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Abstract Little is known about the role that the birth experi-
ence plays in brain and cognitive development. Recent re-
search has suggested that birth experience influences the de-
velopment of the somatosensory cortex, an area involved in
spatial attention to sensory information. In this study, we ex-
plored whether differences in spatial attention would occur in
infants who had different birth experiences, as occurs for cae-
sarean versus vaginal delivery. Three-month-old infants per-
formed either a spatial cueing task or a visual expectation task.
We showed that caesarean-delivered infants’ stimulus-driven,
reflexive attention was slowed relative to vaginally delivered
infants’, whereas their cognitively driven, voluntary attention
was unaffected. Thus, types of birth experience influence at
least one form of infants’ attention, and possibly any cognitive
process that relies on spatial attention. This study also sug-
gests that birth experience influences the initial state of brain
functioning and, consequently, should be considered in our
understanding of brain development.
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Many studies have documented the critical role that experi-
ence plays in the development of brain structures and cogni-
tive behaviors (Diamond&Amso, 2008; Greenough&Black,

2013). Experience is known, for example, to alter the forma-
tion, maintenance, and pruning of synapses through the mech-
anisms of neural plasticity during development (Aoki & Erisir,
2013; Maurer, Ellemberg, & Lewis, 2006). Experience with
multiple versus a single language early in development has
been shown to have a lasting impact on cognitive functioning,
and likely on the supporting neural substrate (Mohades et al.,
2012). Experience with method of feeding, breast-feeding or
formula, has been demonstrated to influence cognitive devel-
opment (Quigley et al., 2012). As Greenough and Black
(2013) described, experience has a dramatic impact on synap-
tic structure, through either processes that are inherent to the
system to apprehend information that is impinging on them or
processes that serve to modulate synaptic formation that are
unique to each individual’s set of distinct exposures to envi-
ronmental events. Through these processes, experiences
starting from early in development are intimately related to
synaptic structure and, hence, to brain and cognitive status
throughout development. Yet the role of the earliest experi-
ence, that of birth itself, on any aspect of cognitive develop-
ment has never been investigated.

Various studies over a number of decades have demonstrat-
ed the role very early birth factors have on aspects of cognitive
development, including attentional responding. These earlier
studies have assessed, for example, the cumulative role of
obstetric factors, including an infant’s gestational age, the
mother’s age, and birth weight, and found that they are related
to attentional performance (i.e., habituation and orientation)
on the Brazelton Neonatal Behavioural Assessment Scale
(Sepkoski, Garcia-Coll, & Lester, 1982). Studies have also
shown, for example, that receiving an epidural during a vag-
inal birth was related to poorer attentional orientation in
1-month-old infants, though other birth factors, including
length of labor, had no impact (Sepkoski, Lester, Ostheimer,
& Brazelton, 1992). Additionally, numerous studies have
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investigated the attentional effects of being born preterm rel-
ative to full-term (e.g., Shum, Neulinger, O’Callaghan, &
Mohay, 2008; van de Weijer-Bergsma, Wijnroks, &
Jongmans, 2008). None of these studies, or any others, how-
ever, have investigated the role that the birth experience itself
plays in cognitive development in general, or attentional de-
velopment in particular.

Birth experience can take different forms, and the relative
effects of the different forms—for example, vaginal versus
caesarean-section delivery—on cognitive and brain develop-
ment has never been explored. Recent studies on the potential
health effects of being delivered by caesarean section have
indicated that caesarean section increases a child’s risk of
contracting diabetes, developing allergies, and becoming
obese (Cardwell et al., 2008; Flemming, Woolcott, Allen,
Veugelers, & Kuhle, 2013; Renz-Polster et al., 2005). None
of these studies detailing potential health risks for children
born by caesarean section, however, have examined whether
any brain or cognitive developmental consequences emerge
from the caesarean-section birth experience, relative to the
birth experience of being delivered vaginally. In the present
study, therefore, we explored one of 3-month-old infants’ cog-
nitive mechanisms, namely visual attention and related eye
movements, in two distinct tasks as a function of whether they
had experienced a vaginal or a caesarean-section delivery.

Recently, a study by Toda et al. (2013) demonstrated that
birth experience plays a role in the brain development of rat
pups and that variant birth experiences resulted in brain devel-
opment differences. In particular, the study indicated that birth
experience affected the postnatal development of the somato-
sensory cortex by mediating changes in the level of serotonin
in the brain. When rats were artificially induced to premature-
ly give birth, barrel formation (equivalent to humans’ sensory
maps) in the pups’ somatosensory cortex was accelerated.
This acceleration in somatosensory cortex differentiation post-
natally was attributed to a reduction in serotonin initiated by
birth (Toda et al., 2013). Differences, though not significant,
were also observed when comparing vaginally delivered pups
to pups delivered by caesarean section, in that barrel formation
in somatosensory cortex was slowed in the caesarean-section-
delivered pups. Changes in birth experience, therefore, such as
being born premature, or even being delivered by caesarean
section, likely affect early differentiation of the somatosensory
cortex.

