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Neuroscientific Methods to Study
Discourse Processes

Christopher A. Kurby

GRAND VALLEY STATE UNIVERSITY

Almost as long as discourse psychologists have been asking questions about what mechanics
of'the mind give rise to language understanding, they have been asking what parts of the brain
implement those mechanics, Along the way, a number of quite useful techniques have been
created to peek into the brain to see how the brain processes language. These methods range
from imaging techniques to visualize which parts of the brain may be working harder than
others during a task, to measuring its electrical signals, to manipulating the signals themselves.
This section will offer a brief overview of some of the main methods, and some of the Jess used
ones as well. This section is not meant to be a user’s guide, but rather a primer to introduce new
researchers to these methods. For more exhaustive descriptions of the procedures, good start-
ing places would be Cabeza and Kingstone’s book on neuroimaging (2006) and Luck’s book
on event-related potentials (ERPs) (2014).

Neuroimaging

Neuroimaging methods are meant o create visualizations of the brain and to map brain
activity, usually in response to the presentation of a stimulus or event. In the case of dis-

Photons indicate more blood. In fMR] experiments, brain activity is indirectly measured by
sessing changes in blood flow across the brain; specifically, the ratio of oxygenated to
de"x."genated hemoglobin. This is called the blood oxygen leve| dependent signal (BOLD).
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A higher BOLD signal in a region is assumed to mean that region is working harder; it needs
more oxygenated blood to keep up with demands. (As pointed out below, however, the
assumption that a higher BOLD signal means more neuronal firing may be incorrect.) Both
PET and fMRI provide good spatial resolution, with PET able to resolve activity down to
5 mm? and fMRI able to resolve activity down to 1-3 mm?, and even smaller than that in
some high-resolution applications (Harel, 2012). In modern applications of neuroimaging of
language, fMR1 is a preferred method, mostly because it allows for event-related measure-
ment of activity, is less invasive than PET, and is more accessible because MR scanners are
more common than computed tomography scanners (Cabeza & Kingstone, 2006).

What kinds of questions can be asked using neuroimaging methods in language experi-
ments? Studies have assessed what brain regions are engaged when participants access the
meanings of words in isolation (Bedny, Caramazza, Grossman, Pascual-Leone, & Saxe,
2008; Hauk, Johnsrude, & Pulvermiiller, 2004; Kemmerer & Gonzalez-Castillo, 2010;
Petersen, Fox, Posner, Mintun, & Raichle, 1989) and embedded in discourse (Yarkoni,
Speer, Balota, McAvoy, & Zacks, 2008), perform syntactic parsing (Brennan et al., 2012),
build coherence relations between sets of texts (Ferstl, Neumann, Bogler, & von Cramon,
2008), produce inferences (Mason & Just, 2004), build situation models (Speer, Reynolds,
Swallow, & Zacks, 2009; Whitney et al., 2009), comprehend figurative language (Rapp,
Mutschler, & Erb, 2012), generate perceptual representations during discourse process-
ing (Chow et al., 2015; Kurby & Zacks, 2013), and construct multilevel representations of
discourse (Friese, Rutschmann, Raabe, & Schmalhofer, 2008). (This is, of course, not an
exhaustive list.) Clearly, neuroimaging techniques are well suited to investigating where in
the brain different components of language processing are possibly conducted. However,
a recent study also demonstrates the power of fMRI to assess the temporal dynamics of
brain activity during the experience of language processing. Silbert and colleagues (Silbert,
Honey, Simony, Poeppel, & Hasson, 2014) investigated the neural systems that become
active during both language production, and language comprehension. They had partici-
pants tell a 15-minute story while their brain activity was recorded with fMRI. A separate
group of participants then Jlistened to that story while their activity was also recorded. Silbert
et al. (2014) identified a common set of regions in temporal cortex that became active in
both cases. More impressively, they found that those regions showed correlated dynamics
across time between speaking and listening participants (i.e., moment-to-moment changes
in BOLD signal were correlated across participants). This suggests that not only do certain
regions participate in both modes of language processing, but that they may do soina gimi-
lar fashion across time. Studies such as these show that fMRI is valuable not only for spatial
localization of processing, but also informative with respect to dynamic processing.

