryant, 2001), which has high internal reliability (Cronbach’s "s
above .90 in norming sample), allowed selection of reading pas-
sages of the appropriate length, with parallel forms of passages at
a wide range of reading levels, and included multiple-choice
questions with each passage. We selected the GORT passages
because of these advantages, despite concerns about its validity in
measuring comprehension (Keenan & Betjemann, 2006); we ad-
dress these concerns by adding verbal retelling as an additional
measure of reading comprehension. Participants were assigned
passages at their instructional reading level, as measured by the
Qualitative Reading Inventory-4 (QRI-4; Leslie & Caldwell, 2005)
word lists read early in the study session. The QRI-4 is highly
reliable for this purpose. Alternate-form reliability with other
measures of instructional reading level had Livingston’s K2 be-
tween from 0.71 to 0.84 across all readability levels; this indicates

1 Note that 10 students with language-based learning disabilities also
participated; data collection with this population is continuing and will be
presented in a separate article. These data were not considered in the
present study.
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that more than 70% of the time, classification of instructional level
using the QRI would be consistent across forms (Crocker &
Algina, 1986). Fifty of the 57 participants in the sample read the
word lists at a high school level and thus were presented with
passages at this level; the other seven participants were presented
with “upper middle-school” level passages. The two passages
presented to each participant were of similar difficulty, as deter-
mined through use of parallel forms of the same passage number
from the GORT and confirmed through analysis with readability
formulae. The passages were of similar length and of the same
genre. The high school-level passages were narratives, and the
middle-school-level passages were expository texts, meaning that
all but seven students read narrative passages. Participants could
use supportive reading tools (making the computer read aloud or
looking up definitions of words) on one passage but not on the
other.

After reading each passage aloud, the participant was asked
to tell what he or she could remember from the passage. The
recorded retellings were coded by counting the number of
elements mentioned and dividing by the total number of ele-
ments in the passage. The retelling score thus records the
percentage of the total number of elements that a participant
mentioned. Two coders scored all retellings; scores were
strongly predictive of each other, with an estimated correlation
of .92. The average of the two raters’ scores created each
participant’s single verbal-retelling score.

Participants also answered the five multiple-choice questions
that accompany each passage in the GORT after completing the
verbal retelling for each passage. Although the same items from
a standard administration of the GORT, the administration
differed from typical conditions, as the questions and answer
choices were presented on the computer screen and read aloud
by the computer. Questions included a mix of recall-based
and inference-based items. Participants indicated their answer
choices by saying aloud the letter of their chosen response.
Their multiple-choice score reflects the number of correct re-
sponses they obtained out of five.

Self-reported evaluation of demands and resources. At the
beginning of the study session and before each of the two reading
tasks, participants completed an 11-item questionnaire focused on
their evaluation of the demands and resources associated with the
entire study (at baseline) or the specific reading tasks. This mea-
sure was adapted for this age group from one used in previous
work by Mendes and colleagues (Mendes, Gray, Mendoza-Denton,
Major, & Epel, 2007). Each item asked the participant to rate, for
example, how demanding the upcoming task seemed and how
important it was to do well, and participants’ responses were coded
on a 5-point Likert-type scale ranging from 1 (I strongly disagree)
to5 (I strongly agree). The experimenter read the questionnaire
aloud to participants, and they marked their responses in writing.
In previous work, Cronbach’s alphas were between .79 and .84.

As has been done in the past (Mendes et al., 2007), we used
responses to the items on this scale to create a composite
demands/resources index by subtracting the average reported
resources (between one and five) from the average reported
demands (between one and five) for each participant. On this
composite measure, a score of 0 indicates equal demands and
resources; a positive score indicates more demands than re-
sources (“threat”), and a negative score indicates more per-

ceived resources than demands (“challenge”). For example, a
score of #1 indicates that resources outweighed demands,
perhaps with an average score of 3 (I’m not sure how I feel) for
demands, and 4 (agree) for resources; the overall evaluation is
thus positive. We investigated the relationship between this
self-report measure, the physiological measure, and reading
comprehension performance; none of these relationships was
statistically significant, and thus this self-report measure is not
a focus of the analyses reported below.

