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CHAPTER 3

.......................................................................................................

LITERARY NEUROSCIENCE
AND HISTORY OF MIND

An Interdisciplinary fMRI
Study of Attention and Jane Austen

.......................................................................................................

NATALIE M. PHILLIPS

JANE Austen’s Persuasion (1818) begins with a distinctive scene of absorption. We find Sir
Walter Elliot lost in the Baronetage, raptly reading the story of his ancestry:

Sir Walter Elliot, of Kellynch Hall, in Somersetshire, was a man who, for his own
amusement, never took up any book but the Baronetage; there he found occupation
for an idle hour, and consolation in a distressed one. .. [and] there, il every other leaf
were powerless, he could read his own history with an interest which never failed.
This was the page at which the favourite volume always opened:

ELLIOT OF KELLYNCH HALL'

Austen was deeply interested in the different degrees of focus one could bring to a book.
As early as Catherine of the Bower (1792), we find the young writer comparing her hero-
ine, “a great reader” of lengthy novels who remembers precise details about plotand scen-
ery to Camilla Stanley, a young woman who has “missed them all” and complains her
friend’s favorite novel “is so long”? By Pride and Prejudice (1813), Austen has begun craft-
ing complex webs of such comparisons—what Alex Woloch calls “character-systems”—
framed around contrasting characters’ habits of attention.” Mr. Bennet is “with a book. ...
regardless of time,” while Elizabeth reads even as she sustains an acute awareness of her
social environment." Mary is inevitably engrossed, “deep in the study of thorough-bass
and human nature”; Lydia has an attention span of “halfa minute.”

Austen’s curijosity about different styles of concentration grew out of a larger fascination
with focus during the eighteenth century, the topic of my current book project, Distraction.
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It offers aliterary history of the attentive and inattentive mind between 1700 and 1830, trac-
ing key debates over concentration in modern neuroscience back to their Enlightenment
roots. ‘This essay will focus on an interdisciplinary experiment in neuroscience that
emerged alongside my historical rescarch. Our study used functional magnetic resonance
imaging (IMRI), a technology for acquiring brain images of neural activity, to explore the
cognitive patterns that emerge when we read a literary work with diflerent kinds of focus.
Talking about both projects lets me put two key subfields in cognitive literary
studies—the history of mind and the neuroscience of reading—in conversation to
discuss a topic central to both: the nature of attention. As I will suggest, the style and
degree of focus we bring to a work ofart (be it a novel, a poem, a picce of music, a play, a
painting, or a film) can radically change our engagement with it, not only at the level of
subjective aesthetic experience, but at the level of cognition, expressed through unique
patterns of neural activation. Discussing our fMRI study alongside distraction’s eigh-
teenth-century history, morcover, allows me to address two key methodological chal-
lenges in cognitive approaches to literature: (1) how to appreciate historical and cultural
context more richly in scientifically informed literary scholarship; and (2) how to main-
tain ongoing reciprocity in the exchange between cognitive science and literary studies.
As Texplain our experiment and early results, my chapter also traces points of connection
and productive conflict between the history of distraction and the neuroscience of atten-
tion. "though our study draws on contemporary technologies for brain imaging, thinking
about different levels of attention in reading was a profoundly cighteenth-century con-
cern. According to Robert DeMaria, Samuel Johnson spent much of his lifc mapping out
the distinctive modes of focus we bring to a book, distinguishing between study—or what
he called “hard reading”—and reading for pleasure, which included light “perusal.” “curi-
ous reading” and “mere reading”™ "the fact that I turn to Johnson and Austen to historicize
an IMRI study on attention embodies what, for me, is the most interesting part of bring-
ing together research in history of mind and literary neuroscience. As Jonathan Kramnick
notes, cognitive literary studies can risk a unidirectional model of interdisciplinary scholar-
ship. Despite “all the excitement. ... generated,” Kramnick contends, cognitive approaches to
literature often involve “one-way application|[s] of work from the sciences to the humani-

LV . - e IETEP e . . -
ties™ Here, Tjoin a group of cognitive critics seeking to develop more reciprocal models of

cross-field exchange, working to create a powerful balance of literary-historical and cogni-
tive methodologies in the emerging field of literary neuroscience.

On a concrete level, working simultancously on a literary-historical book about distrac-
tion and a neuroscientific study of attention enriched both projects. Reading cognitive stud-
ies of attention while researching eighteenth-century theories of concentration helped me
see crucial subtleties in the period’s literature that would have been obscured using tradi-
tional frameworks for understanding the Enlightenment mind, such as associationism or
sensationalism. Working on distraction’s cighteenth-century history, in turn, generated new
questions for neuroscientific rescarch. For much of the cighteenth century, writers defined
attention as a voluntary stretch or reach of mind, an act of will or effort. Being immersed in
these historical models of concentration helped to produce an experiment that departed in
important ways from previous cognitive studies of focus. Whereas past experiments tended
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to separate attention studies and the neuroscience of reading, our fMRI study integrated
them, investigating the levels of concentration we could bring to a book.

