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Abstract

Functional imaging studies have begun to identify a set of brain regions whose brain activity is greater
during ‘rest’ (e.g., fixation) states than during cognitive tasks. It has been posited that these regions
constitute a network that supports the brain's default mode, which is temporarily suspended during
specific goal-directed behaviors. Exogenous tasks that require cognitive effort are thought to
command reallocation of resources away from the brain's default state. However, it remains unknown
if brain activity during fixation periods between active task periods is influenced by previous task-
related emotional content. We examined brain activity during periods of FIXATION (viewing and
rating gray-scale images) interspersed among periods of viewing and rating complex images
(‘PICTURE’) with positive, negative, and neutral affective content. We show that a select group of
brain regions (PCC, precuneus, IPL, vVACC) do exhibit activity that is greater during FIXATION
(>PICTURE); these regions have previously been implicated in the “default brain network”. In
addition, we report that activity within precuneus and IPL in the FIXATION period is attenuated by
the precedent processing of images with positive and negative emotional content, relative to non-
emotional content. These data suggest that the activity within regions implicated in the default
network is modulated by the presence of environmental stimuli with motivational salience and, thus,
adds to our understanding of the brain function during periods of low cognitive, emotional, or sensory
demand.
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Functional brain imaging studies have begun to identify a set of brain regions whose activity
is consistently greater during “rest” periods (e.g., passive visual fixation or eyes closed resting)
than during periods that involve a perceptual, cognitive, or emotional task. These regions

include the posterior cingulate cortex (PCC), precuneus, inferior parietal lobule (IPL), anterior
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cingulate cortex (ACC), and ventral medial prefrontal cortex (vMPFC) [20,32]. It has been
shown that brain activity during “rest” and fixation states involves substantial energy
consumption [27,29], appears well-organized [4,7,12]. Given that this activity is sustained
during periods during which subjects are not engaged in a specific task, but reduced when
subjects engage in cognitively demanding tasks, one prevailing theory to explain these “rest”
activations is that they represent the existence of a default mode of brain function [28,30].

It has been suggested that task-related changes in cognitive and/or affective demands could
alter the extent to which the brain’s default network returns to its “resting” state. There is
evidence to suggest that prior cognitive state modulates functional connectivity of the default
network [38], and that greater cognitive load [5,9] and greater task-difficulty [21,22] are
associated with greater deactivations within ‘default’ regions during task engagement. Changes
in an individual’s emotional state may also influence the brain’s default network. As such,
Harrison and colleagues recently demonstrated that functional connectivity of default network
regions is decreased when subjects recall sad, relative to neutral, life events [14]. Previously,
another group had shown that attending one’s own affective reactions to emotionally evocative
images [13] and having anticipatory anxiety prior to unpracticed task performance [34] and
prior to potential aversive/painful shock [33] all attenuate task-related deactivations vVACC/
MPFC, PCC, and precuneus. Collectively, these studies suggest that task induced deactivations
(TID) in default network regions can be interrupted or modulated by introspective emotional
salience processing and/or evoked negative emotional experience.

Functional brain imaging studies of emotion have commonly employed box-car (e.g., epoch-
related) designs consisting of alternating ‘ON’ and ‘OFF’ blocks during which subjects are
instructed to engage in an active emotional processing task (viewing pictures or faces) and to
emotionally disengage by viewing a blank or gray-scale images (FIXATION), respectively
[25]. Such studies have broadly informed us about the functional neuroanatomy of emotion by
demonstrating activations in certain cortico-limbic regions during the emotional state
(>FIXATION) [23,25,26,37]. However, little is known about brain “activation’ during the
FIXATION periods, in contrast to emotional processing tasks, or if activity during FIXATION
differ following emotional (vs. non-emational) experience. In this study, we sought to address
these questions by examining the pattern and extent of during FIXATION periods, which are
interspersed between active task periods (viewing emotional and neutral pictures). Given prior
findings of brain regions exhibiting activation during FIXATION (versus emotional task, or
versus cognitive task) [13,32], we had a priori prediction within the following regions of
interest (ROI): PCC, precuneus, inferior parietal lobule (IPL), anterior cingulate cortex (ACC),
and ventral medial prefrontal cortex (vMPFC).