RSA. As described above, RSA indicates the degree of accel-
eration and deceleration of heart rate with inhalation and exhala-
tion. A portable impedance device allowed for continuous collec-
tion of electrocardiogram (ECG) and cardiovascular impedance
data through a six-electrode configuration. A small recording
device sat on the table during the study; each participant wore four
disposable sensors on their front torso and neck, and two on their
back. In processing after data collection, the software accompany-
ing the device automatically detected R waves in the ECG signal,
and visual inspection and manual correction allowed for adjust-
ment of erroneous wave point markers. The interbeat interval
series was extracted using QRSTool, and the metrics were derived
with CMetX Cardiac Metric Software, available from John J.B.
Allen at http://www.psychofizz.org (described more fully in Allen,
Chambers, & Towers, 2007).

Figure 1 describes the three measurement occasions for RSA:
baseline, after reading task instructions, and during the start of
the reading task. From each participant’s 5-min baseline period,
we determined baseline RSA values for the minute of baseline
with the lowest heart rate. This minute was understood to be the
one in which the participant was most at rest. The two time-
varying predictors are reactivity scores from (a) the baseline

Figure 1. Predicted verbal-retelling scores for participants with different
patterns of RSA reactivity during the reading tasks. We set low RSA
reactivity during the reading task at the sample’s 25th percentile and high
RSA reactivity during the reading task at the sample’s 75th percentile. We
set vocabulary scores at the sample mean. Verbal-retelling score indicates
the percentage of story elements recalled. RSA ! respiratory sinus ar-
rhythmia.
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value to the RSA value during the minute after participants
heard the instructions for each reading task and (b) the baseline
value to the RSA value while reading aloud during the first
minute of each reading task. Focusing on these two measure-
ment occasions allows for insight into both the initial orienta-
tion to the stressor (the reading task) and the recovery based on
continued appraisal of the task.

In addition to using the two RSA reactivity scores, we also
created a variable to describe the change in RSA level between the
two task-focused RSA measurement occasions. This score, which
connects the two key measurement occasions into a single overall
value, is the difference between the RSA reactivity score during
the first minute of the task and the RSA reactivity score after
hearing the instructions.

Perception of performance. After participants completed
both of the reading tasks, they rated how well they thought they
had performed on reading the words aloud, answering the
multiple-choice questions, and telling what they remembered from
each passage on a Likert-type scale (1 ! I had a lot of trouble;
5 ! I did really well). The average of their responses across
the three elements (reading aloud, multiple-choice questions,
verbal retelling) on each passage was used to create a score that
measured participants’ overall perception of performance on
each passage.

Vocabulary knowledge. Participants completed the PPVT
(Dunn & Dunn, 2007) to measure receptive vocabulary knowl-
edge. We included vocabulary as a covariate in analyses because
of its strong relationship with reading performance, particularly
among middle-school students (Snow et al., 1998). Controlling for
time-invariant vocabulary knowledge as a covariate helps to iso-
late the effects of the emotional response, separate from the effects
of cognitive skill level. Alpha levels of the PPVT-III are between
.92 and .98.

Dispositional stance toward goals. Because children’s be-
liefs about their abilities to set, pursue appropriate strategies to-
wards, and achieve goals potentially affects their ability to respond
to stressors (Snyder et al., 1997), we included as a potential
covariate a self-report measure of participants’ global levels of
these beliefs. The Children’s Hope Scale (Snyder et al., 1997) is a
six-item questionnaire asking participants to rate their levels of
agency, or perception of ability to sustain action toward goals, and
pathways, or ability to determine means for achieving goals.
Previous alphas range from .72 to .86. This scale did not ultimately
prove to be statistically significant as a covariate in analyses and
was not considered in the results.

Procedure

The procedure for each session followed a typical pattern for
studies using this type of psychophysiological measurement (Sher-
wood et al., 1990), with a baseline period, followed by target
periods of measurement during the task, and including rest periods
interspersed to allow a return to baseline levels of cardiovascular
activity. An emotionally neutral movie was shown during baseline
and rest periods. Each participant participated in one 90-min
session conducted either at their school, in a private room at a
public library, or at an office on the campus of the university’s
school of education. A parent attended for the consent process and

set up of physiological monitoring equipment, and the parent
completed a demographic questionnaire.

