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Abstract

Using a path analytic approach with a sample of Norwegian undergraduate read-
ers, we investigated the effects of behavioral engagement on text comprehension as
reflected in students’ post-reading written reports on the topic in question. Results
indicated that the behavioral engagement components of writing time and the length
of the written responses had distinctive, unique effects on comprehension perfor-
mance, and that behavioral engagement also mediated the effects of cognitive (prior
knowledge, working memory) and motivational (intrinsic reading motivation) indi-
vidual differences on comprehension performance. Prior knowledge about the topic
affected comprehension performance directly as well as indirectly through behavio-
ral engagement. The results highlight the importance of behavioral engagement in
the context of written comprehension assessment, and both theoretical and educa-
tional implications of these results are discussed.

Keywords Behavioral engagement - Text comprehension - Individual differences -
Path analysis

Introduction

Students’ engagement in academic learning tasks, or the lack of it, is a common
concern among parents, educators, and researchers. Without engagement, stu-
dents’ individual cognitive and motivational resources can be considered inert,
with limited influence on learning and performance. On the other hand, when these
resources become operational through engagement in relevant learning tasks, stu-
dents’ real competencies may be revealed and even challenging tasks previously
considered out of reach may be mastered. Accordingly, in this study, we built on
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theoretical and empirical insights provided by recent educational research in assum-
ing that students’ individual cognitive and motivational resources would indirectly
influence their performance through their persistence during task completion. As
reading researchers, we were particularly interested in the task of comprehending
informational text, which is essential for achievement and academic success (Shana-
han, 2017), and in whether individual differences in both cognition and motivation
would work through components of behavioral engagement in influencing students’
comprehension performance. We therefore developed and tested a model in which
differences in prior topic knowledge, working memory capacity, and intrinsic read-
ing motivation indirectly affected students’ performance through their time use and
productive effort when engaging with the task. By moving behavioral engagement
to center stage, this study also may have practical relevance because it can inform
educators and policy makers about the need to take students’ behavioral engagement
into consideration when teaching and assessing text comprehension and developing
curricula (Guthrie & Klauda, 2016). Before we further specify the direct and indi-
rect relationships between individual differences, components of behavioral engage-
ment, and comprehension performance that we included in our hypothesized model,
however, we describe the theoretical background of our study and prior relevant
research in this area.

Theoretical and empirical background
Conceptual clarification

In academic contexts, engagement generally refers to the extent of students’ active
involvement and productive participation in learning activities (Ben-Eliyahu et al.,
2018; Reeve, 2012). At the same time, academic engagement has been considered
a multidimensional construct that may involve behavioral, affective, and cognitive
dimensions (Ben-Eliyahu et al., 2018; Sinatra et al., 2015; Skinner et al., 2014), with
behavioral engagement being the only dimension that figures in all conceptualiza-
tions of engagement (Olivier et al., 2020). Following Ben-Eliyahu et al. (2018), we
conceptualize behavioral engagement as active, observable involvement in academic
tasks, that is, as “what students involved in the learning activity would look like or
be doing” (p. 88). More specifically, we define behavioral engagement as students’
active, observable involvement in academic tasks as typified by time, effort, per-
sistence, and productivity (Reeve, 2012; Sinatra et al., 2015; Skinner et al., 2014).
Behavioral engagement in reading may thus be indicated by the time students invest
in reading and reading assignments as well as the extent of their response to those
assignments (Braten et al., 2018; Guthrie & Klauda, 2016). Because it refers to
individual learners’ engagement in particular tasks, our definition captures a per-
son-oriented (rather than a context-oriented) grain size of behavioral engagement
(Sinatra et al., 2015). According to Sinatra et al. (2015), the grain size of engage-
ment measurement may vary on a continuum ranging from person-oriented, which
focuses on individual learners and their task-related behavior, to context-oriented,
which focuses on characteristics of the context (e.g., the classroom or school) that
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afford or constrain engagement. Moreover, our definition acknowledges that student
behavioral engagement may have distinct components, such as time use and produc-
tivity, indicating that investigations of the antecedents and consequences of behav-
ioral engagement could profitably focus on different behaviors separately (Olivier
et al., 2020). Accordingly, in the current study, we focused on the behavior engage-
ment components of writing time and the length of the written responses during a
written comprehension task.

Theoretical framework

Within reading research, Guthrie and colleagues (e.g., Guthrie & Alvermann, 1999;
Guthrie et al., 1996, 2012; Guthrie & Klauda, 2016; Guthrie & Wigfield, 2000) have
been leading proponents of the crucial role played by student engagement in perfor-
mance and achievement. Thus, Guthrie and Wigfield (2000) presented the engage-
ment model of reading development in which they linked both cognition and moti-
vation to engagement in reading, such that engaged readers were conceived of as
both knowledgeable in their construction of meaning from textual information and
motivated to read in order to fulfill their goals and desires. It was not clear in that
model, however, whether Guthrie and Wigfield distinguished between cognitive and
motivational constructs on the one hand and engagement on the other, or whether
cognitive and motivational constructs were considered inherent features of reading
engagement.

