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Abstract

W Although it has been consistently shown that readers gen-
erate bridging inferences during story comprehension, little is
currently known about the neural substrates involved when
people generate inferences and how these substrates shift with
factors that facilitate or impede inferences, such as whether
inferences are highly predictable or unpredictable. In the cur-
rent study, functional magnetic resonance imaging (fMRI) signal
increased for highly predictable inferences (relative to events
that were previously explicitly stated) bilaterally in both the
superior temporal gyri and the inferior frontal gyri. Interestingly,
high working memory capacity comprehenders, who are most

INTRODUCTION

To successfully comprehend a story, individuals often
need to make connections between information’that_is
currently stated in a text with information that was pre-
viously mentioned in a text. Consider the following
example: “From the gate, Walter could-see his grand-
mother coming towards him. After she walked away, he
knew that his cheeks would be’sore for days.” To
understand the last sentence, individuals must generate
the inference that Walter’s grandmother pinched his
cheeks. When comprehenders encounter such a gap in
understanding (i.e., a ¢oherence break), they need to
connect information about:the causes and consequences
of text events. In other words, comprehenders need to
generate bridging inferences (also known as backward
inferences) to establish a coherent representation of a
text (e.g., Graesser, Singer, & Trabasso, 1994; van den
Broek, 1990). Although behavioral research has revealed
various factors that influence the likelihood of people
drawing bridging inferences (Linderholm & van den
Broek, 2002; Just & Carpenter, 1992; McKoon & Ratcliff,
1992; Singer, Andrusiak, Reisdorf, & Black, 1992), rela-
tively little research has examined the component pro-
cesses or neural substrates involved in generating such
inferences. The goal of this program of research is to use
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likely to generate inferences during story comprehension,
showed greater signal increases than did low working memory
capacity comprehenders in the right superior temporal gyrus
and right inferior frontal gyrus=When comprehenders needed to
draw unpredictable inferences in a story, fMRI signal increased
relative to explicitly state events'in the left inferior gyrus and in
the middle frontal. gyrus,  irrespective of working memory
capacity. These.results suggest that the predictability of a text
(i.e., the causal constraint) and the working memory capacity of
the comprehender influence the different neural substrates
involved during the generation of bridging inferences.

functional magnetic resonance imaging (fMRI) to ulti-
mately provide insight into the specific brain areas and
cognitive mechanisms that are involved during bridging
inference generation.

One factor that influences how easily comprehenders
generate bridging inferences is the causal structure of a
text. It is well known that people draw inferences when
necessary to maintain story coherence (e.g., Graesser
et al.,, 1994; van den Broek, 1990), as in the example
above. In addition, the more the text constrains or limits
the number of possible inferences readers can generate
during story comprehension, the more likely people
are to draw these types of inferences (van den Broek,
1990). For example, when reading “From the gate, Walter
could see his grandmother coming towards him,” indi-
viduals are more likely to generate the inference ““pinch”
after reading “Walter could see her hands reaching out
for his cheeks” than after “Walter could see her hands
reaching out for him.” Among other effects, the level of
causal constraint in a text appears to differently affect how
the right and left hemispheres contribute to bridging
inferences. Specifically, weakly constrained text shows
greater semantic priming (i.e., speeded responses to
related words, indicating greater ‘‘semantic activation”
of inference-related information) for bridging inferences
in the right hemisphere than in the left hemisphere
(Virtue, van den Broek, & Linderholm, 2006). Manipulat-
ing causal constraint then could reveal specific neural
components involved in bridging inference generation.
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Therefore, in the current study, we investigated the neu-
ral activity that occurs during the generation of bridging
inferences under two levels of causal constraint: when in-
ferences are highly predictable in a story versus when in-
ferences are unpredictable in a story.

Another factor that has been shown to influence how
and when people draw bridging inferences is the work-
ing memory capacity of the comprehender. Previous
research has shown that high working memory compre-
henders are more likely than low working memory com-
prehenders to generate inferences (Linderholm, 2002;
Estevez & Calvo, 2000; St. George, Mannes, & Hoffman,
1997). In addition, a comprehender’s working memory
capacity influences how inferences are generated under
different levels of causal constraint (e.g., Virtue, Haberman,
Clancy, Parrish, & Jung Beeman, 2006; Virtue, van den
Broek, et al., 2006; Linderholm, 2002). Specifically, high
working memory capacity readers show more semantic
priming when given strongly constrained text than when
given weakly constrained text, in both hemispheres. In
contrast, low working memory capacity readers show
this same pattern in the left hemisphere (i.e., when
words are presented to the right visual field), but
equivalent semantic priming of inference-related infor-
mation for both levels of constraint in the right hemi-
sphere (Virtue, van den Broek, et al., 2006). Therefore,
in the current study, we examined the relation between
working memory capacity, causal constraint, and brain
activity associated with drawing bridging inferences.