In Figure 2, we provide a diagram of the procedure that is
described below. The basic structure of the study session involved
introductory material, including baseline RSA data collection,
completion of the QRI word lists, introduction to the computer-
based reading environment, and completion of a task to engage
participants in the study activities. This was followed with the
reading tasks, which included completion of two reading passages
and accompanying retelling and multiple-choice questions, each
preceded by appraisal questionnaires and separated by a rest pe-
riod. The two reading passages were parallel except for the pres-
ence or absence of online reading supports (glossary and text-to-
speech software).2 The conclusion of the session included the
PPVT and Hope Scale, along with reflecting on the reading and
debriefing.

Introductory material. After the consent process and equip-
ment preparation, the parent left the room, and participants com-
pleted the baseline appraisal questionnaire about their perceived
available resources and the demands of the upcoming study. They
then sat for 5 min and watched a movie about migrating birds
during collection of baseline physiological data. Next, the exper-
imenter introduced participants to the computer interface to be
used during reading, including introducing two “reading tools” on
the computer; using the eReader program (CAST, 2004), the
experimenter taught participants how to use the feature that made
the computer read words aloud and showed them a feature that
provided definitions for some of the words in the passage through
links to a glossary. Participants then read aloud lists of words from
the QRI to provide a way to gauge each participant’s instructional
reading level for selection of the target reading passages.

We used a speech task as a means of engaging participants in the
study session. Although we did not use data from the speech task
in subsequent analysis because they were not relevant to the
research questions of interest, and we confirmed that cardiovascu-
lar indicators returned to baseline levels following the speech, the
task was determined to be important in pilot testing as a way to
increase participant interest in the study activities. As is typical in
studies using psychophysiological measures (Kirschbaum, Pirke,
& Hellhammer, 1993), we gave participants instructions for the
task, gave them 2 min to think about the topic (either the use of cell
phones in school or whether state standardized tests should be used
to determine graduation from high school), and then asked them to
speak for 3 min while being videotaped. After the speech, partic-
ipants rested for 3 min while watching the bird movie to return to
baseline levels of cardiovascular measures.

Reading tasks. A computer program administered a “reading
game,” which included the reading tasks of interest. The computer
told participants that they would be asked to read a passage aloud,
tell what they could remember from the passage, and answer

2 Although we expected that purposefully manipulating the availability
of these supports would affect appraisals and performance, the effect of
presence or absence of reading supports was not statistically significant in
any analyses, and participants reported not finding the supports necessary.
Few participants used the supports, and thus this manipulation was not a
major focus of the study. Instead, the two passages were treated as similar
activities to consider the relationship between appraisals and performance
over the course of multiple reading instances.
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multiple-choice questions about the passage. The computer told
them that this was a game and (inaccurately) that they were
competing against other participants their age. They were told that
they would receive a prize based on their performance.

After hearing the instructions, participants sat for 1 min before
the experimenter told the topic of the first passage, asked about
background knowledge and interest, and facilitated completion of
the pretask demands and resources appraisal questionnaire. The
experimenter then presented the first reading passage from the
GORT on the computer screen. The participant read the passage
aloud into a microphone, using the computer supports if they
chose to; supports were available on one of the two passages, and
order of availability of supports was randomized. The experi-
menter then asked the participant to say into the microphone what
he or she could remember from the passage, followed by answer-
ing each of five multiple-choice questions presented individually
on the screen. After a short break, the participant repeated the same
process for the second passage. Participants did not receive feed-
back about how they performed on the passages.

Concluding material. After completion of the reading tasks,
the experimenter asked participants to report how they thought
they had performed and how helpful they found the reading tools.
Participants then provided demographic information via a short
interview and completed the PPVT (Dunn & Dunn, 2007) and the
Hope Scale (Snyder et al., 1997). Participants were debriefed and
provided a small prize for their participation in the “reading game”

(all participants received the same choice of prizes), and compen-
sated for participation. Parents were also compensated for partic-
ipation in the study.

Results

We begin with a summary of key variables. We detected no
group differences by gender, grade level, or attendance at public or
private school in any variables at baseline, nor on the reading
comprehension, self-reported evaluation, or RSA measures, so
these student characteristics were not included as predictors in the
analyses that follow. We present sample means and standard
deviations for demand/resource self-reported evaluations and other
variables used in analysis in Table 1. On both the first and second
passages, the mean values of demands-resources evaluations were
negative, indicating that participants generally experienced having
sufficient resources to meet the demands of the task.