In contrast, in the more recent heuristic model of predictors and outcomes of
reading engagement proposed by Guthrie and Klauda (2016), reading engagement
is clearly distinguished from its cognitive and motivational precursors, such as back-
ground knowledge with respect to cognition and intrinsic motivation with respect
to motivation. Specifically, with a focus on the behavioral dimension of reading
engagement, engagement is distinguished from motivation because the latter con-
struct refers to internal processes energizing and guiding behavior whereas the for-
mer concerns the visible, overt expressions of motivation (see also, Eccles & Wang,
2012). According to Guthrie and Klauda (2016), students are unlikely to invest much
time and effort unless they have established a “cognitive system for reading,” and
motivation cannot be expected to translate into performance unless it is channeled
into engagement in the reading task. In turn, behavioral engagement in reading is
considered to exert a strong influence on reading performance and achievement, thus
mediating distinctive, unique effects of individual differences in cognition and moti-
vation on such outcome variables. It is thus a central tenet of this model that cogni-
tive and motivational variables will influence behavioral engagement, as typified by
time, effort, and persistence, which, in turn, will influence comprehension perfor-
mance. While a range of cognitive and motivational variables are likely to influence
behavioral engagement (Guthrie & Klauda, 2016), prior knowledge and intrinsic
motivation can be considered to play prominent roles in this regard. By assuming
that these variables, at least in part, exert their influence on comprehension perfor-
mance through behavioral engagement, behavioral engagement is brought to the
forefront of reading psychology.
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In the current study, we built on Guthrie and Klauda’s (2016) heuristic model
and investigated whether student engagement in terms of time use and productiv-
ity would mediate the effects of individual cognitive (i.e., prior knowledge, work-
ing memory) and motivational (i.e., intrinsic reading motivation) resources on com-
prehension performance as assessed with a post-reading writing task. While the
cognitive construct of prior knowledge and the motivational construct of intrinsic
motivation were highlighted by Guthrie and Klauda (2016), several other theorists
(e.g., Kintsch, 1998; van den Broek, 2010) have considered working memory impor-
tant because it supports the construction of a coherent mental representation of text
content by constituting a workspace for integrating textual information as well as
textual information and related prior knowledge. More specifically, for coherence
to be established, previously read information has to be held in working memory
to allow its integration with incoming information, and information activated from
prior knowledge has to be held in working memory to allow its integration with tex-
tual information (Kintsch, 1998). Working memory can therefore be regarded as an
important component in a cognitive system for reading in the sense of Guthrie and
Klauda (2016).

Prior research

Regarding direct effects of behavioral engagement on comprehension performance,
several researchers have found that the time students invest in reading and compre-
hension tasks uniquely predicts their comprehension performance (Braten et al.,
2014, 2018; Du & List, 2020; List, 2020; List et al., 2019). For example, Braten
et al. (2014), in a path analytic study with upper-secondary students, found that
reading time predicted comprehension performance even when several individual
differences (e.g., prior topic knowledge) and the use of deeper level comprehension
strategies were controlled for. Likewise, Braten et al. (2018), using hierarchical mul-
tiple regression analysis in a study of upper-secondary students, found that both the
time used for reading the texts and the time used for completing the post-reading
writing task used to measure comprehension contributed to performance over and
above reading comprehension skills, topic knowledge, and topic interest. These find-
ings were corroborated by List et al. (2019), who also used hierarchical multiple
regression analysis to demonstrate that behavioral engagement in terms of the time
undergraduate students devoted to text use uniquely predicted the quality of their
post-reading written products. Moreover, List (2020), who performed structural
equation modeling with undergraduate students, found that time on texts directly
affected memory for textual information and integrated understanding when cogni-
tive and motivational differences as well as deeper level strategy use were controlled
for. Finally, Du and List (2020) found that both total reading time and total writing
time were positively correlated with undergraduate students’ comprehension perfor-
mance as reflected in their post-reading written products.

Taken together, the results of these studies are consistent with the assumption
that behavioral engagement in terms of the time used for processing text informa-
tion and completing subsequent comprehension assessments has a direct positive
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effect on performance. A caveat is, however, that this positive effect may depend on
the complexity of the task. Thus, as elegantly demonstrated by Goldhammer et al.
(2014) in a large scale study, when adult readers work on reading literacy tasks that
are easy and mainly require routine processing, time on task may actually be nega-
tively related to performance. In contrast, when reading literacy tasks are more chal-
lenging and require controlled processing, time on task is likely a positive predictor
of performance. Of note is that time on task as understood by Goldhammer et al.
(2014) included all the time used from being presented with the reading task to hav-
ing produced a response (i.e., completed the assessment).

Several researchers have also found that students’ productivity when working
on post-reading writing tasks used to measure comprehension performance may
be positively related to performance (Bréaten et al., 2018; Kammerer et al., 2021;
Latini et al., 2019). Thus, Bréten et al. (2018) found that the length of undergradu-
ate students’ written products was a unique predictor of both content coverage and
content integration in those products. Similarly, Kammerer et al. (2021) found that
the length of students’ written products was positively correlated with the quality of
those products in terms of their content relevance. As a final example, Latini et al.
(2019) found that when undergraduate students read two printed texts, the length of
their written products mediated the effect of reading purpose (i.e., reading for exam
vs. for pleasure) on the integrated understanding of those texts.

Of note is also that the length of students’ written notes taken during reading,
as an indication of their productivity, has been linked to the quality of their post-
reading comprehension performance, as reflected in their written products (Du &
List, 2020). Moreover, due to its documented relationship with the quality of written
products, increased productivity has been considered a valuable outcome of inte-
grated reading-writing interventions (e.g., De La Paz et al., 2017).

Several studies have also indicated that student engagement may mediate the
effects of cognitive and motivational constructs on comprehension performance
(for review, see Guthrie et al., 2012). In a study of early adolescent English learn-
ers, Taboada et al. (2013) showed that the effects of both general language profi-
ciency and academic vocabulary on comprehension performance were mediated by
engagement, and Wigfield et al. (2008) found that the effects of reading compre-
hension instruction on comprehension performance were mediated by engagement.
Both these studies used a multidimensional measure of student engagement based
on teacher ratings. Other work has linked both prior topic knowledge and interest,
which is a construct closely related to intrinsic motivation (Schiefele et al., 2012),
to comprehension performance via behavioral engagement, in particular (e.g.,
Briéten et al., 2014; Kammerer et al., 2021; List, 2020; List et al., 2019). For exam-
ple, Braten et al. (2014) found that both prior topic knowledge and interest in the
topic were positively related to students’ time use, with time use also mediating the
effect of interest on their comprehension performance. Likewise, List (2020) found
that behavioral engagement as indicated by time on task was affected by topic inter-
est and thus mediated the effects of topic interest on comprehension performance,
and List et al. (2019) found that the time students devoted to text use mediated the
effects of situational (i.e., text-based) interest on the written comprehension prod-
ucts. Moreover, List (2020) found that a cognitive factor based on students’ scores
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on a general, decontextualized measure of perceived strategy use predicted the
time devoted to text use and, in turn, their comprehension performance. Both prior
knowledge and topic interest were also positively related to indicators of behavioral
engagement (e.g., number of unique websites visited and revisited) in the Kammerer
et al. (2021) study.