Finally, our group was organized in a way that facilitated richer interplay and exchange
between humanities and sciences. The experiment brought together an interdisciplinary
group of literary critics, neuroscientists, and experts in MRI to explore the cognitive dynam-
ics of reading. At the beginning, one of my collaborators noted, we were all “working at the
edge of our capacity just to understand even 30% of what each other were saying” One of my
favorite moments in the process, however, was when our group—three humanists and two
scientists—met one evening to discuss the project. Something happened: the literary crit-
ics got excited about experimental variables; the scientists started waxing poctic about Jane
Austen’s style. Now; this kind of crosstalk has become part of our everyday lives. This opening
exchange across disciplineshasbecome integral to our IMRIs structure of collaboration as well
as our ongoing data analysis. I (a literature professor) am the primary investigator, or PI, with
Bob Dougherty (research director at the Stanford Center for Cognitive and Neurobiological
Imaging) as co-PI. I believe such interdisciplinary frameworks have the power to create more
reciprocity in cognitive literary studies. Neuroscientific tools can provide humanists with a
richer picture of how our minds engage with art-—or, in our case, the cognitive complexity of
literary reading. Work in literature, music, history, art, and so on, can add a crucial qualitative
clementas well as cultural-historical dimensionality to experiments in neuroscience.

Ourexperiment on Jane Austen used fMRI and fMRI-compatible eye tracking to explore
cognitive differences between two modes of literary attention: pleasure reading and
close reading. We defined pleasure reading as a more relaxed mode of focus that allowed
readers to become immersed in a novel. Melanie Green, a leading cognitive theorist of
absorption, describes this fecling of being lost in a good book as a “melding of atten-
tion, imagery, and emotion” where a reader is deeply “focused on story events” and often
“los[es] track of time” while absorbed in the “story unfolding before them.” Literary
close reading, by contrast, asks us to look more rigorously at a novel’s form, analyzing
structures such as plot, characterization, setting, voice, and mood that give that work
its narrative power. As Elaine Showalter argues, close reading means self-consciously
adjusting the pace of our narrative engagement. She calls close reading “slow reading,”

a deliberate attempt to detach ourselves from the magical power of story-telling and
pay attention to language, imagery, allusion, intertextuality, syntax, and form. ... In
a sense, close reading is a form of defamiliarization we use in order to break through
our habitual and casual reading practices. It forces us to be active rather than passive
consumers of the text.'”

Close reading, here, is carefully distinguished from pleasure reading. In practice, how-
ever, the two often intermix. John Guillory argues that both modes of focus “are to be
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recorded eye movements, and monitored heart rate and respiration. Each subject moved
through the textat his or her own speed, paragraph by paragraph, pushing a button in
his or her hand when ready for the next bit of text.

Each subject completed two sections of pleasure reading and two sections of close
reading, alternating between these modes as they read Chapter two. Each block (about
cight paragraphs) was preceded by a set of instructions, which told them when to read
for pleasure or to close read. The color of the box surrounding the text alerted partici-
pants when to move into the next style of attention (fig 3.3): pleasure reading or close

reading.

The little girl performed her long journey in safety; and at
Northampton was met by Mrs. Norris, who thus regaled in
the credit of being foremost to welcome her, and in the
importance of leading her in to the others, and
recommending her to their kindnesss.

Fanny Price was at this time just ten years old, and though
there might not be much in her first appearance to captivate,
there was, atleast, nothing to disgust her relations. She was
small of her age, with no glow of complexion, nor any other
striking beauty; exceedingly timid and shy, and shrinking
from notice; but her air, though awkward, was not vulgar,
her voice was sweet, and when she spoke her countenance
was pretty.

The grandeur of the house astonished, but could not
console her. The rooms were too large for her to move in
with ease: whatever she touched she expected to injure,
and she crept about in constant terror of something or
other; often retreating towards her own chamber to cry;
and the little girl who was spoken of in the drawing-room
when she left it at night as seeming so desirably sensible
of her peculiar good fortune, ended every day's sorrows by
sobbing herself to sleep. A week had passed in this way,
and no suspicion of it conveyed by her quiet passive
manner, when she was found one morning by her cousin
Edmund, the youngest of the sons, sitting crying on the
attic stairs.

FIGURE 3.3 'T'wo sample paragraphs, or “chunks” from Mansfield Park marked for pleasure
rcadmg or close rcndmg. In the experiment, these sections were continuous, the text-box
marked for pleasure reading in green or close reading in red. We sustained this color-coding
for all sections of the text to follow, providing subjects with a subtle memory prompt as they
moved sequentially through the chapter.
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At the end, the students left the scanner and drafted a short essay on the sec-
tions they read closcly. ‘They also completed a survey on narrative transport (Green's
Transportation Scale, 2000) and answered questions about their fiction-reading prac-
tices, their relative easc of close reading and pleasure reading in the scanner, and their
previous exposure to and present taste for Jane Austen.'?

We chose Austen because we needed a literary work that could both invite pleasure
reading and sustain literary analysis. While we started with Persuasion in the pilot study,
we chose Mansficld Park for the final experiment because the latter is the least frequently
read, providing the highest chance of an unbiased engagement.'® To randomize the
study, we alternated the sections marked for close reading and pleasure reading. We thus
verified that changes in blood flow came primarily from the focus students brought to
the text, not from specific sections of the novel—that is, particular linguistic, stylistic, or
narrative details that caught readers’ attention.