There was one important group difference in self-reported evalua-
tions of the demands and resources associated with the reading tasks.
The seven participants reading the easier passages because of lower
scores on the QRI word lists did report statistically significantly more
negative evaluations of the reading passages than their peers reading
the more difficult passages, tSatterthwaite(7.03) ! 3.547, p ! .009. We
did not control for difficulty level in analyses, however, because
differences were not evident in RSA reactivity for students at different
reading levels, and so few participants read the easier passages.

Figure 2. Schematic of the study procedure. Heart symbols indicate the three focal periods of physiological
data collection (baseline, first measurement, second measurement). QRI ! Qualitative Reading Inventory;
PPVT ! Peabody Picture Vocabulary Test.
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Physiological Measures of Appraisals

Physiological measures of emotional response—RSA—were
sampled for two different phases of the experimental task, each in
relation to an initial measurement at baseline. The first took place
directly after the reading of the instructions, and the second took
place during the actual oral reading. Of the 44 participants, an
average of 19 participants showed a decrease in RSA from base-
line after instructions (removing of the “vagal brake”), and an
average of 21 showed an increase in RSA from baseline when
starting to read (applying the “vagal brake”). On the first passage,
10 students showed the increase in RSA from instructions to
starting to read that was expected to be most advantageous for
reading comprehension; on the second passage, 16 students
showed such an increase. In contrast to the self-reported evaluation
measure, RSA results did not differ between the seven students
reading the easier level reading passages and the rest of the sample.

Reading Comprehension Measures

The two reading comprehension measures, multiple-choice
scores and verbal retelling scores, had a bivariate correlation of .30
(p ! .01) across the two passages. Reading performance was
generally high, with an average of 89% of students answering three
or more of the five multiple-choice questions correctly across the
two passages, and more than half retelling at least 25% of elements
in on each passage. Note that although the percentage of retelling
elements may appear low, these were complicated passages with
approximately 20 different elements, some of which were more
central and others were more minor details; when focusing on the
central elements essential for understanding the passage, the av-
erage retelling percentage across passages was 68% (SD ! 27%).
In addition, participants tended to have accurate perceptions of
their reading performance, though these perceptions were related
more to their verbal retelling scores (r ! .45, p ! .00) than to their
multiple-choice scores (r ! .36, p ! .01).

Physiological Appraisals Predict Reading
Comprehension Performance

Because each student read two passages, we combined re-
sponses in a person-period data set in which each participant
contributed two rows, one containing reading comprehension
scores from the first passage and the other containing reading

comprehension scores from the second passage when participants
completed both passages. We used multilevel modeling to account
for the nonindependence of the residuals in our statistical models
across these two occasions of measurement for each participant
(Singer & Willett, 2003).

RSA reactivity predicted reading performance, with the ex-
pected pattern associated with the most successful reading com-
prehension performance. RSA was sampled for two different
phases of the reading task in relation to baseline levels. The first
took place directly after the reading of the instructions, and the
second took place during the actual oral reading. The pattern of
RSA responses expected to be most adaptive and most associated
with successful reading performance was an initial decrease, fol-
lowed by an increase. Using two approaches to modeling this
pattern, we found that this pattern was indeed associated with
better reading performance when measured by verbal retelling but
not when measured by multiple-choice questions. We describe
each approach to modeling separately, demonstrating the same
finding.

RSA measurement occasions as separate predictors. In Ta-
ble 2, we present our final random-intercepts multilevel models
predicting retelling score (Model A) or multiple-choice score
(Model C), by RSA reactivity at instructions and at the start of the
reading task, controlling for time-invariant vocabulary knowledge.
A decrease in RSA generally reflects an orienting response to an
external stimulus (in this case, the instructions). The negative,
statistically significant (p $ .05) coefficient associated with RSA
reactivity after hearing the instructions (in Model A of Table 2)
indicates that, as expected, participants whose RSA levels were
lower after hearing the instructions than at baseline had higher
retelling scores (%1 ! #0.050, p ! .02), controlling for vocabu-
lary knowledge and RSA reactivity at the start of the task. In
Model C, we show that RSA reactivity after hearing the instruc-
tions was not a statistically significant predictor of multiple-choice
performance (%1 ! #0.145, p ! .50).