With respect to working memory, the relationship between working memory and
text comprehension is well established in the empirical literature (for reviews, see
Follmer, 2018; Prat et al., 2016; Swanson & Alloway, 2012). For example, in a meta-
analysis including 26 studies examining relationships between working memory and
comprehension performance, Follmer (2018) found an average correlation coeffi-
cient of r=0.38. Because working memory can be considered an important compo-
nent in a cognitive system for reading by supporting the construction of a coherent
mental representation of text content (Kintsch, 1998; van den Broek, 2010), stu-
dents may be more likely to decrease their engagement in challenging comprehen-
sion tasks without sufficient working memory resources (Guthrie & Klauda, 2016).
Conversely, students with better working memory may be more willing to invest
required time and effort in such tasks.

Both theoretical assumptions and empirical evidence thus suggest that the cogni-
tive and motivational constructs of prior knowledge, working memory, and intrin-
sic motivation may indirectly affect comprehension performance via components
of behavioral engagement, consistent with the theoretical framework proposed by
Guthrie and Klauda (2016). Of note is, however, that the preliminary evidence is
mainly derived from studies including time use (and not productivity) as an indica-
tor of behavioral engagement. In addition to time use, we therefore included produc-
tivity as a potential mediator in our hypothesized model. Because we used a written
comprehension task to measure students’ text comprehension, we operationalized
time use as the time used for producing the written response (i.e., writing time)
and productivity as the length of the written response (i.e., number of words). As
noted by Braten et al. (2018), lack of engagement is often an issue when students
are presented with such comprehension assessments, with students completing them
in a quick and perfunctory way. This, in turn, may lead to a serious underestima-
tion of students’ comprehension skills. Following Braten et al. (2018), we therefore
assumed that writing time and response length would be valid indicators of behav-
ioral engagement in the context of a written comprehension assessment. Crucial to
our argument is the likelihood that, as a group, students who invest more time in
the comprehension task and produce more text will perform better on that task. Of
course, this is not inconsistent with the possibility that some students might perform
well on the comprehension task without necessarily using much time or producing
longer texts.

The present study
Given this theoretical and empirical background analysis, we developed the hypoth-

esized model shown in Fig. 1 and tested the fit of this model to data collected from
a sample of Norwegian undergraduates reading 10 paragraphs about the topic of
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Prior knowledge

Writing time

Working
memory

Comprehension
performance

Response length

Intrinsic
motivation

Fig. 1 The hypothesized model

phobias and subsequently writing a report on the topic without the text available.
This is the first time a model that specifies direct and indirect relationships among
the individual difference variables of prior topic knowledge, working memory, and
intrinsic reading motivation, the behavioral engagement components of time use
and productivity, and comprehension performance has been generated and tested to
investigate these complex relationships collectively. The present study therefore rep-
resents a unique extension of prior research on the antecedents and consequences of
reading engagement.

As can be seen in Fig. 1, both the time used for writing and the length of the
written responses to the comprehension task were hypothesized to have direct posi-
tive effects on comprehension performance (Braten et al., 2018; Du & List, 2020;
Kammerer et al., 2021; Latini et al., 2019). Our reason for expecting that these two
behavioral engagement components, although related, were unique predictors of
comprehension performance is that time may be used effectively for other relevant
processes than producing text (e.g., planning or reflection), and that text may some-
times be produced efficiently without much time use. Of note is also that both these
components of behavioral engagement were well aligned with the requirements of
the challenging written comprehension task that we used in the present study (Ben-
Eliyahu et al., 2018; Goldhammer et al., 2014).

In turn, both components of behavioral engagement were hypothesized to be
directly affected by the individual difference variables and, thus, to mediate the
effects of those variables on comprehension performance (see Fig. 1). The direct
positive effects of prior knowledge and intrinsic reading motivation on behavioral
engagement are consistent with the heuristic model proposed by Guthrie and Klauda
(2016), with these paths also supported by recent empirical work (Braten et al.,
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2014, 2018; Kammerer et al., 2021; List, 2020; List et al., 2020). With respect to
working memory, this cognitive component figures prominently in several frame-
works of text comprehension (Kintsch, 1998; McNamara & Magliano, 2009; van
den Broek, 2010), and its potential influence on behavioral engagement is consist-
ent with Guthrie and Klauda (2016), who maintained that behavioral engagement is
unlikely without basic cognitive system prerequisites. Presumably, the relevance of
working memory increases when comprehension performance is assessed without
the text available during responding (Andreassen & Bréten, 2010), as in the present
study.

In addition to its indirect effects on comprehension performance via the behav-
ioral engagement components, we hypothesized that prior knowledge would have
a direct positive effect on comprehension performance (Fig. 1). This hypothesis is
consistent with prior research showing that prior knowledge may uniquely predict
comprehension performance with a host of individual difference and processing
variables, including behavioral engagement, controlled for (e.g., Bréaten et al., 2014;
Cromley & Azevedo, 2007; Cromley et al., 2010; Taboada et al., 2009). Because all
the hypothesized relationships in the model were expected to hold while control-
ling for the entire set of variables, we did not expect any direct effects of working
memory and intrinsic motivation because it would be difficult for such direct effects
to emerge when controlling for prior knowledge and the two behavioral engagement
components.

Finally, we hypothesized that the cognitive individual difference variables of
prior knowledge and working memory would be positively correlated (Swanson &
Alloway, 2012). The reason we did not hypothesize that prior knowledge and intrin-
sic reading motivation would be positively correlated is that we considered it likely
that students might be fascinated by and intrinsically motivated to read about the
particular topic (i.e., phobias) but still have quite superficial knowledge about it
(Schunk et al., 2014). Also, we considered it likely that students might well have
high levels of working memory capacity without being intrinsically motivated to
read about the topic of phobia, and thus did not hypothesize any correlation between
working memory and intrinsic reading motivation. Although we considered writing
time and the length of the written responses to be distinct components of behavioral
engagement with unique predictability for comprehension performance (see above),
we expected the positive correlation between these two behavioral engagement com-
ponents to be substantial.