Although a notable strength of neuroimaging techniques is spatial localization, they have
Jess than ideal temporal resolutions (Luck, 2014). The hemodynamic response is slow, wit
a peak around 6-10 seconds after onset (Cabeza & Kingstone, 2006). Thus, neuroimaging s
not well suited to address questions regarding millisecond timing, or shorter timecourses of
processes. Through proper experimental design and statistical techniques, however, one can
separate the BOLD signal from events that occur in quicker succession, such as two different
words appearing in the same sentence (Yarkoni et al., 2008), or two clauses in the same pard-
graph (Kurby & Zacks, 2013). But, inferences about the timing of successive neural events
are typically not justified. Regarding PET, its use has become less common in part because
the injection of radioactive isotopes into the participant make it more invasive than is typicﬂ“)
desired. Lastly, one must be cautious about interpreting the meaning of the BOLD signal. It
is tempting to assume that an increase indicates more neuronal firing; however, researc
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suggests that changes in the hemodynamic response in the brain may better reflect changes
in local field potentials driven by dendritic activity, and perhaps not changes in axonal firing
(Cabeza & Kingstone, 2006). This is important because if a region is identified to increase in
activity in response to an experimental event, it is unclear if that increase is driven by neural
generators in that region, or because it is receiving signals from another region, or both.

Electrophysiological and Electromagnetic Methods

Other methods record or manipulate electrical potentials or magnetic fields, produced by
the brain, on the scalp of the participant while they read text. The ERP technique is a com-
mon method to measure changes in electrical activity on the scalp (Luck, 2014), whereas
magnetoencephalography (MEG) is used to measure changes in magnetic fields on the scalp.
Transcranial magnetic stimulation (TMS), and repetitive magnetic transcranial stimulation
(rTMS) apply magnetic fields to the scalp to stimulate or inhibit the underlying brain tissue.
Transcranial direct-current stimulation (tDCS) applies an electrical current to the scalp to
stimulate or inhibit neuronal activity. Each will briefly be discussed in turn.

In ERP experiments, participants wear a cap with 16-128 (or more) electrodes that
simultaneously record electrical activity while they read units of text. An important advan-
tage of using ERP is that it has high temporal resolution, sampling at rates from 250 Hz up
to 1000 Hz. Additionally, measurements of cognitive processing can be done “covertly”;
participants need not be asked to engage in an explicit judgment task during reading. Data
are plotted and analyzed in relation to the onset of an event, such as the presentation of a
word. Waveforms are produced which display average voltage differences recorded from
an electrode across time. Typically, deflections of the waveform are observed at different
delays from the onset of an event. These deflections or components of the ERP wave-
form are defined in a number of ways, including by their polarity, timing, and peak onset
(Luck, 2014). There are a number of such components, with the N400 and the P600 two
of the most studied (Luck, 2014). The N400 is a negative deflection with a peak between
300-500 ms after event onset. The magnitude of the N400 is typically interpreted as a sign
of difficulty with semantic integration, with larger magnitudes associated with higher dif-
ficulty (Kutas & Hillyard, 1980; Luck, 2014; van Berkum, Hagoort, & Brown, 1999). The
P600 is a positive deflection peaking between 500-900 ms after event onset, and has been
associated with difficulty with syntactic processing (Hagoort, Brown, & Groothusen, 1993;
Kaan, 2007), and may indicate additional processing of the text by the reader (Hagoort

- et al., 1993; Kuperberg, Paczynski, & Ditman, 2011).

The ERP methodology has been used to investigate many aspects of language processing
(Kaan, 2007). A common method for ERP in language comprehension is to have participants
read a unit of text (e.g., sentence) and then encounter a word that fits the previous sentential
or discourse context to varying degrees of acceptability. The resulting ERP components to
these violations are then measured. Using this general methodology, ERPs have revealed
insights about syntactic parsing (e.g., Osterhout & Holcomb, 1992), word and sentence
comprehension (e.g., Kutas & Hillyard, 1983, 1984), causal inferencing and situation model
processing (e.g., Kuperberg et al., 2011), integration of information into discourse repre-
sentations (e.g., van Berkum et al., 1999; Yang, Perfetti, & Schmalhofer, 2007), emotion
processing during reading (e.g., Holt, Lynn, & Kuperberg, 2009), and word anticipation
during discourse comprehension (e.g., Otten & Van Berkum, 2008).

Although ERP methods are quite powerful, they do have two major limitations. One is that
they require a large amount of trials (usually in the hundreds) to obtain a reliable estimate of
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electrical changes (Luck, 2014), which may be impractical. The other is the well-known fact
that they do not have good spatial resolution. In brief, a signal detected at any particular loca-
tion on the scalp can be generated by any location from within the brain, rendering the location
of the neural generator of the signal potentially unknowable. This so-called inverse problem
has been argued to be mathematically unsolvable (Luck, 2014). Some efforts have been made
on this front, such as sSLORETA (Pascual-Marqui, 2002), which provides a low-resolution
solution to find the center of regions that may contribute to an ERP signal. But, the use of these
methods is not common (but see Louwerse & Hutchinson, 2012, for an interesting use of it).