After orientation to the task associated with a decrease in RSA,
the reapplication of the vagal brake or increase in RSA was
expected to facilitate better reading comprehension. The statisti-
cally significant and positive term associated with RSA reactivity

Table 1
Sample Means and Standard Deviations of Key Behavioral
Variables (N ! 44)

Variable M SD

Demands-resources evaluation
Baseline #1.426 0.785
First passage #1.411 0.838
Second passage #1.455 0.881

Verbal retelling
First passage 0.267 0.142
Second passage 0.311 0.137

Multiple-choice
First passage 3.682 1.137
Second passage 3.273 1.283

Table 2
Parameter Estimates and Approximate p Values From Fitted
Multilevel Models Describing the Relationship Between RSA
Reactivity and Reading Comprehension Performance,
Controlling for Vocabulary Score (N ! 44, Cases ! 88)

Verbal-retelling
performance

Multiple-choice
performance

Predictor Model A Model B Model C

Intercept #0.127 #0.130 1.478
RSA reactivity (instructions) #0.050! #0.145
RSA reactivity (task) 0.055! #0.039
RSA change 0.052!!

VOCAB 0.004!! 0.004!! 0.018
&u

2 0.008!! 0.008!! 0.077
&ε

2 0.007!!! 0.007!!! 1.328!!!

#2 log likelihood 131.26 131.22 279.54

Note. RSA ! respiratory sinus arrhythmia; VOCAB ! Vocabulary.
! p $ .05. !! p $ .01. !!! p $ .001.
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during the task suggests that, as expected, participants who had
higher RSA during the task than at baseline had higher verbal
retelling scores (Model A: %2 ! 0.055, p ! .02), controlling for
the other parameters in the model. In other words, students whose
RSA increased during the reading showed better reading compre-
hension (again, as indicated by retelling; for multiple-choice in
Model C, %2 ! #0.039, p ! .86).

We display this fitted relationship in Figure 1. In the figure,
those participants with the greatest decrease in RSA from baseline
at the task instructions have higher predicted verbal-retelling
scores than participants with less of a decrease or an increase in
RSA from baseline. Furthermore, the difference in elevation of the
lines demonstrates that those participants with more positive
change in RSA between baseline and the start of the reading task
had higher predicted verbal-retelling scores than participants with
less of an increase or a decrease from baseline. Participants
with the combination of the greatest decrease from baseline at
hearing the instructions and the greatest increase from baseline at
starting the task had the highest predicted verbal-retelling perfor-
mance overall.

RSA measurements as combined single predictor. With
these separate points of measurement included in a single model,
as described above, it is clear that the expected pattern of decrease
in RSA after instructions and increase in RSA at the start of oral
reading predicts the most successful reading comprehension. In
addition to this model with each measurement as a separate indi-
cator, it is possible to combine the physiological measurements in
both phases—instruction and oral reading—as a single predictor of
reading performance. In Model B in Table 2, we present results
from the random-intercepts multilevel model in which we use the
change score between RSA measurement occasions to predict
children’s verbal-retelling performance. The statistically signifi-
cant (p $ .01) and positive term (%1 ! 0.052) associated with the
RSA difference score predictor in this model shows that those
participants who had the biggest change in RSA reactivity, from
the lowest at hearing the instructions to the highest at the start of
the task, tended to have the highest verbal-retelling performance.

Focusing on patterns of performance among individual partici-
pants supports these findings. Among the 11 participants who
showed a decrease in RSA after instructions on one reading
passage but not on the other, nine had better verbal-retelling
performance on the one in which they showed an initial decline.
Looking just at the second measurement occasion, most cases (49
out of 88) showed a decrease in RSA from baseline. Of the four
participants who showed an increase on one reading passage and a
decrease on the other, three had better retelling performance on the
passage in which their RSA increased during the task.

Because participants were sitting quietly at the first RSA mea-
surement and were talking (reading aloud) during the second RSA
measurement, the possibility existed that the effects seen here at
the different phases were due to differences in breathing during
silence versus speaking (Butler, Wilhelm, & Gross, 2006). We
refit both of the verbal-retelling models, controlling for respiration
rate during speaking as a means of controlling for this potential
effect, and found no difference in the results. We also refit both
verbal-retelling models controlling for baseline RSA levels. Again,
we found that our results did not differ.