Thirty-seven healthy, right-handed subjects (16 male, 21 female; aged 22-49 years, mean age
+ SD: 32.8 + 7.9) participated in this study in accordance with the Declaration of Helsinki after
giving informed consent as indicated by the University of Chicago Institutional Review Board.
No subject had a prior or current psychiatric disorder as verified by structured clinical interview
[6,24] or prior or current major medical or neurologic illness as confirmed by a physician
evaluation.

The emotional pictures task consisted of twelve 20-second alternating experimental/active
(viewing ‘PICTURE’) and control (viewing gray-scale images; ‘FIXATION’) epochs, in each
of four functional runs. The PICTURE epochs consisted of pictorial stimuli (5 per block)
selected from the International Affective Pictures System (IAPS) [18], and categorized as
Positive, Negative, and Neutral based on normative ratings of valence. These emotional
(Positive, Negative) images have been shown to evoke acute and transient changes in subjective
affective experience and arousal as well as peripheral and central indexes of emotional
reactivity [16,19,25]. The images within these categories were matched in color composition,
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general image complexity, and general content (presence of human faces). Positive, negative,
and neutral picture blocks (2 blocks of each category per run) were counterbalanced within
and across subjects, and no image was repeated. The FIXATION epochs (6 per run) consisted
of blank, grey images (5 per block) with a centered fixation crosshair. Stimuli were presented
through MR-compatible LCD goggles using PRESENTATION software (Neurobehavioral
Systems, Albany, CA). In the PICTURE block, subjects were instructed to indicate by button
press if the image made them feel positive, negative, or neutral (rate valence). Inthe FIXATION
block, subjects were instructed to indicate by button press if the blank image was a dark,
medium, or light shade of grey (rate shade), and to otherwise “rest, relax, and try not to think
of anything.” The FIXATION epochs served as a simple visual-motor task to maintain the
subjects’ attention but evoke little, if any, cognitive or emotional effort. After scanning
participants viewed each of the 120 IAPS stimuli previously seen and subjectively rated each
image on 9-point scales for valence (1=extremely unpleasant; 5=neutral; 9=extremely
pleasant), and arousal (1=not at all arousing; 5=moderately arousing; 9=extremely arousing).

All scanning was performed with BOLD-sensitive whole-brain fMRI on a 3.0 Tesla GE Signa
System (General Electric; Milwaukee, WI) at the University of Chicago Brain Research
Imaging Center using a standard radiofrequency coil and associated software (LX 8.3, Neuro-
optimized gradients). Whole brain functional scans were acquired using a T2*-weighted
reverse spiral gradient-recall echo sequence (echo time=25ms, repetition time=2000ms, 64x64
matrix, flip angle=77deg, field of view=24cm, 30 contiguous 5mm axial slices per volume).
A high-resolution T1 scan (3D-MPRAGE; repetition time=25ms; min echo time; field of
view=24cm; slice thickness=1.5mm, 120 slices per volume) was also acquired for anatomical
localization.

Data from all thirty-seven subjects met criteria for quality with minimal motion correction
(<3mm displacement in any one direction) and were included in the data analyses. The first
four volumes from each run were discarded to allow for T1 equilibration effects. Data were
preprocessed and analyzed using statistical parametric mapping (SPM2; Wellcome
Department of Cognitive Neurology, London; www.fil.ion.ucl.ac.uk/spm). The scans were
spatially realigned to correct for head motion, warped (non-linear) to an EPI template in
Montreal Neurologic Institute (MNI) space, resampled to 2 mm?3 voxels, and smoothed with
an 8 mm3 kernel to maximize signal and minimize residual differences in neuroanatomy.
Statistical analyses were performed using the general linear model and Gaussian random fields
theory as implemented in SPM2 [10,11]. Individual statistical parametric maps were produced
from linear contrasts of interest and subsequently analyzed as a group (n=37) in a second-level
random effects model [15].