Data analysis is in progress, but the study’s early results have far surpassed expec-
tations. In both our pilot and the final experiment, individuals are demonstrating
strong cognitive differences between close reading and pleasure reading—more
significant and widespread differences than expected. Quite reasonably, most
neuroscientists had predicted we would see changes only in specific, local regions
associated with directed attention, if changes in blood flow were visible at all. Their
rationale was that the stimulus presented remained stable; everyone was reading the
same thing, a novel by Austen. They were simply reading it in two different ways.
Thus, the biggest surprise to date has been the following: blood flow seems to be
transforming dramatically across the brain as subjects move between close and
pleasure reading. Close reading, in particular, activates diverse—almost global—
regions, reaching areas far beyond those associated with attention and executive
functions.

Though one might have expected the activation of pleasure centers for relaxed
reading, and areas associated with attention and cognitive load engaged during liter-
ary analysis, what we are actually sceing in the scans is a far more complex picture.
As we can see in figure 3.4, the images for close reading—cross-sections of one sub-
ject’s brain—demonstrate truly widespread changes for literary analysis. Since blood
is always moving through the brain and fMRI tracks neuronal activity via blood flow,
fMRI images do not depict arcas of activation in general, that is, places where things
“light up” Instead, activated regions always show us results in comparison—that is,
places where there is not just more neuronal activity, but a significant rise in average
blood flow as compared to another cognitive state. Figure 3.4 shows brain regions with
increased activity for close reading as compared to pleasure reading, a contrast with
striking breadth.

Examining an individual case can help explain what is so intriguing about these
carly results.”” During close reading, the participant shown in figure 3.5 activates
unexpected regions of the brain (lighter shading), including the somatosensory
cortex, an area we engage to place ourselves spatially in the world, and the motor
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FIGURE 3.4 This subject (s4) demonstrates widespread activity
brain while close reading Mansficld Park. This image depicts areas of increased blood floy,
across horizontal axial slices from the top of the brain to its base. Regions in darker gray
represent statistically significant areas of increased blood flow for all sections of close rmdinég

as compared to pleasure reading.

FIGURE 3.5 A brain image of a single subject (s4) from our pilot study of Persuasion that
iting a number of distinct brain regions.

ts

shows close reading and pleasure reading activ
ections of the brain (in white) represent regions of heightened activity for close reading,
while darker regions (in black) identify increased neural activity for pleasure reading. Sce
note on interpreting individual results.

cortex, a region dedicated to physical activity. Our results, however, revealed yet
another layer. It is not just the heightened attention of close reading that ;lcli\*;lltcs
widespread response in the brain; this participant, like many, also displays regions
of activity for pleasure reading (darker shading) that are cicvutcd in comparison
to close reading. For this participant, pleasure reading activates a number of dis
tinctive regions, including portions of the temporal cortex associated with language

processing (fig 3.5).
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These early results clearly suggest that close reading does not merely describe an elevated
attention to literature, with pleasure reading a “lesser” mode of focus—or, as Showalter
put it, “active” versus “passive” reading. Instead, each style of literary engagement has its
own cognitive demands and produces its own neural patterns. Pleasure reading and close
reading activate overlapping, but distinctive, sets of brain regions to create what cognitive
scientists call discrete “neural signatures.” Most importantly, though close reading stimu-
lates a truly broad set of regions, the best scenario for activating the most parts of our brain
would be to sustain cognitive flexibility and read with both kinds of attention.

Cross-group analysis is necessary to finalize our results; yet current data analysis
already shows trends that emphasize the complexity and value of attention in literary
study. Scholars have long spoken about the value of the humanities—about reading dif-
ficult philosophical and literary texts—as a way to develop critical thought. If these trends
in analysis hold, the results will suggest something more: it is not only the books we read,
but thinking rigorously about them that is of value, with literary study engaging diverse
regions across the brain. Indeed, teaching close reading may train us to move more flexibly
between modes of focus. Finally, distinguishing these styles of attention means something
more difficult than simply demarcating between relaxed and studious reading. Not only

does reading move through a spectrum of intensities, but pleasure reading has its own

cognitive demands; close reading, its own pleasures.

“Always historicize!” Lisa Zunshine urges in Why We Read Fiction, citing Frederick
Jameson.'" Yet when, where, and how to do so remains an open question in cognitive
literary studies. One of the key conversations in our field over the last five years has thus
revolved around the idea of “cognitive historicism.”"” Thinking through connections
between our fMRI experiment and the history of distraction has led me to support and
develop models of cognitive historicism that emphasize reciprocity between literary
history and neuroscience, particularly when considering historical applications of con
temporary cognitive studies. To present our experiment to interdisciplinary audiences,
[ discuss Austen’s representations of attention (and their historical context), and I use
her novel’s complexity to suggest new solutions in neuroscience for testing natural read-
ing in the scanner. Yet I also emphasize the challenges of applying our study to Austen’s
original readers, using examples from eighteenth-century pedagogy and the history of
the book to illuminate key differences between these historical audiences and those of
today. I find such moments of dissonance between literary and scientific methods valu-
able, able to create a more nuanced view of attention in both fields.