A function of the somatosensory cortex in humans has been
shown to be the moderation of attentional allocation and
linked eye movements to the spatial characteristics of sensory
events (Balslev, Odoj, & Karnath, 2013; Jones et al., 2010). If
the somatosensory cortex is involved in spatial attention and if
its development in humans is affected by birth experience, as
it is in rats (Toda et al., 2013), then infants’ spatial attention
might be disrupted by the lack of a natural birth experience, as
occurs with a caesarean-section delivery. Consequently, we

tested two independent groups of 3-month-old infants, each
performing a distinct spatial attention task (see Fig. 2 below).
One group performed a Posner-like spatial-cueing task in
which a peripheral cue was presented that indicated the sub-
sequent location of the target stimulus for the infants’ saccadic
eye movement. Extensive research has demonstrated that this
spatial-cueing task activates bottom-up, stimulus-driven spa-
tial attention (for a review, see Theeuwes & Belopolsky,
2010). That is, the spatial cue elicits bottom-up attention to
shift to its location prior to presentation of a target at that
location (Klein & Lawrence, 2012). As a consequence, since
eye movements are linked to spatial attention (Adler, Bala, &
Krauzlis, 2002; Hoffman& Subramaniam, 1995; Kowler, An-
derson, Dosher, & Blaser, 1995; Van der Stigchel &
Theeuwes, 2007), eye movement responses are facilitated to
a target presented at the cued location relative to when the
target location has not been cued.

The second group of infants performed a visual expectation
task in which the stimuli predictably alternately appeared on
the left and right sides of a monitor, engendering an increase in
the level of saccadic eye movements in anticipation of the
future appearance of the forthcoming stimulus. Because the
anticipatory eye movements are guided by cognitive expecta-
tions of which stimulus will appear where and when (Adler &
Haith, 2003; Adler, Haith, Arehart, & Lanthier, 2008; Haith,
Hazan, & Goodman, 1988), this task primarily activates top-
down, cognitively driven spatial attention.

A number of models of visual attention development have
postulated that the neural and attentional mechanisms neces-
sary for reactive, bottom-up attentional selection are function-
al in the first few months of life (Atkinson, 1984, 2000;
Braddick & Atkinson, 2011; Johnson, 1995, 2002). These
same models further postulate that the mechanisms necessary
for top-down guidance of attentional allocation do not begin
to show functionality until after 3 months of age, and likely are
not fully functional until at least 6 months of age. Thus, infants
3–4 months of age would rely more on bottom-up mecha-
nisms for allocating attentional resources than on less mature
top-down attentional mechanisms. As a consequence, bottom-
up attentional allocation and the resulting responding should
be more susceptible to potential disruption. Since attentional
responding in the present study was in the overt form of eye
movements, and it is well accepted that a tight linkage exists
between attentional allocation and the initiation or orienting of
eye movements (e.g., Adler et al., 2002; Hoffman &
Subramaniam, 1995; Kowler et al., 1995; Van der Stigchel
& Theeuwes, 2007), such that the eyes cannot go where at-
tention is not, any disruption of attentional mechanisms, there-
fore, will be manifested in subsequent eye movements.

We therefore predicted that, by virtue of the hypothesized
effect that birth experience has on the somatosensory cortex
(Toda et al., 2013) and its role in bottom-up, stimulus-driven
spatial attention (Balslev et al., 2013; Jones et al., 2010), 3-
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month-old infants’ bottom-up attention would be affected by
birth experience. In a spatial-cueing task in which a brief pe-
ripheral cue presented at the spatial location of a subsequent
target stimulus is known to facilitate bottom-up attention
(Theeuwes & Belopolsky, 2010), therefore, we predicted that
infants delivered by caesarean section would exhibit poorer
attentional responding, in the form of reactive saccadic eye
movements, relative to vaginally delivered infants. In a visual
expectation task, however, which requires the formation of
top-down cognitive expectations for a predictable sequence
of pictures (Adler & Haith, 2003; Adler et al., 2008; Haith
et al., 1988), we predicted that top-down attention, as mani-
fested by anticipatory eye movements to the spatial locations
of forthcoming stimuli, would be unaffected by birth
experience.

Experiment 1: Spatial-cueing task

Method

Participants Twenty-four infants (15 males, 9 females), who
ranged in age from 98 to 125 days old (M = 104, SD = 11),
participated in this experiment. They were pseudorandomly
assigned to one of three independent experimental conditions
(n = 8), with the criterion that equal numbers (n = 4) of
caesarean-section and vaginally delivered infants were in each
condition. The infants in the sample were Caucasian (n = 14),
Hispanic (n = 2), Asian (n = 3), East Asian (n = 2), African
(n = 2), and other (n = 1), and were primarily of middle to upper
socioeconomic status (SES). The infants (12 delivered via cae-
sarean section, 12 delivered vaginally) were all born full-term,
within ±2 weeks of the self-reported due dates, and appeared to
be in good health, with no apparent visual or neurological ab-
normalities. The data from 10 additional infants who participat-
ed were excluded from the study because of fussiness (n = 5),
equipment or software failure (n = 1), or inattentiveness (i.e.,
infants were disinterested or looked away from the visual field
on more than 50 % of trials; n = 4).