First, from a whole-brain voxel-wise search, we identified regions that show greater activity
during FIXATION relative to the experimental task collapsed across valence categories from
the linear contrast of FIXATION > PICTUREp;. Second, we examined brain activity during
FIXATION blocks following each PICTURE type (Positive, Negative, and Neutral) from the
following contrasts: FIXATIONpgsitive > PICTURE ajj; FIXATIONNegative > PICTURE ayj;
FIXATIONpNeutral > PICTURE 4. We chose to contrast against the PICTURE 4 condition
for both steps in order to have an equal and matched comparison condition across different
types of FIXATION periods. Third, these contrasts specific to each of the 3 types of FIXATION
periods (following Positive, Negative, and Neutral pictures, respectively) were then entered
into a repeated-measures ANOVA in order to examine activation among them in the context
of the same comparison condition (PICTURE,;) and identify brain regions that show a main
effect of the prior emotional content on activation during FIXATION. Then, significant main
effects of emotion on the activations within a priori ROIs were followed-up with t-tests to
identify which emotional content produced different degrees of activation during FIXATION
with the following contrasts: FIXATIONpeutral > FIXATIONpgsitive; FIXATIONNeutral >
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FIXATIONNegative; FIXATIONNegative > FIXATIONpqsitive- Activated voxels were identified
with a significance height threshold of P < 0.05, corrected for multiple comparisons using the
False Discovery Rate [FDR] (Genovese et al., 2002) from a whole-brain search and having a
minimum contiguous cluster size of 20 voxels. We identified the location of activations using
an automated anatomical (AAL) template [39] based on the atlas of Tzourio-Mazoyer and
colleagues [36].

All subjects performed the task as intended; however, behavioral data was not successfully
recorded for one subject. During fMRI scanning on-line performance showed that subjects
exhibited a difference in reaction time between the valence rating and the shade rating (mean
+ SD, valence: 1444 + 239 ms; shade: 784 + 196 ms; P < 0.001). However, an ANOVA for
main effect of condition showed no differences in reaction time for the shade rating with respect
to the prior emotional/neutral conditions (Positive: 794 £ 198 ms; Negative: 781 + 201 ms;
Neutral: 801 £ 205 ms, P = 0.90). Post-scan ratings of IAPS stimuli confirmed the intended
valence and level of arousal evoked by each of the emotional categories. Relative to Neutral
images, Positive pictures were rated as more pleasant and Negative pictures were rated as more
unpleasant (mean + SD, Positive: 7.0£0.70 > Neutral: 4.8+0.85, P < 0.001; Negative: 2.09
+0.81 < Neutral: 4.8+ 0.85; P < 0.001). Of note, there was no difference in arousal ratings
between Positive and Negative pictures (5.32 + 1.32 and 5.82 + 2.08, respectively, P > 0.05);
however, Positive and Negative images were more arousing than Neutral images (Neutral: 2.32
+1.08, P4 < 0.001).

Following a whole-brain search, brain activation during FIXATION (> PICTURE) were
observed in PCC, precuneus, medial and bilateral parietal cortex (including IPL), superior and
inferior medial frontal regions (including vVACC), bilateral insula, and bilateral temporal gyrus
(Table 1). Repeated-measures ANOVA revealed significant differences in the magnitude of
activation during the FIXATION period following the three emotional categories in precuneus
and bilateral IPL but not other areas noted above (Table 2; Figure 1A). Follow-up t-tests
revealed that the extent of activation during FIXATION within bilateral IPL and precuneus
following both Positive and Negative pictures was less than that following the Neutral pictures
(Table 2; Figure 1B-C). Of note, the magnitude of activation during FIXATION in the vACC
and insula were not observed to be different following emotional and non-emotional states. No
differences in activation in any of the regions identified in Table 1 were noted during the
FIXATION period following Positive and Negative pictures (P > 0.05).