Exploring the cultural factors that shaped the focus of ecighteenth- and
nineteenth-century readers raised a series of important questions regarding how best to
historicize neuroscience. One of the first questions I think we need to ask is: what kind
of —and which—neuroscientific studies can be most reliably applied backwards? Certain



64 LITERARY NEUROSCIENCE AND HISTORY OF MIND

cognitive structures have been shown to be more stable than others. In Reading in the
Brain, for instance, Stanislas Dehaene has shown that brain regions associated with read-
ing—in particular, with dyslexia—remain remarkably consistent across languages and
cultures.®® Attention, however, is distinctive from reading as a cognitive faculty, and pos-
sesses a more flexible neurobiology.?' As scientist L. 1. Selemon explains, the regions
associated with attention—particularly the prefrontal cortex, or PFC—is “the last brain
region to mature,” with “adolescent brain maturation. . . characterized by the emergence
of exccutive function,” or higher-order attentional networks.?? Unlike the brain’s visual
systems for reading, which develop early and thus are more likely to remain stable in vari-
ous cultures and contexts, the environmental stimuli impacting attention continue to
shape the brain well into our teenage years. Because the brain develops different faculties
at different ages, and different cognitive regions range in plasticity, it makes sense that not
all neuroscientific studies will be equally historically applicable.

Studying attention rcquircs us to delve more dccply into history and culture; not only
doesit develop later into life, its central function is to link mind and world. Environment
shapes focus, producing habits of concentration that shape the connections and neural
networks involved in attention, as well as how and what we focus on in future situa-
ti(vms.“ Certain cognitive limits on focus, such as inherent limitations on the number
olitems we can attend to and actively process, are likely more stable, determining what
cilcmcms (and how much) of our surroundings we take in.** Still, in thinking about our
IMRI study, the historical conditions surrounding reading and focus in Austens day
have changed radically—practices for teaching literacy, what and how often people read,
and what they were trained to pay attention to—in ways that would influence neural
pathways before the brain's executive functions have developed fully. 2*

Changing historical beliefs about mental states may also impact how individuals
experience cognition. As Lorraine Daston and Katherine Park note in their history
of wonder and curiosity from 1150 to 1750, “the felt substance of an emotion depends
to a significant degree on the company it keeps??® Classical and early modern
authors, they show, linked wonder to “reverence,” praising it as the height of philo-
sophical inquiry; simultancously, curiosity was degraded and associated with “lust
and pride” By the cighteenth century, however, this cognitive hierarchy had flipped.
Enlightenment writers cast curiosity as the spur of scientific advancement while won-
der “migrated to the pole of dull stupor”” In such moments of shifting meaning,
Daston and Park argue, not only the definition but the subjective experience of these
mental states changed:

What might be called the dynamic of an emotion changes with its neighbors—not
beyond all recognition, but enough to create new possibilities for the objects and
attitudes that give an emotion outlet and outline. . .. Early modern curiosity was not
simply Augustinian curjosity with a reversed moral charge; its emotional texture had
also been altered.?

Ideas about a state of mind—in our case, cighteenth-century theories of attention—
influence emotion, and thus cognition.
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‘The Enlightenment was a period fascinated by rapt engagement, a preoccupation
with absorption so deep that Michael Fried calls it “a master trope” of the cighteenth
century.® In The Rise of the Novel, Tan Watt argues that eighteenth-century print in
fact allowed for a new kind of narrative immersion: “Mechanically produced. . . let-
ters,” he claims, “can be read much more automatically: ceasing to be conscious of the
printed page. . . we surrender ourselves entirely to the. .. world which the printed novel
describes”?® Writers of the period vacillated between praising and deriding this phe-
nomenon of becoming lost in fiction. Isaac Watts, for instance, criticized pleasure read-
ing. He claimed such readers “skimd over the Pages like a Swallow over the flowry Meads
in May” and thus missed key “Advances in the Pursuit of Truth” garnered by those who
could “undergo the Fatigue” of study.?' Jane Austen, by contrast, satirized such dismis-
sive views of pleasure reading.*” In Northanger Abbey, she criticizes novelists who refuse
to show their heroines fiction-reading or apologize for them when caught: “I am no
novel-reader—I seldom look into novels—Do not imagine that [ often read novels,” her
narrator quips. “Such is the common cant.” Reading novels for pleasure, in Austen, is a
subversive (and implicitly valuable) engagement. Her heroines enjoy fiction, a genre she
claims is able to convey “the greatest powers of the mind.”*

Such Enlightenment discussions about attention and reading had a deep influence on
our study as it emerged. The earliest experiment design, in fact, grew out of conversations
with Franco Moretti that were as much about the history of reading as about cognition.
They revolved, to a large part, around book historian Rolf Engelsing’s claim that eigh-
teenth century experienced a “reading revolution,” in which shifts in literacy and book
buying around the 1750s radically altered reading practices. Before the Enlightenment,
supposedly, “intensive” reading was the norm, involving close repetitive readings of the
few (often sacred) works families owned, such as the Bible. During the eighteenth cen-
tury, however, rising literacy and decrcasing publication costs gave people access to a
far wider range of texts. 'The public, practicing what he calls “extensive reading,” raced
from one book to the next, skimming, devouring, and discarding numerous works in an
increasingly ephemeral print culture.* 'Thinking about the complex historical phenom-
ena behind Engelsing’s binaries (“intensive” and “extensive reading”) was particularly
from a humanist perspective—the very range of read-

valuable; it started to illuminate
ing styles we wanted to investigate in our fMRI study.