Method
Participants

The sample consisted of 116 undergraduates in educational sciences and humani-
ties at a large public university in southeast Norway. Most participants (78.4%)
were enrolled in the first year of a bachelor program, and 15.5% and 6.1%, respec-
tively, were enrolled in the second and third year. Their mean age was 21.95 years
(SD=2.88) and 77.6% were female. Most participants (89%) had Norwegian as their
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first language, and the rest were bilingual. Participants in this study were included in
a larger project on potential medium differences in text processing and comprehen-
sion. Thus, our participants also contributed to some of the data reported by Latini
and Braten (2021). However, hypotheses, measures, analyses, and findings included
in this article are unique to this study.

We recruited participants in regular lectures and those who volunteered received
a gift card worth NOK 200 (approx. USD 20) after the data collection. Collection
and handling of all data met the requirements of the Personal Data Registers Act and
were approved by the Norwegian Social Science Data Services.

Materials
Text

Each participant read one 10-paragraph informational text titled “Phobias,” which
was based on an encyclopedia on phobias (Milosevic & McCabe, 2015) in addi-
tion to diverse popular science articles dealing with this topic. Both the length and
the language of these original texts were adapted to form a single text consisting
of 1000 words (approx. 100 words per paragraph). On a separate title page, source
information (author’s name and credentials plus venue and date of publication) was
presented in addition to the title. The text was said to be authored by a female psy-
chologist with a common Norwegian name and published in the Journal of the Nor-
wegian Psychological Association in 2019.

The 10 paragraphs of the text were presented on 10 pages (one paragraph per
page) and covered three main themes: (1) what phobias are, (2) why phobias occur,
and (3) how phobias can be treated. The first theme was covered in the first four par-
agraphs, with the first paragraph describing fear as a natural response to real threats
that can result in fight or flight reactions, the second paragraph discussing phobias
in terms of irrational fear that interferes with everyday life, the third paragraph
describing the main categories of phobias (i.e., social and specific phobias) and their
characteristics, and the fourth paragraph describing and explaining some less famil-
iar phobias (phonophobia and trypophobia). The second theme was covered in the
next four paragraphs, with the fifth paragraph discussing genetic causes of phobia
and relating them to autonomous nervous system vulnerability and lower levels of
an inhibitory neurotransmitter, the sixth paragraph discussing how phobias can be
learned through the mechanisms of classical conditioning and observational learn-
ing, the seventh paragraph discussing how phobias may have an evolutionary origin
and be derived from fears that increased the chances of survival in the distant past,
and the eighth paragraph discussing gender difference in the prevalence of phobias
and the potential contribution of stereotypical gender roles in this regard. Finally,
the third theme was covered in the last two paragraphs, with the ninth paragraph
discussing medical treatment by means of sedative drugs or cortisol, and the tenth
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paragraph discussing psychological treatment in the form of traditional or virtual
reality exposure therapy.!

We used Bjornsson’s, (1968) formula, based on word and sentence length, to
compute the readability of the text. This resulted in an average readability estimate
of 48.00 (SD=9.99) for the 10 paragraphs, indicating that the difficulty level of
the text was comparable to that of information texts from the Norwegian govern-
ment (Vinje, 1982). This suggests that the text represented a sufficient challenge for
our participants and, thus, was well suited for investigating the role of behavioral
engagement in comprehension performance (Goldhammer et al., 2014).

Prior knowledge

We measured prior knowledge about phobias by asking participants to respond in
writing to the following open ended questions: (1) what is a phobia?, (2) which
types of phobias do you know?, (3) do you know why some people have phobias?,
and (4) do you know how phobias can be treated? On the first question, scores
were based on the definition of phobias by Milosevic and McCabe (2015), which
included four aspects: (1) a phobia is a fear of something, (2) it is irrational, (3) it
is intense and enduring, and (4) it is maladaptive. Participants were awarded one
point if they included one of these aspects, two points if they included two of these
aspects, and three points if they included three or four of these aspects. To receive a
score of three on this question, participants had to include the aspect of irrationality,
though. On the second question, one point was awarded if participants included one
or more phobias from one of the following six categories, which commonly figure
in the literature on phobias (Milosevic & McCabe, 2015): (1) animals/insects, (2)
nature (e.g., heights, water, darkness), (3) blood-injection-injury (e.g., needles, ill-
ness), (4) situations (e.g., flying, elevators, driving, small rooms), (5) social phobias,
and (6) others.? To receive two points, participants had to include phobias from two
or three of these categories, and to receive three points, they had to include pho-
bias from four or more categories. On the third question, one point was awarded for
including one of the following potential causes of phobias: (1) genetics, (2) learning
(including traumatic experiences), (3) evolutionary mechanisms, and (4) gender role
stereotypes. To receive two points, participants had to include two of these poten-
tial causes, and to receive three points, they had to include three or four of them.
Finally, on the fourth question, one point was awarded if participants included one
of the three most common ways of treating phobias (i.e., exposure therapy, medica-
tion, and conversation based therapy). If participants included two or three of these

! For another research purpose, half of the participants read the 10 paragraphs printed in a stapled book-
let and the other half read them in a PDF file on a tablet. Also, half of the participants were instructed
to think aloud while reading whereas the other half were not. Because there were no effects of reading
medium (digital vs. print), instruction (think aloud vs. no think aloud), or their interaction on any of the
variables included in the present study, participants were collapsed into a single group for all statistical
analyses in this study.

2 The first four of these categories fall in the broader category of specific phobias.
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treatments, two or three points were awarded. The possible range of scores was thus
0-3 on each question and 0—12 on the entire prior knowledge measure.

Two authors scored participants’ responses to the four questions. A random selec-
tion of 25% of participants’ responses was scored independently, resulting in a inter-
rater reliability coefficient (Pearson’s ) of 0.92. Disagreements were solved in dis-
cussion. The authors scored half of the remaining participants’ responses each.

Working memory

We used a Norwegian adaptation of Swanson and Trahan’s (1992) Working Memory
Span Task to measure working memory. This task was based on the technique devel-
oped by Daneman and Carpenter (1980), and the Norwegian adaptation has been
validated in prior work with both secondary (Andresen et al., 2019) and postsecond-
ary students (Delgado et al., 2020). The materials consisted of 42 unrelated declara-
tive sentences, five to 12 words in length. These sentences were organized into 12
sets of sentences, with the number of sentences in each set increasing from two to
five. The sentences in each set were read aloud to participants with an interval of
two seconds between each sentence. Participants were asked to comprehend the sen-
tences so that they could answer a question about the content of one of the sentences
(which sentence was unknown in advance) as soon as the final sentence in the set
was read. Also, on the same response form, they should write down the final word of
each sentence in the set. An example of a three-sentence set is:

He has many pairs of shoes but none of them are blue.

