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Table 1 Correlation matrix for all scores (n = 145), P-values are shown
1 2 3 4 5 6 10 11 12
1. Latent WAIS Verbal Comprehension 0.585 0.755 0.446 0.809 0.071 0.107 0.007 0.083 0308 0.322 0.039
0.000 0.000 0.000 0.000 0.398 0.200 0.933 0.320 0.000 0.000 0.644
2. Latent WAIS Perceptual Organization 0.646 0.794 0550 0.042 0.147 0.005 0.069 0.177 0.283 0.070
0.000 0.000 0.000 0.615 0.079 0951 0413 0.033 0.001 0.405
3. Latent WAIS Working Memory 0.602 0.607 0.035 0.114 0.023 0.128 0.186 0.364 0.076
0.000 0.000 0.676 0.172 0.786 0.125 0.025 0.000 0.365
4. Latent WAIS Processing Speed 0.498 0.039 0.001 0.020 0.070 0.097 0.284 0.089
0.000 0.642 0.993 0.812 0.403 0.245 0.001 0.288
5. Latent Emotional Intelligence 0.060 0.133 0.193 0.078 0.273 0.333  0.041
0.476 0.110 0.020 0.352 0.001 0.000 0.624
6. NEO: Extraversion 0.129 0.001 0.246 0.163 0.148 0.156
0.122 0994 0.003 0.050 0.075 0.062
7. NEO: Agreeableness 0.068 0.239 0.122 0.079 0.037
0.419 0.004 0.142 0.343 0.660
8. NEO: Conscientiousness 0.059 0.018 0.002 0.031
0.480 0.831 0.977 0.709
9. NEO: Neuroticism 0.064 0.136 0.106
0.442 0.103 0.106
10. NEO: Openness 0.016 0.074
0.847 0.378
11. Discourse Comprehension: Overall Score 0.945
0.000

12. Discourse Comprehension Residual

NEO = Neuroticism-Extraversion-Openness.

Figure 1 Voxel-based lesion-symptom mapping of discourse comprehension (n = 145). The illustrated results are thresholded at g < 0.01

(using a false discovery rate correction for multiple comparisons). In each axial slice, the right hemisphere is to the left.
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Working memory: lesion results

As illustrated in Fig. 2, discourse comprehension shared neural
substrates with working memory, engaging left inferior
[Brodmann area (BA) 7] and superior parietal regions (BA 40),
and right dorsolateral prefrontal cortex (BA 9) (Fig. 2). These
frontal and parietal regions have been widely implicated in the
maintenance, monitoring and manipulation of representations in
working memory (Wager and Smith, 2003; Owen et al., 2005)
and provide evidence in this context for their central roles in dis-
course comprehension.

Residual discourse comprehension
scores: lesion results

We analysed the discourse comprehension residual scores remov-
ing variance shared with its significant predictors. As Table 1 illus-
trates, the discourse comprehension residual scores were not
reliably correlated with any of the psychometric, emotional, or
personality variables examined in the present study (e.g. verbal
comprehension, perceptual organization, working memory, etc.).
This residual factor captures the unique variance associated with
discourse comprehension and supports an assessment of the core
brain mechanisms underlying discourse processes. Similar findings
for the discourse comprehension latent and residual scores are
expected due to the large correlation between these factors
(r=0.94, P =0.000). Impairment in the discourse comprehension
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residual score was associated with selective damage to frontal and
parietal brain structures that have been widely implicated in ex-
ecutive (Miller and Cohen, 2001) and social function (Ochsner and
Lieberman, 2001; Ochsner, 2004). These regions comprised bilat-
eral orbitofrontal cortex (BA 10), bilateral inferior (BA 40) and
superior parietal cortex (BA 7), in addition to major white matter
fibre tracts, including the superior longitudinal/arcuate fasciculus
and the superior fronto-occipital fasciculus (Fig. 3). The observed
pattern of findings indicates that discourse comprehension is cen-
trally supported by executive, social, and emotional processes
(Ochsner and Lieberman, 2001; Ochsner, 2004).