Stimuli and apparatus During both experimental tasks, the
babies were laid supine in a specialized crib and viewed stim-
uli on an LCD monitor, mounted 48 cm above. Between the
infant and the monitor was a 30 × 30 cm infrared-reflecting,
visible-transmitting mirror that provided the infant with an
unobstructed view of the stimuli on the monitor. A remote
pan-tilt infrared eyetracking camera (Model 504, Applied Sci-
ence Laboratories [www.a-s-l.com], Bedford, MA) was also
placed overhead (see Fig. 1). Black felt curtains were hung
around the crib to limit light entry and reduce distraction.

Using bright-pupil technology, the pan-tilt eyetracker re-
corded the infants’ eye movements via reflection in the infra-
red mirror at a temporal resolution of 60 Hz. Diodes on the

camera emitted infrared light that reflected off the infrared
mirror onto and back off the infant’s retina through the pupil,
to produce a backlit white pupil. The infrared light also pro-
duced a point reflection on the corneal surface of the eye.
Through proprietary software (Applied Science Laboratories),
the eye fixation position was calculated from the relation be-
tween the corneal reflection and the centroid of the backlit
pupil. The eyetracker was initially calibrated by having the
infant look at a stimulus (concentric squares) that was present-
ed at known locations on the LCD screen. This calibration was
done in order to equate the recorded eyetracker values of eye
location to known locations on the screen. All subsequently
recorded eyetracker values were filtered through the calibra-
tion file to produce measures of eye position data.

Two Dell computers were used during the experimental
session. One computer generated and presented the stimuli
using the program DirectRT (Empirisoft Inc., New York,
NY; www.empirisoft.com/DirectRT.aspx), whereas the other
computer controlled the eyetracker camera and collected the
eye movement data. The experimenter viewed the infant’s eye
movements and stimulus presentation on the data collection
computer as a picture-in-picture video, via video capture soft-
ware. The stimulus-generating computer sent a unique, time-
stamped numerical code through a parallel port to the data-

Fig. 1 Image of the specialized crib used with infants, showing the
monitor on which stimuli were presented, the Model 504 infrared
eyetracking camera, and the infrared mirror
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collecting computer, indicating the onset of a trial and the type
of trial (e.g., cue with target and distractor in the spatial-cueing
task, or an invariant color stimulus on either the right or the
left side of the screen in the visual expectation task). Synchro-
nization of the unique code with the eye movement data in the
data file allowed coordination of the eye movement sequences
with specific stimuli and their onsets.

Procedure Infants viewed stimuli in a sequence based on the
Posner (1980) cueing paradigm. In the cued conditions, a trial
began with the presentation of a fixation hexagon for 1,150 ms
(see Fig. 2A). During the last 150 ms of the presentation of the
fixation hexagon, a spatial cue (white triangle with a black
outline) was presented at the location where the target would
subsequently appear. Immediately after the presentation of the
fixation and the cue, an interstimulus interval (ISI) of 2,500 ms
was presented, during which the monitor was blank. A previous
study by Gilmore and Johnson (1995) had shown that older
infants exhibit eye movement facilitation to a cued target in
the presence of a distractor with delays up to 3,000 ms. Fur-
thermore, as was indicated by Johnson (2002), attentional shifts
to the stimulus opposite the cued target due to inhibition of
return is evident in infants 4 months of age and older, but likely
not in younger infants. Considering that 3-month-olds are more
likely to demonstrate sticky fixation than are older infants
(Hunnius & Geuze, 2004), we chose this ISI so that infants
would have sufficient time to disengage attention from fixation
and still show facilitation to a cued target. Following the ISI, the
target stimuli were presented, appearing on either the right or
the left of the screen (target-only condition) or on both sides
(target + distractor condition). The target stimuli were red or
green Xs presented at a visual angle of 5.5° from the visual
center of the screen. For the uncued conditions, the sequence
of stimulus presentation was similar, but no spatial cue was
presented and only the target-only condition was run. In all
conditions, the latencies of the infants’ reactive eye movements
to the target were measured.

Data reduction and analysis The raw digital data recorded
by the eyetracker were imported into a MATLAB toolbox
called ILAB for analysis (Gitelman, 2002). ILAB allows for
the analysis of eye movements, by parsing out and individu-
ally displaying the horizontal and vertical components of the
eye movement data on a trial-by trial basis. The scan path of
the eye for each trial was also displayed by ILAB, thereby
allowing for the analysis of the nature of the eye movements
(timing, direction, and distance) relative to the stimuli. With
the use of ILAB, a scorer identified which of infants’ eye
movements were anticipatory or reactive in timing.