Our historical engagement with such questions encouraged us to take a new approach
to cognitive studies of focus. Most previous experiments on attention explored the neu-
ral challenges presented by a stimulus: usually, a series of shapes to look at, sounds to
listen to, or individual words to read. By necessity, few rescarchers tackled more than a
word, phrase, or sentence. Core experiments in the field thus included: (1) the Stroop test
of directed attention (in which the word “green,” for instance, appears in red and subjects
are asked to focus on cither the color or the meaning);*® (2) tests of “reading span” and
working memory (where participants focus on the final word in a series and are tested
on how well they remember these terms as the reading task becomes more difticult);*®
and (3) linguistic studies of cognitive load (experiments that explore sentence structures
more likely to tax or capture focus, cither through diflicult vocabulary, syntactic density,
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o.r unexpected phrase arrangements).*” While the Stroop test isolated the ability to
direct attention to one thing (color) as opposed to something elsc (content), and tests of
working memory and cognitive load explored what might stress or ease attention, none
(?fthcm examined the attention we actually bring to reading, especially not toa complex
l?tcrury text. Our study is one the first to use fMR] to explore how the brain responds to
literature, as well as one of the first experiments to investigate our cognitive responses to
reading an actual novel—here, a full chapter by Jane Austen.*® This more natural read-
il.lg task allowed us to investigate more subtle modulations of focus, something difficult
(indeed, impossible) to explore in experiments based on single words or phrases.”” In
ic process, our work seeks to make a broader contribution to the neuroscience of read-
ing by revealing the importance of how we concentrate. Dehaene describes the neural
ncl'works involved in reading as a web of “bi-directional. . . cortical connectivity,” which
activate not only expected regions (Broca’s area, Wernicke’s area, the visual cortex) but
also more extended webs (the anterior temporal, the anterior fusiform, and the inferior
frontal regions) that work together to link meaning, pronunciation, and articulation.®
Investigating the brain regions involved in different degrees of focus, our study aims to
reveal a still broader network of connectivity, pointing toward the wide system of neural
exchanges involved in reading literary works.

Furthermore, returning to the eighteenth-century history of focus discouraged
us from embracing a traditional positivist view of distraction as solely a condition
of m()dernity. Complaints about audiences’ decreasing attention spans, increasing
131.ultitasking, and diverted minds already concerned writers of the Enlightenment.
l:lghtcenth-ccnmlry poets and artists from Swift to Hogarth describe r cading in
London ag oceurring in an environment of high cacophony: chamber pots sloshing,
SErcc:(-noiscs and hubbub, wailing street criers “screeching” to advertise their wares.*'
Gf\ys Trivia describes London’s street noise, for instance, as a surreal mixture of indus-
trial and vocal tumult: “Now Industry awakes her busy Sons, / Full chargd with News
the brciltlllcss Hawker runs: / Shops open, Coaches roll, Carts shake the Ground, / And
:\‘ll 1.hc Streets with passing Cries resound”*? In addition to these environmental factors,
l',nll.ghtcnmcnl authors also worried deeply about the toll print overload was taking on
f}udlcnccs' focus. In The Dunciad of 1729, Alexander Pope describes a world in which

paper also became so cheap, and printers so numerous, that a deluge of Authors cov-
cred the land™* Samuel Johnson and Eliza Haywood similarly imagine that, even for
:&;ll(?rt essays, readers will only “look into the first pages” before losing focus altogether.™

I.hls historical context discourages any false nostalgia about an idyllic past of easy atten-
tionand encourages a richer view of distraction: both ever present and culturally fluid.

‘ Attention’s complex Enlightenment history returns us to the methodological ques-
tions raised when considering historical applications of neuroscientific studies. As we
know from rescarch on neural plasticity, habits of concentration are both cognitively
hard-wired and learned. According to Ira Black, “plasticity, the collective mechanisms
underlying brain adaptabilily, emerges at multiple levels of the neuraxis” and includes
“the genesis of new neurons and glia throughout life”** “Ihe brain, that is, is capable of
generating new neural connections, as well as new growth, new cerebral tissue, and new
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myelination. While attention has clear cognitive limits, the brain regions associated with
focus are also unusually environmentally sensitive, which requires increased caution for
using our experiment to think about the attention of historical readers. Brain images of
Ph.D. students reading Persuasion or Mansfield Park today would differ in important
ways from those of nincteenth-century readers, in no small part because “close reading”
novels was not part of their cultural practice. We may share certain cognitive patterns
with this historical audience: emotional responses to a well-written character, increased
cognitive load facing a difficult (or simply ambiguous) sentence, and the activation of
core neural networks for reading. Yet enough has changed in terms of cultural refer-
ences, literacy, print technology, and education to make the more intricate networks
surrounding the neurobiology of literary attention more flexible than at first might be
acknowledged.

Engaging these challenges, particularly when thinking about the backward applica-
tion of an fMRI study of attention and reading (including complex depictions of brain
anatomy, neural networks, and blood flow), urges us to ask new questions when think-
ing about the relationship between cognition and history. Current work in cognitive his-
toricism, quite reasonably, emphasizes similarities in human brain structure over time,
using this as a stable framework for more local neural variation. As Alan Richardson

wryly notes in The Neural Sublime:

[T]he (scientific) fact of the mind’s embodiment is [far from] trivial. Avoiding the
relativistic extreme (which might hold that, for cultures that do not locate the mind
in the brain, a serious head injury would not affect mental functioning), we can reli-
ably assume that human minds have always and everywhere been instantiated in
brains and required reasonably intact brains in order to function reasonably well. . ..
The most refined idealistic philosophy could, in theory, always be challenged by a
good blow to the head.*¢

Historical beliefs about the connection between mind and brain, Richardson argues,
are always in flux; however, the brain’s structure as a whole remains stable enough to act
as a “counter” to various “idealistic philosoph[ies]” that separate the mind and brain,
with “brain-based conceptions of mind [emerging]. . . throughout history in many
times and places”"” Ellen Spolsky argues, moreover, that “cognitive literary study must
be embedded within the hard-won recognition of the historical imperative,” urging
cultural-historical critics, in turn, to “acknowledge the history of the human body and
its mind.”** As Spolsky emphasizes, cognition is both historical and embodied, “pro-
duced by the dynamic interactions among bodily structures and the world outside.” The
mind is deeply shaped by environment, and our development of neural pathways is pro-
foundly responsive to local and cultural context.