Discussion

In this study of the relationship between appraisals that lead
to emotional responses and reading performance, a simple phys-
iological measure—RSA reactivity—proved to be a significant
predictor of reading comprehension performance. The robust-
ness of this result will require further research, but the results
reported here suggest that students whose RSA decreases from
baseline upon hearing instructions for a reading task and then
whose RSA increases when starting to read tend to have the
most successful reading comprehension. Our results suggest
that real-time measurement of physiological responding can be
a useful complement to traditional self-report measures in un-
derstanding the actual relationship between emotion and read-
ing performance. In the present research, the task-based self-
report measure was not associated with reading comprehension
performance, though several studies have demonstrated the
association between self-report reading motivation measures
and reading outcomes. Several aspects of these findings warrant
further consideration and study.

Optimal Physiological Pattern for Reading
Performance

In this study, participants who showed an initial orienting
response after hearing instructions for the reading task, then
showed a calm state when beginning to read, had the highest
levels of performance on a measure of reading comprehension.
Our findings show that the pattern of RSA reactivity associated
with the most successful verbal retellings was an initial de-
crease, followed by an increase. In more than half of the cases,
participants did not show the initial decrease in RSA, suggest-
ing that not everyone was optimally oriented to the task. Those
who showed the orientation response tended to have better
performance than their peers who did not. Moreover, among
participants who showed the orienting response on one passage
and not on the other, performance tended to be higher when
they did show this response. Similarly, positive appraisals of
the task as safe and nonthreatening (a rise in RSA) after this
initial orienting were associated with better reading comprehen-
sion performance.

These findings suggest that timely and dynamic aspects of
physiological measures provide a window on emotion and cog-
nition that cannot be provided by static measures like self-
reports of overall reading motivation or self-efficacy. The dy-
namic nature of the appraisal process (Fischer & Bidell, 2006)
means that children constantly adjust their perception of de-
mands and resources as new information becomes available or
as the demands of the task change. In this case, the pattern of
responding—an initial decrease followed by an increase—
rather than a single score or appraisal appears to be important in
predicting performance.

What such dynamic measures allow is an avenue for investigat-
ing the interaction of the design of the reading activity and indi-
vidual differences among learners. What some participants expe-
rienced between the first and second measure appeared to
engender a less threatened state. But exactly what aspect of the
task design contributed to that change? Several hypotheses are
possible.
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First, learning about the topic and indicating their sense of
preparedness for the task through the self-reported demands and
resources questionnaire could have itself actually shifted partici-
pants’ appraisals of the task. Because the participants in this study
were average or above-average readers compared to grade-level
norms, it is possible that pausing to think about the resources
available to meet the demands of the task may have increased the
probability of a calm appraisal of the actual task when it appeared.
Previous performance on performance-based reading tasks could
anchor one’s affective response to the next task, setting up higher
perceived competence, as has been previously found to contribute
to positive emotions (Weiner, 1985) and may act as important
information in the cognitive appraisal of the task (Storbeck &
Clore, 2007).

Second, the pattern of responding may reflect less about the task
structure than the capabilities of the individual participant. It may
be that the pattern reflects relatively optimal self-regulation: Par-
ticipants who were best able to regulate emotions from an initial
orientation response to the task itself were most successful in the
later reading assessment. We did not assess strategies of self-
regulation between the two measurement occasions, so it would be
inappropriate to infer too strongly the use of such strategies be-
tween initial orienting and starting the task (Cole, Martin, &
Dennis, 2004). But, RSA reactivity is associated with emotion
regulation skills (Beauchaine et al., 2007; Gentzler et al., 2009),
and better emotion regulation skills are associated with better
academic performance (Bembenutty, 2008; Hall, 2008; Pintrich &
de Groot, 1990). The finding that the difference between the first
and second RSA measurements predicted verbal-retelling perfor-
mance supports the hypothesis that those participants who were
best able to use self-regulating strategies to shift their responses
from evaluating a potential threat to a calm approach to the task
were most successful; this shift may be due, at least in part, to
self-regulatory skills.