In order for an eye movement to be included in the final
data sample, it needed to meet a set of criteria. First, only the
data of infants who attended (i.e., looked at the stimuli) on a
minimum of 50 % of the experimental trials were included.
Second, infants were required to be fixating the central stim-
ulus during cue presentation and before onset of the target
display. The purpose of requiring the infants to remain fixated
was to allow for an assessment of the scan path of each eye
movement from a single landmark that was a fixed distance
from the target and, thus, to eliminate bias from producing eye
movements that originated from random locations on the
screen. Because infants cannot be told to remain fixated and
can freely move their eyes at any time, this criterion ensured
that the initial conditions for assessing infants’ performance
were comparable across infants, conditions, and trials. Third,
eye movements were considered to be anticipatory if they
occurred after the offset of the previous stimulus and within
the first 167 ms after the onset of the next stimulus. This
latency value was designated as the anticipatory cutoff be-
cause previous studies had determined that 3-month-old in-
fants cannot make reactive eye movements to the onset of a
stimulus faster than 167 ms (Adler & Haith, 2003; Canfield,
Smith, Brezsnyak, & Snow, 1997). If an eye movement oc-
curred in the period from 167 ms after onset of the stimulus to
167 ms after stimulus offset, it was classified as a reactive eye
movement. Finally, the eye movement to a stimulus had to

Fig. 2 Schematics of the two spatial attention tasks used with the infants.
(A) In the spatial cueing task (Exp. 1), infants either were briefly present-
ed with a cue that indicated the subsequent location of the target or were

presented with no cue. (B) In the visual expectation task (Exp. 2), infants
were presentedwith geometric colored patterns that predictably alternated
between the left and right sides of the screen
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trace a path that was more than 50 % of the distance to the
intended stimulus from that eye movement’s starting location.
This was assessed through the infant’s scan path in conjunc-
tion with the stimulus location. The 50 % criterion has been
used in previous studies based on infants’ eye movements
(Adler & Haith, 2003; Adler & Orprecio, 2006) and is typi-
cally taken as an indication that the eye movement is inten-
tional and not random.

Due to the fact that one cannot require an infant to look on a
given trial, the possibility existed that any given infant might not
provide useful data in a particular condition. In order to account
for potential missing data points and to increase the power of our
statistical tests, the individual trial data from all the infants were
pooled for each Experimental × Birth Experience condition, and
analyses were based on the pooled data. This is consistent with a
number of adult and infant studies that have used saccade laten-
cies as the dependent measure (e.g., Adler et al., 2002; Adler &
Gallego, 2014). On the basis of previous infant eye movement
studies, to obtain a power (1 – β) equal to .90, a minimum of 21
observations per condition were required. With the pooling of
the data, the smallest number of observations in any condition
was 79, and the most was 106 (M = 95.0, SD = 10.1).

Results

In typical spatial-cueing tasks, evidence of the role of bottom-
up spatial attention in performance is provided by a compar-
ison of responding to a target presented at a cued location
relative to responding to a target presented at an uncued loca-
tion (Klein & Lawrence, 2012; Theeuwes & Belopolsky,
2010). When spatial attention is facilitated by the cue, this
comparison yields evidence that responding to a cued target
location is speeded relative to an uncued location. With re-
spect to eye movements, because they are intimately linked to
spatial attention, the shifting of attention to the target location
by the cue would speed eye movement initiation to the target
(e.g., Adler et al., 2002). To assess the role of bottom-up
attention in vaginally and caesarean-section-delivered infants’
eye movement responding, a 2 × 2 analysis of variance
(ANOVA) was conducted on infants’ mean pooled latencies,
with Cue Condition (cue–target-only and no-cue–target-only)
and Birth Experience (vaginal delivery and caesarean-section
delivery) as between-subjects factors. This analysis revealed
that the main effect of cue condition was significant, F(1,
381) = 6.17, p < .02, Cohen’s f = 0.12, indicating that saccade
latencies to a cued target (M = 745.82 ms, 95 % CI [688.61,
803.02]) were significantly faster than saccade latencies to an
uncued target (M = 845.63 ms, 95 % CI [781.72, 909.53]). This
result demonstrates, consistent with previous spatial-cueing
studies (Klein & Lawrence, 2012; Theeuwes & Belopolsky,
2010), that the cue facilitated the allocation of spatial attention
prior to presentation of the target, thereby speeding the eye
movement response to the target.

The main effect of birth experience, F(1, 381) = 8.91, p <
.01, Cohen’s f = 0.14, was also significant, indicating that the
saccade latencies of infants delivered vaginally were faster
(M = 762.76 ms, 95 % CI [677.72, 787.8]) than the saccade
latencies of infants delivered by caesarean section
(M = 855.67 ms, 95 % CI [789.61, 921.72]). As can be seen
in Fig. 3, the interaction between cue condition and birth ex-
perience was not significant, F(1, 381) = 0.37, n.s., indicating
that the saccade latencies of vaginally delivered infants rela-
tive to infants delivered by caesarean section were faster
whether the target was cued (vaginal, M = 694.27 ms, 95 %
CI [621.65, 766.89]; caesarean section,M = 796.88 ms, 95 %
CI [708.51, 885.25]) or was not cued (vaginal,M = 775.31ms,
95 % CI [691.19, 859.42]; caesarean section, M = 930.19,
95 % CI [833.64, 1,026.74]). These results demonstrated that,
irrespective of whether or not spatial attention was cued, in-
fants who were delivered by caesarean section took longer to
allocate attention and initiate that eye movement than those
who were delivered vaginally. Consequently, the lack of an
interaction suggests that the significantly slower initiation of
saccadic eye movements by infants delivered by caesarean
section was not a consequence of a unique difficulty in pro-
cessing the brief cue. Instead, the slower eye movements were
likely due to differences between caesarean-section and vagi-
nally delivered infants’ mechanisms for initially allocating
spatial attention.