Recognizing that neural processes are essentially cmbodied, as Spolsky does, and that
cognition varies with changing environments and contexts is the first key step in histori-
cizing cognition. Working in interdisciplinary neuroscience and on the history of distrac-
tion has led me to build on this model of cognitive historicism. Much work in the history
of cognition, like Spolsky’s, stops here—and reasonably so considering the challenges it
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presents. Yet a key question remains: when, how, and how much should we emphasize
environmental and cultural impacts for historical research on the brain? Addrcssing
these queries requires additional neuroscientific and historical investigation. 'The second
step is to determine which neuroscientific studies can hold most reliably across history.
An important component of this step involves understanding the developmental time-
line and relative plasticity of the brain regions involved with the specific cognitive pro-
cesses one wishes to investigate. Cognitive activities associated with brain regions that
develop carly in life may remain more stable, with less time to be impacted—at least ana-
tomically—by the surrounding environment; later developed regions are more likely to
be shaped by specific historical context.”” Such questions about historicizing neurosci-
ence urge us, inaddition, to investigate existing cross-cultural experiments on the aspect
of cognition we are studying. Though we always need to pay attention to plasticity and
relevant historical context, neuroscientific studies that have demonstrated stable brain
activations across cultures and languages are more likely to translate historically.

Finally, cognitive historicism asks us to delve into relevant historical forces that may
have impacted the neural pathways associated with a mental state. In addition to consid-
ering how tangible physical stimuli shape (and reshape) brain structures by producing
new myelination, variations in local-global connectivity, and dynamic neural networks,
I suggest a final step: to consider the impact that historical definitions of a mental state
can have on neurobiology.’* The eighteenth century, for example, witnessed the emer-
genee of two competing definitions of distraction. In the older, more traditional par-
adigm, distraction carried a negative valence, signifying sin, wandering, or madness.
Laterin the century, distraction was redefined as a positive (even, sometimes, essential)
quality of mind. As Diderot put it in his Encyclopédie of 1754:

La distraction a sa source dans une excellente qualité de lentendement, une extréme
facilit¢ dans les idées de se réveiller les unes les autres.

[Distraction hasits source in an excellent quality of the understanding, an extreme
facility in allowing the ideas to strike against, or reawaken one another.]*!

For those raised according to the first model, the term (and thus the experience of)
distraction would have carried strong negative connotations. Individuals exposed
to more positive Enlightenment theories of distraction, by contrast, are more likely
to have associated a valued creativity and innovation with moments of mind wan-
dering. As Jonathan Posner demonstrated in a recent fMRI experiment on the
1}0ur0phy5i0]0gy of emotion (2009), our brains process words denoting emotion dit-
ferently according to their positive or negative connotation, or valence. Words with
a higher emotional charge, be it good or bad, activated a wide network that included
“the left DLPEC [dorsolateral prefrontal cortex], bilateral medial PEC [prefron-
tal cortex], amygdala, cingulate gyrus, insular cortex, and precuncus.” In addition,
“increasing activity in the left insula accompanied increasing valence (increasingly
pleasant stimuli), whereas increasing activity in the right DLPFC and right precu-
neus accompanied decreasing valence (increasingly aversive stimuli).”** In other
words, associations with displeasure for a state of mind (“distressed,” “depressed,”
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or “bored,”) activated different regions than those with pleasurable connotations
(“happy,” “content,” and “excited”). Moreover, the more intensely positive or nega-
tive the emotional term was, the more extended, numerous, and varied the neural
networks involved became.

Such considerations play a crucial role in integrating cognitive historicism and lit-
erary neuroscience, opening new doors to acknowledging the brains richest levels of
plasticity in response to changing environments. Using these tools, we can build on
existing models for historicizing cognition to emphasize the cognitive and neurosci-
entific importance of environmental impact, accounting for stages of brain develop-
ment, the presence of cross-cultural studies, and relevant historical meanings attached
to mental states. Rather than suggesting that the brain can be infinitely rewired,”” this
careful re-emphasis on neural plasticity brings cognitive historicism closest to the ideal
“horizontal traffic” essential to all interdisciplinary work; it adds neuroscientific power
while giving history a value of its own, allowing us to produce more rigorous models of
the mind for both fields. >

Returning to literature and its historical context also opens up increased room to appre-
ciale individual differences in reading. As Austen reminds us, individual readers can
have radically different responses to the same book. Though Persuasion begins with Sir
Elliot immersed in the Baronetage, the narrator quickly scts Walter’s infatuation with
this particular text against his daughter, Elizabeth’s, disaffection for it. She can scarcely
bear to pick up the book because it reminds her that she is unmarried—in particular of
“a [marital] disappointment. . . which that book. . . must ever present the remembrance
of 7% Austen’s rendering of how a character’s relationship to a book can change his or
her affective engagement drew our attention to a final point of interest for the study.
Students, like the characters of Austen’s novel, bring unique perspectives to their read-
ing. One of our most important goals for future data analysis is to acknowledge these
individual variables and how they are reflected at a neural level.