The red balloon exploded when it hit the cactus.

The student was always late to the first lesson.

After listening to these sentences, participants were asked, “What color had the
balloon?”” They wrote down the answer to that question on the response form and
afterwards wrote down the final word of each sentence on the same form. Thus, in
accordance with current conceptualizations of working memory (e.g., Baddeley,
2001), this task required simultaneous processing and storage of information.

Following Friedman and Miyake (2005), the working memory task was scored by
counting the total number of final words recalled across all 12 sets. Thus, the pos-
sible range of scores on this measure was 0—42. However, to ensure that participants
took the processing component of the task seriously and did not merely treat the task
as one of verbal memory, points were awarded for correctly recalled final words only
if the comprehension question for the set was answered correctly.’ Words were not
counted as errors if spelled incorrectly and the order of the recalled words were not

3 As suggested by Conway et al. (2005), we also scored the working memory task by assigning credit
to final words recalled despite errors made on the processing component of the task. The correlations
between working memory and the other variables were very similar with this scoring procedure (e.g., the
correlation with comprehension performance was 0.22), and when working memory scored according to
this procedure was included in the path analysis, exactly the same direct and indirect relationships were
statistically significant. However, the internal consistency reliability was somewhat lower (0.76 vs. 0.82)
when processing accuracy was not taken into account.
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taken into account (Conway et al., 2005). The internal consistency reliability (Cron-
bach’s a) for the 42 items (scored 1 or 0) was 0.82.

Intrinsic reading motivation

A five-item inventory completed immediately after reading the text (and before writ-
ing the report) was used to measure participants’ text-based intrinsic reading moti-
vation. This measure has been validated in prior research with both grade-schoolers
(Braten et al., 2017) and undergraduates (Latini et al., 2020) and reflects a willing-
ness to work with reading materials because it is experienced as exciting, interest-
ing, and enjoyable in its own right (Deci & Ryan, 2000; Schiefele et al., 2012). Thus,
participants used a 5-point scale (1 =does not fit at all, 5=fits very well) to rate to
what extent they had experienced the reading the text as exciting, interesting, fun,
attractive, and enjoyable, respectively. Prior research has shown that such current
(rather than habitual) intrinsic motivation, focusing on the willingness to engage in
a specific reading task in a given situation, may be associated with engagement as
well as with performance (Schiefele et al., 2012; Wigfield & Cambria, 2010). The
internal consistency reliability (Cronbach’s a) for participants’ scores was 0.79.

Behavioral engagement

Two components of behavioral engagement were measured in the present study:
writing time and the length of the written reports used to assess comprehension per-
formance (see below). To measure writing time, a stop watch was started when par-
ticipants began writing, with the time for each participant registered as soon as they
finished writing. To measure response length, we counted the number of words in
each participant’s post-reading written report using the word count tool included in
Microsoft Word. It should be noted that participants were not explicitly informed
that writing time was monitored or that the length of their written reports would be
registered.

Comprehension performance

To measure comprehension of the text content, we asked participants to write a
report in which they discussed what phobias are, why they occur, and how they are
treated. In each of the 10 paragraphs, we identified the main idea and awarded par-
ticipants O or 1 point dependent on whether this main idea was correctly represented
in their written products or not. In addition, in each paragraph, we determined how
the main idea was further elaborated and awarded participants O or 1 point depend-
ent on whether this elaboration was present in their written products or not. For
example, in the paragraph defining phobias (i.e., paragraph 2), we identified the
main idea as phobias involve irrational fear and an elaboration of this idea as pho-
bias interfere with adaptive functioning. The scores for each paragraph thus ranged
from O to 2, and the scores on the entire measure could possibly range from 0 to 20.
Only the total scores were used in subsequent statistical analyses, with these reflect-
ing the extent to which participants had represented an elaborated overview of the
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characteristics, causes, and treatments of phobias, as presented across the 10 para-
graphs. The main idea and elaboration we identified in each of the 10 paragraphs as
a basis for the scoring system are presented in Appendix 1.

Because students were asked to write their report without having the text avail-
able (see the Procedure section), performance on this measure could be assumed to
be based on their mental representation of the text content. Of note is also that this
measure of comprehension performance is different from our measures of behav-
ior engagement because participants presumably may display good comprehension
performance on this measure without necessarily using much time (i.e., efficiently)
or many words (i.e., economically). Importantly, our comprehension measure can
be considered to capture not only how students identified and represented the main
idea in each paragraph but also how the main idea was further elaborated in that
paragraph. Accordingly, high scores on this measure reflect students’ identification,
integration, and representation of the main ideas and their elaborations in the text.

Two authors scored the written responses. A random selection of 25% of par-
ticipants’ responses was scored independently, resulting in a high interrater relia-
bility estimate (Cohen’s Kappa=0.93). Also, the two raters’ total scores for these
participants were highly correlated (Pearson’s r=0.95, p <0.01). All disagreements
were solved in discussion, and the authors scored half of the remaining participants’
responses each.

Procedure

The second author collected the data in individual 60-min sessions in a quiet room
at the university. After participants had completed the working memory measure,
which was administered orally, they received a folder containing a demographic sur-
vey and the prior knowledge measure and completed these materials in this order.
Participants then read the following instruction:

You are now going to read a text about phobias in order to write a brief report
in which you discuss what phobias are, why they occur, and how they are
treated. The text consists of 10 paragraphs, with one paragraph on each page.