Third, self-efficacy or confidence in performance based on
initial impressions of the reading topic and consideration of the
instructions could have the same effects and would promote the
cognitive effects associated with this most successful pattern of
response (Pintrich & de Groot, 1990; Shell, Murphy, & Bruning,
1989). Although the dispositional measure of hope was not pre-
dictive of outcomes, a more task-specific measure of self-efficacy
could provide insight into the relationship between the pattern of
physiological response and performance.

Finally, although the RSA reactivity pattern suggests the influ-
ence of a motivational or emotional process at play during the
period between instructions and beginning to read, it could be that
after the initial orienting response, successful participants activated
background knowledge (Taboada & Guthrie, 2006; Taboada,
Tonks, Wigfield, & Guthrie, 2009) or engaged other reading-
related strategies that set them up for success on the reading
passage. This “deep” engagement with the task may have been
reflected in the RSA elevation that followed.

Further research, using this and other physiological measures
along with careful manipulation of the demands and resources of
the task and more substantial measures of emotional and motiva-
tional variables, would provide an opportunity to tease apart these
various hypotheses and provide an avenue to optimizing emotional
designs.

Different Measures of Reading Comprehension
Provide Different Reflections of Emotional Responses

The difference in findings between the two reading compre-
hension measures is of particular note. Multiple-choice scores
were not associated with physiological responses, but verbal-
retelling scores were. These results parallel Baker and Wig-
field’s (1999) findings that scores on the Motivation for Read-
ing Questionnaire were only minimally correlated with two
multiple-choice-based measures of reading comprehension but
were more highly correlated with performance on an open-
ended response comprehension measure. Although understand-
ing the reason for this difference would require further inves-
tigation, some potential explanations arise. Whereas the verbal-
retelling task requires participants to generate responses and
allows for flexibility in answers, the multiple-choice task is
more passive and does not encourage generative, synthesis-
based responses. Some items required inference instead of
straightforward recall of passage information, but even these
inference-based items could be answered with much less gen-
erative cognitive strategies and more minimal production effort
than retelling. If positive mood states are associated with
broader, more generative thinking (e.g., Fredrickson, 1998),
having a positive response to the task may promote the kind of
thought processes necessary for successful verbal retelling but
may have little effect on the kind of thinking needed for the
more passive multiple-choice task. Having to synthesize and
generate an independently constructed response clearly requires
different cognitive processes than recognizing a correct answer
and selecting from an array of options. We selected the activ-
ities during the reading task to be primarily performance-based
and elicit performance goals, as, for example, asking partici-
pants to read aloud instead of silently. The multiple-choice
items were likely the weakest example of a motivated perfor-
mance situation, still involving a degree of competition against
peers and oral responses, but much less active and public.

In addition, the RSA measurement during the task was con-
ducted while the participant spoke to the evaluator (during oral
reading); perhaps the participant’s RSA reactivity during this type
of social task more closely related to the similarly social task of
verbal retelling instead of the more passive, less interactive task of
responding to multiple-choice questions.

Finally, it is important to consider that neither measure is a
measure purely of comprehension. Both require a capability for
strategic response that is quite distinct from the processes that
underlie perception, understanding, attention, or memory (among
many other capabilities critical to comprehension). In particular,
for example, retelling would place formidable demands on any
individual whether or not he or she had comprehended the pas-
sages, including, for example, generating items from memory,
organizing and prioritizing those items, constructing a strategy and
sequence for communicating those items, generating the language
for communication, and monitoring accuracy. In that context, the
hypothesis that students who are most successful at emotional
self-regulation, as previously associated with RSA reactivity, are
the ones who are most successful at strategic reconstruction (re-
telling) seems fairly compelling.
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Variability Is the Constant