Fortunately, the combination of technologies we used, fMRI and fMRI-compatible
eye tracking, have the potential to provide unique insights into individual differences
in reader response. Morcover, methods for analyzing {IMRI data have advanced signiﬁ—.
cantly in the last five years, reaching a new height for appreciating the complexity of
aesthetic response. An fMRI study from Japan in 2009, for example, found researchers
could predict just from reconstructed brain images whether a student had been viewing
an artwork by Picasso or Dali.*® In addition, the most exciting recent advance for literary
neuroscience is a new method for analyzing fMRI data known as functional connectiv-
ity. Rather than secking to isolate cognitive experience to a single brain region, func-
tional connectivity examines synchronous patterns that emerge in parallel across the
brain and investigates how these connections change as we engage with a stimulus over
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time. Functional connectivity studies are particularly applicable to the neuroscience of
narrative, storytelling, and film. One fMRI study from Princeton used this method to
explore how we tell and listen to stories, revealing that the more someone listened to
(and comprchended) a narrative, the more that listener’s brain activities became aligned
with that of the storyteller—that is, the more attention one paid, the more “neurocou-
pling” occurred.””

Itis this dynamism and multiplicity that motivates our next steps for our fMRI study of
Austen. First, we hope to add this kind of complexity to our analysis of readers” engage-
ment with Persuasion and Mansfield Park. As mentioned, brain images from both our pilot
study and the final experiment reveal striking differences between close reading and plea-
sure reading averaged together. The next task, however, is to create more sensitive methods
for assessing subtle temporal changes in the brain as subjects read. Because our experi-
ment uses fMRI (data about blood flow over time), fMRI-compatible eye tracking (data
about changing points of focus), and ends with a final essay (intricate maps of what students
noticed and remembered), we can begin to track these evolving patterns in attention—
word by word, paragraph by paragraph—working to match them with the text being read.

The essays provide a particularly fascinating picture of participants’ consciously
recalled experience—a written record of what each person paid attention to. Amazingly,
considering they have just left a loud scanner and no longer have the text at hand, many
students actually quote specific words and phrases from Mansficld Park. Since the
essays refer to particular passages in the text, we hope to combine the essays with the
eye-tracking data to construct a richer moment-by-moment sense of readers’ patterns
of engagement.*® Tracing these references in the essays and correlating them back to the
brain data will reveal two important patterns. First, we can locate themes noticed by mul-
tiple subjects, and thus track moments of shared attention. A number of participants, for
example, were drawn to moments in which the impoverished heroine, recently adopted
by the rich Bertrams, is derided for her supposedly poor intelligence and education. One
participant remembers a specific section where Fanny is derided for being “ignorant” in
comparison to the Miss Bertrams’ educated “accomplishments”; another describes a dis-
tinctive scene in which Lady Bertram says that Fanny is “stupid, [but] must take more
pains,” and then compares the heroine to her pug.*® Narrative patterns in Mansfield Park
may guide these trends in joint attention; even the repetition of simple words or phrases
can cue a reader’s heightened focus. (“Stupid,” we found, appears six times in chapter 2;
“Ignorance” or “ignorant” appear four times.) By creating intricate maps of keywords and
themes and matching them with the eye tracking, moreover, we hope to use shared points
of focus in the essays to provide a more intricate view of what captured subjects” attention
in reading and correlate these moments back to the brain images.

Aswetracelinks between the essays, eye tracking and brain images, our second goal is to
begin mapping individual differences in focus. This work adds to the findings of Gabrielle
Starr and coauthors, who used fMRI to investigate cognitive responses to visual art. Their
experiment identified neural patterns for heightened artistic engagement across the
group; they also tracked “individual differences in. . . aesthetic experience” and “emotional

»

response.” ‘These distinctive aesthetic processes for individuals, they found, were being
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one that reveals the

“integrated by the same route,” creating a shared “neural signature”
unexpected role of the default network for intense aesthetic experience (G. Gabrielle Starr,
chapter 12 in this volume). Our study of Austen translates these questions about individual
responses to visual art into the literary realm. The experiment’s final essays will allow for
the mapping of still more nuanced personal shifts in attention and engagement. Take for
instance, these two examples from close readings of Mansfield Park.

Subject1

It’s Edmund who [first] notes to himself, after their heartwarming encounter upon
the stairs, that Fanny had become “an object of interest.” It is as an object, particu-
larly a class object-lesson, that she has become useful to the family. Lady Bs curious
and equivocating defense of the girl “she was stupid, [but] must take more pains”
but Lady B had always found “her useful in” suggests a barbed comparison between
Fanny’s value and that of Pug [the Bertram’s dog], also good at “fetching” things, pre-
sumably, and “carrying”

Subject 2

Fanny’s position as a member of the lower classes is marked primarily by her lack
of education, or, as the text calls it, her “ignorance.” The narrative emphasizes that
Fanny can read and write, but does not have many skills beyond this, while her cous-
ins are able to speak French, play music, and paint, making them “accomplished”
young women.