Moreover, participants were instructed that they could spend up to eight minutes
reading the text. This time frame was based on piloting of the materials, which indi-
cated that a time limit of eight minutes would allow all students to read the entire
text. Immediately after participants had finished reading the text, they completed the
inventory on intrinsic reading motivation. Finally, they accessed a web based ques-
tionnaire by clicking on a Google Chrome window located on the taskbar of a laptop
computer. This questionnaire contained the following written task instruction:

Based on the text you just read, you are going to write a brief report in which
you discuss what phobias are, why they occur, and how they are treated. You
can spend as much time as you want on this writing task. It is important that
you express yourself as completely and elaborately as you can.
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Table 1 Descriptive statistics for all variables

M (SD) Skewness (SE) Kurtosis (SE) Min Max
Prior knowledge 5.50 (1.54) 0.13 (0.23) 0.90 (0.45) 2 11
Working memory 18.73 (6.88) 0.17 (0.23) —0.46 (0.45) 5 35
Intrinsic motivation 4.13 (0.65) —1.13 (0.23) 2.09 (0.45) 1.6 5
Writing time (seconds) 788.03 (328.25) 0.42 (0.23) —0.81 (0.45) 166 1517
Response length (words) 289.66 (124.83) 0.86 (0.23) 0.45 (0.45) 82 648
Comprehension performance 7.48 (3.02) 0.39 (0.23) —-0.27 (0.45) 2 15

Table 2 Zero-order correlations for all variables

Variable 1 2 3 4 5 6

1. Prior knowledge -

2. Working memory 24%% -

3. Intrinsic motivation .04 -.01 -

4. Writing time (seconds) .16 25%% 21% -

5. Response length (words) 25%* 25%* 21% .69H** -

6. Comprehension performance 35wk 23% 12 S55%F* 62%F* -

p <05, ¥*p< 01, #+*p < 001

Below this instruction, participants wrote their report in a separate text entry box
with no word limit. The task instruction was visible during writing, but participants
could not re-access the text. When finished, they submitted their report to a server
by clicking on a “Send” button.

Results

Descriptive information about all measured variables are included in Table 1. This
information indicates that the score distributions were approximately normal and,
as such, could be used in parametric statistical analyses. Zero-order correlations
between the variables are displayed in Table 2. All the individual difference and
behavioral engagement variables, except intrinsic reading motivation, correlated
positively and statistically significantly with comprehension performance. However,
intrinsic reading motivation correlated positively and statistically significantly with
both measures of behavioral engagement, as did working memory. Prior knowledge
was statistically significantly correlated with the length of the written responses
but not with writing time. Finally, although comprehension performance correlated
substantially with the components of behavioral engagement, a shared variance of
30.3% between comprehension performance and writing time and a shared variance
of 38.4% between comprehension performance and response length clearly indicate
that these measures capture different constructs.
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Prior knowledge

226%+*

‘Writing time
R =118** 247* -
Comprehension

643%*E performance

.240*

Working
memory

.200% R*= 455%%*

.388%*
Response length

RP=145%*

Intrinsic
motivation

Fig.2 The model with standardized path coefficients and explained variance of dependent variables.
*p<.05, ¥*p<.01, ***p <.001

The fit of the hypothesized model to the data was estimated with maximum
likelihood path analysis using the lavaan R package (R Core Team, 2020).
According to common criteria for evaluating model fit (Hu & Bentler, 1998,
1999; Marsh et al., 2004), the hypothesized model had an excellent fit to the
data, with X2(4, n=116)=0.237, p=0.993. The comparative fit index (CFI) was
1.000; the root mean square error of approximation (RMSEA) was 0.000, 90%
CI (0.000-0.000); and the standardized root mean residual (SRMR) was 0.008.
As can be seen in Fig. 2, eight of the nine causal paths and both correlations
included in the hypothesized model (see Fig. 1) were statistically significantly
different from zero and in the expected direction.

Specifically, there were direct effects of behavioral engagement on compre-
hension performance. As expected, the two components of behavioral engage-
ment, despite their substantial intercorrelation (r=0.643, p <0.001), had unique
positive effects on performance, with $=0.247, p=0.017, for writing time, and
B=0.388, p=0.002, for response length. In turn, the individual difference varia-
bles had direct effects on behavioral engagement. As expected, there were unique
positive effects of all individual difference variables on response length, with
B=0.205, p=0.010, for prior knowledge; f=0.200, p=0.027, for working mem-
ory; and f=0.207, p=0.012, for intrinsic reading motivation. With respect to
writing time, working memory (f=0.231, p=0.017) and intrinsic reading moti-
vation (f=0.209, p=0.004), but not prior knowledge (p=0.099, p=0.237), had
unique positive effects. However, as expected, prior knowledge also had a direct
positive effect on comprehension performance, with f=0.226, p <0.001. Taken
together, 11.8% (p=0.003) and 14.5% (p=0.001) of the variance in writing time
and response length, respectively, were explained by the individual difference
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variables, both representing medium effect sizes according to Cohen’s (1988)
benchmarks.

Finally, both prior knowledge and intrinsic reading motivation had statistically
significant mediated effects on comprehension performance via response length,
with $=0.080, p=0.034, for prior knowledge, and =0.080, p=0.029, for intrinsic
motivation. The mediated effect of working memory on performance via response
length was not statistically significant, however (p=0.078, p=0.108). Moreover,
none of the mediated effects of individual differences on performance via writ-
ing time reached a conventional level of statistical significance, with $=0.024,
p=0.321, for prior knowledge; f=0.057, p=0.078, for working memory; and
f=0.051, p=0.063, for intrinsic reading motivation. The model explained 45.5%
(»<0.001) of the variance in comprehension performance, which can be considered
a large effect (Cohen, 1988).

Discussion

This study uniquely contributes to research on the role of behavioral engagement
in comprehension performance. First, it investigated two different components of
behavioral engagement, writing time and the length of the written response, as pre-
dictors of performance. Second, it included not only cognitive but also motivational
constructs as potential contributors to those behavioral engagement components.
Third, in addition to investigating direct relations between these sets of variables,
we tested the effects of the cognitive and motivational constructs on comprehension
performance as mediated by the two behavioral engagement components.