Although behavioral research has shown that the
causal constraint of a text and the working memory.
capacity of a reader both separately influence.bridging
inference generation, relatively little research'has exam-
ined the neural substrates of these effects=:Recent fMRI
studies have provided some insights into the brain areas
that may be involved when people generate bridging
inferences. For example, when reading sentence pairs
that vary in degree of causal relatedness, different brain
areas show distinct patterns of activity (i.e., a dissocia-
tion analogous to one previously reported in behavioral
studies of reading). Specifically, people read increasingly
slowly as the degree of semantic relatedness between
the sentences decreases (Myers, Shinjo, & Duffy, 1987).
These monotonically increasing reading times have been
attributed to the increasing difficulty in establishing
connections between sentences as they decrease in re-
latedness. In contrast, people remember moderately
related sentence pairs the best, and remember highly
related and unrelated sentence pairs the least well. The
improved memory for moderately related pairs has been
attributed to the successful generation of causal infer-
ences, which are not necessary for highly related sen-
tences (Myers et al., 1987). Analogously, findings from
fMRI studies reveal that activity in the dorsal lateral
prefrontal cortex (especially in the left hemisphere)
increases monotonically as causal relatedness decreases,
whereas activity in the right hemisphere (especially in
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the right temporal lobe) peaks for moderately related
sentence pairs, which are the type of sentence pairs
known to elicit causal inferences (Mason & Just, 2004).
Consistent with this idea, other research has found supe-
rior temporal gyrus (STG) and inferior frontal gyrus (IFG)
activity at different times during inference generation
(Virtue, Haberman, et al., 2006; Jung-Beeman, 2005) and
during semantic integration in other types of tasks (Ferstl,
Rinck, & von Cramon, 2005; Jung-Beeman et al., 2004).
For example, fMRI signal increases in the STG during
early stages of inference generation (i.e., when the verb
either infers or explicitly states an inference), whereas
fMRI signal increases in the IFG during later stages of in-
ference generation (i.e., when a coherence break occurs
in a text) (Virtue, Haberman, et al., 2006). This suggests
that the STG may be involyed in integrating semantic
information, whereas the IFG is involved in selecting
semantic information during inference generation (e.g.,
the Bilateral Activation Integration and Selection [BAIS]
model; Jung-Beeman, 2005). Furthermore, the increased
neural activity in the IEG for inference events relative to
explicit events occurs more strongly in high working
memory capacity comprehenders—who are most likely
to complete inferences—than in low working memory
capacity comprehenders (Virtue, Haberman, et al., 20006).

Taken together, these behavioral and neuroimaging
findings lead to several hypotheses about how the brain
processes inferences that are highly predictable versus
those that are unpredictable. It is possible that when
comprehenders encounter text that provides hints about
a future inference in a text (i.e., a highly predictable
inference), they likely carry out a variety of cognitive
processes. Therefore, with highly predictable inferences,
by the time comprehenders encounter a coherence
break, they already have access to information that will
direct them to the appropriate inference. They should be
able to integrate and select the necessary semantic
information when they reach the coherence break and
need to draw the bridging inference. Areas within the
STG have been implicated during the semantic integra-
tion of inferential information (Virtue, Haberman, et al.,
2006; Jung-Beeman, 2005; Mason & Just, 2004; St.
George, Kutas, Martinez, & Sereno, 1999), whereas areas
within the IFG have been implicated during semantic
selection (Barch, Braver, Sabb, & Noll, 2000; Thompson-
Schill, D’Esposito, Aguirre, & Farah, 1997). For example,
activity in both the STG and the IFG are evident when
individuals need to recruit additional resources to com-
plete a task, such as generating unusual uses for a noun
(Seger, Desmond, Glover, & Gabrieli, 2000). Thus, we pre-
dict that when comprehenders hear stories that strongly
suggest an event (compared to when stories explicitly
state an event), they will show increased neural activity bi-
laterally in the STG and the IFG when they need to gen-
erate a bridging inference (i.e., at the coherence break).