Magnetoencephalography (MEG) is very similar to EEG, except instead of measuring
electrical potentials, it measures magnetic fields. MEG may have even better temporal reso-
lution than ERP with sampling rates near 3 kHz (Schmidt & Roberts, 2009). Additionally,
because MEG measures magnetic fields, it has much better spatial resolution as well.
(In contrast to ERP signals, magnetic fields are not distorted by the skull.) Thus, MEG
provides a powerful method to investigate neural processing of discourse with both high tem-
poral and spatial resolution. However, a main drawback is that the maintenance of an MEG
system is quite expensive as it requires supercooling equipment and a magnetically shielded
chamber (Luck, 2014), and as such the use of this technique in discourse comprehension is
unfortunately uncommon. It is not surprising then that most of the use of MEG with lan-
guage is conducted in medical facilities that investigate the relation between neurological
disorders and language functioning (Breier et al., 2004; Moseley et al., 2014). (Though there
are also uses outside of medical realms, such as joke comprehension, Marinkovic et al.,
2011, and second language learning, Schmidt & Roberts, 2009.)

Transcranial magnetic stimulation (TMS), and repetitive magnetic transcranial stimula-
tion (rTMS) are methods by which magnetic fields are applied to the scalp, and thus the
underlying brain tissue, to affect neuronal activity of specific brain regions. Single-pulse
TMS is used to excite specific brain regions during comprehension, with the assumption that
if a brain region is important for a certain language function, then exciting that region should
impact how that function is carried out. While there have not been that many published stud-
ies using single-pulse TMS in the context of discourse processing to date, the technique has
been used in studies of sentence understanding. Researchers in embodied sentence compre-
hension, for example, have taken advantage of the fact that when a TMS pulse is applied to
the motor cortex, a motor response is produced (a motor-evoked potential or MEP). Buccino
et al. (2005), for example, found that MEPs induced by single-pulse TMS applied to either
the hand or foot regions of the motor strip were modulated when reading sentences about
hand or foot actions. Glenberg et al. (2008) found similar effects in regard to the reading of
abstract transfer sentences. In rTMS, a train of pulses are applied on the scalp, and thus the
underlying brain tissue, to interfere with neural activity causing a temporary lesion. This
method allows for asking whether a brain region is causally important to some language
function, similar to the logic used in standard lesion studies. rTMS has been used for stud-
ies of word processing, for example showing that the application of rTMS to left primary
motor cortex interferes with verb processing of right handed individuals (Repetto, Colombo,
Cipresso, & Riva, 2013). rTMS has also been used to investigate higher level language pro-
cesses, such as idiom comprehension (Rizzo, Sandrini, & Papagno, 2007). Although these
methods are important in the investigation of language processing, they have a few impor-
tant limitations. First, they are not good methods for investigating the role of brain regions
below the superficial layers of cortex. Second, the effects of TMS are relatively short lived,
and as such they may be inappropriate to use when investigating the maintenance and revi-
sion of representations over time
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In contrast, tDCS has become more common, which provides a means of providing
continuous electrical stirulation to a brain region (through the scalp) to affect processing
during language tasks over time (Nozari, Amold, & Thompson-Schill, 2014). Similar to
TMS, stimulation of a brain region is assumed to enhance the functioning of that region,
perhaps revealing its importance in a language task of interest. This technique has been used
recently in investigations of language production (Marangolo et al., 2013). Nozari et al.
(2014), for example, found that stimulation of the left prefrontal cortex, a region associ-
ated with executive functioning, caused participants to produce fewer error prone utterances
compared to a sham stimulation condition. Because tDCS can stimulate tissue for longer
durations than TMS, it could offer exciting applications for the investigation of situation
model construction, which typically unfolds across time as the reader engages in working
memory maintenance and updating processes (Zwaan & Radvansky, 1998). Additionally,
tDCS is relatively cheap, in comparison to TMS or ERP setups, which makes the method
potentially accessible to a large pool of researchers.

In summary, it is clear that discourse researchers have a large set of neuroscience
methods available to investigate language processing. Some of these methods are well
suited to asking what brain regions may contribute meaningfully to comprehension and
others to investigating the neural timing of language processing. Researchers also have at
their disposal methods to test causal relations between brain structures and comprehen-
sion, though at the moment the methods may be underused. Although discovery of the
neural underpinnings of language comprehension is interesting in its own right, more
broadly, it proves crucial for understanding how the brain implements language both
practically and theoretically.
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