As expected, the two behavioral engagement components uniquely predicted stu-
dents’ comprehension performance as reflected in their post-reading written reports
on the topic in question. While this is consistent with prior research indicating that
behavioral engagement during written comprehension assessments may contribute
to performance (Braten et al., 2018; Du & List, 2020; Kammerer et al., 2021; Latini
et al., 2019), the unique predictability of the two behavioral engagement compo-
nents provides new insights into the nature of active, observable involvement in the
comprehension task. Thus, this finding indicates that an effective use of writing time
involves relevant processes beyond text production, and that effective text produc-
tion is not only a reflection of the time invested in writing. The predictability of
these two behavioral engagement components is logical given their alignment with
the demands of the written comprehension task. Still, we would argue that these
findings are far from trivial given that students more often than not are required to
demonstrate their comprehension by means of written products. We return to the
theoretical and educational implications of these findings below.

Also as expected, the path analysis indicated that both cognitive and motiva-
tional constructs may underlie both behavioral engagement components, with prior
knowledge, working memory, and intrinsic motivation uniquely predicting response
length, and with two of these constructs (working memory and intrinsic motiva-
tion) uniquely predicting writing time. While the finding that behavioral engagement
needs to be underpinned by both cognitive and motivational individual differences
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is consistent with prior empirical work (Braten et al., 2014; Kammerer et al., 2021;
List, 2020; List et al., 2019), our findings provide new insights by showing how
prior knowledge, working memory, and intrinsic motivation may uniquely predict
specific aspects of behavioral engagement in the context of written comprehension
assessment. In regard to this, the finding that prior knowledge was more strongly
related to response length than to writing time may indicate that students with higher
levels of prior knowledge can produce relevant text more efficiently, without neces-
sarily spending much time on the writing task. In contrast, some students with less
prior knowledge might try to compensate for their lack of knowledge by spending
more time on the task.

Although the individual difference variables had somewhat more restricted
(i.e., fewer) indirect effects on comprehension performance than what we initially
assumed, the finding that both prior knowledge and intrinsic motivation indirectly
affected performance via response length was consistent with our hypotheses. More-
over, although not statistically significant, both working memory and intrinsic moti-
vation showed clear trends toward the indirect effects of individual differences on
performance via writing time that we hypothesized. Taken together, these findings
suggest that both cognitive and motivational constructs may have mediated effects
through behavioral engagement in the context of written comprehension assessment,
in particular through the behavioral engagement component of response length.

Of note is that the indirect relationships that we did and did not find need to be
interpreted in the multivariate context of our study, which means that they are con-
trolled or adjusted by the other variables and relationships that we included in the
model. Especially, because the two behavioral engagement components that we
included were positively correlated, and because response length was a stronger
predictor of comprehension performance than was writing time, no statistically sig-
nificant indirect relationships emerged for writing time when adjusting for response
length.

As hypothesized, beyond its mediated effect through behavioral engagement,
prior knowledge had a direct effect on comprehension performance. This is consist-
ent with prior research on the relationship between prior knowledge and text com-
prehension when other individual differences and processing variables are controlled
for (e.g., Braten et al., 2014; Cromley et al., 2010; Taboada et al., 2009), suggesting
that students at higher levels of prior knowledge may display their comprehension
through other means than using more time or writing longer texts, for example by
the concepts they include and their argumentation (De La Paz & McCutchen, 2017).

Our study provides clear support for the heuristic model of the antecedents and
consequences of behavioral engagement proposed by Guthrie and Klauda (2016).
Thus, in accordance with this model, behavioral engagement was found to con-
tribute substantially to comprehension performance as measured by the writing
task, as well as to mediate distinct, unique effects of both cognitive and motiva-
tional constructs on students’ performance. These findings are also interpretable
within the Interactive-Constructive-Active—Passive framework proposed by Chi
and Wylie (2014). According to Chi and Wylie (2014), observable activities dur-
ing a learning task may evoke cognitive processes with implications for students’
learning outcomes. Specifically, compared to a more passive mode of behavioral
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engagement, a more active mode of behavioral engagement may thereby pro-
duce better learning outcomes. In this view, then, it seems likely that the behav-
ioral engagement components that we targeted co-occurred with metacognitive
and cognitive processing during the writing task (see also, Sinatra et al., 2015),
such as processes of planning, mental text generation, reviewing, and revising
(De La Paz & McCutchen, 2017). That said, because prior research has indicated
that behavioral engagement may contribute to comprehension performance even
when deeper-level strategic text processing is controlled for (Braten et al., 2014;
List, 2020), it is conceivable that students’ persistence in applying such strategies
and performing the task may have an independent influence on performance. To
further clarify this issue, it seems pertinent to include components of behavio-
ral engagement together with measures of strategic processing taken during both
reading and writing in the same study. So far, however, much more research on
mediating processes in text comprehension has focused on cognitive (i.e., strate-
gic) processing than on behavioral engagement (e.g., Cromley & Azevedo, 2007;
Cromley et al., 2010; Kopatich et al., 2019; Magliano et al., 2020), with the role
of behavioral engagement still being an underfocused area within text compre-
hension research.

Our study comes with several limitations that may suggest avenues for further
research. Among these is that, without further research, we cannot say that our find-
ings are generalizable to other student populations, topics, and texts. In particular,
although we did not include measures of reading and writing skills in this study,
participants were undergraduate readers who volunteered to participate in a study
on reading and, therefore, could be assumed to possess basic reading and writing
skills. This, of course, makes it difficult to generalize our findings to other groups
of readers, including younger and struggling readers. Especially struggling readers
may have difficulties engaging in challenging literacy tasks such as those used in
the current study, and it is an important issue for both researchers and educators to
better understand individual and contextual factors associated with (dis)engagement
among struggling readers, as well as how engagement may be assessed and pro-
moted for such readers in the classroom.

Our study is also limited by the fact that the students read an experimental text
and produced a report that did not have any real-world (i.e., academic) consequences
for them. Future research should therefore try to investigate direct and mediating
effects of behavioral engagement on comprehension performance when students
work on ecologically more valid tasks that really matter in terms of academic
performance.

Further, although the path analysis approach typically comes with causal termi-
nology (e.g., direct and indirect effects), our ability to draw causal conclusions is
limited by the fact that our study used a correlational rather than an experimental
design. Our hypothesized model with its directional relationships had an excellent
fit to the data, and these relationships were consistent with Guthrie and Klauda’s
(2016) theoretical framework as well as with prior research suggesting that behavio-
ral engagement is a causal predictor of comprehension performance. Still, given the
correlational nature of the data, we cannot be sure about the direction of effects or
rule out the possibility of bidirectional relationships, especially between behavioral

@ Springer



Predictors and outcomes of behavioral engagement in the context...

engagement and text comprehension. Thus, further experimental work is needed to
clarify such issues concerning causality.