To further assess the effect of birth experience on infants’
bottom-up spatial attention, we analyzed infants’ latencies to
initiate saccadic eye movements to a visual target’s location as
specified by a prior spatial cue, when there was competition
for attention relative when there was not. A 2 × 2 ANOVAwas

Fig. 3 Mean saccadic latencies in the spatial-cueing task. The results
show infants’mean saccadic latencies as a function of whether they were
delivered vaginally or by caesarean section for the three spatial-cueing
conditions. Error bars indicate ±SEs
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conducted on infants’ mean pooled latencies, with Target
Condition (target-only and target + distractor) and Birth Ex-
perience (vaginal delivery and caesarean-section delivery) as
between-subjects factors. This analysis revealed that the main
effect of birth experience, F(1, 352) = 6.88, p < .01, Cohen’s f =
0.13, was significant, indicating that the saccade latencies of
infants delivered vaginally were faster (M = 688.64 ms, 95 %
CI [635.75, 741.53]) than the saccade latencies of infants deliv-
ered by caesarean section (M = 802.25 ms, 95 % CI [735.89,
868.6]). The main effect of target condition was not significant,
F(1, 352) = 0.01, n.s., indicating that saccade latencies to a
target presented alone (M = 744.48 ms, 95 % CI [683.88,
805.09]) did not differ significantly from saccade latencies to
a target presented with a distractor (M = 746.47 ms, 95 % CI
[685.97, 806.97]). As can be seen in Fig. 3, the interaction of
target condition and birth experience was also not significant,
F(1, 352) = 0.08, n.s., indicating that the differences in saccade
latencies of vaginally delivered infants relative to infants deliv-
ered by caesarean section were similar when a target was pre-
sented alone (vaginal,M = 682.42ms, 95%CI [608.44, 756.4];
caesarean section, M = 807.91 ms, 95 % CI [711.78, 904.04])
and when a target was presented with a distractor (vaginal,M =
695.45 ms, 95 % CI [618.28, 772.61]; caesarean section, M =
794.53, 95%CI [700.32, 888.75]). Thus, irrespective of wheth-
er infants had to initiate a saccadic eye movement to a single
item or to a stimulus item in the presence of a competing item,
those who were delivered by caesarean section took longer to
allocate attention and initiate that eye movement than did those
who were delivered vaginally.

Alternatively, the slowed attentional responses of
caesarean-section infants relative to vaginal infants might
have been due to other factors. Often, for example, when
speeded responses are made, there is a speed–accuracy
trade-off in which higher accuracy leads to slower responses,
whereas faster responses lead to lower accuracy (Ho et al.,
2012; Pachella, Smith, & Stanovich, 1978). Consequently,
both groups of infants’ accuracies in making a saccade to the
cued target in the target + distractor condition were computed.
Contrary to a speed–accuracy trade-off explanation,
caesarean-section-delivered infants made errors (24.18 %,
95 % CI [19.35, 29.00]) at essentially the same rate as vagi-
nally delivered infants (29.45 %, 95 % CI [22.64, 36.26]),
t(6) = 2.01, n.s., indicating that the caesarean-section infants
were not slowing the initiation of their saccadic eye move-
ments in order to more accurately select the cued target. Be-
cause of the relatively small sample size, additional data
would be required to statistically confirm this finding.

An additional factor that could potentially influence differ-
ences between vaginally delivered and caesarean-section in-
fants might be maternal age. Increased maternal age has pre-
viously been shown to be a factor in a number of adverse and
atypical effects (Koyama, Kamio, Inada, & Inokuchi, 2011;
Menezes et al., 2010; Sandin et al., 2012). Furthermore,

increased maternal age is also correlated with an increased
likelihood of delivering by caesarean section (Bayrampour
& Heaman, 2010). Consequently, caesarean-section infants’
slowed attentional responding might have been due to influ-
ences of maternal age rather than to consequences of their
birth experience. To assess this possibility, a 3 × 2 ANOVA
was conducted comparing the mean maternal ages in each of
three spatial-cue and no-cue conditions as a function of wheth-
er an infant’s birth experience was a caesarean section or a
vaginal delivery. The results indicated no significant main
effect of birth experience, F(1, 14) = 0.04, n.s., nor was the
main effect of cueing condition significant, F(2, 14) = 0.45,
n.s. These results indicate that maternal age was not different
for the caesarean-section infants (M = 33.8 years, 95 % CI
[30.00, 37.60]) than for vaginally delivered infants (M =
34.1 years, 95 % CI [30.81, 37.39]), nor was maternal age
different for the different spatial-cueing conditions. The inter-
action between birth experience and cueing conditions was
also not significant, F(2, 14) = 0.16, n.s., indicating that ma-
ternal age was the same for the caesarean-section and vaginal-
ly delivered infants in each cueing condition. These findings
support the interpretation that caesarean-section infants’
slower initiation of saccadic eye movements relative to vagi-
nally delivered infants was not due to complications of in-
creased maternal age. Instead, considering that providing a
cue speeded eye movements relative to when there was no
cue (see Fig. 3) for infants delivered either by caesarean sec-
tion or vaginally, this suggests that birth experience likely had
an impact on the development of the brain area involved in
bottom-up, stimulus-driven spatial attention. To reliably im-
plicate bottom-up spatial attention mechanisms, however,
would likely require the inclusion of additional conditions
such as invalid cues. Furthermore, though the results of this
experiment suggest a connection between birth experience
and attention and eye movements, because birth experience
is not a variable that can bemanipulated, a causal relation with
attentional responding cannot be assumed.