In contrast, with unpredictable inferences, no prior infor-
mation directs comprehenders to the necessary inference
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when they encounter a coherence break. Therefore,
comprehenders may experience an element of surprise
when they reach the coherence break and need to
generate the inference. Under these less constrained
conditions, comprehenders need to search for potential
relations and select the appropriate inference to resolve
the unexpected break in coherence. Areas within the IFG
have been suggested to be important for directed seman-
tic retrieval and selection. For example, activity in the IFG
increases as participants choose between several alterna-
tive answers (Wagner, Paré-Blagoev, Clark, & Poldrack,
2001; Barch et al., 2000; Thompson-Schill, et al., 1997) or
generate specific uses for a noun (Seger et al., 2000;
Posner, Petersen, Fox, & Raichle, 1988). Thus, we predict
that when comprehenders need to generate a bridging
inference (i.e., at the coherence break), they will show
greater neural activity in the left IFG when presented with
unpredictable inferences than when presented with text
that explicitly states an event during story comprehension.

In summary, we predict that comprehenders will
show greater neural activity when listening to stories
that imply events than when listening to stories that
explicitly state events. We further hypothesize that dif-
ferent cognitive processes, and therefore different neu-
ral substrates, will be engaged when comprehenders
generate bridging inferences under highly predictable
versus unpredictable text conditions. In fact, it is possi-
ble that more processes will be engaged (or will be
engaged more immediately and consistently) for the
highly predictable events than for the unpredictable
events because information necessary to complete the
inferences is more accessible to comprehenders when
the inferences are relatively predictable.

Specific predictions can also be made-with. regard to
how working memory capacity and 'causal constraint
interact during the generation of bridging inferences.
Because high working memory. comprehenders have
additional capacity to store and access semantic infor-
mation, they are likely able to simultaneously carry out
several cognitive processes during the comprehension
of text (e.g., semantic integration and selection), which
may not be possible by low working memory compre-
henders. These additional processes are mostly likely to
be evident for highly predictable inferences, as compre-
henders are most likely to generate inferences under
highly predictable text conditions (van den Broek, 1990).
Therefore, it is possible that additional cognitive pro-
cesses are carried out by high working memory com-
prehenders during inference generation when the text is
highly predictable. Importantly, these unique cognitive
processes carried out by high working memory compre-
henders should be evident in additional neural activity
during bridging inference generation. This hypothesis is
consistent with behavioral findings showing that high
working memory readers show greater facilitation for
inference-related target words in the right hemisphere
when the text is strongly constrained than when it is

weakly constrained text, whereas low working memory
readers show equal facilitation for inference-related
targets in the right hemisphere for these two levels of
constraint (Virtue, van den Broek, et al., 2006). Thus,
high working memory individuals seem to have unique
semantic activation in the right hemisphere that assists
them during the comprehension of text. These findings
also suggest that high working memory comprehenders
make use of this increased right hemisphere activation
primarily during the processing of strongly constrained
text. Thus, we predict that when high working memory
capacity comprehenders need to generate a bridging
inference (i.e., at the coherence break), they will show
greater neural activity in the right hemisphere (particu-
larly in the STG and the IFG) when presented with
highly predictable inferences than when presented with
explicitly stated inferences during story comprehension.
It is less clear how high and:low working memory com-
prehenders might differ when hearing stories implying
less predictable events because, by design, these events
should not be inferred prior to the coherence break.
In the current study, we investigated neural activity as
comprehenders generate bridging inferences that are
highly predictable and unpredictable in a story. We use
an event-related fMRI design to measure neural activity
at the point at which comprehenders need to draw a
bridging inference to establish causal coherence in a text
@i.e.4 at the coherence break). In addition, we also ex-
amined this neural activity separately for high working
memory capacity comprehenders, or those individuals
who are most likely to show evidence of bridging in-
ference generation, to investigate how working memory
capacity and the predictability of a text (i.e., the causal
constraint) interact during story comprehension.

METHODS
Participants

Twenty-six participants (12 men and 14 women, age
range = 19-34 years) were native English speakers,
right-handed (M = 0.78, range = 0.2-1.0), as assessed
by a five-item preference questionnaire (with a range of
+1.0 to —1.0) (Bryden, 1982), and without significant
history of neurological disorders. Seven participants
were replaced prior to analyses: two participants due
to poor performance on the comprehension questions,
four participants due to scanner error, and one partic-
ipant whose scan indicated uncorrectable motion. The
Northwestern University Institutional Review Board ap-
proved all experimental procedures, and written in-
formed consent was obtained from each participant.

Stories and Task during Scanning

During fMRI scanning, participants listened to 20 stories
over headphones via an MRA audio system. The 20 stories
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