Finally, our study is inevitably limited by the individual differences we included
in the model and the way we conceptualized and measured components of behavio-
ral engagement and comprehension performance. Regarding individual differences,
prior knowledge may be considered along multiple dimensions (i.e., with respect
to amount, accuracy, specificity, and coherence; McCarthy & McNamara, 2021)
and, accordingly, be measured in more comprehensive ways. Further, other relevant
types of executive functions (e.g., inhibition and flexibility; Follmer, 2018) may be
included in addition to working memory in future studies. Also with respect to read-
ing motivation, other relevant constructs, such as reading comprehension self-effi-
cacy and reading comprehension task value (Braten et al., 2013), may be studied as
indirectly related to comprehension performance via behavioral engagement.

With respect to individual differences in reading, not only reading comprehension
skills but also other literacy-related skills (e.g., vocabulary, metacognition, inference
skills) could be included in future research on the antecedents of behavioral engage-
ment in literacy tasks. Moreover, beyond cognitive and motivational individual dif-
ferences, there may well be personality factors, such as need for cognition (Petty
et al., 2009) and conscientiousness (Roberts et al., 2009), that contribute to students’
behavioral engagement and therefore should be included in future research in this
area (see, e.g., Braten et al., 2014).

Regarding behavioral engagement, it may be argued that we measured this con-
struct quite narrowly in this study. In particular, although writing time and response
length could be considered especially relevant in the context of a written compre-
hension assessment, and although both turned out to be unique, positive predictors
of performance, more information could probably be gained if behavioral engage-
ment is measured during reading as well. For example, in addition to reading time,
eye movement or navigation data might be collected to gauge students’ behavio-
ral engagement during reading. External observations of students’ on and off task
behaviors during both reading and writing may also be used (Fredricks & McCols-
key, 2012). Preferably, future researchers in this area should use multiple methods of
measuring behavioral engagement in order to cross-validate their findings.

Of course, our study is also limited by our particular approach to assessing text
comprehension, focusing on students’ ability to represent and communicate the main
ideas and elaborations in an informational text on a relatively unfamiliar topic. This
task proved quite challenging for the students, who obtained an average score of
7.48 out of 20. However, other aspects of text comprehension, such as bridging and
elaborative inferences (Magliano & Millis, 2003), which may require other forms of
engagement (e.g., deeper level strategic processing), were not targeted. Other meas-
ures of comprehension capturing such aspects should therefore be investigated in
relation to student engagement in future research. It is also an open question to what
extent students’ writing skills may have influenced their comprehension perfor-
mance in the present study. When future researchers in this area use written compre-
hension assessments, we therefore recommend that they try to measure writing skills
independently and partial out their potential effects on comprehension performance.
Alternatively, comprehension measures not requiring any writing could be used.
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Despite existing limitations, we sincerely believe that our findings may have edu-
cational implications by highlighting the crucial role of engagement in literacy tasks,
as well as the challenges this poses for literacy educators (Ng & Graham, 2018). As
noted by other researchers (e.g., Afflerbach & Harrison, 2017; Guthrie & Klauda,
2016), students’ engagement in literacy tasks may be promoted by classroom prac-
tices and contexts that provide meaningful choices among texts to read and tasks to
perform, that provide relevance by connecting texts and tasks to real world activities
and students’ lived experiences, and that organize active, goal-directed collabora-
tion among students to infuse enjoyment and excitement into the meaning making
process. Such research-based recommendations are consistent with our findings
that intrinsic reading motivation may underlie important components of behavioral
engagement. However, consistent with our findings, not only intrinsic motivation but
also students’ prior knowledge may underlie their engagement in literacy tasks. It
is therefore important that educators try to ensure that students possess sufficient
prior knowledge for engagement to occur, for example by introducing reading tasks
through pre-reading hands-on activities or activation of relevant background knowl-
edge and experiences in a social setting (e.g., a class discussion; Bréten et al., 2017).
Finally, regarding working memory, our findings seem to suggest that students
should work with literacy tasks adapted to their working memory capacities, such
that students at lower levels of working memory are not further hindered in their
literacy development by losing their engagement in such tasks.

Appendix 1

Main idea and elaboration in each text paragraph

Paragraph 1

Main idea: Fear is a natural reaction to danger.

Elaboration: A fear reaction can involve either fight or flight.

Paragraph 2

Main idea: Phobias involve rational fear.

Elaboration: Phobias interfere with adaptive functioning.

Paragraph 3

Main idea; The main types of phobias are social phobias and specific phobias.

Elaboration: Description of both social and specific phobias and mentioning at least
one category of specific phobias.
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Paragraph 4

Main idea: Some less familiar phobias are phonophobia and trypophobia.
Elaboration: Description of both phonophobia and trypophobia.

Paragraph 5

Main idea: Phobias may have genetic causes.

Elaboration: The genetic explanation is related to the (autonomous) nervous
system/a chemical substance in the brain/GABA.

Paragraph 6

Main idea: Phobias may be learned.

Elaboration: Learning of phobias may occur by means of classical conditioning
and by means of observational learning (at least one form must be explained).
Paragraph 7

Main idea: Phobias may be caused by an innate tendency to fear things that were
dangerous in the distant past (i.e., have an evolutionary origin).

Elaboration: Fear enhanced our chances of survival.

Paragraph 8

Main idea: Phobias are more common among women than among men.
Elaboration: This may be associated with typical gender role patterns, with boys
confronting dangers and girls avoiding dangers and/or being better at identifying
emotional states in others.

Paragraph 9

Main idea: Phobias may be treated with medicines.

Elaboration: These medicines are anxiety reducing and/or cortisol (i.e., a stress
hormone that inhibits another stress hormone, adrenaline).

Paragraph 10

Main idea: Phobias may be treated with exposure therapy.
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Elaboration: Exposure therapy involves gradually exposing persons to what they
fear in a safe environment.
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