Experiment 2: Visual expectation task

Method

Participants The data from 12 infants (7 males, 5 females),
who ranged in age from 98 to 125 days old (M = 112.8, SD =
11), were analyzed in this experiment. The infants were Cau-
casian (n = 7), Asian (n = 4), and African (n = 1) and were
primarily of middle to upper SES. The infants were all born
full-term (six delivered via caesarean, six delivered vaginally),
in good health, with no apparent visual or neurological abnor-
malities. The data from 6 additional infants who participated
were excluded from the study because of fussiness (n = 4) or
inattentiveness (i.e., infants were disinterested or looked away
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from the visual field on more than 35 % of trials; n = 2). The
sample size of infants for this taskwas set to be consistent with
previous infant visual expectation studies (Adler & Haith,
2003; Adler et al., 2008; Haith et al., 1988).

Stimuli and apparatus The apparatus, computers, and
eyetracking equipment and setup were identical to those as-
pects of Experiment 1. Infants viewed stimuli in a sequence
that was a variation of the visual expectation paradigm (Adler
&Haith, 2003; Haith et al., 1988). The stimuli were computer-
generated graphic images of checkerboards, vertical stripes,
concentric circles, and diamond-in-square shapes in various
combinations of green, red, yellow, and blue (Adler & Haith,
2003). The infant viewed the images at a distance of 40 cm.
The stimuli were approximately 4.5° squares, and their centers
were 5.5° to the left or right of the infant’s visual center. An ISI
of 1,000 ms preceded each picture, during which the infants
had the opportunity to make anticipatory eye movements in
the absence of any visual stimuli (i.e., the monitor screen was
blank). A total of 100 pictures were presented to each infant,
with the first 10 constituting a baseline period during which
the pictures were randomly presented on the two sides and
infants’ eye movement activity prior to learning was assessed.
The remaining 90 pictures constituted the experimental phase,
during which every picture on one side of the video monitor
appeared in the same color combination (red/green, red/blue,
yellow/green, or blue/yellow), whereas the color combination
for the pictures on the other side of the video monitor varied
randomly among the four color combinations.

Procedure Initially, infants saw 10 images that were present-
ed in an irregular spatial sequence and had random color con-
tent, constituting a baseline phase during which infants’ sac-
cadic latency and anticipation levels were assessed before ex-
pectations were formed. These initial ten baseline trials were
included to expose the infants to the locations and type of
stimuli used in the experiment. The remaining images served
as the experimental phase, during which the pictures were
presented in a predictable, alternating left–right sequence
and in which the color combination of the stimulus patterns
appearing on one side was invariant (e.g., always red/green),
whereas the color combination of the stimulus patterns
appearing on the the other side varied (e.g., red/green, then
blue/yellow, then red/blue, etc.). A schematic of this task is
exhibited in Fig. 2B. Each stimulus appeared for a duration of
700 ms, with an ISI of 1,000 ms between the images. Check-
erboards, vertical stripes, concentric circles, and diamond-
shaped stimuli were used in four possible color combinations
(red/green, red/blue, yellow/green, and blue/yellow).

Data reduction and analysis As in Experiment 1, the raw
digital data recorded by the eyetracker were imported into a
MATLAB toolbox called ILAB for analysis (Gitelman, 2002).

Furthermore, the criteria for determining valid and useable eye
movements were identical to those used in Experiment 1, with
one exception. In the present experiment, only the data of
infants (n = 12) who attended (looked at the stimuli) on a
minimum of 60 % of the trials, instead of 50 % as in Exper-
iment 1, were included (Adler & Haith, 2003; Adler &
Orprecio, 2006). The minimum attention criterion was set
higher for the expectation experiment in order to assure that
the infants included in the data analysis had enough exposure
to the stimuli and were given enough time to acquire impor-
tant predictable information about the stimuli.