Variability across individuals is, of course, prominent in all of
our findings as it is in almost any experiment with human subjects.
We want to draw attention to it here, however, because educational
researchers and designers often recognize variance not as infor-
mation but as noise. Our findings, along with most others, suggest
that variation in emotional responding is not just noise, but is a
critical factor in the success of an educational intervention or
design. Within-participant variability was evident in RSA reactiv-
ity, reading comprehension performance, and the relationships
between these from one participant to the next. Teachers and
curriculum designers need to be mindful that a given task will
elicit very different emotional responses, even in a group of
similarly skilled students, and those responses will affect out-
comes. For some students, a given task will trigger a positive, calm
appraisal, whereas for others, it will trigger a threat. Planning
for variability in emotional response from the start will allow for
instruction that meets the needs of all (Rose & Meyer, 2002). For
example, providing varying opportunities for students to identify
and keep focused on a relevant goal when approaching a reading
task and providing scaffolds for those who benefit from support in
emotion regulation do not change the critical elements of reading
being addressed but make the reading activity more likely to be
successful for a wider range of students (see CAST, 2011, for more
examples of how to design instruction to address variability).
Reading instruction thus needs to be flexible enough to adapt to the
variability that will inevitably be present in the classroom (Connor
et al., 2009; Meyer & Rose, 1998; Snow, 2002).

Limitations and Directions for Future Research

This work represents a first step at using novel methods to
consider emotional responses to individual reading activities. We
recognize several limitations of this work and suggest several
avenues for continued research. First, the unique nature of this
sample limits the generalizability of these findings; participants
were predominantly White and high achieving. Other research
(Unrau & Schlackman, 2006) makes clear that motivational factors
can function differently in demographically diverse populations.
Similarly, students who are less skilled readers would likely ex-
hibit different appraisals and physiological responses. This was
suggested by the finding that students reading the lower level (but
on-grade-level) passages had more negative self-reported evalua-
tions of demands and resources than their peers reading the higher
level passages, but the small number of participants reading the
lower level passages limited our ability to fully examine this
finding. Participants in this study did not show differential effects
of having access to reading support tools, but this could have been
due to a perception that such tools were unnecessary because of
their high reading skill levels; investigating the effect of having
access to such supports with students who may be more apt to
benefit from their use could provide a different perspective.

In addition, we expect future studies to include more robust
emotional and motivational variables such as emotion regulation,
goal orientation, and self-efficacy to more fully understand the
explanatory processes at play in these findings. For example,
although previous research has established the connection between
emotion regulation and RSA reactivity, future studies could more
directly tie the results seen here to participants’ emotion regulation

abilities by assessing RSA reactivity, emotion regulation skills,
and reading comprehension.

Furthermore, although this study was able to look at emo-
tional responses as they happened during an academic task, it
relied on only two measurement occasions for RSA reactivity.
Individual growth modeling (Singer & Willett, 2003) would
allow for analysis of the entire emotional response as it happens
instead of looking at discrete windows of time. Interpretation of
continuous RSA reactivity might be difficult because of the
novelty of this type of approach and uncertainty about the
variability in RSA response from minute to minute, but other
physiological measures that had previously been studied dis-
cretely have recently been considered through more longitudi-
nal methods (e.g., Rappolt-Schlichtmann et al., 2009). Interpre-
tation of RSA reactivity would also be bolstered by inclusion
of additional physiological measures to provide converging
measures.

An important next step would be to make more explicit con-
nections between the RSA reactivity measures used here and more
widely used measures of reading motivation. Having participants
complete both measures could illuminate similarities and differ-
ences that would be helpful for methodological reasons and to
better understand the relationship between overall reading moti-
vation and motivational responses at the task level. In addition, just
as short-term motivation for reading specific texts can translate
into long-term reading motivation (Guthrie, Hoa, Wigfield, Tonks,
& Perencevich, 2006), future studies could consider how motiva-
tional responses to individual reading activities compound over
time into more global views of reading. Furthermore, the specifics
of the reading task could be extended in multiple ways: compar-
isons could be made between responses to expository versus
narrative texts, a less performance-based reading task could be
investigated, actual classroom activities could be used instead of
the separate task used here, and other manipulations of task char-
acteristics could be tested for influence on appraisals and re-
sponses. Differences in reading motivation have been found be-
tween boys and girls and between students of different races
(Baker & Wigfield, 1999), but the sample here did not allow for
consideration of these types of differences. Such comparisons may
be especially important when looking at responses to individual
tasks.

This study continues the recent trend demonstrating the im-
portance of the affective domain to educational performance.
Our findings suggest that this type of task-based analysis pro-
vides additional insight to complement the malleable but rela-
tively more static global measures typically used in reading
motivation research. Such nuances in reading motivation may
be hidden when focusing on overall levels of reading motiva-
tion. Task-specific studies may represent the next generation of
research on the role of emotions in learning.
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