Both readers focused on class politics and on the family’s denigrations of Fanny’s intelli-
gence, a pattern we sec emerging across the essays. Yet participants’ responses also reveal
important individual differences in attention for literary close reading. Subject 1, for exam-
ple, noticed Austen’s use of sibilance in describing a visit from Fanny’s brother, recently gone
to the navy: “(sca, sister, sailor, serious).” Subject 2 instead analyzed a moment when the
narrator describes the Bertram children playing with “artificial flowers” As we gather data
about blood flow, brain regions, and eye movements across the group, we also will be iden-
tifying these unique individual styles of focus. Each student may share patterns of atten-
tion—in their brain activation, in eye tracking, and writing—yet cach response will reflect
that person’s distinctive engagement with Mansfield Park; no reading will be the same.

By investigating these more nuanced patterns of attention, our study draws out
two points of complexity raised by Bortolussi and Dixon in their retheorization of
immersive reading, “Transport: Challenges to the Metaphor” (chapter 25 in this
volume). First, rather than being two completely distinct states of attention, close
reading and pleasure reading ebb, flow, and intermingle. Readers transition natu-
rally through these different kinds of focus as they move through a literary work,
adjusting (often unconsciously) to the text at hand.*® Second, as Bortolussi and
Dixon note, individual differences play a strong role in how we experience literary
transport and immersion. (They quote de Graaf et al., who emphasize that “pay-
ing more attention to a story. . . does not necessarily mean [all] readers feel as if
they are in the narrative world”) Thus far, our study reinforces this finding. Some
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readers responded more to the visual imagery and spatial detail that Green asso-

ciates with being “transported into another world,” some less so; participants
varied inhow strongly they emotionally identified with characters. “Neither image-
ability nor emotional reactions of sympathy or empathy are necessary features of a
transport-like experience)” continue Bortolussi and Dixon: “If such a state exists, it
must come in different stripes, and different texts induce different forms” A final
example from our cxperiment reinforces this idea and adds complexity, revealing
the “‘“CXPCClGd importance of visualization to literary analysis. One student’s essay,
for instance, focuses on the moment when the heroine first enters the Bertram
house, analyzing Austen’s use of language to convey Fanny’s feeling of smallness
amid the mansion’s vastness. “As Fanny arrives at the estate, Austen. .. allows her
s.yntux to recall the immensity of the space: listing the many reasons for Fanny’s
fears, joining them with semicolons and colons, Austen suspends a block of text like
a gothic vault over the ‘little’ girl” (Subject 9). Here, attention to the spatial language
of Mansficld Park becomes a central part of the student’s critical analysis. That said,
the student is also clearly “immersed” in the story’s themes and structures. Its archi-

also

(cctu.ral metaphors extend into the student’s own writing: narrative arching over the
heroine “like a gothic vault” The attention demanded by close reading, that is, may
_C”C.O“mgc just as much visualization as pleasure reading. At times, and for certain
mdl'viduuls, literary analysis may demand more.

Literary neuroscience is just emerging as a field, and what is most exciting lies
ahead. Our Austen study has become a central project within our new lab in the
D.C}mrlmcnl of English at Michigan State University, Digital Humanities and
Literary Cognition (DHLC), a space devoted to cultivating a range of interdisciplin-
ary projects in literary neuroscience, digital humanities, and the history of mind.
”Ae!'c, our neuroscientific research on literary attention has springboarded a series
of “"“”'C projects, including an fMRI experiment on empathy and trauma narratives
(M§U’ Duke); an emerging study of poetry and cognitive rhythm (MSU); and a final
project investigating patterns of distraction in fiction reading on an iPad or Kindle
as opposed to a traditional book (MSU, Stanford, and Umea University in Sweden).
Importantly, these new experiments are emerging in tandem with a series of impor-
tant rcsca.rch projects in the history of mind. One of our Ph.D. candidates, whose
l‘cs?‘carch focuses on empathy and philanthropy in nineteenth-century literature, is
using this work to help design our emerging fMR] experiment on trauma narratives,
empathy, and service learning.*' Another student is investigating eighteenth-century
"CAPI'CSCmnli()ns of artificial memory systems—that is, the historical equivalents
of the iPad and Kindle—in literature from Robinson Crusoe to Tristram Shandy,
rethinking intersections between attention and reading that will be important to our
study of distraction and digital technology.®?

Institutional spaces such as the DHLC make it possible to integrate literary neurosci-
ence and history of mind more rigorously, creating what Peter Galison calls “trading
zones,” or moments of “local coordination” and specialist translation, here exchanges
between science and humanities.®® In particular, the lab is facilitating conversations
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among faculty and students in English, Cognitive Science, Biology, Education, Neural
Engineering, Radiology, and Linguistics, working to generate a new language for
interdisciplinary research on the brain. Clearly, such work faces challenges. Things
will be lost in translation, and these “trading zones” come with an extensive learning
curve. While we might be tempted to focus on the smoother moments of disciplin-
ary translation in our experiment, I believe it is the very gaps between humanities and
that provide the most important

sciences—the moments of productive dissonance
opportunitics for cross-disciplinary work. In the back-and-forth between the neuro-
scientific and the narrative, between the literary historical and the cognitive, and the
friction that emerges in the process, we find real space for reciprocity in cognitive
literary studies. Most broadly, my goal is to demonstrate that there is a way for liter-
ary scholars to enter into a productive dialogue with cognitive science—not by raw
importing or by applying its insights, but in fact shaping its studies; reshaping its meth-
ods; and producing a more reciprocal conversation about the history of science, read-

ing, and mind.
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