Infants’ eye movements were qualified as belonging to one
of two measurement categories that have been used to reflect
what we have referred to as anticipation and reactive eyemove-
ments (Adler & Haith, 2003; Haith et al., 1988). Anticipation
refers to an appropriate eyemovement that is triggered prior to a
visual event, whereas reactive refers to the latency of an eye
movement following the event that reacts to the onset of that
stimulus event. An eye movement was categorized as an antic-
ipation if it occurred during the ISI preceding an event, or
within 167 ms following stimulus onset (i.e., faster than the
lower limit of infant reaction time [RT]), and if the movement
was directionally appropriate. A percentage-of-anticipation
measure was computed by the formula

Number of Anticipation Trials

Number of Anticipation Trials þ Number of RT Trials
;

with the denominator reflecting the total number of pictures on
which the scorer judged the infant to be looking. For those
occasions on which the infant did not anticipate the event but
did make a directionally appropriate eye movement at 168 ms
or later, a latency was recorded.

Results

Caesarean-section infants’ bottom-up, stimulus-driven spatial
attention and initiation of saccadic eye movements were
shown to be slowed relative to vaginally delivered infants’
in the spatial-cueing task. The allocation of spatial attention,
however, has been shown to be driven not only in a bottom-up
fashion by stimulus properties, but also in a top-down manner
by cognitive goals (Theeuwes, 2010; Wolfe & Horowitz,
2004). Research with infants has shown that they will initiate
anticipatory eye movements based on their top-down cogni-
tive expectation of a forthcoming stimulus event (Adler &
Haith, 2003; Adler et al., 2008). To examine whether infants’
top-down, goal-driven attention is affected by birth experi-
ence, as was their bottom-up attention, their level of anticipa-
tory eye movements was assessed in a visual expectation task
in which the stimuli spatially alternated and the stimuli on one
side all had an invariant color combination (e.g., red/green),
whereas the stimuli on the other side had varied color
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combinations. A 2 × 2 ANOVA produced a main effect of
color side that was significant, F(1, 20) = 19.69, p < .001,
Cohen’s f = 0.91, indicating that, consistent with previous
studies (Adler & Haith, 2003; Wentworth & Haith, 1992),
infants made more anticipatory eye movements to the invari-
ant color side (M = 38.74%, 95%CI [35.08, 42.4]) than to the
varied color side (M = 28.13 %, 95 % CI [24.61, 31.66]).
Interestingly, neither the main effect of birth experience, F(1,
20) = 0.12, n.s., nor the interaction of birth experience and
color side, F(1, 20) = 0.40, n.s., was significant.1 As can be
seen in Fig. 4, we found no difference between caesarean-
section and vaginally delivered infants for either the overall
level of anticipatory eye movements or the greater number of
anticipatory eye movements to the invariant color side. This
finding contrasts with the finding of a difference between
caesarean-section and vaginally delivered infants in their ini-
tiation of bottom-up-guided eye movements in the spatial-
cueing task.

Infants only initiated top-down anticipatory eye move-
ments on approximately 35 % of the trials; on the rest of the
trials, they initiated bottom-up-guided eye movements driven
by reaction to the spatial onset of the stimulus. As in the
spatial-cueing task, analysis of the latencies of these eye
movements revealed that the main effect of color side was
not significant, F(1, 20) = 0.08, n.s., indicating that the laten-
cies of reactive eye movements did not differ between the
invariant and varied color sides, consistent with previous stud-
ies. The main effect of birth experience, as can be seen in
Fig. 5, was significant, F(1, 20) = 9.41, p < . 007, Cohen’s f
= 0.62, indicating that caesarean-section infants were slower
to initiate their bottom-up-guided eye movements (M =
404.92 ms, 95 % CI [373.93, 435.91]) than were vaginally
delivered infants (M = 351.38 ms, 95 % CI [331.65, 371.1]).
This finding from a different task provides converging evi-
dence of the attentional responding difference between
caesarean-section and vaginally delivered infants found in
the spatial-cueing task.

As with the spatial-cueing task, to assess the potential in-
fluence of maternal age on the latency of infants’ bottom-up
reactive saccades as a function of birth experience in the ex-
pectation task, maternal age was analyzed as a function of
whether infants’ birth experience was a caesarean section or
a vaginal delivery. This analysis indicated that the maternal
ages were not different for caesarean-section infants (M = 31.8

years, 95 % CI [373.93, 435.91]) relative to vaginally deliv-
ered infants (M = 30.5 years, 95% CI [373.93, 435.91]), t(9) =
0.44, n.s. Thus, the slower initiation of reactive saccades in the
visual expectation task for infants delivered by caesarean sec-
tion was not likely due to complications from greater maternal
age, relative to infants delivered vaginally.

Discussion

The event of birth is a major experience in the life of any
organism, including humans, yet the consequences of this

1 Because one needs to be cautious when interpreting null effects, the lack
of a significant difference in anticipatory eye movements between infants
delivered by caesarean section and those delivered vaginally could have
been due to insufficient power. Consequently, this experiment will need to
be replicated with a larger sample. However, if one considers the relative-
ly large effect size from the difference in reactive latencies between in-
fants delivered by caesarean section and those delivered vaginally, we
would argue that there was more than enough power to detect any robust
effect.