Discussion

We investigated the neural bases of discourse comprehension and
systematically examined their contributions to a broad set of psy-
chological factors, including psychometric intelligence, emotional
intelligence, and personality traits. Using a relatively large sample
of patients with focal brain injuries (n =145), we report several
main findings.

First, raw correlations among psychometric intelligence (verbal
comprehension/crystallized intelligence, perceptual organization/
fluid intelligence, working memory, and processing speed), emo-
tional intelligence, personality traits, and discourse comprehension
showed that (i) psychometric and emotional intelligence scores
were positively correlated with discourse comprehension; and
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Figure 2 Voxel-based lesion-symptom mapping of working memory (n = 145). The illustrated results are thresholded at g < 0.01 (using a
false discovery rate correction for multiple comparisons). In each axial slice, the right hemisphere is to the left.
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Figure 3 Voxel-based lesion-symptom mapping of discourse comprehension and discourse comprehension (residual) (n = 145). Lesion
overlap map illustrating common and distinctive brain regions for discourse comprehension (blue) and discourse comprehension residual
(yellow) (n = 145; g < 0.01). Overlap between these factors is illustrated in green. In each axial slice, the right hemisphere is to the left.

(i) extraversion was negatively correlated with discourse compre-
hension. Therefore, discourse comprehension depends on psycho-
metric and emotional intelligence factors and the regulation of
social information processing (reduction in impulsivity and in-
appropriate social behaviour associated with high levels of
extraversion).

Second, stepwise regression analyses showed that working
memory capacity and extraversion reliably predict discourse com-
prehension performance. This result indicates that verbal compre-
hension, perceptual organization, processing speed, and emotional
intelligence are no longer related to discourse comprehension. The
regression analysis also demonstrated that there is a substantial
proportion of discourse comprehension variance that is unex-
plained by the considered predictors.

Third, voxel-based lesion-symptom mapping of discourse com-
prehension and its reliable predictors revealed that these conver-
gent variables engage a shared network of frontal and parietal
regions. The observed findings contribute to the neuropsycho-
logical patient evidence indicating that damage to a distributed
network of frontal and parietal regions is associated with impaired
performance on tests of executive processing (Jung and Haier,
2007; Chiang et al., 2009; Colom et al., 2009; Glascher et al.,
2010; Barbey et al., 2012a; Barbey and Patterson, 2011; 2013b)
and social function (Barbey et al., 2012a). Barbey et al. (2012a)
applied voxel-based lesion-symptom mapping to elucidate the

neural substrates of psychometric g, reporting a left lateralized
fronto-parietal network that converges with the pattern of find-
ings observed here. The present study contributes to this research
programme by elucidating the relationship between key compe-
tencies of intelligence and discourse comprehension, providing evi-
dence that these domains recruit a highly overlapping and broadly
distributed network of frontal and parietal regions (Figs 1-3). We
further investigated the neural basis of discourse comprehension
while removing the variance shared with its significant predictors.
This analysis revealed selective damage to frontal and parietal
brain structures that have been widely implicated in executive
processes (Miller and Cohen, 2001) and social function (Ochsner
and Lieberman, 2001; Ochsner, 2004) (Fig. 3).