To our knowledge, this is the first study to demonstrate that affective experience influences
brain activation during the FIXATION period. Here, we show that activity in certain brain
regions (PCC, precuneus, medial and bilateral parietal cortex (including IPL), superior and
inferior medial frontal regions [including vVACC], bilateral insula, and bilateral temporal gyrus)
is greater during the FIXATION period during which subjects engaged in a simple visual-
motor task that requires little cognitive, sensory, or emotional demand, in comparison to
PICTURE periods during which they processed emotionally salient and evocative pictures.
From recent resting-state fMRI studies, this set of regions has been consistently implicated as
the brain’s ‘default’ network [4,7,12,28,30]. We also demonstrate that the extent of activation
of 2 specific regions (precuneus and IPL) during FIXATION is attenuated by the precedent
processing of images with emotional relative to non-emotional content. Together, these data
provide evidence that emotional experience can alter the activation of distinct set of brain
regions during periods intended as “rest” and adds to our understanding of the brain’s activity
and function during periods during which cognitive, sensory, and emotional demands are low.

The findings are broadly consistent with prior evidence of modulation of brain activity during
FIXATION by prior tasks associated with high cognitive demand [20,32]. The extent of
activation during FIXATION has been shown to be modulated by the degree of cognitive effort
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required by the experimental/active task [38], such that as subjects engage in tasks that become
more cognitively demanding they are less able to enter into task-unrelated mental states (i.e.,
stream of consciousness, free association, stimulus-independent thinking) [1,8,21,22,35]. It
has been posited that regions within the brain’s default network, similar to those shown here
to be more activated during FIXATION, also interact with and/or are modulated by additional
demands, such as ongoing salience processing [31] and emotional states [13,33,34]. Recently,
it has been demonstrated that recall of a sad event (relative to a neutral one) decreases the
functional connectivity of default network regions including the PCC, precuneus, IPL, and
mPFC [14]. Until then, the notion that induced affective states can alter the brain’s default state
had not been directly examined.

Our results are consistent with such findings, and suggest that activity of IPL and precuneus
during FIXATION are attenuated by the recent, preceding emotional state. Emotional states
are believed to have evolved from reflexive reactions to stimuli that provided immediate
survival functions, and can be characterized as motivationally tuned states of preparedness to
decode stimulus salience in the external-internal environment and to adaptively guide an
organism [2,3,17]. The present findings suggest that an emotionally evocative task may
attenuate activity in certain regions previously implicated in the ‘default’ brain network, which
is associated with “internally-generated” and/or “task-unrelated” thinking. This could serve to
direct attention and allocation of resources towards processing the external milieu [31].

Our interpretations are constrained by some limitations. We did not collect self-report data on
the subjective state of the participants during the FIXATION epochs, and cannot provide data
on what subjects were feeling or thinking during these periods of “rest”; hence, we have no
evidence that prior affective states affected the extent to which subjects engaged in task-
unrelated thinking [21] or fully conclude that the subjects were at “rest.” Moreover, we did not
collect on-line changes in emotional state and hence cannot examine the relationship between
degree of emotionality and attenuation of activation during FIXATION periods. Last, the task
of viewing emotional pictures is also associated with enhanced visual, semantic processing
given that these valenced images are more complex and arousing than those that are neutral;
therefore, these characteristics may have also increased cognitive and/or perceptual (in addition
to emotional) demands, which confounds our interpretation.

In summary, we have provided evidence that evoked emotions can attenuate the extent of brain
activation during FIXATION in discrete regions previously implicated as the brain’s default
network. These findings add to accumulating data that task demands, emotional or cognitive,
can disrupt activity during periods of “rest” and enhance our understanding of the functional
significance of the brain’s activity during periods of low and/or absent cognitive, sensory, and
emotional demands.
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Fig 1. Statistical maps of effect of prior emotional state on activation during FIXATION

A) F-map of brain areas exhibiting a main effect of emotional condition (positive, negative,
neutral) on extent of activation during the FIXATION condition; B) t-map of brain areas
exhibiting greater activation during FIXATION epochs that follow neutral pictures than
FIXATION epochs that follow positive pictures; and C) t-map of brain areas exhibiting greater
activation during FIXATION epochs that follow neutral pictures than FIXATION epochs that
follow negative pictures. Map is superimposed on axial sections of a canonical brain image (at
z-plane coordinates 40, 42, and 0 of the Montreal Neurologic Institute atlas). F-score and t-
score scales are shown at the bottom. L, left; R, right. For details, see Table 2.
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