Fig. 4 Frequency of anticipatory saccades in the visual expectation task.
The results show infants’ percentages of trials on which they made an
anticipatory saccadic eye movement to the invariant and varied color
combination sides, as a function of whether they were delivered
vaginally or by caesarean section. Error bars indicate ±SEs

Fig. 5 Mean latencies of reactive saccades in the visual expectation task.
The results show infants’ mean saccadic latencies to the invariant and
varied color combination sides, as a function of whether they were
delivered vaginally or by caesarean section. Error bars indicate ±SEs
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experience on any aspect of cognitive and brain development
have not been previously reported. In the present study, infants
who experienced a caesarean-section birth exhibited slower
initiation of saccades driven by bottom-up visual stimulus
spatial properties than did infants who experienced a vaginal
birth. Yet birth experience had no reliable impact on the initi-
ation of anticipatory saccades driven by top-down cognitive
expectations. These results suggest that the type of birth that
one experiences interacts with bottom-up, stimulus-driven,
but not top-down, cognitively driven spatial attention, though
the exact nature and direction of that relation needs to be
determined. Given the prior findings of others on the relation
between spatial attention and the somatosensory cortex in de-
velopment (Gilmore et al., 2012; Watanabe, Homae, Nakano,
& Taga, 2008) and the probable impact of birth experience on
the development of the somatosensory cortex (Toda et al.,
2013), it is possible that one manner bywhich birth experience
might interact with spatial attention reflects the involvement
of the somatosensory cortex and its differential development.

Differential attentional responding due to birth experience
has a number of implications. The notion that the relation of
birth experience to attentional responding is potentially medi-
ated by differences in brain connectivity and the brain’s initial
state suggests that birth experience should be considered in
any investigation and descriptions of brain and cognitive de-
velopment. Whether the relation between birth experience and
attentional responding is a transient effect or is exhibited over
the long term is an open question. If the relation exhibited in
the present study is transient, then the present study suggests
that, at the very least, previous investigations of brain and
cognitive development in early infancy may have been mod-
ulated by the relative influence of different birth experiences.
If the relation is not transient, however, the manner in which
birth experience, particularly caesarean section, modulates
brain and cognitive development across the lifespan should
be investigated.

These investigations will also have to consider whether
there is any relation of the effect of birth experience on atten-
tional responding, and possibly brain development, with later
exhibition of developmental disabilities, especially since at-
tentional deficits are frequently manifested by members of
these groups. Studies using a spatial-cueing task, for example,
have demonstrated that individuals with autistic spectrum dis-
order, as well as children with ADHD, perform more poorly
on this attention task than do typical individuals. Landry and
Bryson (2004), for example, found that autistics were signif-
icantly slower to disengage attention from a fixation location
to shift to a cued location than were typical individuals, or
even those with Down’s syndrome. Similarly, recent research
has shown that children with attention-deficit/hyperactivity
disorder exhibit slowed RTs to a cued target (Ortega, López,
Carrasco, Anllo-Vento, & Aboitiz, 2013). Whether there is a
connection between birth experience, particularly caesarean-

section delivery, and the attentional deficits seen in some de-
velopmental disabilities is clearly speculative, but an intrigu-
ing question nonetheless.

Although maternal age was assessed relative to whether
infants were born by caesarean section or vaginally and was
found not to differ, additional factors other than differences in
brain development could have contributed to the poorer atten-
tional responding in caesarean-section infants. Some of the
other factors that might distinguish infants born by caesarean
section from those born vaginally include, but are not limited
to, maternal weight (Chu et al., 2007; Galtier-Dereure,
Montpeyroux, Boulot, Bringer, & Jaffiol, 1995), fetal status
and weight (Barber et al., 2011), and position of the fetus in
the uterus (Akmal, Kametas, Tsoi, Howard, & Nicolaides,
2004). Each of these factors has been associated with an in-
creased probability of caesarean-section delivery, and conse-
quently, each factor might contribute to the attentional deficit
of caesarean-section delivery revealed in the present study.
Other factors that will need to be considered include the in-
fant’s gestational age, Apgar score, and weight, as well as the
method of feeding (breast or bottle feeding) that the mother
uses. Furthermore, caesarean sections can be categorized into
two types: planned, in which case the mother and infant do not
experience any labor, and unplanned, in which case the moth-
er and infant might experience some labor. Whether the dif-
ferent experiences of these two types of caesarean section
differentially influence attentional responding due to disparate
effects on brain development is an open question. Future stud-
ies will need to titrate the relative influences of each of these
and other factors on the apparently slower attentional
responding of infants delivered by caesarean section.

The importance of understanding the possible brain con-
nectivity and cognitive impacts of caesarean-section delivery
is amplified with respect to both research and health implica-
tions, because the number of caesarean sections being per-
formed has been steadily increasing (Martin, Hamilton, Ven-
tura, Osterman, & Mathews, 2013). In fact, others have
sounded the alarm in terms of the medical implications of an
increasing caesarean-section delivery rate (American College
of Obstetricians & Gynecologists et al., 2014) and have
expressed caution at its continuing increased usage and health
impact. In the present study, a potential psychological impli-
cation has been added to the roster of impacts of caesarean-
section delivery.
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