Accumulating evidence indicates that the fronto-parietal net-
work provides a coordinated architecture for the integration and
control of cognitive representations (Glascher et al., 2010; Barbey
et al., 2012b). Our findings suggest that mechanisms for integra-
tion and control are critical for discourse comprehension—support-
ing the construction of coherent mental models that integrate
incoming language with prior knowledge and experience. In par-
ticular, the results indicate that discourse comprehension depends
on mental representations that integrate verbal, spatial, motor,
and executive processes through a circumscribed set of cortical
connections within the left and right hemisphere (Fig. 1). This
finding supports theories of discourse comprehension that posit
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general cognitive mechanisms within the left hemisphere (Maguire
et al., 1999) and processes for the interpretation of non-literal
meanings within the right hemisphere (Winner et al., 1998; Brow-
nell and Stringfellow, 1999; Beeman et al., 2000; Robertson et al.,
2000). Taken together, these results support a multifaceted theory
of discourse comprehension that incorporates psychological mech-
anisms for executive function (i.e. integration and control of cog-
nitive representations, and working memory capacity) and
normative social behaviour (i.e. negative correlation with impulsiv-
ity and inappropriate social behaviour). Rather than operating on
the basis of distinct mechanisms, discourse comprehension appears
to share cognitive and neural mechanisms with systems for work-
ing memory and social information processing (Figs 1-3).

This conclusion complements emerging psychological research
that examines discourse comprehension beyond traditionally stu-
died reader and text variables. The focus of recent investigations
includes executive functions (Stoltzfus et al., 1993; Kane et al.,
1994; Chiappe et al., 2000), such as the readers' propensity to
monitor their understanding (Theide, 2010), and their reliance
upon credible and non-credible information sources (Sparks and
Rapp, 2011), in addition to social and emotional factors, such as
affective influences on comprehension (Komeda, 2009). A grow-
ing number of researchers have suggested that theories of dis-
course comprehension must account for these types of
processes, which constitute our naturalistic comprehension experi-
ences (Gerrig, 1993). Indeed, the observed human lesion results
suggest that discourse comprehension depends on mechanisms for
executive and social function and provide a cognitive neuroscience
framework for understanding naturalistic  comprehension
experiences.

Finally, it is important to emphasize that the abilities measured
by tests of psychometric intelligence, emotional intelligence, and
personality do not provide a comprehensive assessment of all
human psychological traits. There are other aspects, in addition
to those measured here, which may contribute to discourse com-
prehension. For example, investigating how readers interact with
and build meaning from multiple related texts remains an import-
ant issue (Goldman, 2004). Consider that the Internet affords in-
dividuals the opportunity to read multiple, conflicting accounts of
current events (Rouet, 2006), or that history students must inte-
grate across multiple texts to understand a historical incident
(Wineburg, 2001). Explaining such everyday experiences requires
closer examination of multiple texts and their implications for
executive control and working memory (Barbey et al., 2013b,
2013c¢). Another important issue for discourse comprehension re-
search involves investigating how individuals revise their prior
beliefs during discourse comprehension, a process called
‘memory updating’, which has been strongly tied to working
memory capacity (Colom, 2008; Martinez et al., 2011).
Research on memory updating has examined the types of texts,
reader variables, and task instructions that make revision more
likely. Readers often rely on information mentioned early in a
text, even when that information is discounted or contradicted
(Johnson, 1994; O'brien, 2010). Memory updating is facilitated
by texts that contain causal explanations for why outdated infor-
mation is no longer valid (Barbey and Patterson, 2011; Patterson,
2012), or by instructions asking readers to track unfolding text
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events (Rapp, 2005). Additional research is necessary to examine
the types of arguments that effectively encourage belief revision,
given particular academic settings and styles of reading. Finally,
further research is needed to better characterize the specific
cognitive processes that contribute to discourse comprehension
given, for example, in the present case it is not possible to isolate
the contribution of word- or sentence-level mechanisms and
to address the role of specific executive control mechanisms
(e.g. inhibitory control, for example, measured by the Stroop
task; Stoltzfus et al., 1993; Kane et al., 1994; Chiappe et al.,
2000; Raz et al., 2011; Diamond, 2013). Understanding the cog-
nitive and neural architecture of discourse comprehension will
ultimately require a comprehensive assessment that examines a
broader scope of issues. The reported findings contribute to this
emerging research programme, demonstrating that discourse com-
prehension emerges from a distributed network of brain regions
that support specific competencies for executive and social
function.
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